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Design and Maintenance for Corrosion
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Moderator:
Mike Pampalone, PE, PMP, Alpha Corporation

Speaker:
 Cortney Chalifoux, PhD, PE, PCS, Pond and Company
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PRESENTER

Cortney ChalifouXeosee«

Pond and Company
Program Director | Coatings and Mechanical Integrity

Sports Teams: Philadelphia Eagles
» Vacation Spots: Disney World and Cancun
» Did You Know: | played water polo for 10 years throughout high school, college, and graduate school

* Hobbies: Celebrating baseball wins and family golf time. My husband and | celebrate our
kindergartener's home runs, school achievements, and little tap-ins (maximum proud-mom energy).

« Coolest Project(s): Kings Bay Dry Dock Rehabilitation: QP-5 and Flood Tunnel Coating/MIC Failure
Analysis
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Learning Objectives

» Understand the basic elements in the
design of coating and CP systems for
corrosion protection.

Gain insight into assessments
performed during coating condition
inspections and how data informs
sustainment strategies.

Learn how to prioritize sustainment
and maintenance strategies to extend
infrastructure life and provide cost-
effective solutions to government and
industry.
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Agenda

e Quick Summary of Corrosion
» Coatings Design and Maintenance
« Cathodic Protection (CP) Design and Maintenance
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Life Cycle of Ste |

Finished Steel
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How to Mitigate Corrosion

Coatings Cathodic Protection (CP)
Atmospheric and Imm rsio Underground/lmmersmn OnIy
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Why Coatings Fail
;“ Improper Surface Preparation

=<\

S(_)8 \ . . .
%ﬂj‘* Improper Coating Selection/Design

Responsible Party

Coating Failure Breakdown, 2000 to 2023

Applicator

p

’/J’I inspector
#x  |Improper Application
a Vil

Specifier

Owner |

\) CAUTION Improper Drying, Curing,
}_ WETPANT Overcoating

— — . . Coating Manufacturer
- Lack of Protection Against
- Environment

Presentation by Nicole de Varennes, P.L. (Eng.), CIP3

Mechanical Damage
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Choosmg the R|ght Coating System

Coatings for Atmospheric Environment

Industry standard for Heavy-duty corrosion Decades of proven
structural steel protection performance

TRADITIONAL 3-LAYER COATING SYSTEM

Polyurethane Top Coat
Epoxy Intermediate Coat

Epoxy Zinc Primer
Steel Substrate
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Atmospheric-Corrosivity Categories

C1 - Very Low C2 - Low C3 — Medium C4 - High
(Climate Controlled) (Rural) Urban (Industrial/Coastal)

Ry

C5-M — Very High
(Marine)

C5-1 — Very High
(Industrial)

ISO 12944-2 Paints and varnishes-Corrosion protection of steel Structures by protective paint systems, Part 2: Classification of Environments
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Coatlng Llfe Expectatlon

“Practical Life” of Zinc-Epoxy-Urethane System

C1 - Very Low C2 — Low C3 — Medium C4 — High
(Climate Controlled) (Rural) (Urban) (Industrial/Coastal)

>29 29 20 14
Years Years Years Years

C5-1 — Very High <14 C5-M — Very High
(Industrial) YearS (Marine)

J. Helsel, R. Lanterman, Paper No. 7422, Expected Service Life and Cost Considerations for Maintenance and New Construction Protective Coatings Work, NACE Corrosion 2016
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Coating

Thickness Adhesion Chalking

Condition of Percentage of Type of
Substrate Corrosion Corrosion

History of
System
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Coatlng Film Thlckness (Dry F|Im Thlckness - DFT)
Thick Coating Fallures Thln Coating Failures

l—w_r i i

L,

Wrinkling Too Many Overcoats Insufficient Protection Edge Corrosion
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Cohesive : Adhesive
Code Code

Y/1

F/Y

E/F

D/E
C/D
B/C
A/B

Coating Layer
Coating Layer
Coating Layer
Coating Layer

Coating Layer

Substrate

ASTM D4541 Adhesion Pull-Off Test

ASTM D4541 Standard Test Method for Pull-Off Strength of Coatings Using Portable Adhesion Testers
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Cohesive
Code

—® a
Coating Layer

®

=0 Coating Layer
) Coating Layer
.

Coating Layer

~_) Coating Layer ‘

® Substrate

Adhesive
Code

Y/Z

F/Y

E/F

D/E
C/D
B/C
A/B

ASTM D4541 Adhesion Pull-Off Test

ASTM D4541 Standard Test Method for Pull-Off Strength of Coatings Using Portable Adhesion Testers
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Monitor and
Reinspect

Spot Repair

Spot Repair and
Full Overcoat

Full Overcoat

Full
Removal/Replace

Mechanical
Repairs
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Why Cathodic Protection?

PREVENT corrosion where and when coatings fail

Applied where coating cannot easily be inspected/repaired

Buried Underside of

Piping Tank Floors W S NIedIaniks

Inside Water Rebar in Sheet Piles
Tanks Concrete Pipe Piles
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Corrosion In Concrete

= Chloride Induced Corrosion is the main cause of rebar corrosion

= |ron oxide (rust) is more voluminous than steel, causing expansion
= Cracks and spalls form as concrete tensile strength is exceeded
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Agressive Environment Agressive Environment
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Corrosion in Waterfront Structures

PILING

Prevailing Winds

Industrial Contaminants and Salt Spray

\/ WAL Fuels, Chemicals, Deicing salts K
, e
Stra currents DS W NT -0 .~~ux:£?m'1.:,r:w:4'z.\‘utmﬁm£3§t

VRALUDIIAT | PACTRMNIM RN SO FARITONNIE
= = Fj‘% Atmospheric Zone Currents, tides, tides i
waves, and ice
Electrolyt Splash Zone l
£2 Mean Higher High Water
* Sea Water Tidal Zone
* Atmosphere 1
4

Controller

* Concrete ' R '
’ SO” p — Viud line S"OY/ \.\.'

Current
Corrosion

Subsoil Zone Reference Cell
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Choosing the Right CP System

Galvanic CP Impressed Current CP
(Sacrificial Anode) (Iccp)
Water (H,0) ,

Metallic

O O =0
Cathode /0,
N \on path (., \

Path

(Photo Courtesy of Jennings Anodes)
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Advantages:
* No external power source required

Low maintenance requirements

Small current output = minor stray

current interference -
« Easy to install | f’)}? x 2H0
: : PRI . Pipe
* Provide uniform current distribution I — s (Cathode)
Mg(s) —)'%rg]p(aq) +2e” 0,(g) +4H'(aq) + 4e~ — 2H,0())

2H20 + O2 + 4e” — 40H
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Galvanlc Cathodlc Protectlon (CP)

Limitations:

« Low driving voltage/current
output

» Susceptible to failure in isolation

» More anodes for poorly coated
structures

* May be ineffective in high-
resistivity environments
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Impressed Current CP (ICCP)

Advantages

« High current output (large/poorly
coated structures)

 Adjustable protection levels
(control rectifier output)

 Effective when galvanic systems
are limited (high-resistivity
environments)

« Can protect multiple structures
with a single power source
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Impressed Current CP (ICCP)

Permanent
DC Power

© swply Limitations:
* Requires external power source

e Hoes  oidieiie - Higher installation and maintenance
DC Power Supply COS tS . .

" » Potential for stray current interference

Slot Cut for . .
Wiring Anodes E— affecting nearby buried or submerged

e assets
— ™+ Periodic monitoring and adjustment of
o necessary

 More complex system components
increase failure risk
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Evaluations

Environmental | Monitoring
Studies Program
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Current
Requirement Testing s
(CRT)

A/C Power
Availability

Design Type of CP System s

Calculations

Electrical
smeed Rectifier Locations gad Continuity/lsolation g
Verification

Groundbed
Locations

Test Stations &
Monitoring Plan
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External Corrosion Direct Assessment (ECDA)

[ OCVG indication —NACE intenational OFF Criteria —"ON" Potential —“Instant OFF" Potentia’

100.0%
£ soox
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% 60.0%
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S 0.0%
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& 20.0%
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Station number: 0+00 to 10+00

Figure 27 — Hydrant Pipeline In-line Surveys overview from Station 0+00 to Station 10+00
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Home Devices Reports Favorites
~ A LINDSAY COMPANY

Department of Defense Y7  AFALT:Altus AFB,OK « Select Site

N
WA
N

-

S

]} 2 ) !
Imagery 2022, Landsat / Copernicus. Maxar Technologies, USDA/FPAC/GEQ

Report a map e

DC Volts DC Amps RMU Battery AC Detect Digital Input
ALT - Rect #01: POL South Fuel Farm Bldg 459

VIPX 17 Apr 2022 20:49 i AC Available
ALT - Rect #02: POL C-141 Hydrant System

07 Jul 2020 11:38 AC Available
VIPrm
ALT - Rect #03: POL C-5 Hydrant Fuel System 26 Jul 2016 08:54
VIPrm -
ALT - Rect #05: POL KC-135 Tanker Line

VIPX 10 Apr 2022 23:36 AC Available Door Closed
gL ~Rect #06:E0L North Ramp Tank #5553 11 Apr 2022 03:12 AC Available  Door Closed
ALTRect £07:R0L ol Bamp Tant £539 16 Apr 2022 01:37 ACAvailable  Door Closed
:’t:l;’TX Rect #12: POL North to South Transfer Line 14 Apr 2022 19:10 AC Available

C‘I,_’TX Rect #15: POL South to North Transfer Line 14 Apr 2022 01:46

R\ N\,
N\

AC Available Door Closed
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Final Thoughts

 Design: Get the fundamentals right
» Corrosion mitigation is a system: Coating is the barrier and CP is the backup

» Design for maintenance and inspectability

« Assessments:; Drive maintenance decisions
» Establish baselines

» Generate actionable scopes

 Prioritize Maintenance: For life extension and value
« Safety, environment, mission
« Maximize lifecycle costs

Take Away

Integrate design, evidence-based assessment, and risk-informed
maintenance to prolong the life of your structure.
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Questions

 Cortney Chalifoux, PhD, PE

* Program Director | Coatings and Mechanical Integrity
* Pond | 470-436-7990

» chalifouxc@pondco.com
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