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THE Reliable Name In Cathodic Protection



AC Interference

* Collocation
* Pipelines
* HVAC Power Systems

* Creates complex electro-magnetic interaction
| e Introduces risk

* Personnel
e Assets




Capacitive Coupling

Electric Field Influence

Proportional to HVAC Voltage
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I n d U Ctive CO U p I i n g Step-down transformer

Magnetic Field Influence many turns=3 || | few turns »
. (”u high voltage low voltage % Oa
Proportional to HVAC Current low current high current

AC Power
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Resistive Coupling

Shared Conductive Path
Faulted HVAC Condition
Lightning
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Faulted AC Event




Faulted HVAC Condition

Pipeline

Pad Mounted Xformer



Step Potential is
the voltage value
between the span
of one step. Each
footis referenced

to a different
potential or
voltage. This
difference of
voltage is called a
Step Potential
Hazard

AC Interference = Risk

Voltage values
that equal each
other are of the
same potential
and put you in the

same position as 100 Kk
v
G.P.R.

Ground Potential Rise
When an energized line makes contact with ground the earth becomes hot and
the voltage dissipates in concentric circles away from the initial contact point

* Personnel -
» Step-Step Potential
e Step-Touch Potential

* Pipeline Equipment
* Metering
* Electrical Isolation

* CP Systems

* Pipeline



Risk Influenced by Design Conditions

* Pipeline/HVAC Collocation

* Pipeline System Design Characteristics
* HVAC System Design Characteristics

* CP System Design Characteristics

* Environmental Conditions




AC Corrosion & AC Current Density

Expressed as a Function of AC Voltage &
Soil Resistivity
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Risk Varies w/ Operating Conditions

 PL in construction e HVAC in normal condition

e PL in-service * HVAC in ‘faulted’ condition
* Short duration; 60 Hz
e Lightning event
e Short duration; ? Hz
* Precipitate ‘follow-on’ 60 Hz



Complex Electro-magnetic Interaction

Capacitive

PL Construction; Inductive*

Constant Threat . RESiStiVE*

e Personnel PL Operation; )
Constant Threat PL Operation;

Intermittent Threat

e Personnel
e PL Equipment e Personnel
e CP Systems e PL Equipment
e Pipeline e CP Systems

e Pipeline

* Primary focus of mitigation design



Standards E.-‘ NACE

“e® INTERNATIONAL

* NACE SP0177-2014
* Mitigation of Alternating Current and

Lightning Effects on Metallic
Structures and Corrosion Control

Systems

* NACE SP21424-2018
 Alternating Current Corrosion on
Cathodically Protected Pipelines: Risk

Assessment, Mitigation, and
Monitoring



More?

e Canadian Standard
e CAN/CSA —C22.3 No. 6-13

* Principles and Practices of Electrical Coordination Between
Pipelines and Electric Supply Lines

* European Standard
* BSEN 15280:2013

e Evaluation of AC Corrosion Likelihood of Buried Pipelines
Applicable to Cathodically Protected Pipelines



AC Threat Risk Factors

o Geospatial

Relationship

Lateral
Separation
Distance*

Collocation

Length*

Crossing
Angle*

e HVAC System
Operating
Parameters

HVAC
Current®

HVAC Voltage

Fault Current
Load

a Environmental

Conditions

NYell
Resistivity*

AC Current
Density

Pipeline
Design

Coating
Resistance

Aboveground
Appurtenances

Cased Crossings

‘The INGAA Foundation, Inc.




AC Threat Risk Analysis

Import GIS Data into RIPL
Separation Distance
Co-location Length

Co-location Angle

Crossing Angle

HVAC Voltage

HVAC Current

Soil Resistivity

Combined with Existing:
Pipeline Data
Create Threat Ranking
Analysis dynamically segmenting and
ranking PL based on specific factors
combined into a threat score

S\RIPL

Intelligence

Provides unique ability to
tailor the database to the
customer's set of data and
terminologys Expandable as
the customer's data
changes or increases or
sources change

Provides the answers

Includes drill-down analysis business users and

tools to quickly evaluate
result drivers; Includes
several different visual aids
that engineers can use for
decision-supportand
scenario modeling

engineers can use tomake
informed integrity and
operational dedisions

Enables business users and
engineers to self-assemble
on-demand re ports, maps,
and analytical evaluations

Risk Intelligence Pla !;farm (RIPL™])

Includes packaged

mathfvariable functions
and specialized asset- Model Results
pecific date oot Analysis Tools . Reporting Portal

e nerators . .
= Scenarios Repository
Executesthe models,

manages state and persists
the results for baselines and
scenario modeling

: Caonfigurable
Meta Data

Maodel Model Execution

Builder Engine
“engine

Maodels Repository Engine

Data Management Framework

Provides pre-defined
models based on industry
standards and 20 years of
experience for rapid I
deployment

Controls access to instance
data and the functionality
Provides data collection, of the software by roles

mapping, and template ¥
import capabilities; Indudes

data quality, auditing, gap
analysis, and alignment
routines
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Engineered Field Analysis

* Differentiate above & below ground assets
* Design gradient control mats

* |dentify electrical isolation locations
* Design decoupler installations

* Design engineered grounding system locations
* Incorporate “natural” grounding

* Address lightning mitigation
» Address safe arc distance
* Substations, guy anchors, etc.
* Incorporate AC mitigation system monitoring




AC & Lightning Mitigation Tools

* Engineering Controls

* Decoupling Devices

* Engineered Grounding Systems
* Gradient Control Mats

* Coupon Test Stations




Sighage




Dead Front Test Stations




Decoupling Devices

Solid State
Decoupler (SSD)

Polarization Cell
Replacement (PCR)

Zinc Anode Pair



Engineered Grounding Systems

Pipeline /\/ vb

Deep Vertical Point Ground (DVPG)




Engineered Grounding Systems

Linear Ground

PCR

)

PCR

Linear Array



Engineered Grounding Systems

‘Natural’ Grounds*™
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* Requires electrical isolation of casing/carrier & GCM consideration
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Step Voltage

Gradient Control Mats
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Gradient Control Mat Assembly

Exothermically Welded @ Seams on 18” Centers
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Pin Brazed Connections

Lead Length is Critical!




Monitoring
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* Measure PL AC & DC P/S Potentials
* Measure AC & DC Current
 Calculate PL AC & DC Current Density
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Remote Monitoring w/ CTS

Satellite / GSM
Communication

Bullhorn
Remote
Monitor

OOono0oITm

Local Configuration and
Measurement Reading

Bullhorn Web

t I
o

Remote Configuration and
Measurement Reading

Alerts and
Reports

The RM4210 integrates with Bullhorn Web, allowing you to access your
measurements or update configurations from nearly anywhere.

Test Coupon




Summary

* AC Interference is Complex

* Influenced by Design & Operating Conditions...Dynamic!
* AC Threat Risk Analysis w/ Engineered Field Design

* Integrated ACLM Solution; Multiple AC Mitigation Tools
* Monitor!!



Clay Brelsford
Bass Engineering Company
clay.brelsford@bass-eng.com
903-759-1633
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All copyrightable text, photography and graphics, arrangement, and presentation of all materials, and the
overall design of this presentation are © Bass Corrosion Services, Inc. d/b/a Bass Engineering
Company. All rights reserved. Other product names, logos and brands are property of their respective
owners.

Permission is granted to download and print materials from this presentation for the purpose of viewing,
reading, and retaining for reference. Any other copying, distribution, retransmission, or modification of
information or materials in this presentation, whether in electronic or hard copy form, without the express
prior written permission of Bass Engineering Company is strictly prohibited.



