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Module 1.1

Introduction and Course Overview

Corrosion Manual Training Course
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Introductions WIE i

Wiss, Janney, Elstner Associates, Inc.

= Stephen Foster, PE
» sfoster@wje.com

= Jeff West, Ph.D, PE, FACI
» « jwest@wje.com
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Learning Outcomes

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. | s

Will not cover complete review of the FICAP Maritime

Structures Manual
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Global Learning Objectives

Inspectors and Engineers
= Describe hierarchy of terms

= |dentify 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

6 PORT HOUSTON
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Course Modules

Module |Description Participants

Course Overview and Introduction to Corrosion Manual

1
Maritime Asset, Component, and Element Types

Inspectors and
Inspection Types and Reports Engineers

4 Element Conditions and Condition States
5 Corrosion Inspection Plan
Assessment for Components and Rating Approach

Recommended Follow-Up Actions Engineers

“ Overall Documentation and Reporting Requirements

U PORT IHOUSTON
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Modules: Inspectors and Engineers

Introductions and Course Overview

Introduction to Corrosion Manual

Introduction to Inspection and Assessment Approach
PHA Asset Types

Component Groups

Elements

Asset Corrosion Condition Rating

Inspection Types and Reports

Inspection Documentation

Module 4: Element Conditions and Condition States
Element Conditions and Condition States

Documenting Element Condition States

Exam 1

PORT HOUSTON
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Modules: Engineers Only

Module 5: Corrosion Inspection Plan
Baseline Inspection Planning
Routine Inspection Planning

Module 6: Assessment for Components and Rating Approach
Condition Assessment and Rating Approach
Corrosion Protection Component Ratings

Base Metal Component Ratings
Asset Corrosion Condition Rating
Module 7: Recommended Follow-Up Actions

Recommended Follow-Up Actions
Module 8: Documentation and Reporting Requirements

Overall Documentation and Reporting Requirements

Database Entry
Exam 2

6 PORT HOUSTON
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Module 1.1 Resources

= 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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Corrosion Manual Purpose

= Provide Port Houston with information
on corrosion protection systems and the
base metals they protect -

= Indicate current and future performance

(rate of deterioration) cortsion) || Erosacain  Erseltict
. o . Asset Name Condit(i(t:)cr:{)Rating . Czrnpzn:ntt. Comgmz(;n:::ing
= Used to prioritize and plan preventative o) (W

Asset 1 5

and remedial actions to achieve or psset 2 : i‘z’ 2
maintain service life Asset 4 I E
Asset 6 56 36
Asset 7 3 16
Asset 8 46 33
Asset 9 50 10
Asset 10 40 28
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Corrosion Manual Introduction

= 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.
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Corrosion Manual Objectives

= 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
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Corrosion Protection Components

= Impressed Current Cathodic Protection (ICCP) Base Metals are
a separate
= Sacrificial Anode Cathodic Protection (SACP) component

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

[ |
4
Tl | Nt~
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.:—.. 'v‘ |
J OTES: g
MOUNTING | L BOTTOM OF ANODE =,
: T [ A TO APPEAR SAME AS - :
Lt 5 O OF MINUS LIF TG )
E PILE j| = HANNEL EYE. PR .
—~——I SACP LR Surface Protection
_— REPLACEMENT
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Corrosion Manual Organization

Introduction
Inspection Types

sssssssssssss

Elements and Element Conditions | &
Component Types i
Maritime Asset Types
Assessment and Rating Approach | ==

Recommended Follow-Up Action
Guidelines

8. Documentation and Reporting

Conmarasn Wi

N o bk wwdhE

6 PORT HOUSTON Page 14



Organization of Corrosion Manual

9. Administrative Requirements
10. References

sssssssssssss

Appendlces 5
PHA Maritime Asset List —
Glossary

Element Descriptions
Condition States (Alphabetical)
Condition States (by Material)
Documentation and Reporting Forms
Corrosion Inspection Drawings
Reference Information

Conmarasn Wi

TOEMMOOW
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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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Overview

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.
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Module 1.2 Resources

= 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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Introduction to Corrosion Manual

= Goal of Corrosion Manual is to define:
= Process
= Procedures
= Requirements

= |n a consistent manner and level of detall to
meet needs of the PHA

= Intended to be used by qualified engineers and
Inspectors

i SATLS Y ':';"'_ :
, v Y b B
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Purpose of Inspection and Assessment

= 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

. ||< 4 L g R °
v N F AR Y ™
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Element-Based Inspection

= 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 Determine corrosion-related

: distress, including:

= Tactile
. . - Type

= Non-Destructive Evaluation _
. = Severity

« Testing / Measurements

= Location(s) and extent
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Condition Assessment

= Condition Assessment: evaluation of the inspection results
considering the significance of observed and measured conditions

= Based on engineering judgment considering qualitative and
guantitative inspection findings

= May be supplemented by engineering calculations

= Qutcome: Determine the need and priority of maintenance, repair, or
rehabilitation actions for a given component or asset
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Inspection and Condition Assessment

= 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 l0ss)

= Scope or extent of observed condition (e.g., number of locations,
surface area of element affected)

Condition States
for each condition

per element
6 PORT HOUSTON
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Element Based App

= Elements:

= Condition States based on
Inspection

= Components:

= Numerical rating based on
judgment and functional condition

= Asset

= Corrosion Condition Rating
(based on component ratings)

PORT HOUSTON

Table 1.1: Summary of Element-Based Approach

I Level

Purpose

Comment

Asset

Component

Element

Corrosion assessment for asset guides follow-up
actions and asset management decisions,

Component condition assessment indicates condition
of corrosion protection or base metal components.

Where appropriate, inspection  measurements
provide basis for overall component condition.

Provide basis to determine overall corrosion
condition.

Condition states document occurrence of damage,
deterioration, or defects at time of inspection in terms

of:

= Type of condition(s) (i.e. damage mechanism)
*  Severity of defect (i.e. moderate, severe)

*  Extent of defect (i.e. localized or general)
Correlates conditions to element and material type.

Tracks conditions over time as indicated by
inspections conducted at regular intervals,

Selective measurements of key parameters provide
basis for corrosion damage rating index of overall
component.

Provides basis for component rating.
= el 3 S

Owerall corrosion condition rating
(CCR) is a numerical rating and is
supplemented by a qualitative

Numerical component rating 1s
based on an  engineering
interpretation  of the element
condition states, inspection data,
and their corresponding
implication{s) on the functional
condition of the component.

Base metal component rating is
based on the estimated corrosion

damage rating index of critical,

Detailed visual inspections are
conducted at the element level.
Element condition states are
assigned based on predefined
categories and quantified to define
element condition,
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Knowledge Check: True or False?

Corrosion Manual follows an
element-based inspection
approach TRUE

Corrosion Manual is based on
visual inspection only

Corrosion Condition Rating is
assigned based on engineering
judgment
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END OF MODULE
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Module 1.3

Inspection and Assessment Approach

Corrosion Manual Training Course
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Overview

Module 1.3 Learning Outcomes

= Explain hierarchy of facility terms

= Define application of element-based approach to corrosion
Inspection and assessment program
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Module 1.3 Resources

= Chapter 1: Introduction

» 1.6 Element-Based Inspection and Condition Assessment
Approach
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Inspection and Assessment Approach

= Element-based inspection
and condition assessment

approach

= Elements grouped by
Component

« Impressed Current CP
« Sacrificial Anode CP

_ Elements:
= Surface Protection Anodes, Power Supply, Wiring &

« Base Metal Protection, Supports...etc.
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Corrosion Manual Hierarchy

Property or Bulk

Terminal Terminal 1

Maritime Wharf

Asset
\’ AL \'1 ALL \l‘
Corrosion Impressed Current Sacrificial Anode Surface Critical/Typical/Redundant
Com ponent Cathodic Protection Cathodic Protection Protection Base Metal
. * Rectifier + Anodes * Coating
Corrosion * Anodes + Distribution wiring * Wrap
Element « Distribution wiring « Suspension + Metalizing
+ Suspension system system
aes + CS Bulkhead .
Maritime Structures Wall
+ CS Tie Rod
Element + CS Fender Pile
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Inspection and Assessment Approach

= 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
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Similarities to Maritime Structures

= 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
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Differences from Maritime Structures

= Additional inspection techniques/
measurements:

« Document performance of

corrosion protection components ML |
wlll
;

« Estimating the section loss and iilhin

corrosion rates of base metals =S F I LS RS 3 & e

= Base Metal Classification (Critical,
Typical, or Redundant)
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Module Wrap-Up

= What corrosion protection element characteristics should be
recorded to facilitate a credible condition assessment?

v] Types of elements that may have damage, deterioration, or defects

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

v/
v| Severity of condition observed
v/

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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Module Wrap-Up, cont'd.

= What base metal element characteristics should be
recorded to facilitate a credible condition assessment?

v/

v/
v/
v/

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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Module 2.1

PHA Asset Types

Corrosion Manual Training Course



Overview

Module 2.1 Learning Outcomes

= |dentify maritime assets within the PHA inventory.

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

u PORT HOUSTON Page 2



Module Resources

= 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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Maritime Asset

Maritime Asset: A Property or Bulk
i Terminal 1
c Terminal
unit of a property or
terminal that has a ~ T
. v \
defined boundary and Maritime
. Bulkhead Wharf Boat Dock Shoreline
serves a functional Asset
purpose
\ L ¥ S \
Impressed Current Sacrificial Anode Surface Base Metal
Component| | cathodic Protection | | Cathodic Protection | | Protection || (CriticalTypicaRedundant)
\
+ Rectifier * Anodes * Coating c Critical
+ Anodes + Distribution wiring » Wrap orrosion
Element + Distribution wiring . S i « Metalizi . pn . Typical
+ Suspension system s;:t[;:mon seEe Classification| | Requndant
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Maritime Asset

Four main types of Property or Bulk
asset: Terminal Terminal 1
v
1. Wharf T T 1
Maritime _
Boat DOCk Asset Bulkhead Wharf Boat Dock Shoreline

A A e Wl Al

2
3. Bulkhead
4

Shoreline Impressed Current Sacrificial Anode Surface Base Metal
Component|| cathodic Protection Cathodic Protection Protection || (Critical/Typical/Redundant)

\ ra
+ Rectifier * Anodes * Coating ",
+ Anodes + Distribution wiring + Wrap Corrosion Cr|t|_cal
Element + Distribution wiring « Suspension + Metalizing - c Typical
+» Suspension system system Classification Redundant
6 PORT HOUSTON Page 5



Structure
oriented parallel
to shore for
mooring ships
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= Structure
oriented parallel
to shore for
mooring ships

= Purpose: loading
and unloading
cargo or
personnel from
large vessels

-,

U PORT HOUSTON
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= Consists of one or more structural

" St.ructure systems:
oriented parallel _
S « Open platform with open structure
mooring ships = Open platform with solid structure
* Purpose: loading « Solid bulkhead

and unloading
cargo or
personnel from
large vessels

« Solid bulkhead with relieving platform

-,
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Wharf: Open platform, open structure

= 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

= Open platform: Fender
Water free to .
move
underneath

Piles

= Open structure:
Structure
supported over
water by piles or
drilled shafts
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Wharf: Open platform, open structure

. Open platfo rm: Fender L i Wharf Superstructure

[vorl o | vt e e | 2 e = nj
FACE | | }
a er ree O o \ . ”

1 o oaimy |4t rt & sy | |

Jruen [ireaeas JTtace*t Ynaer SRR THGK 4Y P b

e T FLL CoNC (RS wime ag) P s A
Ove TIubEE 3 | sl BB o | a8 / ‘ \ /
GYSTEM A odannalongl| | anthesanrrais A= : ll
P

i/ /\ I Al

* Aucior 200w

I t—

underneath L

Pies boce lo B oo B .. Q.. B RF—
= Open structure: ™~ [ *. .
Structure B il

supported over
water by piles or ] |

ASR——

d ” d h ft LUAN QU N ,V'i‘\ coL-s )
R Wharf CD26
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Wharf: Open platform, solid structure

= Open platform: CDS8

Water free to

move

underneath + )
Slab
on fill

= Solid structure:
Deck supported
on fill, supported

On Structural = —“:’ = " = - = ~ A:*,;‘;i-f-_,-, — _ =
platform slab — = Fender system
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Wharf: Open platform, solid structure

Fender Retaining wall Wearing
Bulkhead Cap
. Open platform //Thickened Slab Edge / slab \
Water free to et e Jn ¢ mwma] \
7 b
move k/.m_wﬁﬁ I .\
underneath A ' Fill § \
. A A P s
= Solid structure: e \ |
Deck supported \ \

|

:
1]

7
NV

on fill, supported
on structural
platform slab

Pile (| Deck beam | (o] Platform slab

L 1 X 3L L = 4
A
' =y y z
o , oo , oo " (-0 L, 9o L oo A,
Cd s 1/
.
(G)
Sy

Wharf CDS8
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Wharf: Solid bulkhead

= Solid bulkhead:
Wharf structure
supported on fill
retained by wall
or sheet piles
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Wharf: Solid bulkhead, relieving platform

= Solid bulkhead:
Wharf structure

supported on fill ;
retained by wall %

or sheet pile i

1}

= Relieving i
1}

platform: Buried
support structure
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Wharf: Solid bulkhead, relieving platform

Wharf deck slab | Retaining wall

= Solid bulkhead:
Wharf structure Fender
supported on fill Pile cap
retained by wall o |
: platform) -
or sheet pile 1

Sheet piles \
* Relieving

_ Pil =
platform: Buried T
support structure - .\

Cofferdam
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Boat Dock

= Similar to
wharves, but
self-supporting

= Functional
purpose:
loading and
unloading cargo
or personnel
from vessels
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Boat Dock

= Three general categories:

= Similar to i
ErES. fl = Open platform with open structure
self-supporting = Solid bulkhead
= Functional = Floating platform
purpose:
loading and

unloading cargo
or personnel
from vessels
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Bulkhead

= Vertical step in
elevation

Py P DBl BEPSSPRRINLY

* Functional
purpose: separate
shoreline from
water

0=

only ifitis
unassociated with a wharf or boat dock.
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Shoreline

. | . K e L - PHA Properties: Spillman Island \
ntersection i = A % =% & Barbours Cut!

between land
and water

= May be
protected or

unprotected
Protected

Shoreline?

o I
i g-%‘“ =
e A

Bulkhead? §
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Four Types of Maritime Assets

= Wharf

= Boat dock
= Bulkhead
= Shoreline

Page 21
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Which maritime assets can you identify?

»= \WWoodhouse & it Sl

= collection of

Terminal wharves

0 125250

= Wharves?
= Boat docks?
= Bulkheads?

= Shorelines?
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Which maritime assets can you identify?

»= \WWoodhouse & it Sl o —r §
= collection of it IYe)
Terminal wharves T &
. s L
: o s
= Wharves? ..#'“' =
iﬂ ul ;j" -
- Boat docks? . Boat i
Dock ;""_» —
= Bulkheads? O e e N
¥ h Bulkhead or . S8
- Shorelines? sl A shoreline
w8 gel < b . .ﬁ
: _"F Boat Dock

15 -~

———

ALE "
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Module Wrap-Up

Module 2.1 Learning Outcomes

1. ldentify 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

u PORT HOUSTON
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END OF MODULE
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Module 2.2

Component Groups

Corrosion Manual Training Course
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Overview

Module 2.2 Learning Outcomes

= |dentify component types within the PHA CM Inventory.
= |dentify 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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Module Resources

= 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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Hierarchy of Terms: Component

= Component:
group of elements
that make up a
particular corrosion
protection system
or a group of
corresponding
base metal
elements.

= Manual includes
four components

Property or Bulk
Terminal Terminal 1
Maritime Wharf
Asset
Fi \l’ llr
Corrosion Impressed Current Sacrificial Anode Surface Base Metal
Component Cathodic Protection Cathodic Protection Protection Critical/Typical/Redundant
- * Rectifier + Anodes » Coating
Corrosion * Anodes + Distribution wiring * Wrap
Element « Distribution wiring + Suspension » Metalizing
+ Suspension system system

fi

Maritime Structures
Element

» CS Bulkhead
Wall

» CSTie Rod

* CS Fender Pile

\) PORT HOUSTON
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Hierarchy of Terms: Component

Property or Bulk
Terminal Terminal 1
Four component
groups: ‘l’
Maritime Wharf
1. ICCP fsset
2. SACP . v \ v
Corrosion Impressed Current Sacrificial Anode Surface Base Metal
Cathodic Protection Cathodic Protection Protection Critical/Typical/Redundant
3. Surface A
Protection v ) v
- * Rectifier + Anodes » Coating
Corrosion * Anodes + Distribution wiring * Wrap
4_ Base Metal E|ement « Distribution wiring + Suspension » Metalizing
+ Suspension system system
L. + CS Bulkhead
Maritime Structures wal
+ CS Tie Rod
Element + CS Fender Pile
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Corrosion Protection Components

= 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
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Base Metal Components

= 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).
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Hierarchy of Terms: Corrosion Element

= Element: individual
member of a
corresponding
component

= Defined by
components to which
it belongs, functional
purpose, geometry,
and material.

Property or Bulk
Terminal Terminal 1
Maritime Wharf
Asset
y | ] ) 1
Corrosion Impressed Current Sacrificial Anode Surface Critical/Typical/Redundant
Component Cathodic Protection Cathodic Protection Protection Base Metal
S * Rectifier + Anodes + Coating
Corrosion * Anodes + Distribution wiring + Wrap
Element + Distribution wiring + Suspension + Metalizing
* Suspension system system

i

Maritime Structures
Element

+ CS Bulkhead
Wall

+ CSTie Rod

+ CS Fender Pile

\) PORT HOUSTON
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Hierarchy of Terms: Base Metal Element

Property or Bulk
i Terminal 1
= Base Metal Element: jisininal Ea
elements that are y
Maritime
Wharf
protected by a Assat ar
corrosion component
\’ ALL \1‘ ALL \l‘

- Grouped into one of Corrosion Impressed Current Sacrificial Anode Surface Critical/Typical/Redundant
three Base Metal Component| | Cathodic Protection Cathodic Protection Protection Base Metal
Corrosion v A

= + Rectifier + Anod + Coati
ComponentS Corrosion * Anodes . DTsct)ris:tion wiring . W(::[;ng
Element + Distribution wiring + Suspension + Metalizing
- Crltlcal + Suspension system system
= Typical J,
e + CS Bulkhead
=« Redundant Maritime Structures . :}:Vsar'll' e
Element + CS Fender Pile
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ICCP Component

Functional Purpose o —
Transformer
= Supplies electric current by a device Rectifier Unit

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
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SACP Component

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
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Surface Protection Component

= 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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Base Metal 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 IEXZTYIITE

Table C-4. Base Metal Component Elements Table C-4. Base Metal Com)
Element Cadels Element Descriptor Element ldentilication Lnies* Element Code(s) Element Descriptor | Units* Element Code(s) [ Element Descriptor
e e s S e —
Critical (BMC) Redundant (BMR)
TR-CS-BMC S The Rod A tension-only structurnl element. Includes elements AW-CS-BMT IE S Anchor Wall S Support Framing Secondary members generally add 1o the stability of
TR-GS-BMC (18 Tie Rod used as bracing and (hose used as tic backs for EA ¥ SF-GS-BMR (S Support Framing the fender system and do not distribute berthing and
retaining walls. Does not includs rods used solely for l maoring forces, but are lumped together with the LF
railing BW-CS-BMT | €S T d Wall s prrimarily as load carrying members for inspection
DB-CS- BMC CS Deck Beam A structural element dead perpendicular 1o its BW-GS-BMT | GS Bulkhead Wall an carth retaining striecture, Primasily subject 1o out LF
DBE-GS- BMC G5 Deck Bey i msmils foads dir LF | DU-GS-BMR. GS Deck (stay-in-place A horizontal, planar structural element that carries
the deck to a girder or substructure el form) and distributes loads to superstructure or SF
S BMC €S Girder A structural element loaded perpendicular to its DT-CS- BMT 8 Deck, open Grid substructure elements. Observations specific to :
- BMC GS Girder s that transmits boads from a LF loads to superstructure or underside or full-depth of clement.
beam or stringer to the substructure. May aiso carry ) substructize elements. Observations spe 5F FL-CS-BMR CS Fender Panel A rectangular element oriented paralle] to the fender
loads dirgetly from a portion of the deck topside of clement. FL-GS-BMR GS Fender Panel system that increases the contact area of the fender EA
GI -5 BMC S Gusset Plate A structural plate ¢ system against the ship hull.
GP-W5- BMC WS Gusset Plate between of EA SR-CS- BMT cmient loaded perpendicular to its
OnE OF MR SR-GS- BMT al axis that transmits loads from 1 LF
Redundant
CO-CS- BMC 8 Column A vertical prismatic clement that transmits loads
CO-G8- BMC GS Column {vertical, lnteral and or ber sck or LF RW.-CS- BMT | C8 Retaining W ws primarily lo
carry veriical loads from i
| g walls ore 1 ahove
PICS- BMC CS Pile H' I al element that transimnity | T H I ring walls are A above
FItICAl [resicue, o siroctise | ypiCca
be: or [ s are = e
A bearing or friction, Piles at EA - r C5 Cofferdam i structural clements wsed 45 3
B M( : ullation and driven ino the B M 4 5
idered decp foundation I o 3
PE-CS(S) BMC 3 Pile A type of pile thot consists of o hollow stel BB-CS- BMT S Bulkheod Wale RS |-m-”|K| r:m‘ -rn:l[—.r-rl -;u}c.l |u.-.[|.I.l-:I-:jlu\-.n:. :-.Iz:\
PE-CS(C) BMC led Pile driven into the g and then filled with b Mttt L
nchudes “Raymond Piles”, which ore concrete-filled | A e L e A AT
pipes with tapered cross-sections BC-CS- BMT [ €S Bem Cap A horizont wiented structural element that
.. oo - . Ioads from superstructure ¢ Lf
Nie Cap A horizontally-oriented structural ¢
PC-C8- BMC CS Pile Cap A horizontally-oriented structural el | Jemments below
tramsmits LF -
clements shove to pile cleme BR-C5- BMT | S Brace el often diagonally ariented,
BR-GS- BMT G5 Brace across pile elements to provide Iateral EA
BG-CS- BMC S Closed Web/Box A hollow, four-side wiural element loaded 1 ¥
Ciirdler perpendicu & that transmiks = -
Toads font o deck beg L PB-CS- BMT €S Battered Pile A type of pile that is driven at un angle, typically
substnucture between 30 a from vertical, Battered EA
| piles prov 1o the structure,
BT-CS-BMC | €S Bulkhead Tie Rod & tension-only stractural element, wsed 1 restrain —— -
BT-GS- BMC G5 Bulkhead Tie Rod the top of a bulkhead wall. EA FP-CS- BMT C5 Fender Pile % L
FP-G5- BMT £ der Pile T piles ure typically
| wced it their wop to BA
|

-,
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Summary of Components

= Components -> Elements
= Corrosion Protection Components
- ICCP
« SACP
« Surface Protection
= Base Metal Components
= Critical, Typical, Redundant

— Maritime Structure Metal Elements

6 PORT HOUSTON Page 40
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Multiple Choice #1

|

What corrosion
protection component(s)

are shown in this photo?

a. SACP
b. ICCP
c. Surface Protection

Landl W R R L ]
)

u PORT HOUSTON
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Multiple Choice #1

|

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

a. SACP
b. ICCP

c. Surface Protection

|

u PORT HOUSTON
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Multiple Choice #2

|

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

a. Critical
b. Typical
c. Redundant

Landl W R R L ]
)

u PORT HOUSTON
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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

6 PORT HOUSTON Page 45



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
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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
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Multiple Choice #5

What corrosion

protection -
component(s) are SRR RS o S B
- . ,) : 1 A | 2
shown in this photo? ... \ L BOTTOM OF ANODE
CHANNEL SE— \ ;I‘SESB%I_H TO APPEAR SAME AS
a. SACP PIPE PILE —_ " CHANNEL E?E, MINUS LIFTING
/;}l/_._%___‘___‘\ 2. MOUNTING TO ALLOW
FOR FUTURE ANODE
b. ICCP T, K REPLACEMENT.

_ PLAN VIEW
c. Surface Protection

ﬁ PORT HOUSTON Page 52



Multiple Choice #5

What corrosion
protection

| _— BOLT WITH STAR WASHER
component(s) are ALUMINUM  ANODE ~ / A" WELDED TO CHANNEL NGTES
- - ,) ~_ | » |\ Z
shown in this photo? ... Y \  SoT1oM OF ANODE
CHANNEL $ . | =L > ;I‘SESB%I_H TO APPEAR SAME AS
TOP MINUS LIFTING
a. CHANNEL EYE.

2. MOUNTING TO ALLOW
FOR FUTURE ANODE
REPLACEMENT.

b. ICCP
c. Surface Protection

SACP
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Module Wrap-up

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 2.3

Elements

Corrosion Manual Training Course
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Module Objectives

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 Resources

= 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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Hierarchy: Corrosion Protection Elements

= Corrosion Property or Bulk
Protection Element: | Terminal Terminal 1
individual member of Y
c Maritime
Wharf
a corrgspondlng . Asset Ia
corrosion protection | | I | :
Y e N Al 1 Jv.
Component c { Impressed Current Sacrificial Anode Surface Base Metal
. omponen Cathodic Protection Cathodic Protection Protection (Critical/Typical/Redundant)
= Defined by T \l( \L _
components to which " R v
it belongs, functional Element | | Dieriouton wiring suspension || e g
» Suspension system system
purpose, geometry,
and material. Element * CS Bulkhead

» CS Tie Rod
* CS Fender Pile

(from Maritime Structures Manual)
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Hierarchy: Base Metal Elements

= Base Metal Property or Bulk
Element: metal UG Terminal
elements that are Y
protected by a Waritime Wharf
corrosion protection ) | | ! : :
Component c { Impress:j Current Sacrifi:i:al Anode S:;face - Basi Metal
= Classified based on omponent cainodic Frotection Cathodic IF’rotection Protection _ (Critical/Typical/Redundant)
importance to a given ¥ .Recﬁﬁe:l( .Anodes\ll oatng
component: Element | | Gicviouionwiing | |- sueponsion | |- Maemiaing
) Critical - Suspension system system
- Typical Element W
» Redundant (from Maritime Structures Manual)| | * 82 ;fn';gfpne
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e e e e e . £ e . e e e e . e e . e R —— e e e e e e e e e e
Y PP Y, PR [ Corrosion Manua
Maritime Manual i Corrosion Manual
;1
1 1
Property or Bulk I !
Terminal Terminal 1 % \L
1 !
'
1 !
11
11
o 1
Maritime har i
Asset 11
| 1 |
| i
L0
'L
\L \lt e 1 1 \|I sl s
. Super- Sub Berthing H E I dC t Sacrifi "JA d Si ‘f' B )
Bulkhead l&et‘k = 5 1 mpressed Curren acrificial Anode urface ase Metal
Component | | _J structure | | structure System ! i Component| | cathodic Protection | | Cathodic Protection | | Protection || (CriticarTypicarRedundant)
i
P
'
1 !
" Al n Ly n ] 1 , g ale
* RC bulkhead | | + RCdeck * RC dack * RC sheer + CS5 fender pile q E * Rectifier + Anodes + Coating
wall * RC beam wall * GSfenderpanel | || | » Anodes + Distribution wiring « Wrap
Element + RCwale Bonded + RCgirder | | + RC pile cap || « MT boliard 11 Element = Distribution wiring + Suspension + Metalizing
baam Qverlay s TiM piles + MT cleat 11 * Suspensionsystem systam
11
e R e e e e e e A D VD D DD DD DL
Corrosion ?;::‘;g’l
Classification| | gedundant
1
J
- CS Bulkhead  |f——
N :> Element Wal
from Maritime Structures Manual) || = ©S Tie Rod
u& PORT HOUSTON i ( 1| Cs ender pie
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Elements

= 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 unigue 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
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Elements

= Elements in PHA Table C-3. S.urface Protection Component Llel‘nentts
. Element Code(s Element Descriptoer I Flemeiit Identification
inventory are '
. - . Coatings, Wraps, and Metalizing (CT, HG, ML, & WP)
defined in terms of:
CT-AC AC Coating Coating elements serve to protect steel or
u ASSOCiated CT-EP EP Coating concrete elements and may be applied in single-
CT-CE CE Coating coat or multi-coat systems. Quantity is based on
Component CT-PU PU Coating square foot of element. SF
CT-OT OT Coatin
- Element code £
HG-HDG HDG Galvanizing Hot-dip galvanizing provides a sacrificial
- Element coating system by dipping the element in a SF
desc” ptOI’ molten bath of zinc during the fabrication
process of the steel.
" Element . ML-AL AL Metalizing Metalizing may be applied to steel or concrete
Identlflcatlon ML-ZN ZN Metalizing elements and is applied by spraying molten
. ML-AZ AZ Metalizing metal on the element. For reinforced concrete SF
= Measured units ML-AZI AZI Metalizing clements, connections to the steel reinforcement
ML-TI TI Metalizing is required. Quantity is based on square foot of
element.
6 PORT HOUSTON Page 63



Elements

= Elements in PHA Table C-3. Surface Protection Component Elements
. Element Cnde;s) ! Element Descrigtor ! = e = Ets-‘
Inventory are Element code: '
deﬁned in terms Of' Coatings, Wraps, and Met;
d CT-AC AC Coating I Cod CT-EP
» Associate CT-EP EP Coating con
component CT-CE CE Coating coa — F
p CT-PU PU Coating squ
- Element Code CT-OT OT Coating Element type Element material
. Element HG-HDG HDG Galvanizing .H—ot - CT: Coating -+ EP: Epoxy
. 0a ;
descriptor e F
pro £ t L
. _Elem_e_nt _ ML-AL AL Metalizing Me| Element code (base metals):
identification ML-ZN ZN Metalizing eler
. ML-AZ AZ Metalizing met F
= Measured units ML-AZI AZI Metalizing cler BW-CS-BMT
ML-TI TI Metalizing is r{ —
clet Critical (BMC), Typical (BMT),
Redundant (BMR) —
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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

Table 3.1. Materials for Corrosion Protection and Base Metal Elements

Element

Abbreviation

Description

Anodes

Aluminum

AL

Aluminum alloy anodes are used primarily in seawater
application and can be produced in a variety of alloys.

Cast Iron

Cast iron anodes can be used in fresh water, seawater, or
underground applications. High-silicon cast iron is a
commonly used alloy containing silicon, chromium, and
iron.

Dual

DL

Dual galvanic anodes can be made with a highly active
anode metal casing (e.g. magnesium) and a less active core
(e.g. zinc). These anodes are designed to provide a high
initial current density to achieve initial cathodic polarization.

Graphite

GP

Graphite anodes are used in soils, flowing seawater, and
mud and are typically impregnated with a sealer to prevent
failure from gas evolution in pores. Oftentimes used within
anode wells.

Magnesium

Magnesium anodes are available as high-potential or low-
potential alloys and are normally used in soils and fresh
water.

Zinc

ZN

Zinc anodes are available in two alloys; one for use in soils
and the other for seawater application. Can be manufactured
as a bulk anode or a mesh.

u PORT HOUSTON
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Corrosion Elements

= Elements in PHA Table C-3. S.urface Protection Component Elet.nent-s —
. Element Code(s) Element Descriptor Element Identification Units’
inventory are '
. - . Coatings, Wraps, and Metalizing (CT, HG, ML, & WP)
defined in terms of:
; CT-AC AC Coating Coating elements serve to protect steel or
" ASSOClatEd CT-EP EP Coating concrete elements and may be applied in single-
CT-CE CE Coating coat or multi-coat systems. Quantity is based on :
Component CT-PU PU Coating square foot of element. SF
CT-OT OT Coating
= Element code
4 -
. Element HG-HDG HDG Galvanizing l:lc.)t—.dip fgaF\:anizi‘ng_])rc_widcs‘a.‘s?criﬂci'al.
. coating system by dipping the element in a SE
deSCflptor molten bath of zinc during the fabrication "
process of the steel,
" Element i ML-AL AL Metalizing Metalizing may be applied to steel or concrete
Identlflcatlon ML-ZN ZN Metalizing elements and is applied by spraying molten
. ML-AZ AZ Metalizing metal on the element. For reinforced concrete SF
n Measured units ML-AZI AZI Metalizing elements, connections to the steel reinforcement -
ML-TI TI Metalizing is required. Quantity is based on square foot of
element.

\)[: PORT HOUSTON Appendix C SR



Corrosion Elements

= Elements in PHA Table C-3. S.urface Protection Component Elet.nent-s —
. Element Code(s) Element Descriptor Element Identification Units*
Inventory are
. c Coatings, Wraps, and Metalizing (CT, HG, ML, & WP)
defined in terms of:
CT-AC AC Coating Coating elements serve to protect steel or
« Associated CT-EP SE ; may be applied in single-
CT-CE : square toot ms. Quantity is based on .
component el LF: linear foot N
CT-OT : _ _
= Element code Elements whose primary function
. Element HG-HDG depends on area (eg protective bvides a sacrificial
: coatings) or length (e.g. deck beam) ing the element in a SF
deSCt‘Ip'[OF ing the fabrication "
" Element . ML-AL EA: each . . lied to steel or concrete
identification ML-ZN Elements that function as a unit (e.g. by spraying molten
ML-AZ anodes, DC power supplies) or reinforced concrete SF
" Measured UnitS ML-AZI o the steel reinforcement -
ML-TI TI Metalizing is required. Quantity is based on square foot of
element.
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Practical Example

Impressed Current Cathodic Protection Component

—T L s
= Which component do Transformer | g L ' Bulkhead Wall
Rectifier Unit |- ——— ’ M| (BW-CS-BMT)
these photographs (PW-TRU) oL
represent?
PVC
= Can you identify Protection Wiring
_ (PR-PVC) (WI-CU)
elements associated
with this component?
) ) Support Framing Supports
= Can you identify base | (SF-cs-BMR) (SI-CS)
metal elements yr— Anodes
pictured? (WI-CU) (AN-OTH)
Fender Piles
(FP-CS-BMT)
6 PORT HOUSTON Page 69



Practical Example: PW-TRU

Table 3.1

m DC Power S u pp Iy Batteries BAT OB:Ltrl:l:]rtlZ:;;c;I:]:)e used for CP systems that require small
(PW) Circuit breakers are used to disconnect circuits and depower
NP electric equipment. Only circuit breakers directly related to
Electric Circuit . e S
EB Power Supplies for CP systems (e.g. circuit breakers
DC Power Breaker between AC power supply and transformer-rectifier units
= Transformer Supply that are near the unit).
5/ o Electric panels, typically operating at 240V or greater, are
Rectlfl er U n |t Electric Panel EP used to split and distribute AC to multiple transformer-
| rectifier units,
(T R U) Transformer- TRU Powered by an AC current, TRUs converts AC mnput to DC
Rectifier Unit output current for use in the CP system.

Table C-1. Impressed Current Cathodic Protection (ICCP) Component Elements
Element Code(s Element Descriptor Element Identification Units'

DC Power Supply (PW)

PW-BAT BAT DC Power Supply Electrical devices used to provide DC power for

PW-CB PW DC Power Supply any impressed current CP system. EA
EPDC -

PW-TRU TRU DC Power Supply

PORT HOUSTON Appendix C Page 70
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Practical Example: BW-CS-BMT

= Carbon Steel

Bulkhead Wall Table 3.1

] 1 e B R Sttt ittt SE———.
Typ|Ca| Base Metals' tainless steel materials. Stainless steels have a mimnimum o
Stainless Steel SS 10.5 percent chromium and are available at various grades
Metal with varying corrosion resistance.

= BW-CS-BM

Table C-4. Base Metal Component Elements

A [ Element Code(s Element Descriptor Element Identification Units*
\ o i
Typical (BMT)
AW-CS-BMT CS Anchor Wall A continuous buried wall element on the landside of
a retaining wall or bulkhead. Used as anchorage for LF
another element.
BW-CS-BMT CS Bulkhead Wall A structural wall element that functions primarily as
BW-GS-BMT GS Bulkhead Wall an earth retaining structure. Primarily subject to out-
LF
of-plane lateral loads. Bulkheads generally separate
earth fill from water.

PORT HOUSTON AppendiX C Page 71
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Element |dentification

= 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
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Element |dentification

PW3-1
|

Element Code Bay Number
PW, ME, WI, etc. 1, 2A, 2B, etc.

First two letters of element
code (material type not
included)

Numbered sequentially,
upstream to downstream

Letters for different structural
systems

Element Number

*Bays same as defined in
FICAP Maritime Structures

1, 2, 3, etc.

Numbered sequentially
upstream to downstream,
water to land, top to bottom

u PORT HOUSTON
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Example: Element IDs

= Protected elements
shown:

= What are the codes } —
for protective | |
coating elements? E 1
= :E

|

- FP20-1 _ $ :
= SF20-1 I
. EP20-2 ,..U’U. Tnne
= BW20-1 Downstream : * oy

Y —

Base Metal Elements

6 PORT HOUSTON Page 74



Example: Element IDs

= What are the codes
for protective
coating elements?

= Protected elements

shown:

= FP20-1

= SF20-1

= FP20-2

= BW20-1 Downstream
Y —

21) (204 ] (20)

20

W

-
AYNYaYaVala FnWes ll_l E

Base Metal Elements Surface Protection Elements

Example from
BCT5 Baseline
Drawings

u PORT HOUSTON
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Module Wrap-up

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 3.1

Inspection Types and Reports

Corrosion Manual Training Course
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Module Objectives

Module 3.1 Learning Outcomes

= List typical objectives, intervals, and scope of each primary
Inspection type

= Describe relationship between inspection types
= |dentify readily accessible elements
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Module Resources

= Chapter 2: Inspection Types
= Appendix F: Documentation and Reporting Forms
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Inspection Scope and Frequency

= Scope = Frequency

= Defines type(s) of inspections = |dentifies the next inspection

= Describes the inspection Intervals for each asset and
methods and NDE techniques type of inspection

= Considers site environmental = May vary based on inspection
conditions, rate of damage findings
progression, anticipated design = May be altered between
life, etc. Inspections

Defined in the
699_@,{\09@” Corrosion Inspection Plan Page 4



Inspection Types

= Primary
nspection Types

= Baseline
= Routine

= Functionality
Checks

*Specific to Corrosion
Manual not to Maritime
Structures inspections

PORT HOUSTON

Inspection Planning

Applies to:

« Facility-level development of inspection
plan (assets and systems considered)

« Asset-specific Baseline and Routine
Inspection scope

v

Baseline Inspection

Appliestor

Assets with new Corrosion Protection
‘components
Assets with existing Corrosion Protection

‘components with no inspection documentation

Objectives:  «

Develop corrosion protection inventory record
Create corrosion inspection drawings

Identify and quantify inspection elements,
Inspect elements to set baseline condition
Assign component ratings

Deliverables: -

Corrosion Inventory Record
Corrosion inspection drawings
Corrosion Inspection Forms.

Primary Scope of

Corrosion Manual
Applicable Components:

+ ICCP + Surface Protection

+ SACP + Base metal

Notes:
Immedia

Repair/Other Action:

te Action:

Figure 2.1,
pg. 27 of Manual

Actions in response to conditions that may compromise structural integrity or

facility operations, or lead to property or environmental damage

be

May require repairs,

for alternative use, rebuilt, or remov

v
ed from service (retired)

vy Tl

In-depth Inspection
Appliesto: = Corrosion protection systems or
assets requiring further or special
inspection

Engineering Analysis-CorrosionManagement

Applies to: Corrosion protection systems, base
metals, or assets requiring engineering

analysis

Objectives: ~ +  Determine cause and
significance of deterioration
Collect detailed condition and
‘quaniity information to support
Engineering Analysis or to
develop design solutions

« As needed for other situations

Deliverables: «  Inspection Report
Repair quantities (where applic )

Possible
Outcomes:

No | More | REPA | immed.
; -

Action info. " Action
Action

Possible . " .
Outoomas: " Moreinformation | Immediate
NoAction | o epairs needed Action
L =
Routine Inspection (Tier1/Tier 2/Tier 3)
Corrosion Damage Rating Index Analysis
2 Applies to: Existing corrosion protection
g i componants it baseline.mspection Appliesto: - Base metal elements with corrosion
o protection systems
3 Objectives:
= ! nepect dlements fo defsrmine current Objectives: - Estimate of current corrosion
o Assign componert ratings damage and corrosion rate based
= oo o of on Baseline or Routine Inspection
= e pm%pf;n omponents + Can be used for coarse estimate of
= time until additional investigation,
S Deliverables: Corrosion Inspection Forms, maintenance, or repairs
% Deliverables: + Base metal component ratings for
p Possible eirto, | each element group
Outcomes: i
NoAdtion | orrepairs | Zpcion Possible o | wore | Repai [ immed
Outcomes: Other .
I | E— (EED || Action
Action
Ll
Eunctionality Checks
Applies to: « Cathodic protection components as defined in
Inspection Plan
Objectives: « Verify ongoing functionality of cathodic
protection elemer
« Identify any required maintenance
Deliverables: « Inspection Forms
Possible No Acti More info. or Immediate
Outcomes: o Adtion | repairs needed Action

Objectives: Service Life Analysis

Life-cycle cost analysis to develop
repair and corrosion protection
solutions

Quantify structural effect of corrosion
damage or other distress

Evaluate need for repairs,
strengthening, or corrosion protection

Deliverables:  +  Engineering Report
+ Repair/strengthening/corrosion
protection design (as applicable)

Possible Repair/
No | More Immed.
ou Other
omes Action | info. d jon

Action

Page 5



Inspection Types — Baseline Inspection

Figure 2.1,
pg. 27 of Manual

Inspection Planning Primary Scope of

Corrosion Manual
Applicable Components:

+ ICCP + Surface Protection
+ SACP + Base metal

Applies to: « Facility-level development of inspection

= New or T
refurbished asset

Baseline Inspection

Notes:

Appliesto:  + Assets with new Corrosion Protection
s Immediate Action

‘com ponent
« Assets with existing Corrosion Protection
‘components with no inspection documentation

- Objectives:  +  Develop corrosion protection inventory record
[ | O reVI 0 u S - Create corrosion nspection drawings
« Identify and quantify inspection elements.
+  Inspect elements to set baseline condition
+ Assign component ratings

Actions in response to conditions that may compromise structural integrity or
facility operations, or lead to property or environmental damage

Repair/Other Action: May require repairs, or be
for altemative use, rebuilt, or remov ed from service (retired)

. . Deliverables: +  Corrosion Inventory Record
« Corrosion inspection drawings
~ Corrosion Inspection Forms

Possible
Outcomes:

More information

. Immediate
NoAction | o epairs needed Action

g ¢ In-depth Inspection Engineering Analysis-CorrosionManagement
Routine Inspection (Tier1/Tier 2/Tier 3) y
Corrosion Damage Rating Index Analysis Appliesto:  + Corrosion protection systems o Applies to: Corrosion protection systems, base
- > Applies to: Existing corrosionprotection assets requiring further or special melals, or assets requiring engineering
2 components with baselineinspection Appliesto: +  Base metal elements with corrosion inspection analysis
S protection systems
3 Objectives: Inspect elements to determine current Objectives:  +  Determine cause and Objectives: Service Life Analysis.
g condition Objectives: . 5::::?;"{ ;:;f;‘; ;’;‘" ;:fe'fas od significance of deterioration Life-cycle cost analysis to develop
E Assign component ratings 9 + Collect detailed condition and repair and corrosion protection
on Baseline or Routine Inspection
o Assessment of performance of . Canbo ueed mata of ‘quaniity information to support solutions
o corrosion protection components W ;’; um:‘\sa M“"‘;ﬁgﬁ':fe: ‘Z‘ﬁ; Engineering Analysis o to + Quantify structural effect of corrosion
& . gation, develop design solutions damage or other distress.
3 Deliverables: Corrosion Inspection Forms. maintenance, or repairs « As needed for other situations. « Evaluate need for repairs,
o Deliverables: + Base metal component ratings for strengthening, or corrosion protection
0 each element group Deliverables: +  Inspection Report
z Possible einfo. ||\ oo Repair quantities (where applic ) Deliverables:  + Engineering Report
Outcomes: NoAction | o repars | e - o | vore | o | eomed — — Repair/strengthening/corrosion
X ossible ir
Outcomes: Action nfo Other | ‘Atkion Ovtomes: No More epar rmsh protection design (as applicable)
| Action Action | info. | O | Action
Action Possible Repair/
] | Outoomes No More | "GEaT" | immed.
Action | info. jon
> Action
Eunctionality Checks
L = = bb) Applies to: + Cathodic protection components as defined in
IrS Ou I l l l ec Ion oy
Objectives: « Verify ongoing functionality of cathodic
protection elements
«  Identify any required maintenance
Deliverables «_Inspection Forms
Possible (9o Moreinfo.or | Immediate
PORT HOUSTON Outcomes: o Adtion | repairs needed Action
LTI : \ Page 6




Inspection Types — Baseline Inspection

= 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

6 PORT HOUSTON Page 7




Inspection Types — Baseline Inspection

= Deliverables
= Corrosion Inventory Record

Corrosion Inspection Plan
Baseline Inspection Summary

— Inspection Data
Follow-up Actions Form
Inspection History
= Corrosion Inspection Drawings

6 g lliscyin by Page 8




Inspection Types — Routine Inspection

= At intervals
defined in
Inspection Plan

= Scope of visual
observations and
measurements
based on
Inspection Plan

PORT HOUSTON

Inspection Planning

Applies to: «  Facility-level development of inspection
plan (assets and systems considered)
« Asset-specific Baseline and Routine
Inspection scope

v

Baseline Inspection

Appliesto:  + Assets with new Corrosion Protection
components

Assets with existing Corrosion Protection
‘components with no inspection documentation

Objectives:  +  Develop corrosion protection inventory record
« Create corrosion inspection drawings
« Identify and quaniify inspection elements
« Inspect elements to set baseline condition
« Assign component ratings

Deliverables: - Carrosion Invertory Record
Corrosioninspection drawings
Corrosion Inspection Forms.

Possible

Outcomes: NoAction | Mereinformation | Immediate
Action

or repairs needed

At specified frequency

Primary Scope of

Corrosion Manual
Applicable Components

+ ICCP + Surface Protection
+ SACP + Base metal

Notes:

Figure 2.1,
pg. 27 of Manual

Immediate Action:  Actions in response to conditions that may compromise structural integrity or
facility operations, or lead to property or environmental damage

Repair/Other Action: May require repairs,

may be

or
for alterative use, rebuilt, or removed from service (retired).

Routine Inspection (Tier1/Tier 2/Tier 3)

+ Existing corrosion_protection
components with baseline inspection

Inspect elements to determine current
condition

Assign component ratings
Assessment of performance of

corrosion protection components

Corrosion Inspection Forms

¥

Corrosion Damage Rating Index Analysis

Applies to: .

Base metal elements with corrosion
protection systems

Objectives: - Estimate of current corrosion
damage and corrosion rate based
on Baseline or Routine Inspection
Can be used for coarse estimate of
time until additional investigation,
maintenance, or repairs

Deliverables: + Base met ta\cw\ponemraungs!ar

o each element grou
CMEEID Possible R
epair/
needed Oukoomes: No | More 7 [ immed.
Action | info. | O | action
Action
Applies to: . ic protection components as defined in
\nspec\\on Plan
Objectives: « Verify ongoing functionality of cathodic
protection elements
«  Identify any required maintenance
Deliverables «_Inspection Forms
Possible (9o Moreinfo.or | Immediate
Outcomes: o Adtion | repairs needed Action

In-depth Inspection

Engineering Analysis-CorrosionManagement

Appliesto:  +  Corrosion protection systems or Applies to: « Corrosion protection systems, base
assels requiring further or special metals, or assets requiring engineering
inspection analysis

Objectives:  + Determine cause and Objectives: « Service Life Analysis

significance of deterioration
Collect detailed condition and
‘quaniity information to support
Engineering Analysis or to
develop design solutions

« As needed for other situations

Deliverables: «  Inspection Report
Repair quantities (where applic )

Life-cycle cost analysis to develop
repair and corrosion protection

solutions
Quantify structural effect of corrosion
damage or other distress
Evaluate need for repairs,
strengthening, or corrosion protection

Possible Repair/
Outcomes: i || Reo r
Action | info. her | “Action

Action

Immed.

Deliverables:  + Engineering Report
+ Repairisirengtheninglcorrosion
protection design (as applicable)
Possible Repair/
No | More Immed.
ou Other
omes Action | info " | Action

Page 9



Inspection Types — Routine Inspection

= 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)

6 PORT HOUSTON Page 10



Inspection Types — Routine Inspection

= Routine Inspection Deliverables &  omm
= Inspection Summary B — o ——
_ Inspection Data ———

« Follow-up Actions Form

= Modified Baseline Insp. Deliverables
« Corrosion Inventory Record

« Corrosion Inspection Plan

= Inspection History, Drawings

6 PORT HOUSTON Page 11




Inspection Types — Functionality Checks

\nspecton Planning Primary Scope of Figure 2.1,
- Applies to: « Facility-level development of inspection Corrosion Manual pg 27 of Manual
= Inte rval S d efl ne d s o) e et .
‘”s"‘*“mimpe . wsc/g; . ::;face I:ari)tectmn

in Inspection pe——

Appliesto:  + Assets with new Corrosion Protection Notes:
components

Immediate Action:  Actions in response to conditions that may compromise structural integrity or

Assets with existing Corrosion Proection facility operations, or lead to property or environmental damage

components with no inspection documentation
an mon S Repair/Other Action: May require repairs, or or may be
Objectives: + Develop corrosion protection inventory record for alternative use, rebuilt, or removed from service (retired)
+  Create corrosion inspection drawings
« Identify and quantify inspection elements.
+  Inspect elements to set baseline condition
+ Assign component ratings
1 ye a r) Deliverables:  «  Corrosion Inventory Record
+ Corrosion inspection drawings
Corrosion Inspection Forms

Possible
jon | Moreinformation | Immediate
Otcomes:
NoAction | o epairs needed Action
= More frequent i
- ¢ In-depth Inspection Engineering Analysis-CorrosionManagement
Routine Inspection (Tier1/Tier 2/Tier 3) ]
t I l a I l R O l I t I n e Corrosion Damage Rating Index Analysis Applies to: = Corrosion profection systems or Applies (o + Corrosion profection systems, base
> | [Awliesto: - Existingcorrosion protection assels requiring further or special metals, or assels requiring engineering
2 components with baseline inspection Appliesto:  + Base metal elements with corrosion inspection analysis
& protection systems
3 Objectives: « Inspect elements to determine current Objectives:  + Determine cause and Objectives: « Service Life Analysis
= o condition Objectives:  + Estimate of current corrosion significance of deterioration + Life-cycle cost analysis to develop
= + Assign component ratings damage and corrosion rate based + Collect detailed condition and repair and corrosion protection
| = " hescssmentofpriomenco of onBasalne o Routne nspecion iy irformain osuppot soions -
@ corrosion protection components . E;’; ﬁmf&;ﬁ;ﬁ:ﬂ:ﬁeﬁ“ 'a"«i::d Engineering Analysis or to + Quanify structural effect of corrosion
= . gation, develop design solutions damage or other distress.
9 Deliverables: + Corrosion Inspection Forms maintenance, or repairs « As needed for other situations. « Evaluate need for repairs,
o Deliverables: = Base metal componenatngs for strengthening, or corrosion protection
@ p— — cach lement grou Deliverables: «  Inspection Report
. z o1 \mmediate « Repair quantities (where applic ) Deliverables:  + Engineering Report
n Outcomes: NoAction | or repairs | 00 Possible N " Repair! | omed + Repairlstrengthening/corrosion
e o ore immed. Possible
Outcomes: Action ik Other [ TS e No More Reva\rr/ rmsh protection design (as applicable)
Action Action | info. "o | Action
Action Possible Repair/
Outsomes: No | More | SPaT | immed.
Action | info Action

ic protection components as defined in
\nspec\\o" Plan |

Verify ongoing functionality of cathodic
protection elements
Identify any required maintenance

Inspection Forms

No Action

Moreinfo. or Immediate
repairs needed Action

PORT HOUSTON Page 12




Inspection Types — Functionality Checks

= 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

6 PORT HOUSTON Page 13




Inspection Types — Functionality Checks

= Deliverables

« Updated Routine Inspection
Summary

— New Routine Inspection Data,
additional functionality checks

« Updated Inspection History

6 PORT HOUSTON Page 14



Inspection Tasks & Intervals

Table 2.1. Guidelines for Maximum Inspection Intervals

Clasz?iscl:l tion l:z;‘:;ifﬂf:z, Example Inspection Tasks [Note 1]
6 months Verify fur?ctionality of ICCP system (current output, frequency, power
Functionality consumption, shunts, etc.)
Checks [Note 3] Measure and record on/off structure-to-electrolyte potentials (and/or
1 year decay potentials) for cathodic protection systems

Verify accessible negative lead-to-structure connections are intact
Tier 1 Perform above water visual assessment
Routine 3 years Obtain above-water thickness measurements of base metal elements
Inspections Obtain above-water coating thickness and/or adhesion measurements

Level I underwater visual inspections of anodes
Tier 2 Level IT underwater cleaning and visual inspection of anodes and base
Routine 6 years metal elements
Inspections Level III underwater cleaning and remaining thickness/weight

measurement of base metal elements, coatings, and anodes
;l(i:tisne As Required!Noe Visual inspection and thickness measurements of buried base metal
Inspections elements or CP anodes

6 PORT HOUSTON
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Inspection Tasks & Intervals

Table 2.2. Recommended Minimum NDE Testing Intervals

Clil;ril'::z:lion Exposure Zone Test IntervalsiNete .21
. - Base Metal Thickness: Every 50 LF or 20% of elements
Atmospheric / Splash / Tidal Coating Thickness and/or Aﬁhesion: Every 50 LF or 20%
Critical Submerged Base Metal Thickness: Every 100 LF or 10% of elements
= Coating Thickness and/or Adhesion: Every 100 LF or 10%
Soil As required
. - Base Metal Thickness: Every 100 LF or 10% of elements
Atmogpheric / Splash / Tidal Coating Thickness and/or x‘\;hcsion: Every 100 LF or 10%
Typical Submerged Base Metal Thickness: Every 200 LF or 5% of elements
’ Coating Thickness and/or Adhesion: Every 200 LF or 5%
Soil As required
Atmaospheric / Splash / Tidal Base_Metal_Thickness: Every EOQ LF or 5% of elements
' Coating Thickness and/or Adhesion: Every 200 LF or 5%
Redundant Submerged Base Metal Thickness: Every 200 LF or 5% of elements _
= Coating Thickness and/or Adhesion: Every 200 LF or 5%
Soil As required

6 PORT HOUSTON
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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

6 PORT HOUSTON Page 17




Inspection Conditions

= Elements obscured by obstructions can be skipped for one
Inspection cycle Iif:

« Total area does not exceed 10% and no significant distress
suspected

= Inspections may reveal unserviceable conditions
= Above-water inspection may be truncated, or underwater
iInspections deferred

- PHA approval required, based on observed above-water
conditions

6 PORT HOUSTON Page 18




Wrap-Up: Three Inspection Types

= Primary Scope of Corrosion
Manual:

= Baseline Inspection
« Routine Inspections
« Functionality Checks

= Not Primary Scope of
Corrosion Manual :

= Special Inspections

6 PORT HOUSTON Page 19




@ PORT HOUSTON

END OF MODULE
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@ PORT HOUSTON

Module 3.2

Inspection Documentation

Corrosion Manual Training Course
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Module Objectives

Module 3.2 Learning Outcomes

= Describe required documentation for each inspection type
= Qutline typical information within each inspection deliverable

= |dentify the information required on standard inspection
drawings

6 PORT HOUSTON Page 22



Module Resources

= Chapter 8: Documentation and Reporting

= Appendix F: Documentation and Reporting Forms
= Appendix G: Corrosion Inspection Drawings

= Appendix H: Reference Information

6 PORT HOUSTON Page 23



Inspection Deliverables

Table 8.2. Deliverables for Standard Inspections

Deliverable Type of Inspection
Baseline Routine
. . Yes. Includes initial generation of . . : e
Corrosion Inventory Record & Revise only if change identified
document,
. : . Yes. Includes initial generation of
Corrosion Inspection Plan a8 Update
document.
Standard Corrosion Inspection Yes. Includes initial generation of No
Drawing Set document.
Corrosion Element Inspection Yes. Includes initial generation of Yes. Relies on inspection forms
Forms document. generated by Baseline.
. . . Yes. Includes initial generation of
Corrosion Inspection History = Update
document.
Corrosion Inspection Summary Yes Yes
Corrosion Inspection Data Yes Yes
Follow-Up Action Form Yes Yes
Submission into PHA database Yes Yes

6 PORT HOUSTON Page 24



Corrosion Inventory Record

Maritime Asset
Corrosion Inventory Record

= Structure Identification and
i, (R Background/Dates

Year of Original
Asset Type: Wharf Construction: 1590

Yearis) of Significant L]
Wharf Type: Open Modifications or Repairs'; 20032, 2004, 2008, 2011

= Geometric Data
Wharf Usage: Co ired Carge Record Update: January 24, 2020

Asset Geometric Data

e e e e m (COrrosion Protection Histor

Structure Width:  Deck: 108 ft. 90 Channel Depth at Bulkhead: TH.Gin
Recommended Access: Pedestrion occess to structure top side and londside bulkhead via catwalks; boat
required to channel-side of bulkhead wall (8-foot design clear span between drifled shafts).

Structure Corrosion Protection History

BCT & is Jocated near the west end of the Barbour's Cut Terminal alang the south side of the channel, The original
structural drawings are dated 1989, and wharf construction was completed in 1992, Several noteworthy repairs
and modifications performed at various times during the service life of the whar! include the following:

*  2002: Repakr and localized recoating of fender system.

*  2004: Repair and localized recoating of fender system

*  2004: Repair of the crane rail expansion joi
*  2008: Repair and localized recoating of fender system,
®  2011: Repair and localized recoating of fender system,
*  2014: Coupon ladder testing program

Reference Drawing List

Illawinl Sat Titln Date Drnrlﬁlun

C107-3 Pavemnents and Utilities for 27 Aug 1986 Phase 1 of Original Civit and Ebectrical
Container Terminal No. 5 at Drawings
Barbour's Cut - Phase |

C107-4 Sheet Pile Bulkhead for Whanwes 16 Feb 1988 Original Construction Drawings for
Mos. 5 and 6 at Barbour's Cut h
Terminal

€107-5 Pavements and Utilities for 24 May 13988 Phase 2 of Original Civil and Electrical
Container Terminal No. § at Drawings

Barbour's Cut - Phase |

PORT HOUSTON Page 25



Corrosion Inventory Record

Maritime Asset Form CMIR (V1.0]
Corrosion Inventory Record Barbaurs T
Last up

Drawing Set
C107-12

ci07-13
C160-60
C60-D02-002

C60-D02-005

Title Date Description

Repair of Fender System at Wharf 5Nov 2002 Fender Repair Drawings

No. 5

Repair of Fender System and 23 Feb 2004 Fender and Utility Repair Drawings

Potable Water Line

Crane Rail Repair 30 Aug 2008 Crane Rail Expansion loint Repair
Drawings

Fender System Maintenance at 16 Oct 2008 Fender Repair and Maintenance

Barbours Cut Terminal Drawings

Annual Fender System 3 Oct 2011 Fender Repair and Maintenance

Malntenance at Barbours Cut Drawings

Terminal 2012

The following exposure rones have been |
have been estimated based on review of em

set Exposure Zones

ied at this site, the specific height of the rones and exposure effects
onmental conditions and data.

Exposure fone Elevation versus MLLW Elements

Atmospheric +3.25 ft. or greater C5 Bulkhead Wall, CS Fender Piles, C5 Support Framing
Splash +1.25t0 +3.25 ft. CS Bulkhead Wall, C5 Fender Piles, CS Support Framing
Tidal +0to+1.25Mf, €S Bulkhead Wall, C5 Fender Piles, CS Support Framing
Submerged 0 ft, or less CS Bulkhead Wall, CS Fender Piles

Soill Below the mudline toward the €S Tie Rods, C5 Bulkhead Wall, C5 Fender Piles

waterside of the bulkhead and
below the pavement on the
landward side of the bulkhead

Global Zone
Site

Asset Environmental Conditions

Constituent Values
S
Temperature lanuary: 54°F, February: 57°F, March: 63°F, April: TO°F,

May: 77°F, June: B2°F, July: B4™F, August: BAF,
September: BO°F, October: 72°F, November: 63°F,
December: 56°F, Annual: 70°F

Relevant reference drawings
(original, repairs, rehabillitation,
etc.)

Exposure Zones

Environmental Conditions
(reference Appendix H)

PORT HOUSTON
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Corrosion Inventory Record

Maritime Asset
Corrosion Inventory Record

= List of components and elements
e « Corrosion Protection

Anodes Anodes are installed as part of the ICCP system designed to protect both the
fender piles and bulkhead wall

OTH Ancde Clusters of twa bulk anodes are hung from the dock at approximately 35° to the
andside of der system at 10° longitudinal spa 5
Anodes are Installed at Elev. -3.0 and -12.07, —
DE Power Supply Three DC pawer supplies are instafled to provide DC power for the ICCP system, Note:
drawings indicate five rectifiers, but only three were installed
TRU DC Power Transformer-unit rectifiers are installed approximately 116-feet 1o the landside of

Supply the bulkhead wall adjacent to light poles 8 through 12 S Q C P
Wiring and Protection Wiring connects TRU DC Power Supplies with bulk anodes and the structure and is

protected by PVC conduét to the landside of the bulkhead wadl,

CU Wiring No. 6/7 copper wiring connects the corrosion protection system, Positive leads run
1o the bulk anodes and negative leads are connected to the fender system and

bulkhead wall. Negative leads connect the copper conduit to the tog fender wale M

e b ke en s s i, el — Surface Protection
PVC Protection Copper wiring is run through underground PYC condudt from the bulikkhead wall to

the five transformer-unit rectifiers

Base Metal Components and Elements
o = base vietals

Element(s)
D
Critical
— €5 Tie Rod The rods, 3-3/4 inch diameter, extending from bulkhead wale beam to dead man,
spaced at approximately 15 feet on center and encased in Schedule 40 PVC . .
caes — Design thickness
. fed in 1990, no documented modifications or repairs.
. i Cross-Sectionol Area = 11.0/in
Typical
C5 Bulkhead Wall B2-20 steel sheet piles extending from Elev. +14.65 to -58.00°. Mudline is shown at

500

o installed in 1990, no documented modifications o repairs. B2-20
+  Design Thickness = 0.551 in (flange), 0.394 in fweh/w
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Corrosion Inventory Record

5 e A = Location Map(S)
* Representative Photograph(s)
= Drawings (Partial Plans or Sections)

Webereida - Face of Wharl

’ &
il S . Hanging Anade Clustars R — S -
! @0 Spacing — ./
v
L "

\ Lol Typ. Wiring

" Bukhead Wall fia
I""w...__ . A
Landside

Transtormar-Unit
Rectifiers

Figure 3. Typical Partial Plan of Structure.
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Corrosion Inspection Drawings

Table 8.1, List of Standard Inspection Dra

- ‘hh“‘! Sheet Description Information Included
= Provides structure layout
=001 Title Asset name
) PHA drawing number
- Date of drawing set
bay labels, locations and
y y Asset location map
G-002 Project Information Sheet Index

Key Plan, referencing asset plan sheets (iLe. G-1XX). The Key Plan
IDs of all elements Lok R Sk Sasaniat i s e ey
Corrosion Inventory ord form (1.e., indicate significant
modifications, repairs, expansions, partial demolitions)
List of Referenced Historical Drawings
Definitions of Symbols

.
u Definitions of Abbreviations
- u I u G-10{x) Bay Planis) Plan view of topside of structure. Asset may be broken into

multiple pages.
Bays outlined and denoted per Corrosion Manual scheme (see

. ]
Section B.4.1),
C O n I g u ra I O n Grid lines, based on historic drawings il possible

Overall dimensions of bays

North Arrow

'\J'I“ \- I : - “:_..-II;JI.:“-IH I,llnl‘ .Pl.l.|:| C I\"l:\.\"i\\n Prot o .-" s indivi | _. “:
| P H A ‘ A D Stan ar S Element Plan(s) Drawn as plan views. Applicable views may include the
superstructure and deck elements cut at the structure topsid

andfor the substructure and fender elements cut below the deck

level, Sheets to be ordered from Upper Plan to Lower Plan
- G-12(x) Base Metal Element Planis) Base Metal clements individually labeled. *
] P | Drawn as plan views, Applicable views may include the
an S e C I O n a n superstructure and deck elements cut at the structure topside
] ] and/or the substructure and fender elements cut below the deck
level. Sheets 1o be ondes

- - G-20(x) Typical Sections Cross-sections through representative portions of wharf. Include a
eva I O n I eWS separate cross-section for significant changes in structure
configuration {e.g., change in pile type, arangement of beams,
width of structure, etc.).
Provide elevations for Top of Deck: Mean Low Tide.
Label typical elements with name and element code (e.g.,
Polyurethane Coating (CT-PL)).
G=30(x) Typical Elevations Elevation view of typical bay(s), as viewed from the channel.
Include major corrosion protection and base metal Elements
Label typical clemenis with name and clement code (e.g.,
PORT HOUSTON Polyurethane Coating (CT-PU)) Page 29
ITEANAT) X

* Sce Section §.4.2 for Element labeling and identification scheme

:d from Upper Plan to Lower Plan




Corrosion Inspection Drawings

%

PORT OF HOUSTON AUTHORITY

FACILITY INSPECTION & CONDITION ASSESSMENT PROGRAM (FICAP)
CORROSION INSPECTION DRAWINGS FOR WHARF No. 5 AT BARBOURS CUT TERMIN
DWG NO. C60-D32-001
MAY 25, 2021

VICINITY MAFP

6 PORT HOUSTON Page 30
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Corrosion Inspection Drawings

= Key Plan
(channel at top)
= Referenced
Historical
Drawings
= Drawing Sheet : | | :
Index e B ! SS———— =

(o

Corrosion Manual BCT5 G-002
Appendix G
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Corrosion Inspection Drawings

= Bay Definitions F
= Bay Numbering | e
- Upstream to : [
downstream 1 o E=d
- Letters for AL =
differing Rk =
structural ol =
systems [ =1 TTITTITTITT LT | m
- Corrosion Manual BCT5 G-101

Appendix G
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Corrosion Inspection Drawings

= Corrosion I e e e e e

= Schematic layout e |
of corrosion
elements &

= Element IDs i

s L . : 4 e e il e y P i s p Pl e o
- ] & LI I | | LI 1 [ T | - LI I | | HER S ] R TR B ¥ LI |
S s maszune
mmmmmm
- —t 1) WASARF S, § AT
uuuuuuuuuuu
.....
labelled ' =
PROTECTION
o L
H IBG . V ) O

AN 27-2

[ | (LWL L™ ™ .

Element Code Bay Numb Element h | [ | - : . S - S — -
DT, PI, WL, efc. I,a2‘,4, lzl;] J:i Number ) e Corrosion Manual BCT5 G-112
Appendix G

1,2 3 ete. p | l P | | et 5 .-
6 B O Page 33
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Corrosion Inspection Drawings

= Base Metal =
Elements Plan S —. ==
= Schematic layout =
of base metal =
elements =
= Element IDs s
labelled g ==
BW19-1 \ N B
DI PLWL ete. 1 4, 28, ot TIZ?E:;Q ——— Corrosion Manual BCT5 G-122
o Appendix G
6 PORT I!"I_OUSTC_!N Page 34



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

6 PORT HOUSTON
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Corrosion Inspection Drawings

= Typical Elevations

= Front view(s) of
asset J

= Front view layout : |
of corrosion and
base metal
elements

= Does not include
element IDs

TR STHEL FRAMNG i TRBER FACNG

FRONT ELEVATION

Corrosion Manual BCT5 G-301
Appendix G
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Corrosion Inspection History

Maritime Asset Form CMIH (V1.0)
Inspection History Barbours Cut Terminal - BCT 5

Last updated: lanuary 27, 2020
= Log of all
. .
I nspectl O nS Property: Barbours Cut Terminal Asset ID: BCTS

Asset Year of Original
Classification: Wharf Construction: 1990
Inspection

- Frequency: Ref. Inspection Plan Modifications or Repairs: 2002, 2004, 2008, 2011
= [ncludes previous - —

Dates of Inspections, Asset, and Component Ratings

1 Date: 1/24/2020
ratl n g S Inspection Type: Baseline
Inspection Status Completed
Inspection Firm: Above Water WIE
Inspection Firm: Underwater Rio
Corrosion Condition Rating (CCR) 70
Corrosion Protection (CP) 38
ICCP Functionality 4
ICCP Visual a
SA Functionality NA
SA Visual NA
Surface Protection 3
Base Metal (BM) 32
Critical 5
Typical 4
Redundant 4
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Corrosion Inspection Summary

Inspection Type
Scope

Date

Team Members

Seal of Responsible
Engineer

Maritime Asset
Corrosion Inspection Summary

Property: Barbours Cut Terminal Asset 1D:
April 23-74, 2020 (above water)

Inspection Type < Baseline [ Routine In-Depth Inspection Date{s):  August 4-5, 2020 (under water)
Scope of
Inspection Entire Asset, Above Water and Under Water
Inspection
Firmis): Prime: Wiss, lanney, Elstner Associates, Inc.

Underwater: Rio Engineering, Inc.

Other {rale): N/A
Reported By: 5. Foster, P.E Report Date: October 6, 2020
Corrosion Manual Rev. 0, October 2022 Variances from CM  N/A
Version/Date: Procedure:

Seal of Responsible Engineer

| hereby certify this inspection was performed under my direct supervision
and control and to the best of my professional knowledge complies with
the Corrosion Manual and applicable codes.

Signed

Name:

Texas License No.

Date: Expires:,
a3l
Inspection Team Members
Project Manager: Stephen Foster Underwater Team Leader: loe Starkey
Inspection Team Leader(s): Stephen Foster Underwater Team Member(s)

Inspection Team Member(s): Casey lones, Kyle Myers,
Lane Thompson

PORT HOUSTON
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Corrosion Inspection Summary

= Asset Condition

= Corrosion Condition
Rating

= CP Rating

Base Metal Rating

= Component Ratings by
element group and
Comments

= Photographs

Maritime Asset
Corrosion Inspection Summary Barbau

PORT HOUSTON

Overall Asset Condition

the bose metol elements were in fai
red corrasion rotes for the bulkhead w

psion protection systems appeared (o be fi

v ianing as intended for the butkheod wall, but not the
fender piles. Current autput and s

indicate that the system is
The band wires ta the

fender piles were

ICF (Functional) Component Rating = 4 {Deduction =
ICV (Visual] Component Roting = & (Deduction = 2]
5PR Rating = 3 (Deduc 1]
CP=60-16x(ICF+ICV+COA) =60-1.6x[4+248)=38

BM =40 - (CR+ TYP + RED)

CCR=CP+BM =38 +32

Element(s) Rating
Anodes 4
O7TH Bulk Anode 4 elemants and their attachment are sound and functional
& fuse of the companent is not sffected,
DC Power Supply 4 [Functional) ers are functional, proper gage readings and D4
4 (Visual) Uls were v d, PWS-1 was turned off upon arriva
nspector, however, it was deemed functional when
TRU DC Power Supply 4 [Funct) P
urned on
A [Visual]
Al sin potentials of the bulkhead wall were measured as
mare negative than -850 mV vs. CSE. All of the “Instant off*
potentials were measured as more negative than -850mV vs.
C5E and more positive than -1250 my.
Me; d patentials at the fender did not meet any
established criterin due to disconnection of the bond wires.
Wiring and Protection 3 Wiring and protection was in satisfactory condition
CU Wiring 3 Negative lesd

1g from the by \I‘:uau wall appeared 1o be in Page 39

satisfactory condition wit

connections, M

tead wiring to the anade:



Corrosion Inspection Summary

Base Metal Components and Elements

= Base Metal fementy tny_ conmen

Critical NA Inaccessible. Rated as 5 for scoring purposes due to age.
€5 Tie Rod NA

Ratings #,

CS Bulkhead

The bulkhead wall was in satisfactory condition with minor
corrosion at the seams and minimal general section loss,
mastly in the splash and tidal zone. In 30 years of service, the
average section loss was approximately 5 to 6%.

= Section Loss

Estimated Corrosion Rate: {Sotisfoctory <2mpy |
C5 Fender Piles & impact damage and corrosion of plles was observed near the
waterling, with an average section loss of approximately 27%
= near the ends of the flanges. Webs typically have minimal
u E Stl m ate d section loss apart from stiffeners Overall, fair amount of
section loss with estimated corrosion rate between 6 and 11
mpy

Corrosion Rate

Estimated Corrosion Rate: (Fair, 6 <x 5 11 mpy)

Figure 7. Connection bond from
the bulk head wall to the fender
piles, no major visible signs of

Redundant 4
€5 Suppart Framing 4 impact damage and corrosion of framing was observed near
the wateriine, particularly at connections.

.
= Figures
Section loss: {>2% to 5 10%, Fair}

Estimated Corrosion Rote: (2 < x £ 6 mpy. Fair )

corrosion of distress

= Representative
Conditions

@ wire connection
from rectifier to bulkhead wall,
showing visible

igns of corrasion

at connection point
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Follow-Up Action Form

Maritime Asset
Follow-up Actions

= Priority e

Property: Barbours Cut Terminal Asset ID: BCTS
April 21-22, 2020 (abovewater)
2020 {underwate

= High Priority [ OGRS ISR e,

Scope of Inspection Entire Asset, Above Water and Under Water

Inspection Firm(s): Prime: Wiss, Janney, Elstner Associates, Inc. (WJE)

Underwater: Rio Engineering, Inc

= Routine e

Reported By: C. Jones, WIE Report Date:

Follow-up Actions

Component/Element T

Component: mpressed Current Cathodic Protection System

riority ORoutine

OC Power

Element Type
Supply

Element 1D(s): [pw 5-1

ned off when the cover was initially opened. The time duration for which

R
( :O N d |t| on Condition identified; | Rectfer w
the rectifier was tur:

d off is unknown.

Reason for action: ICCP system cannot function with rectifiers turned off.

Routinely check rectifiers are turned on and functioning
Recommended ’ .
Action:

NOTE: The rectifier was turned on and left running after completion of the inspection

Reason for Action

Recommended Action
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Follow-Up Action Form

= Follow-Up Actions
Log

Maritime Asset Form MSFA (v1.1)
Follow-up Actions Morthside Turning Basin — CD 25
uly 30, 2021

- Summary Of ) Page Sof 5
Ite m S Follow-up Actions Log

Item
No.

Priority Recommended Action Assigned To Assigned By Date

R .bI Replace anodes and adjust
- rectifier current outputs to

eSpO nsioie 1 Priority [ 0 e adequate CPporbase PHA WIE July 30, 2021
metal elements
party Repair electrical bond wires

2 Routine | between fender piles and PHA WIE July 30, 2021
support framing
Clean and coat fender pile and
3 Routine | support framing elements in the PHA WIE July 30, 2021
tidal and splash zone.
Monitor coating defects of
4 Routine | bulkhead wall in future PHA WIE July 30, 2021
inspections.
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Baseline Inspection Deliverables

Maritime Asset rivi
Corrosion Inspection Plan . "
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Routine Inspection Deliverables

. Table 8.2. Deliverables for Standard Inspections
- U pdate Basellne Deliverable Type of Inspection |

Baseline Routine

InspeCtlon forms Yes. Includes initial generation of

Corrosion Inventory Record

Revise only if change identified
document. ’

Yes. Includes initial generation of

u NeW |nSpeCtIOn Corrosion Inspection Plan ' document. Update

Standard Corrosion Inspection Yes. Includes initial generation of

SU m mary & Data Drawing Set document. o

Corrosion Element Inspection Yes. Includes initial generation of Yes. Relies on inspection forms

&, FOl IOW-U p Forms document. generated by Baseline.

Yes. Includes initial generation of

ACtIOﬂ Form Corrosion Inspection History document. Update
Corrosion Inspection Summary Yes Yes
Corrosion Inspection Data Yes Yes
Follow-Up Action Form Yes Yes
Submission into PHA database Yes Yes
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Routine Inspection

= 3-year or 6-year cycle
= [nspect readily-accessible elements
= Perform repeatable measurements

= Document change in asset’s inventory
record

= Update component ratings and asset
condition assessment

Useful in Providing Trends for Asset Management
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Routine Inspection Deliverables

Updated Inventory Record
or Drawings (if needed)

Updated Inspection Plan
If needed)

(

(New) Inspection Summary
(New) Inspection Data
(New) Follow Up Actions

Maritime Asset
Corrosion Inventory Record and Inspection Plan

Property: Barbours Cut Terminal Asset ID: BCTS
Year of Original
Asset Type: Wharf Construction: 15950
Year(s) of Significant
Wharf Type: Open Maodifications or Repairs 2002, 2004, 2008, 2011
Date of Last Inventory
Wharf Usage: Containerized Cargo Record Update: May 23, 2015
Asset Geometric Data
Area: 36 acres Deck Elevation above MLT: 1Bt 0in.
Structure Length: 1000 fr. Channel Depth at Fender: 44t 6in.
Structure Width: Deck: 108 ft. 8 in. Channel Depth at Bulkhead: 7 Gin.

Recommended Access: Pedestrian access to structure top side and londside buikheod via catwalks; boat access
reguired to channel-side of bulkhead wall (8-foot design clear span between drilled shafts).

Structure Corrosion Protection History

BCT 5 is located near the west end of the Barbour's Cut Terminal along the south side of the channel. The original
structural drawings are dated 1982, and wharf construction was completed in 1992. Several noteworthy repairs
and modifications perfermed at various times during the service life of the wharf indude the following:

= 2002: Repair and localized recoating of fender system.

= 2004: Repair and localized recoating of fender system.

= 2004: Repair of the crane rail expansicn joint.

= 2008: Repair and localized recoating of fender system.

= 2011: Repair and localized recoating of fender system.

PORT HOUSTON
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Special Inspections / Refined Analysis

Objective and Scope
Methodology
Record of
observations/ data
Interpretation of
observations/data
Recommendations
Summary

Seal of Responsible
Professional

PORT HOUSTON

Inspection Planning

Applies to:

« Facility-level development of inspection
plan (assets and systems considered)

« Asset-specific Baseline and Routine
Inspection scope

v

Baseline Inspection

Appliestor

Assets with new Corrosion Protection
‘components
Assets with existing Corrosion Protection

‘components with no inspection documentation

Objectives:  «

Develop corrosion protection inventory record
Create corrosion inspection drawings

Identify and quanify inspection elements
Inspect elements o set baseline condition
Assign component ratings

Deliverables: -

Corrosion Inventory Record
Corrosioninspection drawings
Corrosion Inspection Forms.

Possible
Outcomes:

More information

. Immediate
NoAction | o epairs needed Action

At specified frequency

Primary Scope of

Corrosion Manual
Applicable Components

+ ICCP + Surface Protection
+ SACP + Base metal

Notes:
Immedia

Repair/Other Action:

te Action:

Figure 2.1,
pg. 27 of Manual

Actions in response to conditions that may compromise structural integrity or

facility operations, or lead to property or environmental damage

or may be

May require repairs, o
for alternative use, rebuilt, or remov

Routine Inspection (Tier1/Tier 2/Tier 3)
Corrosion Damage Rating Index Analysis
Applies to: Existing corrosion protection
ool componants it baseline.mspection Appliesto:  +Base metal elemens with corrosion
protection systems
Objectives: I
! nepect dlements fo defsrmine current Objectives: - Estimate of current corrosion
Rosign componentratings damage and corrosion rate based
Assessmentof performance of on Baseline or Routine Inspection
+ Canbe used for coarse estimate of
corrosion protection components time until additional investigation,
Deliverables: Corrosion Inspection Forms, maintenance, or repairs
Deliverables: - Base metal component ratings for
Possible Moreinfo. | each element group
Outcomes: NoAction | orrepairs | mmediate
needed Gelen Dossible No | More |RoPAI | immeq.
Action | info. Other | “action
Action
Eunctionality Checks
Applies to: « Cathodic protection components as defined in
Inspection Plan
Objectives: « Verify ongoing functionality of cathodic
protection elemer
« Identify any required maintenance
Deliverables: +  Inspection Forms
Possible No Acti More info. or Immediate
Outcomes: o Adtion | repairs needed Action

v
ed from service (retired)

Applies to:

In-depth Inspection

Corrosion protection systems or
assets requiring further or special
inspection

Engineering Analysis-CorrosionManagement

Applies to:

Corrosion protection systems, base
metals, or assets requiringengineering
analysis

Objectives:

Determine cause and
significance of deterioration
Collect detailed condition and
‘quaniity information to support
Engineering Analysis or to
develop design solutions

As needed for other situations

Deliverables:

Inspection Report
Repair quantities (where applic )

Objectives:

Service Life Analysis.
Life-cycle cost analysis to develop
repair and corrosion protection
solutions

Quantify structural effect of corrosion
damage or other distress

Evaluate need for repairs,
strengthening, or corrosion protection

Possible
Outcomes:

No | More | REPA | immed.
; -

Action | info. "o | Action

Action

Deliverables:

Engineering Report
Repairistrengthening/corrosion
protection design (as applicable)

Possible
Outcomes

No More

Repair/
Acion | info. | O

Immed.
Action on
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Question #1

= 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 Inspection
« Special

6 PORT HOUSTON



Question #2

= What are the required unique deliverables for a Routine

Inspection?

= Inventory Record

Inspection Plan

Inspection Drawing Set

= | Element Inspection
Forms

= | Inspection History |

« | Inspection Summary
= | Inspection Data
Follow Up Action Form

"| Submission to PHA
Database

6 PORT HOUSTON
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Question #3

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

« Follow-Up Action Form
= |[nspection Drawing Set
» [nspection Summary

‘ Inventory Record

6 PORT HOUSTON



Question #4

= 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

6 PORT HOUSTON
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Module 4.1

Element Condition Codes and
Condition States

Corrosion Manual Training Course

Page 1



Module Objectives

Module 4.1 Learning Outcomes

= |[dentify 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

u& PORT HOUSTON Page 2



Module References

= Chapter 3: Elements and Element Conditions
= Chapter 8: Documentation and Reporting
= Appendix F: Documentation and Reporting Forms
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Element Condition Codes

= Listed by

= Component
= Element

= Material

= Condition

= Appendix E

Component Elements

ICCP andior SACP Component Elements

Anodes
DC Power Supply Condition Name |
Code Condition Name Consumption |
ACIN | Error in AC Input Condition of Thermite Weld
BATT | Condition of Battery Marine Growth
DISP | Ervor in Output Display Panels Missing

ELEC | Condition of Electrical Components

Passivation

LABL Condition of Labels

Protection or Sleeve

MISS | Missing

OUTP_| Error in DC Output

VAND | Environmental / Vandalism

Component Elements
Cathodic Protection Jackets

Supplementary Anode Materials

Code Condition Name
BSTL | Backfill Settlement

CNSM | Consumption

CONW | Condition of Thermite Weld
MISS | Missing

VENT | Condition of Well Vent

CREJ | Cracking

DIS) Jacket Distortion

IMP1T Impaet Damage

MISS | Missing

5 : Pro jopn Co . A 5
Coatings, Wraps, and Metalizing
Code Condition Name

ADHS | Adhesion

CHLE* | Chalking

GALV* | Galvanized Zinc Coating
FRPW* | Fiber-reinforced polymer / plastic
wraps

PEEL* | Peeling/ bubbling/ cracking

THCK | Thickness
WEAR* o

WETH* : Steel Pating

* Repented from FICAP Maritime Stuctures Manual

u PORT HOUSTON

Base Metal Component
Metal Material

Code Monitoring Equipment
(ABW | Abrasion wear Code Condifion Name

ELEC | Condition lectneal Components

LABL | Condition hels |

LEAD | Condition of Leads

MISS | Missing

REFE | Condition of Reference Electrode
_VAND | Environmental / Van

Wiring and Protection

Code Condition Name
Connection / Splice Distress
Crack iﬂx_gnl'('muluil
Condition of Insulation

Missing
Condition of Wiring

ris

Condition Name |
Condition of Submerged Anode Baskets

Connection Distress to Structure

N
Condition of Support Elements |

Caode Condition Name
CORR | Corrosion (visual / qualitative)

SXLS | Section loss

CMpgE.1l
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Element Condition Codes

= Four letter code, By Component
describes type of:

Sacrificial Anode Cathodic Protection (SACP) ICCP and/or SACP Component Elements
Component Elements Anodes
N . Code Condition Name
m D am ag e Cathodic Protection Jacket.s i CNSM | Consumption
Code %___ Condition Name CONW | Condition of Thermite Weld
. ; ABWJ | Abrasibn/ wear A MARG | Marine Growth
« Deterioration CRKJ | Crackind, 7 MISS | Missing
DISJ Jacket Distortion 4 E;g? E““*’""‘_““" e
IMPT Impact Darﬁqge rotection or sleeve
- Defect MISS Missing Supplementary Anode Materials

Code Condition Name
BSTL | Backfill Settlement

CNSM | Consumption
CONW | Condition of Thermite Weld
MISS | Missing

By Element Or VENT | Condition of Well Vent
Material Type ME‘:;:‘*"&! Equipment

Condition Name

- S|m||ar to FICAP ELEC Conditiouofl’;::;c;lr:cal Components
eads
Structures

= Specific to each
individual element

eference Electrode
[ VAND | Environmental / Vandalism R

6 PORT HOUSTON Page 5



Element Condition States

= Four Condition

Condition Name

Condition Definition

Backfill
Settlement

Settlement or improper
compaction of anode well

backfill.

Condition States

cs2
(Fair)

CS3
{Poor)

No visible settlement.

Minor settlement
observed,

Minor to moderate
settlement or poor
conselidation observed.

Moderale to major
settlement or poor
consolidation observed,
affecting localized
resistivity of the anode

Consumption

Consumption of anode

<10% consumed by
weight

10-30% consumed by
weight

51-75% consumed by
weight

=75% consumed by
weight

Condition of
Thermite Weld

Condition of thermite weld
connecting anode to the
wiring.

No connection distress:
connection is in place
and functioning as
intended.

Minor distress without

connection is in place
and functioning as
intended.

Cracked weld;

as ent has
determined electrical
connection has not been
compromised,

Cracked weld resulting
in electrical isolation of
the anode.

Missing

Element intended to be in
place is missing. Does not
apply to elements that have
been intentionally removed
as part of a modification,

Element is present.

Parts of an element are
missing, however does
not affect functionality.

Element is missing but
assessment has
determined element is
not needed for
functionality.

Element is missing.

States
- CS1 (Good)
csz(Fa) 1T
= CS3 (Poor) r _
= CS4 (Severe) B
= Similar to FICAP

Condition of
Well Vent

Distress or damage (o anode
well vent.

No distress.

Minor distress to vent.

Minor or moderate
distress that may affect
the ability of the pipe to
went gases properly.

Vent is damaged and/or
filled so that immediate
functionality has been
compromised.

Structures

Detailed Descriptions CM pg E.2-10

PORT HOUSTON
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Element Condition States

Condition States

u S O m e CO n d iti 0 n Type Code Condition Name Condition Definition
states based on

10-50%
weight

N: ondition o i / S inor 4 . 4 - ’ ]
t't t' d t / Connection connecting anode to the connection is in plac distortion is present, but | damaged connection; connection resulting in
q u an I a Ive a a wiring, and funetioning as connection is in place assessment has electrical isolation of the
intended. and functioning as determined electrical anode.
intended. connection has not been
measurements compromised.
MARG | Marine Growth | Organic growth on bulk No marine growth Minor marine growth on | Moderate marine Significant marine
and/or ribbon anodes. present. anode. growth on anode that growth on anode
. may affect affecting functionality.
n U nItS for 7 functionality.
E | MISS Missing Element intended to be in Element is present, Parts of an element are Element is missing but | Element is missing.
E: place is missing. Does not issing, huwi:\-'_cr do_cs ent has

apply to elements that hag

measuren |ent are been intentionally rem = 3 g ACP O =
a5 part of a modificatiol l I'able C-2. Sacrificial Anode Cathodic Protection (SACP) Component Elements

Element Code(s) Element Descriptor Element Identification LUniis’

diff t th FASS [Poaion[Feaion oT o
I e re n an s8 asstvation Hesvation of anode Cathodic Protection Jackets (JA)
= JA-FG FG Cathedic Protection Systems serving to encase a structural or
u n Its O r e e l I le nt JA-PVC Jacket functional element, typically in conjunction with

- — PVC Cathodic Protection a galvanic cathodic protection system, such as
PROT | Protection or Condition of Anode Jacket underlying zine mesh or an attached bulk anode,

. Sleeve Protecti Sleeve
(eX . m aSS VS . Ea. "y eeve rotection or Sieeve Anndes - Sacrificial (AS)
- AS-AL AL Anode Amnodes are installed as part of a sacrificial CP
mils vs SF)

- AS-C1 CI Anode system, G nic anodes are more active
Detal Ied E AS-DL DL Anode metals with respect to the structure being
AS-GP GP Anode protected and are designed to preferentially
AS-MG MG Anode corrode. Anodes are typically installed in
AS-ZN ZN Anode attode wells, soil, or underwater,
AS-MMO MMO Anode

u PORT HOUSTON AS-SCI SCI Anode

AS-OTH OTH Anode




Element Condition States

= Some condition
states based on
guantitative data

= Units for
measurement
are different than
units for element
(ex: % loss vs.
LF)

Uniform color pattern,
dark brown with some

lighter reddish- or
purple-brown spots.
Patina is adhered.

Condition States

CS82
(Fair)

CS3
(Poor)

Dark brown but with
minor color variation.
Small loose flakes on
surface but underlying
patina is adhered,

Dark brown with black
blotches, non-uniform
texture. Medium (up to
1 inch) sized flakes.

Dark brown, black patina
with widespread
blotchiness. Laminar
sheets or large flakes.
Patina is no longer
effective

No corrosion observed.

Freckled rust or light
pitting present; section
loss is not evident.

Section loss is evident
or pack rust is present,
but assessment has
determined element’s
functionality or capacity
is not compromised.

Section loss is significant
enough to affect
clement’s immediate
functionality or capacity
Pack rust is causing
element instability or
prevents elements from
functioning as intended.

Type | Code | Condition Name Condition Definition
WETH | Weathering Steel | Condition of weathering
Patina steel patina {oxide film).
[See Table Note 1]
CORR Corrosion Corrosion of metal and other
material elements, excluding
_ connections.
=
=
2
=
-
=
2
-
= 0 -
SXLS Section loss Section loss of base metal

elements based on measured
thickness during inspection.

= 2% section loss

=2% to = 10% section
loss

=10% to = 30% section
loss

=30% section loss

Detailed Descriptions CM PG E.2-10

u PORT HOUSTON
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Element Condition States

= Some condition
states based on
guantitative data
/ measurements

= Units for
measurement
are different than
units for element
(ex: mils vs. SF)

Type

Coatings, Wraps, and Metalizing

Code Condition Name Condition Definition Cs2 Cs3
(Fair) (Poor)
ADHS Adhesion Adhesion of protective Typical pull off testing | Typical pull off testing Typical pull off testing | Typical pull off
coating on base metals based | values =200 psi. values between 100 and | values between 50 and | values less than 50 psi.
on measured inspection data, [ Adhesion test result 200 psi. Adhesion test 100 psi. Adhesion test | Adhesion test result
using ASTM D4541 or classification of 5B. result classification of 4B | result classification of | classification of 0B.
D3359 or equivalent. or 3B. 2B or IB.
CHLK Chalking Chalking in metal proteclive | No chalking. Surface dulling. Loss of pigment. Loss of adhesion to
coatings structure resulting in
dishondment of coating,
structure becomes
susceptible to corrosion.
FRPW Fiber-reinforced Condition of fiber-reinforced | No visible distress. Minor bubbles or Delamination, gouges, Delamination, gouges,
polymer wrap (Glass, Carbon, or other blisters. Minor abrasion | holes, tears, or splits in | holes, tears. or splits in
material) polymer to surface layer. material but assessment | material that affects
permanently bonded to a has determined capacity | capacity or functionality
member. Also may apply to or functionality of wrap | of wrap,
unbonded plastic wrap, such is not compromised.
as for piles.
GALV Galvanized zinc Condition of galvanized zinc | No white or red White rust (zinc oxide) is | Red rust is visible Red rust exceeds 5
coating patina on steel elements. corrosion products, visible on surface. through coating on less | percent of the local area.
Surface may be bright than 5 percent of the
and shiny, spangled, or local area.
matte gray.
PEEL Peeling/ bubbling/ | Peeling, bubbling, or No peeling, bubbling, or | Finish coat exhibits Finish and primer coats | Substrate is exposed.
cracking cracking in protective cracking. peeling, bubbling, or exhibit peeling,
THCK Thickness Thickness of protective = 18 mils =10 mils to < 18 mils =35 mils to < 10 mils <5 mils
coating on base metals based
| WEAR | Wear Wear of protective coating. | No wear. Substrate not exposed, Substrate is partially Substrate exposed;
Includes wear from abrasion coatine showing wear or | exnosed: thickness of nrotective coating is no

PORT HOUSTON
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Summary

= 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

6 PORT HOUSTON Page 10




Practical Examples




Practical Example #1: Rectifier




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

6 PORT HOUSTON Page 13



Practical Example #1: Rectifier

Review

= What component is this element
a part of?

= |CCP

= What element do the
photographs refer to?

= TRU DC Power Supply

= PW-TRU

6 PORT HOUSTON Page 14




Practical Example #1: Rectifier

. Condition States
u estl O n S Type | Code Condition Name Condition Definition 82 83
{Fair) (Poor)
ACIN Error in AC Incorrect AC input readings. | N/A N/A Error in AC input No AC input voltage
Input frequency
| ‘ d t d I d BATT | Condition of Condition of CP battery, No distress and proper | Distress to battery and/or | Distress 1o battery Zero voltage output,
O n I I O n CO e WO u O u Batterv output voltage termimals that does nod and/or terminals that
i mesisured affect output voltage. reduces output voliage.

use? oinclude

Error in Output Accuracy of rectifier output | <5% measured error in | 5 to 10% measured ervor | =10% measured error ifll Current and’or voltage
Display Panels panels, current and/or voltuge in current and/or voltage | current and/or voltage display panels
i display panels display panels. display panels. nonfunctional.
n DIE;P _ E O t t sml ondifion o ST T YT oI ooReve SR ops e RO TOET e T TR
rro r I n u u Electrical Parts | condition of electrical and functionality intact. | but functionality intact distress observed but distress observed with
components, mcluding functionality intact possibly impacted
. =z shunts, breakers, fuses, functionality
Display Panels ; e -
f LABL Condition of Condition of Tabels unit and | Easily legible Womn but legible Limited or no legible Labels for leads
] Labels leads. label information incarrectly labelled.
&
.. :
| W h at C O n d Itl O n State an d 5 MISS Missing Element intended to be in Element is present Parts of an element are Element is missing and | Element is nussing and
place is missing. Does not missing, however does has negatively impacted | is preventing any
apply to elements that have not affect functionality. functionality or functionality or capacity.
M T been intentionally removed capacity,
quantity would you assign s art of a modifiction,
ouTP | DC Output DC output readings. DC output voltage and | N/A Zero DC output current | Zero DT output current
. current with DU output voltage | and zero DC output
to this element?
H
VAND | Environmental / | Deliberate or undeliberate No damage present Potentially detrimental Damage to equipment Damage 1o equipment
Vandalism destruction of PHA property environmental conditions | but functionality has not | resulting in reduced or

by persons or environmental not vel resulting in been diminished. eliminated functionality,
n ( :84 l EA conditions, damage (e.g. buildup of
flammable material near

clectrical equipment).
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Practical Example #2: Wiring

Given

= Bond wire connecting fender pile
and support framing

= Corrosion at connection resulted in
disbonded wire

6 PORT HOUSTON Page 16



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

6 PORT HOUSTON Page 17




Practical Example #2: Wiring

Questions

= What condition code
would you use?

= CNSP - Connection /
Splice Distress

= What condition state and
guantity would you
assign?

= CS4 (1 EA)

Condition States

Type | Code Condition Name Condition Definition Cs2
Fair
(Fair)
CNSP Connection / Condition of coated or taped | No distress observed Minor distress observed | Minor to moderate Severe distress which
Splice Distress | connections and splices of and functionality intact. | but functionality intact. distress that may affect |l affects functionality of
wiring, functionality of w wiring,
CRKP | Cracking of Cracking in and/or No cracking. Insignificant cracks or Wide or unsealed cracks| Wide or unsealed cracks
Conduit or Box | HDPE protective conduit or moderate-width cracks that do not affect that affect functionality
Junction box. that have been sealed. functionality of wiring. | of wiring.
- INSU Condition of Condition of dielectric No damage to insulation | N/A Minor to moderate Moderate to severe
2 Insulation insulation surrounding distress that does not distress which may affect
¥ wiring. affect functionality of functionality of wiring.
2 .
E \’a'l"'l'lg.
= |MISS Missing Element intended to be in Element is present. Parts of an element are Element is missing but | Element is missing.
1 place is missing. Does not missing, however does assessment has
= apply to elements that have not affect functionality. | determined element is
E been intentionally removed not needed for
= as part of a modification. functionality or
capacity.
WIRE | Condition of Distress or damage to wiring | No visible distress. Insignificant distress, Distress such as visible | Distress such as visible

Wiring

used in CP systems,

including exposed wire
in good condition.

section loss, cut strands,
or fraying wire for
which electrical
continuity remains
intact,

section loss, cut strands,
or fraying wire for which
electrical continuity has
been lost.

PORT HOUSTON
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Practical Example #2: Wiring

Condition Name Condition Definition

PORT HOUSTON




Practical Example #2: Wiring

Code

Condition Name

Condition Definition

Wiring and Protection

CNSP

Connection /
Splice Distress

Condition of coated or taped
connections and splices of
wiring,

No distress observed
and functionality intact.

Condition States

Cs2
(Fair)

€83
(Poor)

Minor distress observed
but functionality intact.

Minor to moderate
distress that may affect
functionality of wiring.

Severe distress which
affects functionality of
wiring,

CRKP

Cracking of
Conduit or Box

Cracking in PVC and/or
HDPE protective conduit or
Junction box.

No cracking.

Insignificant cracks or
moderate-width cracks
that have been sealed.

Wide or unsealed cracks
that do not affect
functionality of wiring.

Wide or unsealed cracks
that affect functionality
of wiring.

INSU

Condition of
Insulation

Condition of dielectric
insulation surrounding
wiring.

No damage to insulation

N/A

Minor to moderate
distress that does not
affect functionality of

MISS

Element intended to be in
place is missing. Does not
apply to elements that have
been intentionally removed
as part of a modification.

Element is present.

Parts of an element are
missing, however does
not affect functionality.

Element 1s missing but
assessment has
determined element is
not needed for
functionality or
capacity.

WIRE

Condition of
Wiring

Distress or damage to wiring
used in CP systems,

No visible distress.

Insignificant distress,
including exposed wire
in good condition.

Ean = a8 VISIDIe
section loss, cut strands,
or fraying wire for
which electrical
continuity remains
intact,

Moderate to severe
distress which may affect
functionality of wiring.

Element 1s nussing.

CNSITes AS VISIDIG
section loss, cut strands,
or fraying wire for which
electrical continuity has
been lost.

PORT HOUSTON
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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

6 PORT HOUSTON
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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)

Condition States

Type | Code Condition Name Condition Definition Cs2 CSs3
(Fair) (Poor)

ADHS Adhesion Adhesion of protective Typical pull off testing | Typical pull off testing Typical pull off testing | Typical pull off testing
coating on base metals based | values =200 psi. values between 100 and | values between 50 and | values less than 50 psi.
on measured inspection data, | Adhesion test result 200 psi. Adhesion test 100 psi. Adhesion test Adhesion test result
using ASTM D4541 or classification of 5B. result classification of 4B | result classification of | classification of 0B.
D3359 or equivalent. or 3B. 2B or 1B.

CHLK Chalking Chalking in metal protective | No chalking. Surface dulling. Loss of pigment. Loss of adhesion to
coatings structure resulting in

dishondment of coating,
structure becomes
susceptible to corrosion.

o0

E FRPW Fiber-reinforced Condition of fiber-reinforced | No visible distress. Minor bubbles or Delamination, gouges, Delamination, gouges.

i polymer wrap (Glass, Carbon, or other blisters. Minor abrasion | holes, tears, or splits in | holes, tears, or splits in

z material) polymer to surface layer. material but assessment | material that affects

: permanently bonded to a has determined capacity | capacity or functionality

H member, Also may apply to or functionality of wrap | of wrap.

& unbonded plastic wrap, such is not compromised.

E‘ as for piles.

z |GALv Galvanized zinc Condition of galvanized zinc | No white or red White rust (zinc oxide) is | Red rust is visible Red rust exceeds 5

& coating patina on steel elements. corrosion products. visible on surface. through coating on less | percent of the local area.

£ Surface may be bright than 5 percent of the

. and shiny, spangled, or local area.

o} apg

PEEL Peeling/ bubbling/ | Peeling, bubbling, or No peeling, bubbling, or | Finish coat exhibits Finish and primer coats | Substrate is exposed.
cracking cracking in protective cracking. peeling, bubbling, or exhibit peeling,
c()alinEs or wraps cracking. huhblim..', or L‘rackin'ir.

THCK Thickness Thickness of protective = 18 mils =10 mils to < 18 mils = 5 mils to < 10 mils <5 mils
coating on base metals based
on measured inspection data.

WEAR | Wear Wear of protective coating. | No wear, Substrate not exposed, Substrate is partially Substrate exposed;

Includes wear from abrasion
or weathering.

coating showing wear or
abrasion.

exposed; thickness of
the coating is reduced.

protective coating is no
longer effective.

PORT HOUSTON
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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

6 PORT HOUSTON



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)

- Ny { A
4 :
¥ :\W " :
4 y
Condition States
Type | Code Condition Name Condition Definition
(Fair) (Poor)

C82 C83
PEEL Peeling/ bubbling/ | Peeling. bubbling, or MNo peeling, bubbling, or | Finish coat exhibits Finish and primer coats | Substrate is exposed
cracking cracking in protective cracking. peeling, bubbling, or exhibit peeling,
6 PORT HOUSTON cking in prote pecling, |

coalings or wraps king, bubbling, or cracking,




Practical Example #5: Measurements

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)

6 PORT HOUSTON Page 25



Practical Example #5: Measurements

Questions

= Base Metal - What condition code?

= SXLS - Section loss based on

Condition States
Type Code Condition Name Condition Definition CS2 CS3
(Fair) (Poor)

measurements

= What condition state
WETH Weathering Steel | Condition of weathering Uniform color pattern, | Dark brown but with Dark brown with black | Dark brown, black patina
. Patina steel patina (oxide film). dark brown with some | minor color variation. blotches, non-uniform | with widespread
an d q u antlty? [See Table Note 1] lighter reddish- or Small loose flakes on texture, Medium (up to | blotchiness, Laminar
" purple-brown spots. surface but underlying 1 inch) sized flakes. sheets or large flakes.
Patina is adhered.

= CS2 CoRR [ o - Representative of full length |
0.539/0.551 = 97.8% of wall (25 LF) in that ;
—2.2% section loss exposure zone (4 ft)

) Lanetaland atbee LNo corrosion obser

1

=2% to < 10% section =10% to < 30% section | >30% section loss
loss loss

= 25LF

SXLS Section loss Section loss of base metal < 2% section loss
elements based on measured
thickness during inspection.

6 PORT HOUSTON Page 26
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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)

Condition States

|

Type Code Condition Name Condition Definition CS2 CS3
(Fair) {Poor)
———————————————————————
PEEL Peeling/ bubbling/ | Peeling, bubbling, or No peeling, bubbling, or | Finish coat exhibits Finish and primer coats | Substrate is exposed.
cracking cracking in protective cracking. peeling, bubbling, or exhibit peeling,
coalings or wraps crackinﬁ. hubb“nh’i or L'rackin'ir.
THCK Thickness Thickness of protective = 18 mils =10 mils to < 18 mils = 5 mils to < 10 mils <5 mils
coating on base metals based
on measured inspection data.
——
WEAR | Wear Wear of protective coating, | No wear, Substrate not exposed, Substrate 15 partially Substrate exposed;

Includes wear from abrasion
or weathering.

coating showing wear o1
abrasion.

exposed; thickness of
the coating is reduced.

protective coating is no
longer effective.

6 PORT HOUSTON
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Module 4.2

Documenting Element Condition
States

Corrosion Manual Training Course
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Module Objectives

Module 4.2 Learning Outcomes

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

= Understand required elemental input for database
submission

6 PORT HOUSTON Page 30



Documenting Element Condition States

= 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 e Condition s

Location | Condition | Units

Tg;e;lt accelegs-'ble quantity [counted with other CS
ID Code Quantity :

- Some quantities not counted [E@rjee @ s | o e | ® [ 0
If multiple conditions exist in cravz feree T s [0 | ®m o | @ @
a given area ok | s | e 1 —

gl?gtté?gl S SF 405 165 35 95 70 40

= Not counted guantities identified
In brackets or separate column in database

6 PORT HOUSTON Page 31



Documenting Element Condition States

= Provided by Inspection Plan:

= Element Location ID

Element Element / Condition States
Location o . Total In- (quantity [counted with other CS])
= Element Codes ip | Condition | UNItS | o antity | accessible
= UnItS & Quantltles CT 40-1 C'I;—EFI;EL EE 23300 | 165 0 35 28 8
. — 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
|
n
| |
6 PORT HOUSTON Page 32



Example: Coating Element

= CT40-2 = Area 1
- Epoxy coating = 40 SF CS4 PEEL
= 175 SF total = Area 2
= Visual Observations = 40 SF CS3 PEEL
= Peeling, chalking = 25 SF CS2 CHLK
of varying = Areq 3
degrees

« 60 SF CS2 CHLK

6 PORT HOUSTON Page 33



Example: Coating Element CT40-2

Area 1

= 40 SF CS4 PEEL

Element | Element/ Condition States
|
Area 2 Location | Condition | Units I:l::iln' acc:sns._ih]e {guantity [counted with other C5])
D | Cod Quantie cs1_[css e
« 40 SF CS3 PEEL CT40-1 | CT-EP SF 230 165 0 33 30 0
— PEEL SF 30 30 0
—CHLE] | sF 33 13 [23]
= 25 SF CS2 CHLK CT40-2 [ CT-EP SF 175 0 33 60 40 40
— PEEL 5F 20 40 | 40 |
3 — CHLE SF 60 | 60|257
= Area Coating
Subtotal | CT-EP SF 405 165 as 95 70 40
= 60 SF CS2 CHLK
= Remaining CS1
Page 34
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Documenting Condition States & Quantities

Element Element / Units Total In- Condition States (quantity [counted with other CS
e Elemental Location ID | Condition Code Quantity accessible
. . CT 40-1 CT-EP SF 230 165 0 35 30 0
mspectlon _ PEEL SF 30 30 0
data on — CHLK SF 35 35 [25]
. CT 40-2 CT-EP SF 175 0 35 60 40 40
reporting — PEEL SF 80 40 40
— CHLK SF 60 [ e0[25] |
fOI‘mS Coating i '
Subtotal CT-EP SF 405 165 35 95 70 40
Brackets or
Element Element / . Total In- ondition States (quantit
separate Lt | cortge | Units | it | oooreire (I G g e e
CT 40-1 CT-EP SF 230 165 0 35 25 30 0 0
COIumnS for — PEEL SF 30 30 0
guantity data ~ CHLK SF 35 35 25
CT 40-2 CT-EP SF 175 0 35 60 25 40 0 40
not counted ~peeL S N m m
— CHLK SF 60 60 25
Coating
Subtotal CT-EP SF 405 165 35 95 50 70 0 40
5 PORT HOUSTON Page 35



Documenting Element Condition States

= Elemental condition
states and quantities
entered in the PHA
Database

= Separate column for
Not Counted quantities

Surface Protection

CcT1-1 CsCode  Total Qty. ot Accessib/ [JIESH cs2  csanc | cs3 | [csanc | EEENN EEEEEN
CT1-1 Baseline ||100 0 100 0 0 0 0 0 0
CT1-1 ||ADHS 0 0/ 30 0 0 0| 0 0
CT1-1 PEEL 0 0 0 0 0 0 15 0

CT1-2 CsCode  TotalQty. ot Accessib [JUESEl cs2  csanc [Es3| [csanc | EEENN RN
CT1-2 Baseline ||400 0 400 0 0 0 0 0 0
CT1-2 |[PEEL 0 0 0 0 0| 0 115 0
CT1-2 ADHS 0 0 240 0 0 0 0 0

cT1-3 CsCode  Total Qty. ot Accessib SN cs2  csanc [ cs3 [csanc | SN EEEEEN
CT1-3 | Baseline ||[134 0 134 0 0 0 0 0 0
CT13 PEEL 0 0 0 0 10 0 15 0

CT2-1 CsCode  TotalQty. ot Accessib [JUESE cs2  csanc [Es3| [csanc | EEEN RN
CT2-1 Baseline ||100 0 100 0 0 0 0 0 0
CT2-1 |[PEEL 0 0| 0 0 0| 0 12 0

cT2-2 CsCode  Total Qty. ot Accessibl [JIESH cs2  cs2nc | cs3 | [csanc | EEENN SRR
CT2-2 Baseline ||400 0 400 0 0 0 0 0 0
CT2-2 ||PEEL 0 0 0 0 0| 0| 105 0

u PORT HOUSTON
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Documenting Element Condition States

= Database provides

Surface Protection

Summary of Elemental CT-CE Total Qty. NotAccessible HGSEMN cs2  csanc [iesal [lcsane!
ADHS 0 0 405 135 60 0 30
Condition State Baseline 15819 0 13350 0 0 0 0 0
PEEL 0 0 0 0 128 0 1482
THCK 0 0 364 170 0 10 0
= Sorted b
y Total CT-CE 15819 0 133" 10 1512
Component CT-EP Total Qty. Not Accessible i cs2 CS2NC cs3 CS3NC -
ADHS 0 0 336 0 0 0 0
Baseline  7796.5 0 7008 0 0 0 0 0
n
Summary of PEEL 0 0 127 0 37 0 57
Quantities THCK 0 0 2315 245 0 0 0
Total CT-EP.  7796.5 0 :
HG-HDG  TotalQty. NotAccessible HEGSENN cs2  csanc [IEs3T [csanc
Baseline 234 0 0 0 0 0 0
GALV 0 0 24 0 0 0 0

Total HG-HDG
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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
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Practical Example #1: Bulkhead Wall

= Given Information:
= Component: Base Metal

= Element: Bulkhead Wall (Typical)

0.435/0.5 = 87%
« Design Thickness: 0.5 in. —13% section loss

= Average Measured UT: 0.435 in.

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

= Condition Code: SXLS
= Condition State; CS3
u Quan“ty 3 LF Type | Code | Condition Name Condition Definition

=
PORT HOUSTON SXLS Section loss Section loss of base metal = 2% section loss
! elements based on measured
thickness during inspection.




Practical Example #2: Coating

= 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
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Practical Example #3: Wiring Protection

. . Condition States
m G |Ve n I nform atl On : I'ype | Code | Condition Name Condition Definition (;:,.Sif-] (PC:Sﬂ

CNSP Connection / Condition of coated or taped | No distress observed Minor distress observed | Minor to moderate Severe distress which
. < Splice Distress connections and splices of | and functionality intact. | but functionality intact. | distress that may affect | affects functionality of
u COI I l po n e nt . I I I l p res\ wirin& furu:liomlh‘l)r of‘wirimi!. v.-'iring.
CRKP | Cracking of Cracking in PVC and/or No cracking, Insignificant cracks or Wide or unsealed cracks | Wide or unsealed cracks
Conduit or Box | HDPE protective conduit or moderate-width cracks that do not affect that affect functionality
L] E | e I I Ie nt: P R - H D P E junction box. that have been sealed. functionality of wiring. | of wiring,
= [INSU Condition of Condition of dielectric No damage to insulation | N/A Minor to moderate Moderate to severe
=l Insulation insulation surrounding distress that does not distress which may affect
2 wiring. affect functionality of functionality of wiring.
= Broken conduit, wirir | £ !
A

. T

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

= Condition Code: CRKP
= Condition State: CS3
= Quantity: 1 EA
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Practical Example #4: Rectifier

= Given Information:
= Component: ICCP
= Element: Transformer-Rectifier Unit

= Measured D.C. Current Output:
75 amps

= What Condition Code(s), State(s), 82A/75A =1.09
and est. quantities are appropriate? —9.3% error

. Condition State
[ CO n d |t| on COd e: D I S P Type | Code | Condition Name Condition Definition _ Cs2 T CS3 -
(Fair) (Poor)

ACIN Error in AC Incorrect AC input readings. | N/A N/A Error in AC input No AC input vollage
- frequency.
= Condition State: CS2 Input | Auenc
BATT | Condition of Condition of CP battery. No distress and proper | Distress to battery and/or | Distress to battery Zero voltage output.
Battery output voltage terminals that does not and/or terminals that

measured. affect output voltage. reduces output voltage.

u Quaﬂtlty 1 EA May also include

typical usage of battery.

DISP Error in Output Accuracy of rectifier output | <5% measured errorin [ 5 to 10% measured error || =10% measured error in | Current and/or voltage
Display Panels | panels. current and/or voltage in current and/or voltage || current and/or voltage | display panels
display panels display panels. display panels. nonfunctional.
PORT HOUSTON - - — - - - -
£ ELEC Condition of Visual and functional No distress observed mor distress observe Minor to moderate Moderate to major
Electrical Parts | condition of electrical and functionality intact. | but functionality intact. distress observed but distress observed with

eroamnnnente inelnding founetianalityv intact naceibiv imnactad



Practical Example #4: Rectifier

= What if the shunt is also not functional?

= ELEC
= CS4,1EA

= Record on
inspection form/
database?

N/A

DISP, CS2,

Condition States

82
(Fair)

CS3
(Poor)

N/A

Error in AC input
frequency.

1 EA

No AC input voltage,

No distress and proper
output voltage
measured.

Distress to battery and/or
terminals that does not
affect output voltage.

Distress to battery
and/or terminals that
reduces output voltage.
May also include
typical usage of battery.

Zero voltage output.

<5% measured error in
current and/or voltage

No distress observed

and functionality intact.

5 to 10% measured error
in current and/or voltage

Minor distress observed
but functionality intact.

=>10% measured error in
current and/or voltage

Minor to moderate
distress observed but
functionality intact,

Current and/or voltage
display panels

Moderate to major
distress observed with
possibly impacted
functionality.

Easily legible.

Worn but legible.

Limited or no legible
label information.

Labels for leads
incorrectly labelled

Element
Location ID

Element/
Condition Code

Type | Code Condition Name Condition Definition
ACIN Error in AC Incorrect AC input readings.
Input
BATT | Condition of Condition of CP battery.
Battery
DISP Error in Output | Accuracy of rectifier output
Display Panels | panels.
ELEC Condition of Visual and functional
Electrical Parts | condition of electrical
components, including
= shunts, breakers, fuses,
B fodee et
£ (i0deslc
“ |LABL |Condition of Condition of labels unit and
) Labels leads.
£
. Total In-
Units . .
Quantity [ accessible

Condition States

uantit

CS2

CS2NC

PW 1-1

PW-TRU

EA

1

0 0

0 1

0

— DISP

SF

0

1

—ELEC

SF

1

y =

u PORT HOUSTON
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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)

Condition States

Type | Code Condition Name Condition Definition Cs2 CSs3
(Fair) (Poor)

ADHS Adhesion Adhesion of protective Typical pull off testing | Typical pull off testing Typical pull off testing | Typical pull off testing
coating on base metals based | values =200 psi. values between 100 and | values between 50 and | values less than 50 psi.
on measured inspection data, | Adhesion test result 200 psi. Adhesion test 100 psi. Adhesion test Adhesion test result
using ASTM D4541 or classification of 5B. result classification of 4B | result classification of | classification of 0B.
D3359 or equivalent. or 3B. 2B or 1B.

CHLK Chalking Chalking in metal protective | No chalking. Surface dulling. Loss of pigment. Loss of adhesion to
coatings structure resulting in

dishondment of coating,
structure becomes
susceptible to corrosion.

En FRPW Fiber-reinforced Condition of fiber-reinforced | No visible distress. Minor bubbles or Delamination, gouges, Delamination, gouges.

= polymer wrap (Glass, Carbon, or other blisters. Minor abrasion | holes, tears, or splits in | holes, tears, or splits in

g material) polymer to surface layer. material but assessment | material that affects

: permanently bonded to a has determined capacity | capacity or functionality

H member, Also may apply to or functionality of wrap | of wrap.

& unbonded plastic wrap, such is not compromised.

E‘ as for piles.

z |GALv Galvanized zinc Condition of galvanized zinc | No white or red White rust (zinc oxide) is | Red rust is visible Red rust exceeds 5

& coating patina on steel elements. corrosion products. visible on surface. through coating on less | percent of the local area.

£ Surface may be bright than 5 percent of the

. and shiny, spangled, or local area.

v matt gray.

PEEL Peeling/ bubbling/ | Peeling, bubbling, or No peeling, bubbling, or | Finish coat exhibits Finish and primer coats [l Substrate is exposed.
cracking cracking in protective cracking. peeling, bubbling, or exhibit peeling, -
coalings of wraps cracking. bubbling, or cracking.
— — —

THCK Thickness Thickness of protective = 18 mils =10 mils to < 18 mils = 5 mils to < 10 mils =5 mils
coating on base metals based
on measured inspection data.

WEAR | Wear Wear of protective coating. | No wear, Substrate not exposed, Substrate is partially Substrate exposed;

Includes wear from abrasion
or weathering.

coating showing wear or
abrasion.

exposed; thickness of
the coating is reduced.

protective coating is no

longer effective.

PORT HOUSTON

=
\J

Page 46




Practical Example #5: Wall Coating

Given

= Testing in atmospheric zone
(25 LF x 4 FT exposure =

100 SF)
= Adhesion Testing
= 150 psi average
= Thickness Testing

= Average 17.5 mils

PORT HOUSTON

Type | Code Condition Name Condition Definition
ADHS Adhesion Adhesion of protective Typical pull off testing
coating on base metals based | values =200 psi.
on measured inspection data, | Adhesion test result
using ASTM D4541 or classification of 5B.
D335 - v
Type | Code Condition Name Condition Definition
—————————————
PEEL Peeling/ bubbling/ | Peeling, bubbling, or No peeling, bubbling, or
cracking cracking in protective cracking.
C()ﬂlini"\' O WIaps
THCK Thickness Thickness of protective = 18 mils
coating on base metals based
on measured inspection data.
WEAR | Wear Wear of protective coating No wear.

Condition States

Cs2
(Fair)
Typical pull off testing
values between 100 and
200 psi. Adhesion test

result classification of 4B

ar IR

CS83
(Poor)

I'vpical pull off testing
values between 50 and
100 psi. Adhesion test
‘esult classification of
2 1R

Typical pull off testing
values less than 50 psi.
Adhesion test result
classification of 0B.

Condition States

Cs2
(Fair)

Cs3
(Poor)

Includes wear from abrasion
or weathering.

Finish coat exhibits
peeling, bubbling, or

rracking

=10 mils to < 18 mils

Substrate not exposed,
coating showing wear o1
abrasion.

Finish and primer coats
exhibit peeling,

bubbl inia or cracking.

Substrate is exposed.

= 5 mils to < 10 mils

<5 mils

Substrate is partially
exposed; thickness of
the coating is reduced.

Substrate exposed;
protective coating is no
longer effective.




Practical Example #5: Wall Coating

= Inspection Results

= CS4 PEEL 3 SF
= CS2 ADHS 97 SF
= CS2 THCK 100 SF No

= Coating 300 SF total quantity
= 100 SF Atmospheric
« 50 SF Splash

150 SF Submerged (Not accessed)

Element Element / Units
Location ID | Condition Code Quanti
CT11 CT-EP SE 300
--PEEL SF 3 \
--ADHS SF 97
-THCK SF 0

==

u PORT HOUSTON
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Practical Example #5: Wall Coating

= What if we measured 9
mils coating thickness?

—CS2HFHCEK100-SE

Not Counted

= CS3 THCK 100 SF

Condition States
Type Code Condition Name Condition Definition CS2 CS3
(Fair) {Poor)
PEEL Peeling/ bubbling/ | Peeling, bubbling, or No peeling, bubbling, or | Finish coat exhibits Finish and primer coats | Substrate is exposed.
cracking cracking in protective cracking. peeling, bubbling, or exhibit peeling,
coalings or wraps cracking. bubbling, or cracking.
THCK Thickness Thickness of protective = 18 mils =10 mils to < 18 mils = 5 mils to < 10 mils <5 mils
coating on base metals based
on measured inspection data.
WEAR | Wear Wear of protective coating, | No wear, Substrate not exposed, Substrate 15 partially Substrate exposed;
Includes wear from abrasion coating showing wear or | exposed; thickness of protective coating is no
or weathering. abrasion. the coating is reduced. | longer effective.

Element
Location ID

Element/
Condition Code

Units

Total
Quantity

In-

accessible

CT11

CT-EP

SF

300

150

50

CS2

CS2NC

97

Condition States (quantity)

--PEEL

SF

3

--ADHS

SF

0

97

--THCK

SF

97

97

=
\J

PORT HOUSTON
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Module Wrap-Up

= |dentify 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
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Module 5.1

Baseline Inspection Planning

Corrosion Manual Training Course
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Module Objectives

Module 5.1 Learning Outcomes

= |dentify components and associated elements in corrosion
Inspection

= Classify importance of base metal elements
= Characterize exposure zones of elements

= |dentify appropriate inspection procedures for corrosion
protection and base metal elements

= Develop a Baseline Corrosion Inspection Plan

6 PORT HOUSTON Page 2




Module References

= Chapter 2: Inspection Types
= Chapter 8: Documentation and Reporting
= Appendix F: Documentation and Reporting Forms

6 PORT HOUSTON Page 3



Asset-Specific Inspection Plan

= 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

6 PORT HOUSTON Page 4




Inspection Plan Goals

= 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

6 PORT HOUSTON Page 5




Types of Inspections

= Visual inspection
= NDE technigues

= Coating thickness and/or
adhesion testing

= Anode mass measurement

= CP system electrical
measurements

6 PORT HOUSTON page 6



Baseline Inspection Planning

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

6 PORT HOUSTON Page 7




Inventory Record: Corrosion Protection

= Corrosion Protection Components

Identify all corrosion protection
components

ldentify elements and materials
associated with each component

Review design intent of each
Installed system

ldentify current age(s)

Task performed by document review.

Companent [
Elemant|

Impressed Current Corrosion Protection Elements

Description

Bulk Anode

OTH Bulk Ancde

Bulk anodes are i part of the P m designed to protect both ¢

fendor piles and bulkhead wall

m the deck ot aporoaimately 357 to the
longitutinal spacng, totaling 200 snodes.

DC Power Supply

TRU DC Power
Supply

Nange

£ 1or the ICCP system. Note:
talled

Transformer-unit roctifiers arg installed 3ppro iy 116-foot ta the kandside of
the bulkhead wall adjacent to Bght pales 8 through 12

Sacrificial Anode Corrosion Protection Elements

Common Corrosten Pratection Elements

Description

Wiring cannects THU B Power Supplies with bulk anodes and the structure and |5
protected by PVE conduit to the landside of the bulihead wall

No. 6/7 copper wiing cannects the corrasion prote + Posltive leads run

to the bulk anodes and negative leads are con fender system and
bulkhead wa ative leads connect the ooy the 1op fender wale
beam and head wall in three and six lacations, respectively

PVE Prosection

Cappar wiring Is run through undargraund PVC conduit from the bulkhead wadl to
the five transformer-unit rectiflers.

Component /
Elements)

Surface Protection Elements

Description

Surface Protection

- PU Coatings

EP Coatings

Coatings are used in conjunction with the ICCP systeen for protection of the bulkhead
wiall and fender system.

A three-coat syst wsed for protection of the fender system [Epony Low and
rmediate Coat with an Acrylic Urethane Topcoat).

An epowy coating system is uied for tection of the bulkhead wall [details

unknown)

PORT HOUSTON
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Inventory Record: Base Metals

Base Metal Components and Elements

= Base Metal Components el

— 5 Tie Rod Tie rods, 3-3/4 inch diameter, 2

nding from bulkbead wale beam 1o desd man
¢ and encased in Schedule 40 PVC

spaced 1 approximately 15 feet on ce
N Casings
- | en t| asem et al eleme nt S o ol i 590, dreind exticators o g
o Design Crass-Sections) Area i

Typical

.
. insealled (n 3930, no documernted m |'|LIPUM.\ OF FEpads.

®  Design Thickness « 0.5 in

S Fender Piles HP117 piles are extend from Elev. 416.0 to -69.0° and are spaced at 107-9" on

. . C—
center
assify importance (Critical, S
«  Design Web/Flonge Thickness = 0,805 in
.
Redundant
y I y u €5 Suppart Framing 5 steel framing used to support the timber facing consisting of W21x111
les and W14x43 bottam wales

2002, 2004, 2008, ond 2011

installed in 1990, mod)

= instolled in 1990, modi) irs in 2002, 2004, 2008, and

Define exposure zones e e

7 Iobeling scheme

ientified wit

“Birse Metal Components and Elem
Asset Exposure Zones

.
have been estimated based on review of environmental conditions and data
Exposure Zone Elevation versus MLLW Elements
L= LA LS —

. .
Splash +#125t0+3.25 0 €5 Bulkhead Wall, C5 Fender Piles, C5 Support Framing

Tidal +0to+1.25t €5 Bulkhead Wall, C5 Fender Piles, C5 Support Framing
Submerged O fr or less C5 Bulkhead Wall, C5 Fender Piles
sail Below the mudiine toward the C5 Tie Hods, €5 Bulkhead Wall, C3 Fender Piles

waterside of the bulkhead and
below the pavemnent an the

Task performed by document review.

PORT HOUSTON Page 9



Inventory Record: Base Metals

Table C-4. Base Metal Component Elements Table C-4. Base Metal Com)
Element Cadels Flement Descriptor Element ldentilication Lnies* Element Code(s) Element Descriptor | Units* Element Code(s) [ Element Descriptor
e e s S e =
Critical (BMC) Redundant (BMR)
TR-CS-BMU CS Tie Rod A tension-only structural element. Includes elements AW-CS-BMT IE S Anchor Wall CS Support Framing Secondary members generally add 1o the stability of
TR-GS-BMC (5 Tie Rod used as bracing and those used as lie backs for EA Ly SF-GS-BMR GS Support Framing the fender sysiem and do not disiribute berthing and
retaining walls. Does not includs rods used solely for l another element maoring forces, but are lumped together with the LF
railing BW-CS-RMT | S By o Wall A structul ) load carrying members for inspection
DB-CS- BMC €5 Deck Beam A structural element loaded perpendicular to its BW-GS-BMT | GS Bulkhesd Wall an carth retaining structure, Primarily subje LF
DB-GS- BMC GS Deck Be i nsmils foads dir LF | ol-plane loads, Bulkheads generally separate DU-GS-BMR. GS Deck (stay-in-place A harizontal, planar structural element that carries
the deck to a girder or substructure el carth fill from water, form) and distributes loads to superstructure or SF
S BMC 8 Girder A structoral element Joaded perpendicular to its DT-CS-BMT 'S Deck, open Grid A horizonml, planar structur] element that carmies substructure elements. Observations speeific to :
- BMC G Cinder i ransmits boads from a LE and d loads to superstrcture or underside or full-depth of clement.
beam or stringer to the substructure. May ai: ) substruciure elements. Observations spe 5F FL-CS-BMR CS Fender Panel A rectangular element oriented paralle] to the fender
Joads, dirsctly from a postion of the deck topside of clement. FL-GS-BMR GS Fender Panel system that increases the contact area of the fender EA
GI-05. BMC CS Gusset Plate A stroctural plate ¢ sysiem against the ship hull.
GP-W5- BMC WS Gusset Plate between of SR-CS- BMT cmient loaded perpendicular to its
o SR-GS- BMT dinal s that transmits loads from the deck i
A Redundant
CO-C8- BMC 8 Column loads
CO-GS- BMC G Column (vertical, | and or ben ack or LF RW-CS. BMT | C5 Retaining W A structural wall clement that functions primarily 1o
carry veriical loads from
% BMC S Pile e | - ning walls are located above LF
Critical -l Typical
! EA F L C8 Cofferdam Il structural elements wsed as a
B M C hidered deep foundation B M I truciure EA
AL/ A fkhend alke y A WRTOR M Thad: crpendicular w its
PE-CS(S) BMC 3 Pile A type S rwrTE—— BE-CS- BMT S Bulkheod Wale B |-rr-l-I|K|| 3.‘. T:‘;”. o II“-IT.LI-:; -“.J”;\l
PE-CS(C) BMC led Pile driven into the g and then filled with material b Mttt L
Includes “Raymond Piles”, which ore concrete-filled | FA e . .
pipes with tapered cross-sections BC-CS- BMT | €S Bemn Cap A haorizontally-oriented structural element that I a b I e ‘ - ! | n Ap pe n d IX ‘
transmits loads from superstructure ¢
PC-CS- BMC CS Pile Cap A horizontally-oriented strusturl ehement th | sy sl s el Lt
Ir s from substructure or superstrug LF | il v i
clements phove to pile elements belo BR-CS- BMT | S Brace An element, often diagonally oriented,
BR-GS- BMT G5 Brace across pile elements to provide Iateral EA
BG-CS- BMC S Closed Web/Box A hollow, four-sided structural clement loaded 1 ¥
Ciirdler perpendicu & that transmiks -
Toads frsm n dic LF PB-CS. BMT €S Battered Pile A type of pile that is driven af wn angle, typically
SuDBIKITE m vertical, Batiered EA
| 1oy the struetire,
BT-CS-BMC | €S Bulkhead Tie Rod & tension-only stractural element, wsed 1 restrain — 1
BI-GS- BMC S Bulkhead Tie Rod the top of a bulkhead wall. EA FP-CS- BMT | C5 Fender Pile
FP-G5- BMT G der Pile
| EA
| form 4 propped can
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Inventory Record: Environmental

= Environmental Conditions

= Site —temperature, relative
humidity, airborne chloride
content

1)

Chloride (mg
¢

= Water —temperature, chloride
content, nutrients, microbial

1980 1982 19384 1985 1987 989 1991 199

activity, and flow velocity N
. ... Chloride Content in Ship Channel- Barbour’s Cut
. SO|| — reS|St|V|ty, Sulfate and (Source: TCEQ, water quality data from 1974 to 1993)

chloride content, and pH

6 PORT HOUSTON Page 11




Inventory Record: Exposure Zones

= 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

T —— R . =
6 PORT HOUSTON Page 12




Baseline Inspection Planning

= 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

6 PORT HOUSTON Page 13



Corrosion Manual Guidelines for Intervals

Inspection Frequency

Table 2.1. Guidelines for Maximum Inspection Intervals

NDE Testing Intervals

Task Inspection
e K (Note 21 Example Inspection Tasks o1l . o

Classification Interval Table 2.2. Recommended Mi NDE Testing Intervals

Verify functionality of ICCP system (current output, frequency, power ¥ .

6 months SRy y-of [CLERy (curre aa Rk i Flement Exposure Zone Test Intervals/™= '3
. . consumption, shunts, etc.) Classification
Functionality - - : — - - - —
Checks Note 31 Measure and record on/off structure-to-electrolyte potentials (and/or Atmospheric / Solash / Tidal Base Metal Thickness: Every 50 LF or 20% of elements
1 year decay potentials) for cathodic protection systems _ P pa: ~ | Coating Thickness and/or Adhesion: Every 50 LF or 20%

Verify accessible negative lead-to-structure connections are intact Critical Submerged Base Metal Thickness: Every 100 LF or 10% of elements
Tier 1 Perform above water visual assessment ; S Coating Thickness and/or Adhesion: Every 100 LF or 10%
Routine 3 years Obtain above-water thickness measurements of base metal elements Soil As required
Inspections Obiain above-water coating thickness and/or adhesion measurements Atmospheric / Splish / Tidal Base Metal Thickness: Every 100 LF or 10% of elements

Level | underwater visual inspections of anodes 5 : ik Coating Thickness and/or Adhesion: Every 100 LF or 10%
Tier 2 Level Il underwater cleaning and visual inspection of anodes and base Typical Submerged Base Metal Thickness: Every 200 LF or 5% of elements
Routine 6 years metal elements . L‘u:mng.'i'h:ckncss and/or Adhesion: Every 200 LF or 5%
Inspections Level [11 underwater cleaning and remaining thickness/weight Soil As required i

measurement of base metal elements, coatings, and anodes Atmospheric / Splash / Tidal Base Metal Thickness: Every 200 LF or 5% of elements
Tier 3 - : : =W ‘ o Coating Thickness and/or Adhesion: Every 200 LF or 5%
Routine As chuirulw‘""" 4 Vishal mapcc‘h,un and thickness measurements of buried base metal Redundant Srliaisiid Base Metal Thickness: Every 200 LF or 5% of elements
Inspections slementsor CP ariodes ; = Coating Thickness and/or Adhesion: Every 200 LF or 5%

Note |: Underwater inspection levels per ASCE 101 Soil As rcquﬂ'cd

Note 2: Inspection interval for a particular asset is defined in the Inspection Plan. Interval may be reduced for assets with
significant deterioration or where dictated by the type or priority of use. Interval may be increased for newly constructed
assets or other assets at the discretion of the PHA.

Note 3: Typical functionality checks are as described in NACE SP0169 and SP(0176. Note the frequency for Func
has been modified from the referenced standards to meet the needs and desires of PHA.

Note 4: Inspection of buried elements will be as defined in the Inspection Plan. Initial inspection interval will be based on the age
and visual condition of associated elements. The need and frequency of inspection for buried elements will be established
based on subsequent inspections.

ality checks

Note 1 Individual repeated elements, such as piles, sampled on percentage basis. Large, solid-faced elements, such as bulkhead
walls, measured based on plan length (linear foot = LF)

Note 2: A minimum of three test locations should be obtained for each element classification within each exposure zone, with a
minimum of three individual readings at a given location (approximately | sq. fi.).

PORT HOUSTON
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Example Inspection Plan: BCT 5

= Define inspection
rocedures

= Applicable
standards

= Specific test
locations

= Based on
element and
exposure zone

Maritime Asset
Corrasion Inspection Plan

Maritime Asset
Corrasion Inspection Plan

PORT HOUSTON

Praperty: Asset 1D 8CT 5
Year of Driginal

Asset Type: Constraction:
Yearls) of Significant

Wharf Type: Modifications or Repaies -
Dato of Mest Recont

Wwhar! Usage: Isspaction:

Inspection Plan

Checks i el

. Measure

manths)

ents from (3} Transiormer-nit Rec

iy Ly
o af the nine weld connections between the re

and & to the bulkhead wall]

ive beacds and struc

- canmections
ions
mecessary i provide electrical

Tier 1 Tasks (inspection Frequency = 3 years)
rrasion protecticn and bare metal elements

*  Visual assessment af all accessible c
h =

ireg the fia o [
UT Measurements: Prepare Uncoated Surfaces per 551

C- 5P 3, 5P 11, o ay required

repare Surfaces per SSPCSP 1

E
Tiek Uitrasoni Th

nge and web]

Element Eaposure Zone  Required Inspections’
Coating Thicknoss Meas cations
Submerged Ultrasanic Thickness Maisin mcations {each at fange

Coating Thickness and/or Adeesion Measurements: § o

{Tier 3
Armasphenc

5 Fender
Filos

Tt locations shall be represens;
ans were nated during the
acny

. loms: Bays 3, 9, 18, 22, 20, 35, 41
5 Bays 1. 6. 10, 14, T

Thar 2 Tasks (Inspection Frequancy = & years)

spection of anodes 2 defined
tion of anode placement and connection of positive kead 10 each anode

ol | underwater di
100 percen
4 Il wnderwater cloani

weight meassrements of anodes

25 of base m

Ther 3 Tasks

®  Na planned Tier 3 imspections of buried tie rods unles

warranted during fus

Revision Nistory
Develoged by | Date Verified by Date Commants
. lones 5 Foster
1 T lanes T
2 §. Faster

Appendix F




BCT 5 Inventory Record

Maritime Asset
Carrosion Inventory Record

Praperty: Barbours Cut Asset ID; BCTS
Year of Original
Asset Type: swharf Constructian:
Year(s) of Significant
Wharf Type: Ope Modifications or Repairs: 2002, 2004, 2008, 20

Date of Last Inventory

Wharf Usage: Cantainerized Cargo Record Update: tanuary 24, 2020
Asset Geometric Data
Area: 36 acres Deck Elevation above ML 18 0 in

Structure Length: 1000 F Channel Depth at Fender;

Structure Width: Channel Depth at Bulkhead:

Structure Corrosion Protection History

end of the Barbour's Cut Terminal along the south side of the channel. The original

BT & &= docated near the wes
awings are dated 1989, and wharf cons
i modifications per ot varicus times
+  H0X: Repair and lacalized recoating of fender system.
+ 2004 Repair and localized recoating of fendar 5

¥ repalrs

o]
Phase 10l O d Elect
Drawings
c1a74 1678t 1988 Digingl Constrsction Drawings for
Bulkhead
24 May 1988
CW076 18 i 1989 5 o
[
c107:5 Pavements and Ut 0%t 1950 Modified Phase 2 of Original Chil and
[ nr Terminal No. 5 at cal Drawings
Barbour's Cut - Phas

Signcint mods
coerasnn protecto
g

n.or o
[ etural e

Maritime Asset
Carrosion Inventory Record

Drawing Set Tithe Date Deseription

C107-12 Repair of Fender Sy: atWharf 5 Nav 2002 der Repair Drawings
No.5

c107-13 Repar of Fender System and 23Feb 2004 Fender and Ubility Repss Draw
Patable Water Line

60 | Repair IO AUE 04 Crane Rad Expansian Joint Arpalr
Drawings
C60-002-002 Fender System Maintenance at 16 Oct 2008 Fender Repair and Maintenance

Teemi
System 011
t Barbours Cut Drawings

CE-DOZ-005

Maintenance
Terminal 2012

Asset Exposure Zones

e fallowing & sure eflects

have been estimated based on n

posure Zon Elevation verss MLLW Elements
—
t c b

be e s
ew af enviranmental conditians and data.

it this ste, ific hesight of

5 Fender Pilos, C5 Support Framing
C5 Fe Piles, C5 Support Fram

€5 Bulkhead Wall, €5 Fender P

0ft, or less €5 Bulkhaad Wall, 5 Fender

C5 Tie Rods, C5 Bulkhead Wa

€8 Support Framing

Ies
C5 Fander Piles

Sail Below the mudiine towa
waterside of the bulkhead and
blow the n the

d side of the bulihead

avmmn

Asset Environmental Conditions

Glabal Zane Constituent
Site Temperature oy 5TF, March: 63°F, Aprd: 70°F
v TIF, hune: B2°F, Suly: B4°F, August: B4°F
mber; BO0°F, October: T2°F, Navember: 63°F,
. sl: 70°F
site Belative Humidity Annuak: T4%
site 5to 10 kg / ha/ yoar
w, 54°F - BEF
Wter 4,000 - 6,000 ppm
Water Metrite Plus Natrate- 0 - 0.3 ppm, Sulfate: 0 - 1200 pom

Na Data
Neghgible PCB Congener #52 and

v
Weserobial Activity
Flow Velooity

Ma Data
Na Dats

Carrosion Inventory Record

Maritime Asset

S
Consubtant [ Source

National
Atmaspheric

Dapasition Frogr.

Service

Texas C

sion

on Envircmmental
Quality

Title Descrigtion
Annual Precipitation - Comelled Annizs! Dats for Testing of
Weighted Mean Precipitation

Concentrations
Hewston Moty Ext
Normals, and Annua
maries

Monthly - Wi
Summary

Aecessed 11
May 2019

ous Dates

Accessed 21
May 2019

sy of M
Low Temperat

1, Avg, High, snd Avg
s far Hous

ary of Water Tasting Data

v ol Ave
Precipitation, and 4

e Temperatures,




BCT 5 Inventory Record

Maritime Asset
Corrosion Inventory Record

&

Maritime Asset

Mariti Asset
aritime Asse! Corrosion Inventory Record

Corrosion Inventory Record

Light Pole and

Transformer Unit Rectifier H S

Impressed Current Corrosion Protection Elements Base Metal Components and Elements ! to Fender
Companent | e
e Deseription Compenent. / Description
ementis) Element(s)
Bulk Anode Bulk anodes are instafled as part of the ICCP system designed to protect both the Critical
fender piles and bulkhead wall
3 £5 Tie Red Tie rods, 3-3/4 Inch diameter, extending from bulkhead wale beam to dead man,
OTH Bulk Anode Clusters of two bulk anodes are hung from the deck at approximately 35' to the spaced at approximately 15 feet on center and encased in Schedule 40 PYC
tandside of the fender system at 10° longitudinal spacing, totaling 200 anodes, 'E_mns’ = \ Bty o 1 K
Anodes are installed at Elev. -3.0 and -12.0' | . | " . :
- — - - - — — = instaled in 1990, no documented modifications or repairs, y ' " B
DC Power Supply Three DC power supplies are installed to provide DC power for the ICCP system, Note: i : = 7 \ \
. - g - *  Design Cross-Sectional Area = 11.0in’ . ! - . 4
drawings indicate five rectifiers, but only three were installed {-) Connection to Typ /
; Bulkhead Wall i
TRU DC Power Transformer-unit rectifiers are installed approximately 116-feet to the landside of Typical Wingt A |
Supply the butkhead wall adjacent to light poles 8 through 12, . it #
C5 Bulkhead Wall BZ-20 steel sheet piles extending from Elev. +14.65 to -58.00°. Mudline is shown at
Wirkng and Protection Wiring connects TRU DC Power Supplies with bulk anodes and the structure and is <5.00°
protected by PVC conduit to the landside of the bulkhead wall ” {
¥ « Installed in 1990, no decumented modifications or repairs. 82-20 E"'k“\";‘“l: ADte Chmiar Fender
l

CU Wiring

No. 6/7 copper wiring connects the corrosion protection system. Positive leads run
to the bulk anodes and negative leads are connected to the fender system and
bulkhe wall. Negative leads connect the copper conduit to the top fender wale
beam and bulkhead wall in three and six locations, respectively

PVC Protection

Copper wiring Is run through underground PVC conduit from the bulkhead wall to
the five transformer-unit rectifiers.

Component [
Elementis)
o———

Surface Protection Elements

Description

Surface Protection

PU Coatings

EP Coatings

Coatings are used in conjunction with the ICCP system for protection of the bulkhead
wall and fender system

A three-coat system is used for protection of the fender system (Epoxy Low and
Intermediate Coat with an Acrylic Urethane Topooat)

An epoxy coating system is used for protection of the bulkhead wall (detalls
unknown)

C5 Fender Plles

Redundant

€S Support Framing

®»  Design Thickness = 0.551 in (flange), 0.394 in (web/wall}

HP14x117 plles are extend from Elev, #16.0 1o -69.0° and are spaced at 10¢
center.

Figure 4. Typical Section through Structure.

»  Instailed in 1980, no documented modifications or repairs.
= Design Web/Flange Thickness = 0.805 in

Revision History

Structural steel framing used to support the timber facing consisting of W21x111

Rev.
top wales and W14x43 bottom wales, No. | Reported by: Date Verified by Date Camments
f— —
Instafted in 1990, modifications and repoirs in 2002, 2004, 2008, and 2011. o C Jones 01/24/2020 S. Foster 01/24/2020 Baseline

* installed in 1990, modifications and repairs in 2002, 2004, 2008, and

2011,

®  Design Thickness: W1dxd3 (bottom)- web = 0.305 in, flange= 0.530 in

W2lx111ftop})- web = 0.550 in, flange = 0.875 in
HP14x117 (replocements) - web/flange = 0.805 in

*Base Metal Components ond Flements identified with FICAP labeling scheme

PORT HOUSTON
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BCT 5 Inventory Record

! Bulkhead Wall .
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BCT 5 Inventory Record

Y B
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BCT 5 Inventory R

Impressed Current Corrosion Protection Elements Base Metal Components and Elements
Component / . Component / -
D it Description
Element(s) escription Element(s} P
Bulk Anode Bulk anodes are installed as part of the ICCP system designed to protect both the Critical
fender piles and bulkhead wall.
— €5 Tie Rod Tie rods, 3-3/4 inch diameter, extending from bulkhead wale beam to dead man,
OTH Bulk Anode Clusters of two bulk anodes are hung from the deck at approximately 35" to the . .
X = - A ) spaced at approximately 15 feet on center and encased in Schedule 40 PVC
landside of the fender system at 10° longitudinal spacing, totaling 200 anodes, Casings.
Anodes are installed at Elev. -3.0 and -12.0°, &s-
DC Power Supply Three DC power supplies are installed to provide DC power for the ICCP system. Note: . Insr?ffed i 1990, ne documented nfo?‘f'ﬁcarions Or repairs.
drawings indicate five rectifiers, but only three were installed. *  Design Cross-Sectional Area = 11.0in*
TRU DC Power Transformer-unit rectifiers are installed approximately 116-feet to the landside of ical
Supply the bulkhead wall adjacent to light poles & through 12, Typica
Wiring and Protection Wiring connects TRU DC Power Supplies with bulk anodes and the structure and is — C5 Bulkhead Wall EZ;]ZUEJ} steel sheet piles extending from Elev. +14.65 to -38.00". Mudline is shown at
protected by PVC conduit to the landside of the bulkhead wall -5.00°.
— CU Wiring No. 6/7 copper wiring connects the corrosion protection system. Positive leads run * Installed in 1990, no documented modifications or repairs. BZ-20
to the bulk anodes and negative leads are connected to the fender system and *  Design Thickness = 0.551 in {flange), 0.394 in {web/wall)
bulkhead wall. Negative leads connect the copper conduit to the top fender wale
beam and bulkhead wall in three and six locations, respectively. — C5 Fender Piles HP14x117 piles are extend from Elev. +16.0 to -69.0" and are spaced at 10°-9" on
— PVC Protection Copper wiring is run through underground PVC conduit from the bulkhead wall to center.

the five transformer-unit rectifiers. « Installed in 1990, no documented modifications or repairs.

»  Design Web/Flange Thickness = 0.805 in

Surface Protection Elements Redundant
Component / Description — €S Support Framing Structural steel framing used to support the timber facing consisting of W21x111
Element(s) top wales and W14x43 bottom wales.
Surface Protection Coatings are used in conjunction with the ICCP system for protection of the bulkhead . . . N
wall and fender system. Installed in 1990, modifications and repairs in 2002, 2004, 2008, and 2011.
— PU Coatings A three-coat system is used for protection of the fender system (Epoxy Low and * Instolled in 1380, modifications and repairs in 2002, 2004, 2008, and
Intermediate Coat with an Acrylic Urethane Topcoat). 2011.
— EP Coatings An epoxy coating system is used for protection of the bulkhead wall (details * Design Thickness: W14x43 (bottom)- web = 0'3.05 in, flange= 0'5.30 "
unknown. W21x111(top)- web = 0.550in, flange = 0.875 in

HP14x117 (replacements) - web/flange = 0.805 in
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Inspection Plan for BCT 5

= Functionality Checks?

= Tier 1 Inspection Tasks?
= Tier 2 Inspection Tasks?
= Tier 3 Inspection Tasks?
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BCT 5: Functionality Checks

Table 2.1. Guidelines for Maximum Inspection Intervals

as:;?;';ﬁon ]::rliiiﬂ-ﬂ: 2 Example Inspection Tasks o1l
u SR
é monilis Verify fl.ll'.lCli(!I'Iilli[}' of ICCP system (current output, frequency, power
Fusicticiality consumption, shunts, etc.)
Checks [Note il Measure and record on/off structure-to-electrolyte potentials (and/or
1 year decay potentials) for cathodic protection systems

- Verify accessible negative lead-to-structure connections are intact
Tier 1 Perform above water visual asscssment
Routine 3 years Obtain above-water thickness measurements of base metal elements
Inspections Obtain above-water coating thickness and/or adhesion measurements

Level | underwater visual inspections of anodes
Tier 2 Level Il underwater cleaning and visual inspection of anodes and base
Routine 6 years metal elements
Inspections Level 111 underwater cleaning and remaining thickness/weight

measurement of base metal elements, coatings, and anodes
éfiﬂi}ne As Required™oe ] Visual inspcc}iun and thickness measurements of buried base metal
nspections elements or CP anodes

Note 1: Underwater inspection levels per ASCE 101

MNote 2: Inspection interval for a particular asset is defined in the Inspection Plan. Interval may be reduced for assets with
significant deterioration or where dictated by the type or priority of use. Interval may be increased for newly constructed
assets or other assets at the discretion of the PHA.

Note 3: Typical functionality checks are as described in NACE SP0169 and SP0176. Note the frequency for Functionality checks
has been modified from the referenced standards to meet the needs and desires of PHA.

Note 4: Inspection of buried elements will be as defined in the Inspection Plan. Tnitial inspection interval will be based on the age
and visual condition of associated elements. The need and frequency of inspection for buried elements will be established
based on subsequent inspections.
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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)
6 PORT HOUSTON Page 23



BCT 5: Tier 1 Inspection Tasks (3 yrs)

Table 2.1. Guidelines for Maximum Inspection Intervals

Task Inspection
i 4 i Example Inspection Tasks N !l
Classification Interyal!™oe2l p p
& montli Verify functionality of ICCP system (current output, frequency, power
8] nins -
. . consumption, shunts, etc.)
Functionality - - able 2.2. Recommended Minimum esting Intervals
1 e [NOtE 3] Measure and record on/off structure-to-electrolyte potentials (and/or !
Checks Element o
2 2 : : Exposure Zone Test Intervals/™= '3
1 year decay potentials) for cathodic protection systems Classification o :
Verify accessible negative lead-to-structure connections are intact e et et | Base Metal Thie v 50 LF or 20% of elements
Atmospheric / Splash / Tidal Coating Thicknes Adhesion: Every 50 LF or 20%
Ticr I erform above \\'Elfcl‘ Visua ﬂbﬁcﬁ.‘smcnr e g Iﬂl: 1C |.‘&3. ATl (jr s h.,bli)l'l.‘ CVETY D - Or 24U
Routine 3 vears Obtain above-water thickness measurements of base metal elements Critical Subriieied Base Metal Thickness: Every 100 LF or 10% of elements
L)Llll]'lt: 3 years Ld!n above-water thic Inw.‘.\ llmasurumqib o db‘L metal elements : T Coating Thickness and/or Adhesion: Every 100 LF or 10%
Inspections Obtain above-water coating thickness and/or adhesion measurements Soil As required
. cvel I'underwater visua .lnspec IO_I‘!S 0 _R]"IG CS_ Atmospheric / Splash / Tidal ?du{]\‘l‘ﬁ._[rdtl Tl]\'E]LkI'lL\\d I'u‘iﬂhl 0(] L.F:].- ‘I 0“]..(].{)]}]t];:nu;(t;"
Tier 2 Level IT underwater cleaning and visual inspection of anodes and base _ QNS J MCRIess ARc T TGS Ion BNETY L T
Routi i il ola t T'ypical Subitisrad Base Metal Thickness: Every 200 LF or 5% of elements
U mc_‘ yEam e el . = - —r - e Coating Thickness and/or Adhesion: Every 200 LF or 5%
Inspections Level 1 underwater cleaning and remaining thickness/weight Soil ‘As required
measurement of base metal elements, coatings, and anodes Atmospheric / Splash / Tidal Base Metal Thickness: Every 200 LF or 5% of elements
Tier 3 = y : z : - SRR L op TR x Coating Thickness and/or Adhesion: Every 200 LF or 5%
Ritiiie As Required™otc 4] Visual inspection and thickness measurements of buried base metal Redundant P Base Metal Thickness: Every 200 LF or 5% of clements
Inspections i 4 elements or CP anodes : B Coating Thickness and/or Adhesion: Every 200 LF or 5%
nspections Soil As required
Note 1: Underwater inspection levels per ASCE 101 Mote [ Individual repeated elements, such as piles, sampled on percentage basis, Large, solid-faced elements, such as bulkhead
Note 2: Inspection interval for a particular asset is defined in the Inspection Plan. Interval may be reduced for assets with walls, measured based on plan length (linear foot = LF) )
significant deterioration or where dictated by the type or priority of use. Interval may be increased for newly constructed Note 2: A minimum of three test locations should be nhwumq for each element classification within each exposure zone, with a
assels or other assets at the discretion of the PHA = minimum of three individual readings at a given location (approximately | sq. fi.).
assets assets 4 A

Note 3: Typical functionality checks are as described in NACE SP0169 and SP0176. Note the frequency for Functionality checks
has been modified from the referenced standards to meet the needs and desires of PHA.

Note 4: Inspection of buried elements will be as defined in the Inspection Plan. Tnitial inspection interval will be based on the age
and visual condition of associated elements. The need and frequency of inspection for buried elements will be established
based on subsequent inspections.

PORT HOUSTON Page 24



BCT 5: Tier 1 Inspection Tasks (3 yrs)

Table 2.2. Recommended Mini NDE Testing Intervals

= Base Metal Elements et T e one Test Tntervalshe

Base Metal Thickness: Every 50 LF or 20% of elements
Coating Thickness and/or Adhesion: Every 50 LF or 20%

- Critical Subriieied Base Metal Thickness: Every 100 LF or 10% of elements
u u e a a typ I Ca : T Coating Thickness and/or Adhesion: Every 100 LF or 10%
Soil As reguired
S * — -
Atmospheric / Splash / Tidal Base Metal Thickness: Every 100 LF or 10%, of clements
1 O O O L F tota i A SRR Coating Thickness and/or Adhesion: Every 100 LF or 10%
) Typical

Base Metal Thickness: Every 200 LF or 5% of elements
Coating Thickness and/or Adhesion: Every 200 LF or 5%
. . Soil As required . —
= F e n e r P I e S t I Ca Atmospheric / Splash / Tidal | B25¢ Metal Thickness: Every 200 LF or 5% of elements
Spherie  Splasi  HG8L  coating Thickness and/or Adhesion: Every 200 LF or 5%
Redundant Base Metal Thickness: Every 200 LF or 5% of clements
Submerged

4 8 to t aI Coating Thickness and/or Adhesion: Every 200 LF or 5%
Soil As required

Mote [ Individual repeated elements, such as piles, sampled on percentage basis, Large, solid-faced elements, such as bulkhead
walls, measured based on plan length (lincar foot = LF)
Note 2: A minimum of three test locations should be obtained for each element classification within each exposure zone, with a

= SUu PpPO rt Framin g ( redundan t) e
2,000 LF total :
Fender Piles

« Tie Rods (Critical) 48 2 10% (4.8), 5 locations for metal
76 total thickness in atmospheric/splash/tidal

5% (2.4), 3 locations for submerged

Atmospheric / Splash / Tidal

Submerged
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BCT 5: Tier 1 Inspection Tasks (3 yrs)

= 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
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BCT 5: Tier 1 Inspection Tasks (3 yrs)

Element Exposure Zone Required Inspections®
CS Tie Rod Soil Visually observe encasement concrete. Cracking may be indicative of
corrosion distress of tie rod.
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)
CS Bulkhead Coating Thickness and/or Adhesion Measurements: 12 locations
Wall Tidal Ultrasonic Thickness Measurements: 12 locations (each at flange and web)
Coating Thickness Measurements: 12 locations
Submerged Ultrasonic Thickness Measurements: 5 locations (each at flange and web)
(Tier 2) Coating Thickness and/or Adhesion Measurements: 5 locations
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)
CS Fender Coating Thickness and/or Adhesion Measurements: 12 locations
Piles Tidal Ultrasonic Thickness Measurements: 12 locations (each at flange and web)
Coating Thickness and/or Adhesion Measurements: 12 locations
Submerged Ultrasonic Thickness Measurements: 5 locations (each at flange and web)
(Tier 2) Coating Thickness and/or Adhesion Measurements: 5 locations
Atmospheric Ultrasonic Thickness Measurements: 5 locations (each at flange and web)
Coating Thickness and/or Adhesion Measurements: 5 locations
CS Support Splash Ultrasonic Thickness Measurements: 8 locations (each at flange and web)
Framing Coating Thickness Measurements: 8 locations
Tidal Ultrasonic Thickness Measurements: 8 locations (each at flange and web)

Coating Thickness and/or Adhesion Measurements: 8 locations

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

Note: BCTx plan originally developed using

earlier version of the manual (separate
quantity for atmospheric/splash/tidal)

6 PORT HOUSTON
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BCT 5: Tier 2 Inspection Tasks (6 yrs)

Table 2.1. Guidelines for Maximum Inspection Intervals

Checks Now 3l

Task Inspection :
Classification Intervall™oe 2l Example Inspection Tasks ™" !
é monilis Verify functionality of ICCP system (current output, frequency, power
Fusicticiality S consumption, shunts, etc.)

Measure and record on/off structure-to-electrolyte potentials (and/or

1 year decay potentials) for cathodic protection systems
Verify accessible negative lead-to-structure connections are intact
Tier 1 Perform above water visual assessment
Routine 3 years Obtain above-water thickness measurements of base metal elements
Inspections Obtain above-water coating thickness and/or adhesion measurements
Level | underwater visual inspections of anodes
Tier 2 Level Il underwater cleaning and visual inspection of anodes and base
Routine 6 years metal elements
Inspections Level 111 underwater cleaning and remaining thickness/weight
measireme s piatal slamsnte chatinos and anadas
Tier 3 i X ! i 3
7 . aoes) | Visual inspection and thickness measurements of buried base metal
Routine As Required™* 1
i clements or CP anodes
Inspections

Note 1: Underwater inspection levels per ASCE 101

MNote 2: Inspection interval for a particular asset is defined in the Inspection Plan. Interval may be reduced for assets with
significant deterioration or where dictated by the type or priority of use. Interval may be increased for newly constructed

assets or other assets at the discretion of the PHA.

Note 3: Typical functionality checks are as described in NACE SP0169 and SP0176. Note the frequency for Functionality checks

has been modified from the referenced standards to meet the needs and desires of PHA.

Note 4: Inspection of buried elements will be as defined in the Inspection Plan. Tnitial inspection interval will be based on the age
and visual condition of associated elements. The need and frequency of inspection for buried elements will be established

based on subsequent inspections.

= Level | (visual, no removal)

= Level Il (10%, partial removal,
visual)

= Level lll (5%, NDT measurements)

§
Rttt i e ]
3

i Underwater

i Investigations

X Standard Practice Manual

PORT HOUSTON
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BCT 5: Tier 2 Inspection Tasks (6 yrs)

= Anodes

Level Il, 20%-> 47 bays total, 5 bays for

90 element,180 total (2 each) || cleaning and inspection

= Bulkhead wall (typical)
1,000 LF total

= Fender Piles (typical)
48 total

Level lll, 5% —>3 bays for thickness/weight

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

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

Level Ill underwater thickness and weight measurements of base metal

elements and coatings

Bays 5, 14, 24, 33, and 43

6 PORT HOUSTON
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BCT 5: Tier 3 Ins

pection Tasks

Table 2.1. Guidelines for Maximum Inspection Intervals

Note 1: Underwater inspection levels per ASCE 101

= Tie Rods

Task Inspection i
2! 4 d o8 setio g [Note 1]
Classification Interyal!™oe2l LANpls specti. | sk
Verify functionality of ICCP system (current output, frequency, power
6 months S n r -
. . consumption, shunts, etc.)
Functionality - : - ] ]
Checks [Note 31 Measure and record on/off structure-to-electrolyte potentials (and/or T . .
) 1 year decay potentials) for cathodic protection systems 3/4 d I a e n Cased I n
Verify accessible negative lead-to-structure connections are intact ")
Tier 1 Perform above water visual assessment PV C
Routine 3 years Obtain above-water thickness measurements of base metal elements
Inspections Obtain above-water coating thickness and/or adhesion measurements
Level | underwater visual inspections of anodes . . . .
Tier 2 Level Il underwater cleaning and visual inspection of anodes and base u N O I n d I Catl O n Of fal I u re
Routine 6 years metal elements
Inspections Level 111 underwater cleaning and remaining thickness/weight o B
| = e per aritime
Tier 3 i ) 1 i 3
Routinie As Required™o4] Visual mspcc}wn and thickness measurements of buried base metal
i clements or CP anodes
!nsgcclmns

MNote 2: Inspection interval for a particular asset is defined in the Inspection Plan. Interval may be reduced for assets with
significant deterioration or where dictated by the type or priority of use. Interval may be increased for newly constructed
assets or other assets at the discretion of the PHA.

Note 3: Typical functionality checks are as described in NACE SP0169 and SP0176. Note the frequency for Functionality checks
has been modified from the referenced standards to meet the needs and desires of PHA.

Note 4: Inspection of buried elements will be as defined in the Inspection Plan. Tnitial inspection interval will be based on the age
and visual condition of associated elements. The need and frequency of inspection for buried elements will be established
based on subsequent inspections.

= No inspections of buried
tie rods unless warranted
during future inspections
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Inspection Plan for BCT 5

PORT HOUSTON

Maritime Asset
Corrosion Inspection Plan

Progarty: Barbours Cut Termina Asset 10: BCTS
Year of Original
Asset Type: Wharf Construction: 1990
Year(s) of Significant
Whart Type: Open Madifications or Repairss 2002, 2004, 2008, 2011
Date of Most Recent 020 (above-water)
Wharf Usage: alnerized C nspection £ 2020 (below-water]
Inspection Plan
Functionality Checks {1 i quency = 6 months)

*  Measure and record electrical measurements from (3) Transformer-Unit Rectifiers, which includes current
autput, voltage output, and functionality

Functionality Checks {Inspection Frequency = 1 year}

= Visual inspection & nine weld connections between the negative leads and structure (3 to the fel
wale beams and & to the bulkhead wall)
Terminal ring beads for structure and negative leads have good crimg connactions
nspect for loose or broken wires of structure and negative connections
Remove corrosion product from electrical connections if necessary to provide electrical
ity

con
*  Measure and record an/off structure-to-slectrolyte potentials 1o determine polarization decay of base
metal elements in general accordance with Test Method 3 of NACE TMO457 to determine if CF i
adequate ta criterion in NACE SPO169,
Ata minkmum, testing should be performed at the same five locations during the Baseline
Inspection
= Bays 5, 24, and 47 (near locations of negative structure connectio
*  Bays 14 and 33 (approximately midway between negative structure

onnections]

Tier 1 Tasks (Inspection Frequency = 3 years)
*  Visual assessment of all accessible corrasion protection and bare metal elements
= Perform non-destructive measurements for elements as specified below. Measurement locations are
recorded on Corrosion Element Inspection Forms. Readings should be obtained from same locations as
those during the Baseline Inspection for comparable results.
o UT Measurements: Prepare Uncoated Surfaces per S5PC- SP 3, 5P 11, or a5 required per device
manufacy
Coating T

rer
ness Measuremants: Prepara Surfaces per SSPC-SP 1

Maritime Asset
Corrosion Inspection Plan

Element Exposure Zone  Required Inspections’
Coating Thickness Measurements: 12 locations
Submerged Uttrasonic Thickness Meas 5 locations (each at Alange and web)
(Tier 2 Coating Thickness and/or Adhesion Measurements: 5 locations
Atrmospheric Witrasonic Thickness Measurements: B lacations (each at flange and web)
Coating Thickness and/or Adhesion Measurements: 8 locations
Splash Ultrasonic Thickness Measurements: 12 locations (each at flange and web)
C5 Fendor Coating Thickness and/or Adhesion Measurements: 12 locations
Files Tidal Witrasonic Thickness Measurements: 17 locations [each a1 flange and wab)
Canting Thickness an esban Measurements: 12 locations
Submerged Witrasonic Thickness Measurements: 5 locations (each at flange and web)
{Tier 2] Coating Thickness and/or Adheskon Measurements: 5 locations
Atmospheric Uitrasonke Thickness Measurements: 5 locations (each at flange and web)
Coating Thickness and)/or Adhesion Measurements: § locations
CS Support Splash Uitrasonic Thickness Measuremaents: 8 locations (each at flange and web)
Framing Coating Thickress Measurements: 8 locatians
Tidal Uitrasenic 1ess Messurements: B locations (each ot flange and web)
Coating Thickness and/or Adbeseon Measurements: 8 locations
T ations shall be representative of the condition of the given element within the entite hay. Unless specific

conditions were noted during the visusl survey or FICAP inspection that warrant acquiring data for specific bays,
bays where data is to be acquired are listed below

e 5locations: Bays 5, 14, 24, 33, and 43

* 8 Llocations: Bays 3, 9, 15, 22, 29, 35, 41, and 47

* 12 Locations: Bays 1, 6, 10, 14, 18, 22, 26, 30, 34, 38, 42, and 46

Tier 2 Tasks (Inspection Frequency = & years)

*  Level | 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 Il underwater cleaning and inspection of ancdes at 10%
Bays 5, 14, 24,33, and 43

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

»  Level Il underwater thickness and weight measurements of base metal al

Table above)

Bays 5,

| anodes:

pments and coatings (shown in

, 24,33, and 43
Tier 3 Tasks

*  Noplanned Tier 3 inspections of buried tie rods unless warranted during future inspections

Revision History

Element Exposure Zone  Required Inspections'
= B -
€5 Tiee Riodd Sail Visualty observe encasement concrete. Cracking may be indicatve of Rev. Dwialaputl by | pate Verified by Date Comianti
corrasion distress of tie rod 2 |
Atmaspheric Ultrasonic Thickness Measurements: B lacations (each at flange and web) o C. Janes | 01/27/2020 | 5. Foster D1/27/2020 Basefine
£5 Bulkhead Coating Thickness and/or Adhesion Measurements: & bo 5 -
o I_" Uitrasonic Thickness Measurements: 12 locations {each at fiange and web] 1 C- Jones | NA 5. Foster NA Routine inspection developed
o :
Coating Thickness and/for Adhesion Measurements: 12 locations ] S, Foster T 101172022 10/11/2022 Updated for 100% Manual pa e 31
Tidad UWitrasonic Thickness Measurements: 12 locations {each at flange and web| g




Module Wrap-Up

= 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
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@ PORT HOUSTON

END OF MODULE
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@ PORT HOUSTON

Module 5.2

Routine Inspection Planning

Corrosion Manual Training Course
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Module Objectives

Module 5.2 Learning Outcomes

= Understand primary differences between Baseline and
Routine inspections

= Modify a Corrosion Inspection Plan based on inspection
findings
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Routine Inspection Planning

Figure 2.1,
pg. 27 of Manual

Primary Scope of

Corrosion Manual
plan (assets and systems considered)
Asset-specific Baseline and Routine Applicable Components:

t . I
= Inspection scope « ICCP - Surface Protection
. aS e I n e ¢ i B
Baseline Inspection
I 2 t -
« Inspect elements to set baseline condition
« Assign component ratings
- -
Deliverables: «  Corrosion Inventory Record
[} + Corrosion inspection drawings
Corrosion Inspection Forms

Applies to: « Facility-level development of inspection

Appliesto: = Assets with new Corrosion Protection Notes:
components Immediate Action:  Actions in response to conditions that may compromise structural integrity or
* Assets with existing Corrosion Protection facility operations, or lead to property or environmental damage

components with no inspection documentation

Repair/Other Action: May require repairs, or or may be
for alternative use, rebuilt, or removed from service (retired)

Objectives:  + Develop corrosion protection inventory record
« Create corrosion inspection drawings
+ Identify and quantify inspection elements

Possible
Moreinformation |  Immediate
Oute 3
C h e C kS — . = —
1 ‘L l’ l
¢ In-depth Inspection Engineering Analysis-CorrosionManagement
Routine Inspection (Tier1/Tier 2/Tier 3)
B — Corrosion Damage Rating Index Analysis Applies to: +  Corrosion protection systems or Applies to: «  Corrosion protection systems, base
bl Applies to: «  Existing corrosion protection assets requiring further or special metals, or assets requiring engineering
3 omponents with baseline.inspection Appliesto:  +  Base metal elements with corrosion inspection analysis
° protection systems.
3 Objectives: « Inspect elements to determine current " - - Objectives:  +  Determine cause and Objectives: « Service Life Analysis
& condition Objectives:  +  Estimate of current corrosion significance of deterioration + Life-cycle cost analysis to develop
o pos damage and corrosion rate based
= « Assign component ratings « Collect detailed condition and repair and corrosion protection
on Baseline or Routine Inspection .
- «  Assessment of performance of . Canbeusedf fmale of quantity information to support solutions.
@ corrasion protection components an be used for coarse estimale Engineering Analysis or to Quantify structural effect of corrosion
& time unil additional investgation, develop design solutions damage or other distress.
3 Deliverables:  +  Corrosion Inspection Forms maintenance, or repairs « As needed for other situations + Evaluate need for repairs,
=3 Deliverables: + Base metal component ratings for strengthening, or corrosion protection
» P each clement group Deliverables: *  Inspection Report
p-J ossible . fo. | | mediate Repair quantities (where applic ) Deliverables: ~ +  Engineering Report
Outcomes NoAction | or repairs e Possible Repeir! Repair/strengthening/corrosion
needed Outcomes No | Mare | i | Immed. Possible Repair/ protection design (as applicable)
| " | Acton | info. | el | Action Outcomes: [ No | More | “qyp | Immed
I REED || 2 || iy || AEED Possible Repair/
Outcomes: No | More | ‘e | Immed
S Action | info. [ <18 | - Action
Ll
Checks
Applies to: « Cathodic protection components as defined in
Inspection Plan
Objectives: + Verify ongoing functionality of cathodic
protection elements
+ Idenify any required maintenance
PORT HOUSTON Deliverables: + Inspection Forms.
. Possible . Moreinfo.or | Immediate Page 36
IKTERMATE ¥ Outcomes: loAction | epairs needed Action




Routine Inspection Planning

= Only modify plan if needed

« Changes to
components/elements

« Deviations from previous
Inspection

« Something missing or
Incorrect

» Observations from
previous/current inspection
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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?

Component /
Element(s}

Impressed Current Corrosion Protection Elements

Description

Bulk Anode

OTH Bulk Anode

Bulk anodes are installed as part of the ICCP system designed to protect both the
fender piles and bulkhead wall.

Clusters of two bulk anodes are hung from the deck at approximately 35" to the
landside of the fender system at 10’ longitudinal spacing, totaling 200 anodes,
Anodes are installed at Elev. -3.0 and -12.0".

DC Power Supply

TRU DC Power
Supply

Three DC power supplies are installed to provide DC power for the ICCP system. Note:
drawings indicate five rectifiers, but only three were installed.

Transformer-unit rectifiers are installed approximately 116-feet to the landside of
the bulkhead wall adjacent to light poles & through 12,

Wiring and Protection

Wiring connects TRU DC Power Supplies with bulk anodes and the structure and is
protected by PVC conduit to the landside of the bulkhead wall.

— CU Wiring

No. 6/7 copper wiring connects the corrosion protection system. Positive leads run
to the bullk anodes and negative leads are connected to the fender system and
bulkhead wall. Negative leads connect the copper conduit to the top fender wale
beam and bulkhead wall in three and six locations, respectively.

— PVC Protection

Copper wiring is run through underground PVC conduit from the bulkhead wall to
the five transformer-unit rectifiers.

Component /
Element(s}

Surface Protection Elements

Description

Surface Protection

— PU Coatings

— EP Coatings

Coatings are used in conjunction with the ICCP system for protection of the bulkhead
wall and fender system.

A three-coat system is used for protection of the fender system (Epoxy Low and
Intermediate Coat with an Acrylic Urethane Topcoat).

An epoxy coating system is used for protection of the bulkhead wall (details
unknown).

PORT HOUSTON
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Routine Inspection Plannin

= Base Metal Component

£ Description

ent(s)

Critical
C5 Tie Rod Tie rods, 3-3/4 inch diameter, extending from bulkhead wale beam to dead man,
u r‘ ! a a: ;‘ I I I ‘ a ‘ ‘ I I I e I I S al l spaced at approximately 15 feet on center and encased in Schedule 40 PVC
Casings
. * [nstalled in 1990, no documented modifications or repairs.
materials the same ! R
u
Typical

C5 Bulkhead Wall B2-20 steel sheet piles extending from Elev. +14.65 to -58.00°. Mudline is shown at

» Have any base metal elements

®  Design Thickness = 0.551 in (flange), 0.394 in (web/wall)

b e e n ad d e d C h a n e d O r C5 Fender Piles HP14x117 piles are extend from Elev, +16.0 to -69.0° and are spaced at 10°-9" on
] )

center.
N . . e nstalled in 1990, no documented modifications or repairs.
removed since last inspection? S e e
N
Redundant

C5 Support Framing Structural steel framing used to support the timber facing consisting of W21x111

= top wales and W14x43 bottom wales.
| I e I I t I y ‘ u r re I lt ag e S Installed in 1990, madifications ond repairs in 2002, 2004, 2008, and 2011,

* Installed in 1990, modifications and repairs in 2002, 2004, 2008, and
2011,

Design Thickness: W1dx43 (bottom)- web = 0,305 in, flange= 0.530 fn

.
| ] ) W21x111{top)- web = 0.550 in, flonge = 0.875 in
L] HP14x117 {replacements) - web/flange = 0.805 in
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Routine Inspection Planning

= 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?

Maritime Asset Form MSFA (V1.1)

Follow-up Actions Morthside Turning Basin — €D 25
luly 30, 2021
Page Sof 5

Follow-up Actions Log

It - . . .
:ﬂm Priority Recommended Action Assigned To Assigned By Date
Replace anodes and adjust
ifi
1 Priority rectifier current outputs to PHA WIE July 30, 2021

provide adequate CP of base
metal elements

Repair electrical bond wires
2 Routine | between fender piles and PHA WIE July 30, 2021
support framing

Clean and coat fender pile and
3 Routine | support framing elements in the PHA WIE July 30, 2021
tidal and splash zone.

Monitor coating defects of

4 Routine | bulkhead wall in future PHA WIE July 30, 2021
PORT HOUSTON inspections. Page 40




Routine Inspection Planning

= Update detaile
inspection
procedures as
necessary

= Separate tasks
into tiers and
assign inspection
requencies

Maritime Asset
Corrasion Inspection Plan

Maritime Asset
Corrasion Inspection Plan

PORT HOUSTON

Praperty: Asset 1D 8CT 5
Year of Driginal

Asset Type: Constraction:
Yearls) of Significant

Whar! Type: Medifications or Repairs -
Dato of Mest Recont

Wwhar! Usage: Isspaction:

Inspection Plan

manths)

Checks i el

. Measure

e whikch i

ents from (3} Transiormer-nit Rec

iy Ly
five Weads and struc

nections between the ey

o af the ninve weld co

wale bearms and & to the bulkhead wall]
- canmections
o

nectians f necessary io pravide slectrical

Tier 1 Tasks (inspection Frequency = 3 years)

rrasion

*  Visual assessment af all accessible c

C- 5P 3, 5P 11, o ay required

repare Surfaces per SSPCSP 1

Element Exposure Zone  Required Inspections
Coat k

Submerged Uitrasonac Th

{Tier 3 Coating Thickness and/or Adeesion Measurements: §

Armaspheric

cations
iocatians {each at flange
ior

5 Fender
Filos

Element lﬂwr: Zone. Frequ red Inspection:

e
Tidh Utrasoni Th nge and web]

"Test locatians shall be regrese:
ans were nated during th
acny

Ther 2 Tasks {Inspection Fraquoncy = 6 years)

spection of anodes 2 defined
nd connection of positive fead to each anode
4 of anades

o | underwater d
100 percen
4 Il wnderwater cloani

tion of anode placement

weight meassrements of anodes

25 of base m

Ther 3 Tasks
= Na planned Tier 3 inspections of buried tie rods unless warranted during fus nspections.
Revision History
Develoged by | Date Verified by Date Commants

5 Foster

C_Jones

1 T Jones A

2 §. Faster




Routine Inspection Planning

Maritime Asset
Corrasion Inspection Plan

Maritime Asset
Corrasion Inspection Plan

Element Exposare Zone  Required Inspections’
L Coating Thickness Measuremen
Year of Driginal Submerged Ultrasonéc Th
Constriction: {Tier 2 Coating Thickness and/or Adhesion Measureme:
Year(s) of Significant Atmaspherc Uttrasonic Thickness Measurements: 8 locatians {each at
Mo s Adbesion Measurem

eness Measis

Aszet i BETS

= Update =
requirements of -

Whar! Type:

s Measirem

Feations or Repaies':

Datn of Mest Aecont Ultrasoeic Th

Wharl Usage: Isspaction:

guantitative tests I —

manths)

. wments from (3} Transioemer.Unit Rec
- Based On e
. Wisual o the nine weld connections between the regative tesds and stracture (310

and 6 to the bulkhead wall| Test locations shall be represe
e and negat B connectians ans were nated during

wale bearr

. . g Pt :
4 " s T f structur conhections i d are d T
findinas of : Rt vt - ;
jons: Bays 3, 9, 15, 22, 29, 35, 41
5 - 4 ecay of base 22,76,
o I CF s
baseline
- ture

3 b ity Bters negihe St
. .
I n S p e' tl O n Tier 1 Tasks {Inspection Frequency = 3 years) :

rRquency = B years)

spection of anodes a5 defined
tion of anode placement and connection of posi
on of ancdes at 10% of anodes:

wve locations euring the Bs

ve fead to each anode

weight meassrements of anodes

*  Visual assessment af all accessible carrosion protection and bare metal elements .

25 of base m s @i coatiags

Tier 3 Tasks
»  Ma planned Tier 3 imspections of buried tie rods unles

warranted during future inspections

= Show specific

Revision Nistory
- Developadby | Date Verified by Date Commants
locations T T
1 | Coones A BE
T |5 Fower | tovansa0a
ot flange and web|
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Module Wrap-Up

= 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

6 PORT HOUSTON Page 43
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END OF MODULE

Page 44



Module 6.1

Condition Assessment and Rating
Approach

Corrosion Manual Training Course

Page 1



Module Objectives

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

u PORT HOUSTON Page 2



Module References

= Chapter 6: Assessment and Rating Approach
= Chapter 8: Documentation and Reporting
« 8.5 Corrosion Inspection Summary
= Appendix F: Documentation and Reporting Forms

6 PORT HOUSTON Page 3



Overview of Rating Approach

Condition
Assessment
(Module 6.1)

Numerical
Formula

Element Condition States
(CSa, CS2, CS3, CSy)

!

(engineering judgment & functional condition)

Component Ratings
(1- Critical to 6- Good)

Overall Corrosion
Condition Rating
(score out of 100)

i

u PORT HOUSTON

Page 4



Element Based App

Elements:

= Condition States based on
Inspection

Components:

= Numerical rating based on
judgment and functional condition

Asset

= Corrosion Condition Rating
(based on component ratings)

PORT HOUSTON

Table 1.1: Summary of Element-Based Approach

I Level

Purpose

Comment

Asset

Component

Element

Corrosion assessment for asset guides follow-up
actions and asset management decisions,

Component condition assessment indicates condition
of corrosion protection or base metal components.

Where appropriate, inspection  measurements
provide basis for overall component condition.

Provide basis to determine overall corrosion
condition.

Condition states document occurrence of damage,
deterioration, or defects at time of inspection in terms

of:

= Type of condition(s) (i.e. damage mechanism)
*  Severity of defect (i.e. moderate, severe)

*  Extent of defect (i.e. localized or general)
Correlates conditions to element and material type.

Tracks conditions over time as indicated by
inspections conducted at regular intervals,

Selective measurements of key parameters provide
basis for corrosion damage rating index of overall
component.

Provides basis for component rating.
= el 3 S

Owerall corrosion condition rating
(CCR) is a numerical rating and is
supplemented by a qualitative

Numerical component rating 1s

based

on an

interpretation  of
condition states, inspection data,

and

their

engineering
the element

corresponding

implication{s) on the functional
condition of the component.

Base metal component rating is
based on the estimated corrosion
damage rating index of critical,

Detailed visual inspections are
conducted at the element level.

Element
assigned

condition states are

based o

n predefined

categories and quantified to define
element condition,

Page 5




Element Condition States

= Observed damage/distress
» Type, Severity, Quantity

= Provide a consistent, credible indication of each element

= Used by Engineer for Condition Assessment of Components

<10% consumed by
weight

Condition States

cs2
(Fair)

C83
(Poor)

10-50% consumed by
weight

T5% consumed by
weight

=75% consumed by
weight

No connection distress;

connection is in place
and functioning as
intended.

Minor distress without
distortion is present, but
connection is in place
and functioning as
intended.

Cracked weld or
damaged connection;
assessment has
determined electrical
connection has not been
compromised,

Cracked weld or failed
connection resulting in
electrical isolation of the
anode.

Mo marine growth
present.

Minor marine growth on
anode,

Moderate marine
growth on anode that
may affect
functionality.

Significant marine
growth on anode
affecting functionality.

Type | Code Condition Name Condition Definition
CNSM | Consumption Consumption of anode.
CONA | Condition of Condition of thermite weld

Connection connecting anode to the
wiring,
MARG | Marine Growth | Organie growth on bulk
and/or ribbon anodes,
5
T |MISS Missing Element intended to be in
E place is missing. Does not
apply to elements that have

Element is present.

Parts of an element are
missing, however does
not affect functionality,

Element is missing but
assessment has
determined element is

Element is missing.

u PORT HOUSTON
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Elements - Component Ratings

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

u PORT HOUSTON
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Elements - Component Ratings

= |[n spite of quantitative element condition information, the
relationship between element condition and component
rating I1s not quantitative

— influence of element conditions on component
condition depends on many complex factors
-> no formula!

Component condition must be determined through an
engineering interpretation of the effect of the element
condition on the component condition.

6 PORT HOUSTON Page 8



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

Engineering Knowledge Base

(Education and Experience)
Corrosion Protection Systems
Components
Material Types
Associated Deficiencies

Inputs

Component Condition

Inputs - Extent and severity of damage
 Effect on structural or functional
Inputs
performance
Element Condition States * Need for maintenance or repair
(from inspection)
* Type of damage Component Details
» Severity of damage (from asset record)
« Extent of damage » Structure Corrosion Protection History

» Corrosion Comp

P » Base Metal Element Exposure Zones

onents & Elements

u PORT HOUSTON
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Component Ratings

= 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

| J
1

* knowledge

« experience :> Assign
. judgement Component Rating

1 (critical) to 6 (good) scale

6 PORT HOUSTON Page 10



Component Ratings

= 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
||

J

« Section loss measurements

- Estimated corrosion rates :> Assign _
- Experience and judgement Component Rating

1 (critical) to 6 (good) scale

u‘_: PORT HOUSTON Page 11



Summary

= Element condition based on
visual and gquantitative 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)

Element Condition States
(CSa, CS2, CS3, CSy)

Component Ratings
(1- Critical to 6- Good)

Overall Corrosion
Condition Rating
(score out of 100)

Condition
Assessment

Numerical
Formula

\i PORT HOUSTON
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END OF MODULE
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Module 6.2

Corrosion Protection Component
Ratings

Corrosion Manual Training Course

Page 14



Module Objectives

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

u& PORT HOUSTON Page 15



Corrosion Component Ratings

= 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?

6 PORT HOUSTON Page 16



Corrosion Component Ratings

= Component ratings are based on an evaluation of element
Inspection results considering significance of observed

conditions

Element Condition States |

= Condition Assessment (CS1, C52, CS3, CS4)
« Based on engineering judgment, knowledge & = "
: omponent Ratings
exper_lence o o . (12- Critical to 6- Good) |
» Considers qualitative and quantitative inspection
findings
* May be supplemented by calculations Overall Corrosion Condition

Rating (score out of 100)

Page 17
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Corrosion Component Ratings

= 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:

— |CCP components
— SACP components
— Surface Protection Components
= Consider both visual findings and functional performance

6 PORT HOUSTON Page 18



CP Component Ratings

= 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

Page 19
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CP Component Functional Ratings

Table 6.1. Functionality Ratings for Catlmd_ic Protection Cnmpnnem_s

[ | 6 — G OOd Rating Description

6 Good One of the following criteria is met at all test locations:

* A negative (cathodic) voltage of -850 mV CSE (millivolt versus copper/copper sulfate
[} reference electrode) or more negative between metal elements and the electrolyte, without
risk of hydrogen embrittlement.

= A minimum of 100 mV of cathodic polarization, as measured by either polanization
- formation or decay.
— Fal r *  Test coupons are used to otherwise demonstrate adequate corrosion protection is being
applied 1o the structure.*
= For reinforced concrete elements, the depolarized potential of the steel in wet saturated
conerete is more negative than -720 mV CSE with the anode disconnected for a minimum

P O O r of 24 hours, or a minimum of 100 mV of cathodic polarization, as measured by cither

polarization formation or decay

5 Satisfactory One of the above criteria is met at least
malfunctions, or deterioration have affected the functionality of the ICCP or SACP system,

-
— S e r I O l l S such that the above criteria are not met at limited locations. Potential for overprotection or

coating damage may be noted at some locations, but metals have low risk of embrittlement.

at 80 percent of the test locations. Damage, electrical

4 Fair One of the above criteria is met for at least 50 percent of the test locations. The system is

W partially functional but may not be providing adequate corrosion protection to some base metal
— C r Itl Ca elements (or reinforced concrete elements, if applicable). Metals with high risk of steel
embrittlement are subject to cathodic overprotection (instant off voltage more negative than
- 1,000 mV CSE). Coatings with high risk of disbondment are subject to cathodic
overprotection (instant off voltage more negative than -1200 mV CSE).

o
R N W D
|

3 Poor One of the above criteria are met at less than 50 percent of the test locations. Widespread
performance deficiencies are observed for the cathodic protection systems,

2 Serious One of the above criteria is met at less than 10 percent test locations. Evidence of nonfunctional
cathodic protection system is noted at most locations.

1 Critical ICCP or SACP system is not functional or is not providing corrosion protection at any test
locations as intended.

Applicable Component Types: Impressed Current Cathodic Protection Systems, Sacrificial Anode Cathodic

&‘ PORT HOUSTON Protection Systems, Spray Metalizing with Monitoring Boxes

{ACE SPO104, Standard Practice: The Use of Coupons for Cathodic Protection Monitoring Applications. If corrosion
an evaluating metric, the corrosion rate should be no greater than 2 mpy 1o achieve a rating of 6- Good.

rate is used ;



CP Component Visual Ratings

Table 6.2. Visual Ratings for Cathodic Protection Components

. Vlsual ratlng may Rating Description
SCOre h igher Or 6 Good Very minor or no problems observed. Also applies to newly constructed or rchabilitated

protective components,

I Owe r th an th e 5 Satisfactory Limited minor defects, damage, or deterioration - not extensive to multiple elements.

4 Fair Extensive minor or limited moderate defects, damage, or deterioration. All primary elements

fu N C'“ on al ra'“ N g and their attachment to the asset are sound and functional purpose/use of the component is not

affected. Minor repairs or maintenance may be required.

3 Poor Extensive moderate defects, damage or deterioration that aftects functional purpose/use of the

. F U n Ctl 0 n a.l an d component or compromises attachment of the component to the asset.
. . 2 Serious Defects, damage, or deterioration significantly affect functional purpose/use of the component.
visual ratings are c cillisiale il P

I Critical Advanced damage or deterioration expected to result in failure(s) of component to provide

Welg hte d and score d adequate protection. The component can no longer serve its functional purpose/use and/or

conditions are present that may lead to imminent failure of the ICCP system.

dlﬁerently for CCR Applicable Element Types: Anodes, Supplementary Anode Materials, DC Power Supply, Monitoring

Equipment, Wiring and Protection, Cathodic Protection Jackets, CP Supports

6 PORT HOUSTON Page 21



Surface Protection Component Ratings

= Typical element groups
= Coatings
= Wraps
- Spray Metallizing

- Based on visual
observations and
measurements/testing

Table 6.3. Ratings for Surface Protection Components

Rating

Description

6 Good

Very minor or no problems observed. Also applies to newly constructed or rehabilitated
components.

5 Satisfactory

Limited minor defects. damage, or deterioration such as chalking, blushing, blistering, etc. -
not extensive.

4 Fair Extensive minor or limited moderate defects, damage, or deterioration. Coating, wrap, and/or
metalizing may be peeling or missing in localized areas.

3 Poor Extensive moderate defects, damage or deterioration. Coating, wrap, and/or metalizing may be
peeling or missing in not more than 50 percent of coated surfaces.

2 Serious Defects, damage or deterioration has significantly reduced protection of base steel elements.
Coatings, wraps, and/or metalizing elements are only providing protection in localized
locations.

1 Critical Advanced defects, damage, or deterioration categorized as a systematic coating failure.

Coatings, wraps, and/or metalizing elements do not protect base metal elements.

Applicable Element Types: Coatings, Wraps, and Spray Metalizing

u PORT HOUSTON
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Documenting and Reporting

= Corrosion protection | & -~ - Example for
component ratings - CD31
Included on: =S

= Inspection History

Form

» Inspection
Summary Form

. PHA Database -

u PORT HOUSTON




Inspection Summar

Example for
CD 31

Maritime Asset Form CMIS (V1.0
Corrosion Inspection Summary Morthside Turning Basin — CD 31
luly 30, 2021

Page 3 of 14

Impressed Current Corrosion Protection Elements

Anode
OTH Bulk Anode

DC Power Supply
TRU DC Power

Supply
Element(s) Rating Comments
ICCP Functional Rating 4 The waterside |CCP system for this asset was functional and
providing adequate protection to most of the base metal
. elements. Potentials were measured between -850 and -1200
FU nction al m\V CSE at all test locations along the bulkhead wall for the
. wharf, however, potentials measured more negative than -
Ra“ n g 1200 mV CSE at select locations along the length of the fender
(Figure 1).
(overall)
The downstream bulkhead wall did not appear to be receiving
ViSU al any cathodic protection and appeared to be connected to the
- ICCP system installed on the bulkhead wall underneath 1-610
(associated with CD32), which was non-functional (Figure 2).
R atin g Wiring and Prg
(Ovel’al |) Blockouts had been installed to the landside of the shed, - uw
howewer, it did not appear that any anodes or wiring had ever
been installed for installation of a landside CP system (Figure
3).
Visual Rating Refer to ratings below for visual ratings of applicable element R at| ng S by
groups.
Element
Anode 5 Anodes were missing in Bay 56 and 73, It appeared numerous
OTH Bulk Anode 5 anodes had been replaced, evidenced by apparent retrofit G rou p/Type
splices (Figure 4).
PORT HOUSTON

=
\J

Anodes were missing in Bay 56 and 73. It appeared numerous
anodes had been replaced, evidenced by apparent retrofit
splices (Figure 4).

The following observations were made regarding the three
transformer-unit rectifiers installed as part of the waterside
ICCP systems for the wharf structure. Each of the rectifiers are
installed on top of offices within the CD31 shed.

=«  PW 51-1: DC voltage was verified across external
leads (display read 9.6 V' DC), and 52 A of current.

*»  PW 59-1: DC voltage was verified across external
leads (display read 9.5 V DC), and 70 A of current.

*  PW71-1: Turned off upon arrival for inspection,
When turned on, DC voltage was verified across
external leads (display read 6.9V DC), and 50 A of
current (Figure 5).

Labels for all rectifiers were intact and legible.

Wiring and protection was overall in fair condition.

Positive and negative wiring was routed from the rectifier to
the anode wiring and structure, respectively, and were
generally in good condition, This wiring was present in Bays

51,59, and 71,

Provide commentary to
explain reasoning behind
rating




nspection Summary Form Example for

CD 31

Surface Protection Elements
Element(s) —Rating Comments
Surface Protection 4 Owerall, surface protection elements were in fair condition,
Coal tar epoxy was applied to the fender system and recoating
was not evident. Epoxy coating was applied to the bulkhead

Vi | wall and appeared to be in satisfactory condition above the
Isua bulkhead wale beam.

Ratin
g Although isolated locations indicated coating thickness
(Ove I'a' |) measurements less than 18 mil, the average thickness for the
epoxy coating on the bulkhead wall was approximately 24 mils,
indicating a C51.

Where coating was intact on the fender system, coating
thickness generally exceeded 18 mils, corresponding with a €51 R at| n gs by

e Element
Group/Type

—  CT Coatings fal coal tar epoxy exhibited extensive minor peglieg
and coating failure resulting in exposed bare sipedff the tidal
and splash zones at approximately 1iLperfent of the steel
surface area (Figure 9). The sefBnity of the coating appeared to
still be functioningistfie atmospheric exposure zone with
minor dgfeetS primarily at corners and connections.

—  EP Coatings The epoxy coating was generally in good condition above the
bulkhead wale beam for the length of the wharf with only

minor distress observed at corners and seams (Figure 9). PI’OVIde Com mentary tO
The epoxy coating applied to the downstream bulkhead wall explal N reasoning behind
and wale beam was in much warse condition had generally .

failed in the tidal and splash zones resulting in ongoing I’atl I’]g

corrasion (Figure 10).

Page 25
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Use Engineering Judgment

= 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”

= [t Is not possible to develop a single formula to address any
and all situations

« Requires engineering judgement

6 PORT HOUSTON Page 26



Consideration Factors

= 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) Serviceabllity requirements / impact / ease of repair/ access

6 PORT HOUSTON Page 27



Example: ICCP Component Ratings

= Impressed Current Cathodic
Protection (ICCP)

« |[CCP Functional
Component Rating

« |CCP Visual Component Rating

—
!',5 = e
// — E "7:_.
| i TN ViR 5 -
Sk o9 ' ~ ‘ ‘
L ‘
3. )} A
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’ !
Al R 4 i ! 3 /)
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=
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ICCP Functional Component Rating

Potential Units ON Potential Instant OFF Potenti
mV vs. CSE -1050
mV vs. CSE -980 Nearly all Instant OFF
v 150 potentials are more
mV s, CSE 1260 / negative than -850mV
MV vs. CSE -1180 NACE criteria
mV vs. CSE -1100 -890
mV vs. CSE -1100 -900 .
mV vs. CSE -1110 C_QfO\/— IR One area of wall with no
mV vs. CSE -670 -670 - .
mV vs. CSE -890 prOteCtlon
. -890
\SNanEers'de 1190 One area with OFF potential
gsnzl;n 42 1380 was more negative than
f: Ud eli'l 1290 -1200mV, potential concern
ender Piles) 080 for overprotection
i~

u PORT HOUSTON Page 29



ICCP Functional Component Rating

Table 6.1. Functionality Ratings for Cathogc Protection anpnnents

= Waterside System

6 Good One of the following criteria is met at all test locations:
B u I kh ead Wal I & Fe n d er * A negative (cathodic) voltage of -850 mV CSE (millivolt versus copper/copper sulfate
reference electrode) or more negative between metal elements and the electrolyte, without
risk of hydrogen embrittlement.

-
P I | eS = A minimum of 100 mV of cathodic polarization, as measured by either polanization
formation or decay.

»  Test coupons are used to otherwise demonstrate adequate corrosion protection is being
applied 1o the structure.*

= For reinforced concrete elements, the depolarized potential of the steel in wet saturated
conerete is more negative than -720 mV CSE with the anode disconnected for a minimum
of 24 hours, or a minimum of 100 mV of cathodic polarization, as measured by cither
polarization formation or decay

5 Satisfactory One of the above criteria is met at least at 80 percent of the test locations, Damage, electrical
malfunctions, or deterioration have affected the functionality of the ICCP or SACP system,
such that the above criteria are not met at limited locations. Potential for overprotection or
coating damage may be noted at some locations, but metals have low risk of embrittlement.

4 Fair One of the above criteria is met for at least 50 percent of the test locations. The system is
partially functional but may not be providing adequate corrosion protection to some base metal
elements (or reinforced concrete elements, if applicable). Metals with high risk of steel
embrittiement are subject to cathodic overprotection (instant off voltage more negative than
- 1,000 mV CSE). Coatings with high risk of disbondment are subject to cathodic
overprotection (instant off voltage more negative than -1200 mV CSE).

are met at less than 50 percent of the test locations. Widespread

are observed for the cathodic protection sys

3 Poor One of the above criteria
performance deficiencies

2 Serious One of the above criteria is met at less than 10 percent test locations. Evidence of nonfunctional
cathodic protection system is noted at most locations.

’ 1 Critical ICCP or SACP system is not functional or is not providing corrosion protection at any test
locations as intended.

Applicable Component Types: Impressed Current Cathodic Protection Systems, Sacrificial Anode Cathodic

\
& PORT HOUSTON Protection Systems, Spray Metalizing with Monitoring Boxes

*Reference NACE SPO104, Standard Practice: The Use of Coupons for Cathodic Protection Monitoring Applications. If corrosion
rate is used as an evaluating metric, the corrosion rate should be no greater than 2 mpy to achieve a rating of 6- Good.



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

6 PORT HOUSTON
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ICCP Functional Component Rating

= Waterside & Upstream
Systems

=2 \»~

N

-

Table 6.1. Functionality Ratings for C atllod_ic Protection Compnnen!_s

Rating Description

6 Good One of the following criteria is met at all test locations:

* A negative (cathodic) voltage of -850 mV CSE (millivolt versus copper/copper sulfate
reference electrode) or more negative between metal elements and the electrolyte, without
risk of hydrogen embrittlement.

= A minimum of 100 mV of cathodic polarization, as measured by either polarization
formation or decay.

*  Test coupons are used to otherwise demonstrate adequate corrosion protection is being
applied 1o the structure.*

= For reinforced concrete elements, the depolarized potential of the steel in wet saturated
conerete is more negative than -720 mV CSE with the anode disconnected for a minimum
of 24 hours, or a minimum of 100 mV of cathodic polarization, as measured by cither
polarization formation or decay

5 Satisfactory One of the above criteria is met at least at 80 percent of the test locations. Damage, electrical
malfunctions, or deterioration have affected the functionality of the ICCP or SACP system,
such that the above criteria are not met at limited locations. Potential for overprotection or

coating damage may be noted at some locations, but metals have low risk of embrittlement.

4 Fair One of the above criteria is met for at least 50 percent of the test locations. The system is
partially functional but may not be providing adequate corrosion protection to some base metal
elements (or reinforced concrete elements, if applicable). Metals with high risk of steel
embrittlement are subject to cathodic overprotection (instant off voltage more negative than
- 1,000 mV CSE). Coatings with high risk of disbondment are subject to cathodic
overprotection (instant off voltage more negative than -1200 mV CSE).

are met at less than 50 percent of the t
are observed for the cathodic protection sys

st locations. Widespread
fems,

3 Poor One of the above criter
performance deficiencies

2 Serious One of the above criteria is met at less than 10 percent test locations. Evidence of nonfunctional
cathodic protection system is noted at most locations.

ICCP or SACP system is not functional or is not providing corrosion protection at any test
locations as intended.

u PORT HOUSTON

Applicable Component Types: Impressed Current Cathodic Protection Systems, Sacrificial Anode Cathodic
Protection Systems, Spray Metalizing with Monitoring Boxes

SPON04, Standard Practice: The Use of Coupons for Cathodic Protection Monitoring Applications. If corrosion

rate is used as an evaluating metric, the corrosion rate should be no greater than 2 mpy 1o achicve a rating of 6- Good.



ICCP Visual Component Rating

Negative structure

Typical condition of CS

conduit, protecting Conhegtlon
wiring exhibiting moderate e
COrosiEn Typical Anode support in

anod condition
UUU UVUITTUILITVUIL ]

J
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ICCP Visual Component Rating

= Measurements from rectifiers are shown below:

* PW5-1: 5.9V DC measured across external leads
(display read 5.1 V DC), however, no current was
flowing (Figure 2).

e PW 24-1: Qutput display showed 5.8 V DC and 25A
and measured values showed <10% variation.

¢ PW 37-1: Output display showed 4.0 V DC and 24A,
however, measured current was 5.8 V DC. Amperage
output display panel was within 10% of measured
values.
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ICCP Visual Component Rating

llllllllll
llllllllllllllllllllllllll

Minor anode
consumption

Some anodes missing
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ICCP Visual Component Rating

| EXte n S |Ve d efe CtS (n Ot Table 6.2. Visual Ratings for Cathodic Protection Components
significant)

6 Good Very minor or no problems observed. Also applies to newly constructed or rehabilitated
protective components.

| F u n Ctl O n al Ity h aS 5 Satisfactory Limited minor defects, damage, or deterioration - not extensive to multiple elements.

4 Fair Extensive minor or limited moderate defects, damage, or deterioration. All primary elements

b e e n I I I I p aCte d and their attachment to the asset are sound and functional purpose/use of the component is not

affected. Minor repairs or maintenance may be required.

3 Poor Extensive moderate defects, damage or deterioration that affects functional purpose/use of the
3 - P O O r component or compromises attachment of the component to the asset.

2 Serious Defects, damage, or deterioration significantly affect functional purpose/use of the component.

I Critical Advanced damage or deterioration expected to result in failure(s) of component to provide

adequate protection. The component can no longer serve its functional purpose/use and/or
conditions are present that may lead to imminent failure of the ICCP system.

Applicable Element Types: Anodes, Supplementary Anode Materials, DC Power Supply, Monitoring
Equipment, Wiring and Protection, Cathodic Protection Jackets, CP Supports
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ICCP Component Rating

Impressed Current Corrosion Protection Elements
- - Element{s) Rating Comments
. l I I I ' tl O n a atl n -— Functional 4 Instant-off potentials of the bulkhead wall were measured as
maore negative than -850 my vs. CSE along the length with the
exception of the upstream bufkhead wall under the 1-610

bridge and east end of the downstream bulkhead wall. The
bulkhead wall in Bay 16 was

potential measurement at th

. .
measured at -1500 m\ vs, CSE, which is in excess of the -1200

. I S u a a I n — mV s, CSE maxlmum threshold. At the fender, Instant-off
potential measurements were all measured & more negative

than -850 mV vs, CSE. Figure 1 provides a visual
ropresentation of the ICCP potential data,

. "
W I r I n 5 The entire upstream system appeared non-functional
—
g Visual (Overall) 3 Refer to ratings below far visual ratings of applicable elemant
groups
Wiring and Protection 5 Wiring and protection was n satisfactory condition.
- — CU Wiring 5 Ao ble portions of wiring appeared to be in satisfactory
condition with minor corrosion at the connections. Accessible
u ro e C I O n wiring included including negative structure wire extending
from the rectifies 1o the bulkhead wall, positive anode wiring
from the rectifiers to the submerged anodes, and bond wires
installed to electrically connect the fender system to the

bulkchead wall

u p p O rtS 5 The mast significant corrosion was observed of the negative

connection in Bay 5 (Figure 3).

- €5 Protection a4 Exposed carbon steel conduit extended through the bulkhead
wall at locations where subgrade wiring was routed. This
conduit appeared to be in serviceable condition with minor

] A n ongoing corrosion (Figure 4),
PVC Protection NA Inaccessible

CP Supports 5 Supports were in satisfactory condition.
G5 Supports 5 All gatvanized steel anode supports were still in serviceable
condition [Figure 5).

]
OWE E r S l l I I ‘ EE ; 3 Anodes 3 Minimal marine growth and minor section loss, typical. Sc
OTH Bulk Anade 3 anodes missing,

0C Power Supply 3 The tollowing observations were made regarding the three
TRU DC Power 3 transformer-unit
Supply ICCP system installed for the whaef structure,

s Installed as part of the waterside

&  PW 5-1: 5.9V DC measured across external leads
(display read 5.1 V DC), however, no curment was

”(MIIIE Figure 2

-,
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Example: Surface Protection Rating

=
\J

= Good adhesion
(exceeded 250 psi)
= Varying degrees of
peeling/exposed
substrate

= Mostly splash
and tidal zones

= Localized

Epoxy Coating at
Bulkhead Wall

PORT HOUSTON
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Example: Surface Protection Rating

= Recently recoated

= Good adhesion &
thickness

= Limited distress

Epoxy Coatingat |
Bulkhead Wall
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Example: Surface Protection Rating

= ~30% of area with CS4 peeling/exposed substrate
(widespread)

" N Coal Tar Coating
6 PORT HOUSTON at Fender System




Element(s)

Example: Surface

Protection Rating

Surface Protection Elements

Rating Comments

Surface Protection 4

Owerall, surface protection elements were in fair condition. The
upstream portion of the wall under 1-610 had been recently
recoated and was in the best condition of the length of the
wall,

The coal tar epoxy coating on the fender system, which
appeared to be the original coating, was in poor condition.

All adhesion measurements for coatings applied on the
bulkhead wall and fender elements exceeded 250 psi.

The coal tar epoxy coating was installed on the fender system,
including the piles and support framing. This coating was in
poor condition on all observed elements, with approximately
20 percent of the base metal exposed on the piles and framing,
respectively. Coating defects were typically observed in the
splash and tidal zones on the fender piles, while the coating
distress of the framing appeared to generally originate from
typical structural details that are difficult to coat (stiffener
plates, holes, etc.).

The bulkhead wall coatings overall were in fair condition, with
varying degrees of peeling and blistering observed along the
length of the wall. Higher concentrations of distressed or failed
coatings was typically observed in the splash and tidal zones.

CE Coatings 3

EP Coatings 4

The original upstream bulkhead wall under the 1-610 bridge had
been recoated (details unknown) and was in satisfactory
condition. Approximately 35 mils DFT was measured in the
atmospheric exposure zone and typically, exposed steel was
isolated and typically only observed at weld connections to the
anode support angles and vertical seams (Figure 6).

Table 6.3. Ratings for Surface Protection Components

Rating

Description

6 Good

Very minor or no problems observed. Also applies to newly constructed or rehabilitated
components.

5 Satisfactory

Limited minor defects, damage, or deterioration such as chalking, blushing, blistering, etc. -
not extensive.

4 Fair Extensive minor or limited moderate defects, damage, or deterioration. Coating, wrap, and/or
metalizing may be peeling or missing in localized areas.

3 Poor Extensive moderate defects, damage or deterioration. Coating, wrap, and/or metalizing may be
peeling or missing in not more than 50 percent of coated surfaces.

2 Serious Defects, damage or deterioration has significantly reduced protection of base steel elements.
Coatings, wraps, and/or metalizing elements are only providing protection in localized
locations.

1 Critical Advanced defects, damage, or deterioration categorized as a systematic coating failure.

Coatings, wraps, and/or metalizing elements do not protect base metal elements.

Applicable Element Types: Coatings, Wraps, and Spray Metalizing

u PORT HOUSTON

Page 41




@ PORT HOUSTON

END OF MODULE

Page 42



@ PORT HOUSTON

Module 6.3

Base Metal Component Ratings

Corrosion Manual Training Course
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Module Objectives

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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Base Metal Component Ratings

= Baseline and Routine Inspections
= Numerical Rating: 1 to 6 scale (Corrosion Damage Rating Index)
« Thickness Measurements (Section Loss)

= Estimated Corrosion Rate

Table 6.4. Corrosion Damage Rating Index for Base Metal Components

Estimated Corrosion Rate (mpy) 6 - G 00 d
<2 2<x<6 6<x<11 >11
; <2% 6 Good 6 Good 5 Satisfactory | 5 Satisfactory 4 — Fair
;f >2% to <10% | 5 Satisfactory 4 Fair 4 Fair 3 Poor 3 — Poor
'*g >10% to <30% 3 Poor 3 Poor 3 Poor 2 Serious 2 —_— Ser | ous
i >30% 2 Serious 2 Serious 1 Critical 1 Critical l —_— Cr | t| C al
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Base Metal Component Ratings

= Multiple elements, multiple ‘
exposure zones o
.

= 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):

(T TR)

-

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

« Te: Initial as-built or design thickness
« Tr: Thickness measured in most recent inspection

SL + 100
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Base Metal Component Ratings

= Corrosion Rate: from time of the previous inspection:

» CR: Corrosion Rate in mils per year

= T Avg. thickness in current inspection (mils)

= Tr 1 Avg. thickness in previous inspection (mils)

« |: Time between previous and current inspection (years)
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Documenting and Reporting

= Base metal o -
componentratings | -
InCIUded on. = e S -

- Inspection History | =

.. — oy [

Form

e

» Inspection
Summary Form

= PHA Database
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Documenting and Reporting

Overall
Component
Ratings for
Classification
Group

Base Metal Components and Elements

Element(s) Rating Comments Provides
Critical . NA Inaccessible Commentary to

— CSTie Rod NA £ explain reasoning
Typical 5 / behind rating

— CS Bulkhead-vvall o The bulkhead wall was in good condition with minor corrosion

— CS Fender Piles

at the seams and minimal general section loss.

SectiomMNgss: (Good < 2%)

Estimated Coreosion Rate: (Satisfactory <6émpy ) Include controlllng

Impact damage anthegrrosion of piles was observed near the section loss and

vaterline. corrosion rate
estimate used to
Section loss: (St GCtOry/Faf‘r <10% establlsh ratlng
Estimated Corrosion Rites{Fair/Poor <11hwy)
Redundant 4
— CS Support Framing a Impact damage and corrosion of framing wasobserves pear

the watertirrespacticularly at connections.
Section loss: (Satisfactory/Fair <10%) Element
Estimated Corrosion Rate: (Fair/Poor <11mpy) Ratings
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Example: CD32 Base Metal Ratings

= Critical

= Tie Rods
(Not Accessible)

= Typical
» Bulkhead Walls
» Fender Piles

= Redundant
= Support Framing

6 PORT HOUSTON




Example: CD32 Bulkhead Walls
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xample: CD32 Bulkhead Walls

Exposure _ N _ _ A [ ion | condition BW12 | Belowwalebeam | 038 038 038 038 038 0.38 4% cs2
Zone Element | Location Description Thickness (in.) Thickness | <) | state BW13 | Belowwalebeam | 038 038 0385 038 0385 | 0382 3% cs2
(in.) BW4-1 | Belowwalebeam | 0375 | 0375 | 0375 | 0375 | 0375 | 0375 5% cs2
Flange, +6.0, BW 8-1 Below wale beam 0.38 0.38 0.38 0.38 0.38 0.38 4% cs2
upstream BW under [ 0428 | 0437 | 0427 | 0434 | 0432 | 0432 0% cs1
1-610 bridge BW 12-1 Below wale beam 0.375 0.375 0.37 0.37 0.37 0.372 6% CS2
Web, +6.0, upstream BW 15-1 Below wale beam 0.4 0.4 0.4 0.4 0.4 0.4 0% Cs1
BW under 1-610 0.394 0.401 0.4 037 0.399 0.393 0% cs1 Splash BW 18-1 Below wale beam 0.38 0.38 0.38 0.38 0.38 0.38 4% CS2
bridge BW 22-1 | Belowwalebeam | 0395 | 0395 | 0395 | 0395 | 0395 | 0.395 0% cs1
Flange, +8.0, diag. BW 25-1 Below wale beam 0.38 0.38 0.38 0.38 0.38 0.38 4% CS2
Bw1.1 | BW betweenwharf | 04 0406 [ 0399 04 04 0.401 0% cs1 BW31-1 | Belowwalebeam | 0.405 0.405 0.405 0.405 0.405 0.405 0% cs1
wa rl‘)dlfomd?”di;, BW34-1 | Belowwalebeam | 0375 0375 0.375 0375 038 0376 5% Cs2
eb, +8.0, diag.

between wharfgand | 0384 | 0382 | 0377 038 0376 038 0% cst BW37-1 | Belowwalebeam | 0.37 0.37 0.37 0.37 0.37 0.37 6% €52

610 bridse BW39-1 | Belowwalebeam | 035 035 035 035 0355 | 0351 11%
Flange, 80,40 | = | o | 0un | oas | oate | osta . o BW 1-1 Waterline 0425 | 0425 | 0425 0.42 042 0423 0% cs1
Atmospheric west of wharf BW 1-2 Waterline 038 038 038 038 038 038 4% cs2
web, +8.0,40west | | oo T T 0203 | osor | 0306 0% - BW 1-3 Waterline 038 038 038 038 038 0.38 4% cs2
of wharf BW 4-1 Waterline 0375 0375 0375 0375 0375 0375 5% cs2
BW 5-1 Flange, +10.0 0405 | 0402 | 0403 | 0406 04 0.403 0% cs1 BW 8-1 Waterline 0.375 0375 0.375 0375 0.375 0375 5% Cs2
Web, +10.0 038 0379 | 0383 | 038 | 0391 | 0.384 0% cs1 BW 12-1 Waterline 0375 0375 0375 037 037 0373 6% cs2
oW 101 Flange, +10.0 0436 | 0415 | 0415 | 0406 | 0416 | 0418 0% cs1 _ FWEERY Waterline 0z 0z 0z 0z 0z 0z 0% =
Web, +10.0 038 0378 | 0372 | 0372 | 0378 [ 0376 0% cs1 Tidal BW 18-1 Waterline 0375 | 0375 | 0375 037 037 0373 6% cs2
BW 16-1 Flange, +10.0 0401 0.402 0413 0.398 0.402 0.403 0% cs1 BW 22-1 Waterline 0.395 0.395 0.395 0.395 0.395 0.395 0% cs1
Web, +10.0 0378 | 0375 | 0377 | 0378 | 0374 | 0376 0% cs1 BW 25-1 Waterline 038 038 038 0.38 038 0.38 4% cs2
BW 22-1 Flange, +10.0 04 04 0398 | 0406 | 0414 | 0404 0% cs1 BW 31-1 Waterline 0.405 0.405 0.405 0.405 0.41 0.406 0% cs1
Web, +10.0 0384 | 0386 | 0385 039 0381 | 0385 0% il BW 34-1 Waterline 037 037 037 037 037 037 6% cs2
BW 25-1 Flange, +10.0 0.383 0.386 04 043 045 041 0% cs1 BW 37-1 Waterline 0375 0.375 0.375 0.375 0.375 0.375 5% Cs2
Web, +10.0 0371 ] 0372 | 0369 | 0373 | 0372 | 0371 1% 51 BW 39-1 Waterline 0385 | 0385 | 0385 | 0385 | 0385 | 0385 3% Cs2
BW 1-1 Mudline 043 0.43 0.43 0425 | 0425 | 0428 0% cs1
BW 12 Mudline 038 0385 038 038 0385 | 0382 3% cs2
BW 1-3 Mudline 0385 038 0385 | 0385 038 0383 3% cs2
BW 7-1 Mudline 0365 | 0365 | 0365 | 0365 | 0365 | 0365 8% cs2
Submerged [BW 14-1 Mudline 0375 | 0375 038 038 038 0378 4% cs2
BW 20-1 Mudline 0375 | 0375 | 0375 0.38 038 0377 5% cs2
& PORT HOUSTON BW 26-1 Mudline 0405 | 0405 | 0405 | 0405 | 0405 | 0.05 0% cs1
u BW 32-1 Mudline 0375 | 0375 | 0375 | 0375 038 0376 5% cs2
BW 39-1 Mudline 038 038 038 0.38 038 0.38 4% cs2




Example: CD32 Bulkhead Walls

= Avg. 4% section loss in Splash Zone (controlling zone)
= |[nstalled in 1982 — Baseline Inspection 2020

« 15.8 mils of metal loss in 38 years - ~0.5 mpy
= |CCP (Functional — 4 Fair, Visual — 3 Poor)

" Coatl n g . 4 - Fal r Table 6.4. Corrosion Damage Rating Index for Base Metal Components

Estimated Corrosion Rate (mpy)
<2 2<x<6 6<x<11 >11
" <2% 6 Good 6 Good 5 Satisfactory 5 Satisfactory
2 —_—
E >2% to < 10% 5 Satisfactory 4 Fair 4 Fair 3 Poor
g >10% to <30% 3 Poor 3 Poor 3 Poor 2 Serious
’ >30% 2 Serious 2 Serious 1 Critical 1 Critical
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Example: CD32 Fender Piles

X : ‘:, & I
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Example: CD32 Fender Piles

Exposure . L. . . .Avg. Section | Condition
Element |Location Description Thickness (in.) Thickness
Zone (in) Loss (%) State
FP 5-1 6 ft 0.6 0.601 0.593 0.598 0.595 0.597 3% CS2
. |FP16-1 6 ft 0.649 0.645 0.652 0.654 0.648 0.65 0% CS1
Atmospheric
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 15 ft 0.521 0.392 0.375 0.473 0.42 0.436 29% -
splash FP 16-1 1.5ft 0.471 0.325 0.366 0.381 0.491 0.407 34% CS4 40% SeCtlon |OSS
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 ave rage In
FP 5-1 W/L 0.615 0.61 0.61 0.615 0.615 0.613 0% CS1
Tidal FP 16-1 W/L 0.64 0.64 0.64 0.635 0.635 0.638 0% Ccs1 SplaSh Zone
FP 25-1 W/L 0.48 0.48 0.48 0.48 0.485 0.481 22%
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
Submerged |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% CSs2
FP 39-1 5’ below water 0.58 0.58 0.58 0.585 0.585 0.582 5% CS2
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Example: CD32 Fender Piles

= Localized to flange
= Not uniform corrosion at full element

5-10% of total pile area \

= 2

= >
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Example: CD32 Fender Piles

= Avg. ~10% total element section loss in Splash Zone (controls)
= |nstalled in 1982 — Baseline Inspection 2020

« 246 mils of metal loss in 38 years - ~6.5 mpy (equivalent)
= |CCP (Functional — 4 Fair, Visual — 3 Poor)
= Coating: 3 — Poor

Table 6.4. Corrosion Damage Rating Index for Base Metal Components

Estimated Corrosion Rate (mpy)
<2 2<x<6 6<x<11 >11
4 - Fai r " <2% 6 Good 6 Good | 5 Satisfactory 5 Satisfactory
V ————————————
S| ozeosion | ssuiscory | arar || e
g >10% to <30% 3 Poor 3 Poor 3 Poor 2 Serious
’ >30% 2 Serious 2 Serious 1 Critical 1 Critical

u PORT HOUSTON




Example: CD32 Base Metal Ratings

Base Metal Components and Elements

u R atl n g S an d Element(s) Rating Comments
d es C r . . O n S O n Critical 5 Inaccessible. Scored as 5 due to age.
|pt| ~ CS Bulkhead Tie Rod NA
. Typical 4
I nSpeCtlon Form — C5 Bulkhead Wall 5 The bulkhead wall was in satisfactory condition with minor

= Measurement data
on Inspection Data
Form

— C5 Fender Piles

Redundant
— C5 Support Framing

corrosion at the seams and minimal general section loss,
approximately 5% in the splash zone.

Section loss: (Sotisfoctory, >2% to <10%)
Estimated Carrosion Rate: (Satisfoctory, <2 mpy)
Gaverning Zone = 5plash

4 Impact damage and corrosion of piles was observed near the
waterline. Corrosion at the flanges was worst in the splash zone
with an average loss of approximately 25%. Webs were in
generally good condition with minimal section loss.

Section loss: (Foir, 2% to <10%)
Estimated Carrosion Rate: {Fair, 6 to 11 mpy)
Governing Zone = 5plash

3 Impact damage and corrosion of framing was observed near
the waterline, particularly at connections. Framing in splash
zone with approximately 12% section loss in the flanges and
corrosion at web.

Section loss: (Poor, =10% to 30%)
Estimated Carrosion Rate: {Poar, 6 to 11 mpy)
Gaverning Zone = Splash
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Summary

= Numerical Rating: 1 to 6 scale (Corrosion Damage Rating Index)
= Thickness Measurements (Section L0sS)
« Estimated Corrosion Rate

= Still have to employ Engineering judgement

Table 6.4. Corrosion Damage Rating Index for Base Metal Components

Estimated Corrosion Rate (mpy) 6 - G 00 d
<2 2<x<6 6<x<11 >11
" <2% 6 Good 6 Good 5 Satisfactory 5 Satisfactory 4 - Fal r
5: >2% to <10% | 5 Satisfactory 4 Fair 4 Fair 3 Poor 3 — Poor
'*g >10% to <30% 3 Poor 3 Poor 3 Poor 2 Serious 2 — Ser | ous
i >30% 2 Serious 2 Serious 1 Critical 1 Critical 1 —_— Cr | t| C al
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Module 6.4

Asset Corrosion Condition Rating

Corrosion Manual Training Course
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Module Objectives

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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Overview of Process

Condition
Assessment
(Module 6.1)

Numerical
Formula

CM QOutcome

Element Condition
States

Component Ratings

Overall Corrosion
Condition Rating

1y

u PORT HOUSTON
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Overview of Process

CM Outcome . : :
= Five possible corrosion
" rotection component ratings
Element Condition P P o J
Condit States ICF — ICCP Functionality
ondition ICV — ICCP Visual
Assessment L
SAF — SACP Functionality
: 1 .
Component Ratings @f | * SAV - SACP Visual
v SPR — Surface Protection Rating
Numerical _ _
Formula ' = All five corrosion component
Overall Corrosion ratings may not be applicable
Condition Rating to each asset
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Overview of Process

Condition
Assessment

Numerical
Formula

CM QOutcome

Element Condition
States

Component Ratings

Overall Corrosion
Condition Rating

™

= Three possible base metal
component ratings
CR — Critical
= TYP —Typical
RED - Redundant

= All three base metal
components may not be
applicable to each asset

u PORT HOUSTON
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Corrosion Condition Rating (CCR)

= 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 Protection Combined Rating

Table 6.5: CP Deduction Table
= O S CP S 60 CP Deductions by Component
COI;“DO“em ICCP ICCp Sacrificial Anode Sacrificial Surface
- - ating Functionality Visual Functionality Anode Visual | Protection
- Determine deductions acr | acvy | esan sav | e
ritica =1 30 10 30 10 30
based on Table 6.5 Serious [ = 5 5 5 5 is
Poor =3 8 3 8 3 8
Fair =4 4 2 4 2 4
= Calculate CP : , 2 , !
based on numerical GoodL=¢ g d d g :

eq u atl O nS CP= 60-(ICF+ ICV+ SAF + SAV + SPR) = () for assets with each corrosion protection

system

CP=60-16x(ICF+ ICV+ SPR) = 0 for assets with no sacrificial anode
compunems

CP=60-1.6x(SAF+ SAV+ SPR) = 0 for assets with no impressed current
components

CP=60-3.6x(SPR) = (0 for assets with only SPR components
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Base Metal Combined Rating

- 0<BM <40

Table 6.6: BM Deduction Table

- Determlne deductlons . t .-]?MDeductions.byComponent
0;{1!%2;1; ' Cn(lillf}lflilrlts CI]EE;:‘I:IINS &ﬁgﬁggtts
based on Table 6.7
CR TYP RED
= Calculate BM based on Critical [ -1 40 25 10
. . Serious =2 25 13 5
numerical equation Poor [ =3 13 : ;
Fair =4 6 3 2
=5 3 2 1
Good =6 0 0 0

BM=40-(CR+TYP+RED) 2 0
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Corrosion Condition Rating Summary

Given: Assessment Complete & Component Ratings
= Corrosion Protection
« ICCP

6 — Good
= SACP
» Surface Protection g- 'F:)a"
- FOOr
= Base Metal 5 — Serious
= Critical 1 — Critical
= Typical

= Redundant
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Corrosion Condition Rating Summary

= Step 1: Determine deductions for applicable components

Table 6.5: CP Deduction Table

CP Deductions by Component
Component ICCP 1ccp Sacrificial Anode Sacrificial Surface
Rating Functionality Visual Functionality Anode Visual | Protection
(ICF) (ICV) (SAF) (SAV) (SPR)
=1 30 10 30 10 30
=2 15 5 15 5 15
=3 8 3 8 3 8
=4 4 2 4 2 4
=3 2 1 2 1 2
=6 0 0 0 0 0

Table 6.6: BM Deduction Table

BM Deductions by Component
Component Critical Typical Redundant
Rating Comp ts | Comp ts | Comp 1t
CR TYP RED
=1 40 25 10
=2 25 13 5
=3 13 6 3
=4 6 3 2
=5 3 2 1
=6 0 0 0
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Corrosion Condition Rating Summary

= Step 2: Calculate CP & BM

CP= 60-(ICF+ ICV+ SAF + S4V + SPR) = 0 for assets with each corrosion protection
system

CP=60-16x(ICF+ ICV+ SPR) = 0 for assets with no sacrificial anode
components

CP=60-1.6x(SAF+ SAV+ SPR) = 0 for assets with no impressed current

components

CP=60-3.6x(SPR) = 0 for assets with only SPR components

BM=40-(CR+TYP+RED) > 0

\ No deductions if

no CR, TYP, RED component
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Corrosion Condition Rating Summary

= 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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Example CCR Calculation

= Step 1. Determine deductions for applicable components
on the asset

Corrosion Deduction Base Metal | Rating | Deduction
Component Component
ICF 4 CR 5

ICV 5 TYP A
SAF N/A RED 4
SAV N/A

SPR 3
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Example CCR Calculation

= Step 1: Determine deductions for applicable components

on the asset

Corrosion Deduction
Component

Table 6.5: CP Deduction Table

CP Deductions by Component

Component 1ccp 1ccp Sacrificial Anode Sacrificial Surface
Rating Functionality Visual Functionality Anode Visual | Protection
(ICF) (ICV) (SAF) (SAV) (SPR)
IC F =1 30 10 30 10 30
4 4 = 15 5 15 5 15
ICV 5 = 8 3 8 3 8
= 4 2 4 2 4
= 2 1 2 1 2
SAF N/A - - n - . >
SAV N/A
SPR 3
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Example CCR Calculation

= Step 1: Determine deductions for applicable components

on the asset

Corrosion Deduction
Component

Table 6.5: CP Deduction Table

CP Deductions by Component

Component 1ccp 1ccp Sacrificial Anode Sacrificial Surface
Rating Functionality Visual Functionality Anode Visual | Protection
(ICF) (ICV) (SAF) (SAV) (SPR)
IC F =1 30 10 30 10 30
4 4 = 15 5 15 5 15
ICV 5 1 = 8 3 8 3 8
= 4 2 4 2 4
= 2 1 2 1 2
SAF N/A - - n - . >
SAV N/A
SPR 3
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Example CCR Calculation

= Step 1: Determine deductions for applicable components

on the asset

Corrosion Deduction
Component

Table 6.5: CP Deduction Table

CP Deductions by Component

Component 1ccp 1ccp Sacrificial Anode Sacrificial Surface
Rating Functionality Visual Functionality Anode Visual | Protection
(ICF) (ICV) (SAF) (SAV) (SPR)
IC F =1 30 10 30 10 30
4 4 = 15 5 15 5 15
= 8 3 8 3 8
ICV 5 1 - 7 2 4 2 4
SAF N/A N/A - - : - : -
= 0 0 0 0 0
SAV N/A N/A
SPR 3
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Example CCR Calculation

= Step 1: Determine deductions for applicable components
on the asset

Corrosion Deduction
Component

Table 6.5: CP Deduction Table

CP Deductions by Component

Component 1ccp 1ccp Sacrificial Anode Sacrificial Surface
Rating Functionality Visual Functionality Anode Visual | Protection
(ICF) (ICV) (SAF) (SAV) (SPR)
IC F =1 30 10 30 10 30
4 4 = 15 5 15 5 15
= 8 3 8 3 8
ICV 5 1 - 7 2 4 2 4
SAF N/A N/A - - : - : -
= 0 0 0 0 0
SAV N/A N/A
SPR 3 8
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Example CCR Calculation

= Step 1: Determine deductions for applicable components

on the asset

Table 6.6: BM Deduction Table

BM Deductions by Component
Component Critical Typical Redundant
Rating Components | Components | Components
CR TYP RED
=1 40 25 10
=2 25 13 5
13 6 3
=4 6 3 2
=5 3 2 1
=6 0 0 0

Base Metal | Rating | Deduction
Component

CR 5 3
TYP 4
RED 4
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Example CCR Calculation

= Step 1: Determine deductions for applicable components

on the asset

Table 6.6: BM Deduction Table

BM Deductions by Component
Component Critical Typical Redundant
Rating Components | Components | Components
CR TYP RED
=1 40 25 10
=2 25 13 5
13 6 3
=4 6 3 2
=5 3 2 1
=6 0 0 0

Base Metal | Rating | Deduction
Component

CR 5 3
TYP 4 3
RED 4

u PORT HOUSTON
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Example CCR Calculation

= Step 1: Determine deductions for applicable components
on the asset

Table 6.6: BM Deduction Table Base Metal | Rating | Deduction
BM Deductions by Component
Component Critical Typical Redundant C om Po ne nt
Rating Components | Components | Components

CR TYP RED CR 5 3
=1 40 25 10

-2 25 13 5 TYP 4 3
=3 13 6 3

—~ . ; ; RED 4 2
=5 3 2 1
=6 0 0 0
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Example CCR Calculation

= Step 2: Calculate CP

. . CP =60 - (ICF + ICV + 5AF + SAV+5PR) 2 0 for assets with each corrosion protection system
CorrOSIon Ded UCtIon CP=60-1.6x(ICF+ICV+5PR) 2 0 for assets with no sacrificial anode components
CO m pO n e nt CP=60-1.6x(SAF+5AV+5PR) 2 0 for assets with no impressed current components

I C F CP=60-3.6x(SPR) 2 0 for assets with only SPR components

ICV 5 1

CP=60—-1.6x (ICE+ICV+SPR) > 0
SAF N/A N/A —60-1.6x(4+1+8)
SAV N/A N/A -39

SPR 3 8
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Example CCR Calculation

= Step 3: Calculate BM

Component BM = 40— (CR + TYP + RED) > 0

CR 5 3 =40-(3+3+2)
TYP 4 3 =32
RED 4 2
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Example CCR Calculation

= Step 4: Calculate CCR CP=60-1.6x(ICF+ICV+SPR) > 0
=60-1.6x(4+1+38)

=39

BM = 40— (CR + TYP + RED) > 0
=40-(3+3+2)
=32

CCR=CP+BM =0
=39+ 32
=71
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Example CCR Calculation

= What if we had a slight change in component rating(s)?

ICV 5 4
SAF N/A
SAV N/A
SPR 3

2

N/A

N/A
8

Corrosion Deduction Base Metal | Rating | Deduction
Component Component
ICF 4 A CR 5 3

TYP 43 3-6
RED 4 2

CCR=CP+BM =0
=3938+3229
= /167
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Documentation and Reporting

= Documented on the following forms:
« Inspection History
« Inspection Summary
« PHA Database

::::::: et
Inspection Hist ey
Property: L ehours Cun Tamsinal Assat 1D;
Bt terotovgnal
Cassfication:  Wral  Construo tion
wapectien tearls)of Sgaifiant
nnnnnnnnnnnn Inspetian Plan Moot 004,

Dates of Inspectioas, Asset, and Componsnt Ratings

Inspection Type: Daselme

Inspection Status

||||||| Apoe Water

....................

Corrasion Condition Rating [05R]

S functianslity

ritical

Bedundant

u PORT HOUSTON

Inspection History

Page 87



Documentation and Reporting

Maritime Asset
Comasion Inspection Summany

¥

Fropery: Marthuide Tuming Basin At 10;
Iipaction Type 4 B, Routies  TinDogth  Inspection Dutels);
Scape of
Imapaction Entire Asget, Absivs Watsr and Undsr Wites
teapaction
Firmil: Prima: Wisa. lanney. Elines Assocates, Int.

Undenwates: Rin Engineering, Inc

oL e
Regorted By. 5 Foster, F.E Report Date:
Corration Manusl 5%, Jew 2020 Varisnes from €M W&
Versian/Bute- Procedure:

Seal af Responsible Enginerr

ander my diect supervision
ral knowledge comglies with

i, =
Mssnanod®

Imspection Team Members
Manager: Sbephen foater

rri]) Cavey Jasms, Kyle Myer,

Stephe Fentrr

Undermmter Team Leader: o Searkny
Undermatn Team Mambse

Aating = )
B =0 (CR + TYP+ RED) = 40- (3 +3+3) = 31
CON e CP e BM w07+ 2= 73
The peret st

suting (CCR) fov 00 53

s 21

S

S

Inspection

Summary

Overall, the bulkhead wall was in good condition with minimal measured section loss when compared to design
thicknesses. On the other hand, the measured section loss and estimated corrosion rates for the fender elements
led to lower ratings. For fender pile elements, moderate section loss was measured in the splash zone along with
an approximate corrosion rate of between & and 11 mpy, resulting in a poor rating. Corrosion was observed in
the support framing with a similar rating.

The corrosion protection system of the wharf appeared to be mostly functional. The rectifier in Bay 5 was not
outputting current, likely due to discontinuity in the external leads. Despite this, potentials showed odeguate
protection for the entire fender and approximately 80 percent of the length of the bulkhead wall. 300mV of
overprotection was measured at Bay 16, possible correlating to the coating distress located in this area.
Submerged anodes were evaluated as part of the underwater assessment, and overall were in fair condition with
minar pitting with some of the anodes having moderate section loss at the ends. This wharf contained two
different kinds of onodes, one type of anode is encased within a PVC casing that weighs less and are shorter in
length than the original anodes. These more recently installed encased anodes can be visually noted by the
splicing of wiring. The original anodes are longer and heavier and are not encased. Note that the weight of the
anode includes both the anode and the casing for those which included a PVC casing. The wiring of all anodes
and supports appeared intact and functioning.

The second ICCP systemn installed on the upstream bulkhead wall under 1-610 was non-functional. At a minimum,
the rectifier was non-functional and therefore, measurements could not be obtained with the system turned on.

ICF (Functional) Component Rating = 4 (Deduction = 4)

ICV {Visual) Component Rating = 3 (Deduction = 3)

SPR Rating = 4 (Deduction = 4)
CP=60-1.6x(ICF+ICV+COA) =60-1.6x({4+3+4)=42

CR Rating = 5 (Deduction = 3)

TYP Rating = 4 (Deduction = 3)

RED Rating = 3 (Deduction = 3)
BM=40-(CR+TYP+RED) = 40-(3+3+3) = 31

CCR=CP+BM=42+31=73

The overall osset corrosion condition rating (CCR) for €D 32 s 73.

PORT HOUSTON
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Documentation and Reporting

= |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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Module Wrap-Up

= 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
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Module 7.1

Recommended Follow-up Actions

Corrosion Manual Training Course

Page 1



Module Objectives

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
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Module References

= Chapter 7: Recommended Follow-Up Action Guidelines
= Appendix F: Documentation and Reporting Forms
« Follow-Up Action Form
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Recommended Follow-Up Actions

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

= Assists PHA with planning and management decisions
= Possible options

« No Action Required « Refined Analysis

« Routine Follow-Up Action = Immediate Actions

- Priority Follow-Up Action (emergency)
. In-Depth Inspection = Inspection Plan Modifications
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Follow-Up Actions

= 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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Priority vs. Routine 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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Immediate 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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In-Depth Inspection

= 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
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Recommended Follow-Up Actions

= 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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Follow-Up Action Examples

Component: Surface Protection

Elements: Coatings (CT-CE)

Follow-up Action: Recoating
warranted

- - . - Coat
Priority? Routine | degrad

fender coc
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Follow-Up Action Examples

= Corrosion Component: ICCP 3 B

= Element: TRU DC Power Supply
(PW-TRU)

= Follow-up Action: Perform
follow-up investigation to
determine cause(s) and repair or
replace system

Q

-
N ._
= | @

* Priority? Priorit
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Follow-Up Action Examples

= 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 Form

= Summary of
Recommended
Follow-Up Actions

= Asset Identification

= |nspection
Information

= Follow-Up Action(s)
& Log

&,
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Recommended Follow-Up Actions

= I[mportant 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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Required Documentation

= Follow-Up Actions & —l

Follow-up Actions Follow-up Actions Property — Asset ID
PORT HOUSTON PORT HOUSTON MMM DD, VY
I O r m -
Property: Property Asset ID: Asset ID Follow-up Actions Log
Inspection Type: Routine Spocia Inspection Date: MMMM DD, YYYY ‘;::‘ Priority Action Assigned To Assigned By Date
Scope of Inspection [Entire Asset] / [Limited: Bays 89 to UN] 1 Priority | Schedule follow-up investigation | P. Manager D. Engineer MM-DD-YYYY

u L i St al | fO | IOW- U p Inspection Firmis):  Prime; [Firm Name]

Underwater: [Firm Na

.t H f H Other [role): [Firm Name|
actions 1or given i Wl e wminn o
Follow-up Actions

aS S et frem No.: 1 | Priarity: | CoPriority IRoutine

Component:

Elemant Type: | Element 1D{s): |

Condition

= Complete follow-up  |e=

action:

Recommended

actions log for PHA ==

use ‘ . Appendix F
Representative Photos

Figure 1. Overall view of location Figune 2. Closie-up wiew of congition
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Example:

Item No.: 1 Priority: CPriority CJRoutine
Component: n/a
Element Type: n/a Element ID(s): n/a

Condition No action required

Identified: q

Reason for i . i
) Asset condition does not warrant further action at this time.

action:

Recommended A ; ;

Acti Schedule next Routine Inspection at standard interval (3 yrs above water, 6 yrs below water)
ion:

Using Follow-Up Action
Form
(See Section 8.9)

N/A

N/A

Figure 1. Overall view of location

Figure 2. Close-up view of condition

u PORT HOUSTON
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Required Documentation

= Required information

Item No.: 1 Priority: CIPriority X Routine
Component: Impressed Current Cathodic Protection System
DC Power
1 Type: 1 1 H P -
Element Type Supply Element ID(s) W 5-1

(DISP) Error in Output Display Panels : CS4 (Severe)

Panel ammeter displays 0 amps of current, voltage drop was measured across shunt and
20 amps of current was recorded, verifies broken panel meter and overall CP system is
unaffected

Condition Identified:

Reason for action: To easily observe amount of current provided by rectifier

Follow-up investigation to include: Replace meter or mark meter and record ammeter

panel as broken. Ensures workers ignore panel reading and record current measurement

across shunt to verify system is performing properly.
— — =

Recommended
Action:

Figure 1. Broken ammeter displaying 0 amps of current
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Required Documentation

= Required information

Item No.: 1 ” Priority: CIPriority X Routine

Component: Impressed Current Cathodic Protection System

= Prio |’|ty Element Type: SDucpZ‘l’;”e' ElementID(s): | PW5-1

(DISP) Error in Output Display Panels : CS4 (Severe)

Panel ammeter displays 0 amps of current, voltage drop was measured across shunt and
20 amps of current was recorded, verifies broken panel meter and overall CP system is
unaffected

Condition Identified:

Reason for action: To easily observe amount of current provided by rectifier

Follow-up investigation to include: Replace meter or mark meter and record ammeter

panel as broken. Ensures workers ignore panel reading and record current measurement

across shunt to verify system is performing properly.
— — =

Recommended
Action:

Figure 1. Broken ammeter displaying 0 amps of current
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Required Documentation

= Required information

Item No.: 1 Priority: CIPriority X Routine

Component: Impressed Current Cathodic Protection System

« P |"| or | ty Element Type: SDfpi‘l’;”e’ ElementID(s): | PW5-1

(DISP) Error in Output Display Panels : CS4 (Severe)
Condition Identified: Panel ammeter displays 0 amps of current, voltage drop was measured across shunt and

20 amps of current was recorded, verifies broken panel meter and overall CP system is
= Component

Reason for action: To easily observe amount of current provided by rectifier

Follow-up investigation to include: Replace meter or mark meter and record ammeter

Recommended
[ ] E | e I I l e nt Typ e an d I D (S) Action: panel as broken. Ensures workers ignore panel reading and record current measurement

across shunt to verify system is performing properly.

Figure 1. Broken ammeter displaying 0 amps of current
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Required Documentation

= Required information

Item No.: 1 Priority: CIPriority X Routine
Component: Impressed Current Cathodic Protection System
= Pri orl ty Element Type: DCPower | plementiD(s): | PW5-1
Supply
(DISP) Error in Output Display Panels : CS4 {Severe)

Condition Identified: Panel ammeter displays 0 amps of current, voltage drop was measured across shunt and

20 amps of current was recorded, verifies broken panel meter and overall CP system is
= Component

Reason for action: To easily observe amount of current provided by rectifier

Follow-up investigation to include: Replace meter or mark meter and record ammeter

Recommended
[ ] E | e I I l e nt Type an d I D (S) Action: panel as broken. Ensures workers ignore panel reading and record current measurement

across shunt to verify system is performing properly.

= Condition Identified
= Reason for Action

= Recommended Action(s)

Figure 1. Broken ammeter displaying 0 amps of current
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Required Documentation

= Required information

Item No.: 1 Priority: CIPriority X Routine
Component: Impressed Current Cathodic Protection System
= Pri orl ty Element Type: SDfpi‘l’;”e’ ElementID(s): | PW5-1

(DISP) Error in Output Display Panels : CS4 (Severe)
Condition Identified: Panel ammeter displays 0 amps of current, voltage drop was measured across shunt and

20 amps of current was recorded, verifies broken panel meter and overall CP system is
= Component

Reason for action: To easily observe amount of current provided by rectifier

Follow-up investigation to include: Replace meter or mark meter and record ammeter

Recommended
[ ] E | e I I l e nt Type an d I D (S) Action: panel as broken. Ensures workers ignore panel reading and record current measurement

across shunt to verify system is performing properly.

= Condition Identified
= Reason for Action

= Recommended Action(s)

Figure 1. Broken ammeter displaying 0 amps of current

= Photograph(s)
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Example Follow-Up Actions

Item No.: 2 } Priority: | RPriority TRoutine Item No.: 5 [ Priority: & Priority URoutine
c 2
Component: Impressed Current Cathodic Protection System omponent Protective Couting
Eles P b I CT 1-4, 2-4, 3-4, 4-4, 5-4, 6-4, 7-4, 8-4, 9-4, 10-
ment Type: DC Power Supply I Element ID(s): le24-1 4,11-4, 12-4, 13-4, 14-4, 15-4, 16-4, 17-4, 18-
Shunt value is Indicated as a .1ohm resistor, however after obtaining voitage drops and Eleiment Type: Bulkhesd wall coatin Element 4,19-4, 20-4, 21-4, 22-4, 23-4, 24-4, 25-4, 26-
Condition Identified: current values the resistance value was recorded to be .01 ohm. 5 & 1D(s): 4,27-4, 28-4, 29-4, 30-4, 31-4, 32-4, 33-4, 34-
" | can be due to loose connection or resistor being overheated due to excessive voltage 4, 35-4, 36-4, 37-4, 38-4, 35-4, 40-4, 41-4 42-
exceeding the power rating. 4,43-4,44-4,45-4, 46-4, 47-4, 48-4
Reason for action: l.')amazet‘aF shun'( Iinaccurately records current measurements and can lead to improper Condition Identified: Failure of coating and underlying corrosion on bulkhead sheet pile wall
setting of rectifier
" Corrosion will continue to proceed and lead to additional section loss. Members and
Recommended Reason for action: &
Acti Replace shunt. connections at whale beam may become non-functional
ction:
Recommended Action: | Clean and coat bulkhead wall.
CATHOON BWROTETTION SO
SOSNION. TEEAY
MODEL SEnjAL
e I 7 I
o.c vo\r;- 0.0 AMF
Figure 3. Shunt improperly working, Resistance value does not equal .1ohm as indicated
on label . . . . . .
Figure 5. Protective coating failure leading to 50% section loss of wall

PORT HOUSTON
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Module 8.1

Overall Documentation and Reporting
Requirements

Corrosion Manual Training Course



Module Objectives

= 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 Resources

= Chapter 8: Documentation and Reporting
= Appendix F: Documentation and Reporting Forms
= Module 3.2 of Training Course
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Documentation Overview

Basic asset
documentation:

Module 8.1

Inspection forms:

-

Corrosion
Inventory Record

Corrosion Inspection

Drawings

Inspection Plan

Corrosion

Inspection
Summary

Inspection
Data

Inspection
History

Element
Form

Follow-Up
Action Form

Submission to PHA:

o

/

PHA Database

Module 8.2

u PORT HOUSTON
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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

Maritime Asset Farm C
Corrosion Inventory Record Barbouts
Last up

Property: Barbours Cut Terminal Assat 1D: BCTS
Year of Original

Assat Type: Wharf Construction: 1990
Yearis) of Significant

Wharf Type: Open Modifications or Repairs': 2002, 2004, 2008, 2011
Date of Last Inventory

Wharf Usage: Containerized Cargo Record Update: Januar y 24, 2020

Asset Geometric Data

Area: 36 acres Dack Elevation above MLT: 18 ft. Oin

Structure Length: 1000 ft Channel Depth at Fender: a4 fi. Gin.
Structure Width;  Deck: 108 ft. 3in. Channel Depth at Bulkhead: 7. 6in
Recommen deel Access: Pedestrian Gecess (o structure top side and landside bulkhead via eatweiks, boot access

required ta channel-side of bulkhead wall (8-foot design clear span between drilled shofts).

Structure Corrosion Protection History
BCT & is Jocated near the west end of the Barbour's Cut Terminal along the south side of the channel, The original
structural drawings are dated 1989, and wharf wias i in 1992, Several
and modifications performed et various Himes during the service life of the whar! include the follawing:

*  2002: Repakr and localized recoating of fender system.
*  2004: Repair and localed recoating of fender system,
= 2004: Repair of the crane rail expansion jaint

*  2008: Repair and localized recoating of fender system,
®  2011: Repair and localized recoating of fender system,

Generated as part of Baseline Inspection.
Revised as part of Routine Inspection only
if changes are identified.

Barbour's {I.JI - Phase ||

6 PORT HOUSTON
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Corrosion Inventory Record

Maritime Asset
Corrosion Inventory Record

= List of components and elements
e « Corrosion Protection

Anodes Anodes are installed as part of the ICCP system designed to protect both the
fender piles and bulkhead wall

OTH Ancde Clusters of twa bulk anodes are hung from the dock at approximately 35° to the
andside of der system at 10° longitudinal spa 5
Anodes are Installed at Elev. -3.0 and -12.07, —
DE Power Supply Three DC pawer supplies are instafled to provide DC power for the ICCP system, Note:
drawings indicate five rectifiers, but only three were installed
TRU DC Power Transformer-unit rectifiers are installed approximately 116-feet 1o the landside of

Supply the bulkhead wall adjacent to light poles 8 through 12 S Q C P
Wiring and Protection Wiring connects TRU DC Power Supplies with bulk anodes and the structure and is

protected by PVC conduét to the landside of the bulkhead wadl,

CU Wiring No. 6/7 copper wiring connects the corrosion protection system, Positive leads run
1o the bulk anodes and negative leads are connected to the fender system and

bulkhead wall. Negative leads connect the copper conduit to the tog fender wale M

e b ke en s s i, el — Surface Protection
PVC Protection Copper wiring is run through underground PYC condudt from the bulikkhead wall to

the five transformer-unit rectifiers

Base Metal Components and Elements
o = base vietals

Element(s)
fr—
Critical
~ €5 Tie Rod Thee rods, 3-3/4 inch diameter, extending from bulkhead wale beam to dead man,
spaced at approximately 15 feet on center and encased in Schedule 40 PYC o H
caes — Critica ICa edundant
] ]
. fed in 1990, no documented modifications or repairs.
. i Cross-Sectionol Area = 11.0/in
“Typical - . .
NN SN GO B S S W — Includes desi gn thickness
500

o installed in 1990, no documented modifications o repairs. B2-20
+  Design Thickness = 0.551 in (flange), 0.394 in fweh/w

-

PORT HOUSTON Page 6



Corrosion Inspection Drawings

= Original construction drawings may be too complicated or
cluttered to use as inspection drawings

|
i
ey

u PORT HOUSTON
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Corrosion Inspection Drawings

Table 8.1. List of Standard Inspection Drawings

et Sheet Description Information Included

Record of as-built condition of asset. T

PHA drawing number

Date of drawing set

Vicinity map

1 location map

1 Index

Plan, referencing asset plan sheets (i.e. G-1XX). The Key Plan

Includes: Layout of the structure
N am i ng Of bays should have notes/labels cndnmlem with structure history on
. Corrosion Inventory Record form (i.c., indicate significant
Types an d |Ocat| 0 nS Of e | e m e nts .I11lI?|.II'I|.‘. ions, n-|\.|_irs. expansions, partial demolitions).

2 ced Historical Drawings
within the scope of the corrosion ertersostirl oo
Definitions of Abbreviations
G-10(x) Bay Planis) Plan view of topside of structure. Asset may be broken into
m an u al multiple pages.
Bays outlined and denoted per Corrosion Manual scheme (see
Section B4.1).
Grid lines, based on historic drawings il possible.
Overall dir
North Armow

G-002 Project Information

nsions of bays

G-11(x} Corrosion Protection Corrosion Protection clements individually outlined and labeled. *
Element Plan{s) Drawn as plan views. Applicable views may include the
superstructure and deck elements cut at the structure topside
andfor the substructure and fender elements cut below the deck
level. Sheets to be ordered from Upper Plan o Lower Plan

ReVised aS part Of Routine Inspection Only G-12(x) Base Metal Element Plan{s) Base Metal clements individually labeled. *

Drawn as plan views, Applicable views may

Generated as part of Baseline Inspection.

nclude the
. . . superstructure and deck elements cut at the structure topside
If C h an g eS are I d e ntlfl ed . and/or the substructure and fender elements cut below the deck
level. Sheets to be ordered from Upper Plan to Lower Plan
G-20(x) Typical Sections Cross-sections through representative portions of wharf. Include a
separate cross-section for significant changes in structure
configuration (e.g., change in pile type, arrangement of beams,
width of structure, etc.).
Provide clevations for Top of Deck; Mean Low Tide.
Label typical elements with name and element code (e.g..
Polyurethane Coating (CT-PU)).
G-30(x) Typical Elevations Elevation view of typical bay(s), as viewed from the channel,
Include major corrosion protection and base metal Elements
PORT HOUSTON Label typical clements witl\unl‘uncl and clement code (e.g..
ko Polyureth nating (CT-PUY), Page 8

* See Section 8.4.2 for Element labeling and identification scheme




Corrosion Inspection Drawings

= Corrosion I e e e e e

= Schematic layout e |
of corrosion
elements &

= Element IDs i

s L . : 4 e e il e y P i s p Pl e o
- ] & LI I | | LI 1 [ T | - LI I | | HER S ] R TR B ¥ LI |
S s maszune
mmmmmm
- —t 1) WASARF S, § AT
uuuuuuuuuuu
.....
labelled ' =
PROTECTION
o L
H IBG . V ) O

AN 27-2

[ | (LWL L™ ™ .

Element Code Bay Numb Element h | [ | - : . S - S — -
DT, PI, WL, efc. I,a2‘,4, lzl;] J:i Number ) e Corrosion Manual BCT5 G-112
Appendix G

uuuuuuuu
s

-------

12 3 et }| [ W ]
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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

Page 10
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Corrosion Inspection Plan

Maritime Asset
Corrasion Inspection Plan

= Define inspection I
rocedures S R

Year of Driginal Submerged Uresomic Thickness el ocatians feach at fange

Asset Type: Canstriction: {Tier 2| Coatirg Thickness and/for Adhesion Measurements: & o
Year(s) of Significant Armasphenc
. Whar Type: Mosdifications ar Repaies
Dato of Mest Recont
. App||cab|e i e

Inspection Plan

Checks i el

standards ok

manths)

ents from (3} Transiormer-nit Rec

iy Ly
o af the nine weld connections between the re

and & to the bulkhead wall]

ive beacds and struc

Tt locations shall be represens;
ans were nated during the
acny

- canmections
ions
mecessary i provide electrical

= Specific test
locations

. loms: Bays 3, 9, 18, 22, 20, 35, 41
5 Bays 1. 6. 10, 14, T

Thar 2 Tasks (Inspection Frequancy = & years)

spection of anodes 2 defined
tion of anode placement and connection of positive kead 10 each anode

ol | underwater di
100 percen
4 Il wnderwater cloani

[ ] B aS e d O n Tier 1 Tasks (inspection Frequency = 3 years) ==
*  Visual assessment af all accessible corrosion protection and bare metal elements . L [l
" ash i . b

weight meassrements of anodes

25 of base m

ireg the fia e C

ot Ther 3 Tasks
UT Meayunements: Prepare Uncoated Surfaces per 554

®  Na planned Tier 3 imspections of buried tie rods unles

C- 5P 3, 5P 11, o ay required

warranted during fus

repare Surfaces per SSPCSP 1

Revision Histary
eXp osure zone Drveiopedby | Date Vertheaby | oate Comments
€ lones S Foster
1 L o NA
T |5 Faser
e
Tid Uitrasona Th nge and web]

A Rt HOUSTON Appendix F Page 11




Corrosion Inspection Summary

= Asset Condition

= Corrosion Condition
Rating (CCR)

= Corrosion Protection
Rating

= Base Metal Rating

= Component Ratings
by element group w/
comments

= Photographs

Required for all inspection types.

Wiring and Protection 3
CU Wiring 3

PORT HOUSTON

Maritime Asset
Corrosion Inspection Summary

!lemlmﬁ\r

Bage Metal Components and Elements

Comments
—

Critical
5 Tie Rod

€5 Bulkhead Wall
Overall Asset Condition

Ouerall, the base metol elements were in fair condition with minor to moderate measured section lass. The
estimated corrosion rates for the bulkhead wall, fender piles, and fender support framing were.
damage index of fair to good. There are, however, several lacaiieed areas of disti
and recosted to maintoin the current condition of the assets.

Ml ranked with a
55 that should be prepared

C5 Fender Piles

The cerrosian protection systems oppeared to be functioning os intended for the bulkheod wal, but net the
fender piles. Current output and strue o-electrolyte potentiol measwements indicote that the system i
operating os intended and providing sufficlent cathodic protection to the bufkhead wall, The bond wires to the
fender piles were olf severed and non functional

ICF {Functional) Component Rating = 4 {Deduction = 4]
ICV (Visual] Component Roting = 4 {Deduction = 2)
5PR Rating = 3 (Deduction = 8 Redundant

CP =60 - 16 .x ICF + IOV + COA) =60-1.6x (4 +2+8) =38 & Support Framing

TYP Rating = 4 | )
RED Rating = 4 (Deduction = 2}

Inacoessible. Rated as 5 for scoring purposes due Lo age.

The bulkhead wall was in satisfactary condi
corrosion at the seams and minimal gener. i lods,
sty i the splash and tdal zone. In 30 years of service, the
average section loss was approximataly 5 to 6%

Section loss: {>2% to 5 10% satisfoctory)

Estimated Carrosion Rate: (Satisfoctory <2mpy |

pact damage and corrosion of piles was abserved near the
waterline, with an average section loss of approximate J
r the ends of the flanges. Webs typically have mis
s apart from stiffeners Owerall, fair amaunt of
sion rate between 6 and 11

Section ioss: (&
ated Corrosion Rate: (Fair, § <% £ 11 moy)

Impact damage and carrossan of framing was observed near
fine, particulacy at connactians.

Section foss: (>2% io 5 10%, F
Estimated Cormusion fRate: {2 <x 56 mpy, Fawr |

BM=40-({CR+TYP+RED) = 40-(3+3+ 2} = 32
CCR=CP+BM=38+32=70
The overall corrosion condition rating (CCRL for BCT S 5 70

Impressed Current Corrosion Protection Elements
Comments

Element(s)

Anodes Limited moderate marine growth or section loss, Most
OTH Bulk Anode 4 alemants and their attachment are sound and functional
purpossfuse of the companent is not affected.
DEC Power Supply 4 [Functional) All three rectifiers are functional, proper gage readings and 0C
4 [Visual] 5-1 ws tusned off upen arrival of
TRU DC Power Suggly 4 [Funct) the inspector, however, it was deemed functional when
turned on
4 [Visual]
All six “on” potentials of the bulkhead wall were measured as

more negative than -850 mV vs. CSE. Al of the “Instant off™
patentials were messured as more negative than -850my vs.
CSE and more positive than <1250 mV.

Measured potentials at the fender did nat meet any
established criteria due to desconnection of the bond wires

‘Wiring and protection was in satisfactory condition

Megative lead wiring from the bulkhesd wall appeared to be in
satisfactory condition with minor corrosion at the
connections, Positive leat wiring 1o the anades exhibited

carrosion or distress

Figure 8. Negative wire connection
from rectifier to bulkhead wal,

showing
31 connection point

le signs of corrosian




Corrosion Inspection Data

= Measurements S o
collected in field — — —o . .

during inspection = === =

. Sesaten 4y s Begerr
Corrovion Manusl Ao {1, Orinoer 2012 Wariarees from OM
u VeruanDate Frocears
s tioe Duts
Transformer-Linit Rectifier Output Dats
(EXPOSU re I
P -1
...........................

AN — - FEEEEE E = =
elevation) S PE=TEYEE

Poteetial __ Petmetisl ___Oraz

= Elements D - S

= Units for
measure
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Inspection History

Record of all inspections performed for — mepecton itor e
L ) Last updated:
the asset. )
m Asset I d e ntifi Cati O n ::'E::{;E‘;Ejm: ‘:a:.a:\specticn Plan :M:gd:!::}:.a:g;:i:g}:ﬁc::;airs: ::Z: 2004, 2008, 2011

Date of Inspections R
InSpeCtion Types Date: 1/24/2020

Inspection Firms T TS

Component Ratings oot et T

CP, BM, and Overall CCR o .
Generate during baseline inspection. 5
Update after each subsequent inspection. :

6 PORT HOUSTON Page 14



Element Inspection Form

Record of element-level observations for an

Surface Protection

cT1-1 CsCode  TotalQty. ot Accessib [JUESENN cs2 | cs2nc eS| [cssnc) AN RN
aSSEt cT1-1 |[Baseline |[100 0 100 0 0 0 0 0 0
Can be generated from Port HOUSton CT1-2 CsCode  TotalQty. ot Accessib [JUESEl cs2  csanc [Es3| [csanc| [N GRS
Database Access F'Ie CT1-2 ||Baseline | 400 0 400 0 0 0 0 0 0
Includes: Component & Asset Identification " e ————
Element Condition States N e W ] ) B B
Photographs CT1-3 |[PEEL 0 0 0 0 10| 0 15 0
CT2-1 CsCode  TotalQty. ot Accessib [JUESEl cs2  csanc [ESET [csanc| [N SRR
cT2-1 |[Baseline |[100 0 100 0 0 0 0 0 0
ReCIU!red for rOU-tlne and cT2-2 CSCode  TotalQty. ot Accessib [JUESEN cs2 | cs2nc [EsE [cssnc) DD RN
basel'ne |nSpeCt|OnS_ cT2-2 |[Baseline [[a00 o 400 0 0 0 0 0 0

6 PORT HOUSTON Page 15



Follow-Up Action Form

Summary of recommended follow-up actions.

Includes: Asset ldentification
Inspection Information
Conditions Identified &

Recommended Actions
Photographs

Required for routine and

baseline inspections.

"
i

Property:
Inspection Type:
Scope of Inspection

Inspection Firm{s):

Barbaurs Cut Termina Asset ID: BETS
HBaseline Thoutine T Specia Inspection Date:  January 24, 2020
Entire Asset

Prime: Wiss, Janney, Elstner Associates, Inc. {(WIE)

Underwater: Rio Engineering, inc. [Rio)

Reparted By: 5. foster, WIE Report Date: lsnuary 18, 2020
Follow-up Actions
Ttem No: 1 oriority: [ Derioriy BRoutine
Component: Impressed Current Cathodic Protection System
OC Power
3 i [ PWS-1
Elemant Type: supply Element ID{s): W 5

Condition Identified:

(DISP) Error in Cutput Display Panels | C54 (Severe)

Panel ammeter dispiays 0 amps of current, voltage drop was measured across shurt and
20 amps of current was recorded, verifies broken panel meter and overall CP system is
unaffected

Reason far action:

Recommended
Acthon:

Follow-up investigation ta include: Replace meter or mark meter and record ammeter

To easily observe amount of current provided by rectifier

panel as broken. Ensures warkers [gnare paned reading and record current measuremeant
Beross shunt te verily system is performing properly.

MEEATIVE

7

Figure 1 Broken ommeter displaying 0 omps aof current

6 PORT HOUSTON
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Inspection Deliverables

Maritime Auset AP (VLD Maritime Asset # via
Corrouan inspection Pan " L: i L =k ] Foflow up Actions. et v K
Maritime Asset Peoserty Barbrours Cut Fermns Aaset 10 netd Martime Asset = Sarbeun Cut Termimel et 10
Corrosion Imventary Record Vot af Driginat Corroson Intpection Summary Srtoons Cet Tommrnd - B Rt 7127, 2000 [ ovewatet)
At Type Coantrartion 1950 " | vvpe: Rostire L) Soecu  mapection Dute:  August 4.5 X0 urderwianer)
Fuwu] of Sagriificam =
|+secton 1« Asset. Above Wikes and Unger Water
What Type O o R
o i st aremisk:  prime: wis, ey, Entnes Assocses. me (Wit
Proserty Bt Asset
Whart sa g gecton e
o o v Overill Aot Giadit Underwater 1o tngseermg, inc
Anset Type Whadt Comstrvction Over. e hese metol elemenes weve i o Sthr (b WA
Tewria of gncam estmatr comesiae rotes Jor the habheesd o ™ — Reget Dute
What e Over Voatkatiom or Arpairy Vamage i of Mt 10,000 Theve ave, howewes, several Ancnlond s of o
Oate of Lact mvemtary can ot recowted 1 ramize the current comdiion af the Saict R—
Whedinage  Comtameeired o Record Update
e 13 b furs ey 21 e webed fov (Ae buikSenat mak bt vt (e I':r-w.
— [ S— et penin meanrerent s et o s = ———
- - . e

Srvcture Langthe 1000 11

T Provide a complete asset file regarding
S corrosion protection and base metals for
iInspection and database

Reference Drawi;

et O st 11 i wan il ofrerme. The e @ st fot whech
die

Dty
Er— 0 huig 1986 0C Pawer Supoly 4 (Fuscionsy
antairee Terminel No. & 2t s . 4 vty |
TAU OC Pomet Sapsty -
Wharves  16FeR 1588 Origh
Moo § a0 § o1 Aarour's Gt e At
Totute Fraure £ As fnatd pesser suitch of the Aanclude rectiber w Sy 3 wes tarred ff,
s et st 1 v M 1 s Bt
orred wal
Mo oe  Org
e

s wal 3pgeared to ow =
Aarm the ey Sty et cnegrs triat S0y (BB Mt M O
o Puvtive lmd wiring 10 The

N —
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Baseline Inspection Deliverables

Basic asset Corrosion Corrosion Inspection Corrosion
documentation: Inventory Record Drawings Inspection Plan

_ Inspection || Inspection || Inspection Element Follow-Up
Inspection forms: | Summary Data History Form Action Form
Submission to PHA: PHA Database

u PORT HOUSTON
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Routine Inspection Deliverables

Basic asset
documentation:

Inspection forms:

Submission to PHA:

Revise only if change(s) identified

Inspection || Inspection || Inspection Element Follow-Up
Summary Data History Form Action Form
PHA Database

u PORT HOUSTON
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Module 8.1 Wrap-Up

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

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

u PORT HOUSTON Page 20
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END OF MODULE




Module 8.2

Database Entry and GIS

Corrosion Manual Training Course




Module Objectives

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

= Understand key GIS requirements for Corrosion Manual and
Port Requirements

u& PORT HOUSTON Page 23



Module Resources

= Chapter 8: Documentation and Reporting
» 8.12 Inspection Database Requirements

= FICAP Corrosion Manual Inspectors Digital Data Entry
System Guide

= MS Access Database Template

6 PORT HOUSTON Page 24



Documentation Overview

Basic asset
documentation:

Module 8.1

Inspection forms:

-

Corrosion
Inventory Record

Corrosion Inspection

Drawings

Inspection Plan

Corrosion

Inspection
Summary

Inspection
Data

Inspection
History

Element
Form

Follow-Up
Action Form

Submission to PHA:

o

/

PHA Database

Module 8.2

u PORT HOUSTON
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Digital Inspection Database Hierarchy

<Maintained by PHA

(master SQL database)
b A database template in Microsoft 1
Database Access with basic forms to allow
—— Template for data entry )

<Field collection of data is up to
the inspection firm

Figure 8.3. Digital inspection database hierarchy.
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Database Entry System Gui

. . y = FICAP CORROSION MANUAL y = FICAP CORROSION MANUAL
PORT HOUSTON Inspectors Digital Data Entry System-Corrosion v0.1 u PORT HOUSTON INSPECTOR'S DeGTAL \) PORT HOUSTON INSPECTOR'S DeGTAL
e Darva ENTRY SYSTEM GUIDE Darva ENTRY SYSTEM GUIDE

Main

¢ Year Cony

i wats comstrucied
Slgnificant Corro ;

Step 1: Inspection Info

Setup up inspection. Inspection info parmicd by
£ Below Wat
yeurs
I Drate of Last Corrosien Inspection Frict e
Step 2: Inspector Info MM T YYY

he fi f Above Waterline Corrasion Inspection Interval
Provide information on the firm and staff performing Inspector Info iy 5

the inspection work.

Step 3: Baseline Data
Create components and elements for the asset and Baseline Data M
v

Wharf Ussge. £
Channel Depth st Femder: Emer the numerical ¢
Channel Depith a1 Bislkhead: |
Structure Length: Enter the
. Deck Area: Enter the n
Strueture Deck Wiith,
Apron Aren: Enter the
5 Structire Apron Widih Erter t
1. Deck Elevation shove MU Enter the ¢

define their properties.

Step 4: Elemental C5 Rating

Enter element condition state data and attach Element
photograhs aft

3.3.2 Add Drawings

the p:

e field inspes

1o edit the companent descripe

tep 4A: Base Metal Thicknesse Base Metal Thick

Step 4B: Coating Adhesion Coating adhesion

Step 4C: Coating Thickness ckness

Step 40: Anode Mass Anode Mass

Step 4E: Cathodic Protections Meas.

Enter cathodic protection measurement information

Step 5: Component Ratings
Enter component ratings Companent Ratings %ﬁf

ements

Step B: Print Reports

Print elemental and component data for re Print Reports

Chagter 3: Walk Through February 2023 Chagter 3: Walk Through Fabiruary 2023
Page 9 Page 11

-,
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GIS System Requirements and
AutoCAD to GIS Conversion




Port GIS Geodatabase

= 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

6 PORT HOUSTON Page 30



AutoCAD to GIS Conversion

= 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).

&,
Page 31
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AutoCAD to GIS Workflow

*CAD Georeference Tool

, l ‘ *CAD to Geodatabase Conversion tool
NG eQuery to the specific element and
e annotations to a feature in the template
.-/:;‘

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

1 ) eUse append too, and map the Text field
from the joined feature to the Asset ID
’ field

[;‘::» :
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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

PORT HOUSTON
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AutoCAD to GIS Workflow

Example of the dataset created
B by the CAD to Geodatabase tool

[ Annotation X
Field: 3 [E] Caleulate  Selection: K y =

/i DoclUpdate ScaleX Scale¥ ScaleZ ) t + Height

Annotation feature table with the field “Text”

containing the Asset ID for the elements

PORT HOUSTON Page 34



Example of GIS Deliverable

Corrosion
Element GIS

Featurg e e e e CELTT Esri ArcGIS File
Classes (i.e. Geodatabase Template
GIS Layers) 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.




Documentation Overview

Basic asset

documentation: Inventory Record

Corrosion

Corrosion Inspection
Drawings

Corrosion
Inspection Plan

_ Inspection
Inspection forms: | Summary

Submission to PHA:

Inspection
Data His

Inspection Element
[ory Form

Follow-Up
Action Form

PHALC

atabase

o

u PORT HOUSTON
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