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I START WITH SAFETY

NACE SP0177

= |If the open circuit potential
on a pipeline is 2 15 VAC

or

= The available current is
> 5 mA, then

Condition exists for a potential
safety (shock) hazard
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PIPELINE
INTERFERENCE RISKS




I SOLAR PV POWER GENERATION

= Solar Farms can present two forms of interference currents and risks

* DC Leakage
* AC Interference (Steady State and Fault/Transient State/Conditions)

= DC Leakage is a serious concern and occurs when there are DC imbalances
between the Inverter Skid Assemblies (ISA) and current leaks between the
“anodes” and “cathodes” and can create a DC interference risk for the
pipelines. 20 Lb/Amp-Yr corrosion rates are potentially applicable under
wet/moist conductive soil conditions. Leakage currents can be as high as 15A.

WIDTH AS REQUIRED
FOR THE APPLICATION

NOTET ~]
| — WARNING TAPE 6"

£ \. 18" (MIN
;é = ((MAX)) / WIDTH (MIN) (TYP)
o5

NOTE 3
\ L LV AC TRACKER
CONTROLS AND POWER
CABLES AS REQUIRED

4" (MIN)

4" (MIN) U 7410 40% psa ccs 5" (MIN)
—_— GROUND CONDUCTOR 4" (MIN)
INSTALL IN GAP BETWEEN —
DC FEEDER CIRCUITS NEAR 'V(
)

CENTER OF TRENCH &4
&
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I WIND POWER GENERATION

= Wind Farms can present mainly
one form of interference current
source and risks

* AC Interference (Steady State
and Fault/Transient
State/Conditions)

= QOverhead cables are handled as
per typical AC Interference from
Medium Voltage AC (MVAC) and
High Voltage AC (HVAC)
powerlines for both steady and
fault state conditions.

Inter-turbine spacing optimized
for energy production and
minimizing turbulence

oo Extent of development area and
leased land. Varies 20-60 acres/MW

/ T between turbines

Above-ground medium-voltage
power collection system

Substation transformer

AT

O&M building

Interconnection

switching equipment
interconnection
line to grid

Distance between wind power project and
existing transmission varies (smaller
distances preferred)

Existing high-voltage
transmission line
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REGULATORY
REQUIREMENTS
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I PHMSA — NEW REQUIREMENTS!
192 - Natural & Other Gas

= kEENEW*** Pipeline Safety: Safety of Gas Transmission Pipelines: Repair criteria, integrity
management improvements, cathodic protection, management of change, and other
related amendments

= §192.473 External corrosion control: Interference currents.

* (c)(1) Perform surveys to characterize stray current when monitoring indicates a
significant increase or when

o Colocation/crossing new or existing HVAC power lines

o HVAC power line uprating
* (c)(2) Analysis to identify cause and resulting threats
* (c)(3) Remedial action plan (i =2 100 A/m2 or conditional qualifiers)
* (c)(4) Complete remedial action NLT 15 months after survey

= §192.467 External corrosion control: Electrical isolation.

* (f) Where a pipeline is located in close proximity to electrical transmission tower
footings, ground cables or counterpoise, or in other areas where fault currents or
unusual risk of lightning may be anticipated, it must be provided with protection
against damage due to fault currents or lightning, and protective measures must also
be taken at insulating devices.
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https://www.federalregister.gov/documents/2022/08/24/2022-17031/pipeline-safety-safety-of-gas-transmission-pipelines-repair-criteria-integrity-management#sectno-citation-192.473

I PHMSA

195 - Hazardous Liquids

= §195.577 What must | do to alleviate interference currents?

(a) For pipelines exposed to stray currents, you must have a
program to identify, test for, and minimize the detrimental
effects of such currents

= §195.575 Which facilities must | electrically isolate and what
inspections, tests, and safeguards are required?

(f) If a pipeline is in close proximity to electrical transmission
tower footings, ground cables, or counterpoise, or in other areas
where it is reasonable to foresee fault currents or an unusual risk
of lightning, you must protect the pipeline against damage from
fault currents or lightning and take protective measures at
insulating devices.

N
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| AMPP (NACE) STANDARDS

= NACE SP0177

* Mitigation of Alternating Current and Lightning Effects on
Metallic Structures and Corrosion Control Systems

= NACE SP21424

* Alternating Current Corrosion on Cathodically Protected
Pipelines: Risk Assessment, Mitigation, and Monitoring

O AMPP
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I COUPLING MECHANISMS

Capacitive
= Construction hazard

Conductive
= QOperational fault condition

(A ) Inductive
Al
~h> l@ = QOperational steady state condition
/}& k\‘l’}} = Pipeline becomes “secondary
%' o \x:f ng winding” of a transformer “
Y

audubon



I CONDUCTIVE COUPLING (TRANSIENT)

Integrity Threat - potential damage to pipeline coating and WT

Safety Threat — potential shock hazard during fault condition

Phase to Ground Faull o 4 ¢yarent Flowing along EYY (Right)

Faull Current Flowing along EW (Left) 7
- — - — -} - —ph - . - - =
__ _________ N ]
o | 4 A o ]
 —m . —— —— . —— . | —— | —
= : e _F"h I_-'LT [ ] Hﬁ_'l' (R s =g =
\ r
Curresnis returning via
rermobe garth through
gach oreaos

audubon



I INDUCTIVE COUPLING (STEADY STATE)

= AC voltage peaks are typically
associated with a physical
change in power line or pipeline
orientation to one another
and/or at powerline
transpositions and substations

* |Induced AC current must leave
the pipeline in order to “return-
home.” AC current discharge
from coating defects can cause
corrosion damage to the pipeline

X
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PIPELINE THREATS




I COATING DAMAGE
Typical Breakdown Voltage

comng | PUNCTURE
Coal Tar Epoxy 3500
Coal Tar 4500
Coal Tar Enamel 5000
Asphalt 7000
Fusion Bonded Epoxy 1000/ mil
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I PHMSA REQUIREMENTS

AC Does Not Cause Corrosion, Right?

Pipe wall Soil = Current discharge vs. corrosion
* CD<30A/m2- No corrosion
Coating e R, e 30 A/mZ <CD< 100 A/m2 - ???

defect

e CD>100A/m2 - Corrosion

= Highest rates occur at holidays
* 100 mm?2 < SA <300 mm?3

= AC (60 Hz) corrosion rate

* Range 1% - 5% that of DC per unit
current discharge

PX¢
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I UNDERSTANDING THE RISK

Soil Resistivity vs. AC Voltage and Current Density

= 8V._ /pnd

Where:

J,. :Pipeline AC current density, [A/m?]

V.. : Pipeline AC voltage to remote earth, [V]
p :Soil resistivity at pipeline depth, [€2-m]
d

: Diameter of coating holiday, [m]
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I UNDERSTANDING THE RISK

Soil Resistivity Values vs. Data Collection Intervals

The Various Soil Resistivity Computational Scenarios
a5

e b [, ] Zivtile 20l Apacang | O, i) m o mm { P LivtiliE apil spacang [Ohm,im)
1]
I = oo Fh B S0l s [ O = AP0 3 5l peints [ Dhen, m)

45

Fud Lid
un =

Soil Resistidny [Ohm.m]
e
=]

15

{ SO0 100K 15000 HO000 25000 30X
St Deweloped length [ Waorth
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I UNDERSTANDING THE RISK

Soil Resistivity has a Minor Influence on Induced AC Voltage

6 _
e MAX Historical AC-PSP readings e Max Voltage 2016
V [V] 0.12mile Soil = ===V [V] 1mile soil
— -V [V] 6 soil — =\/[V] 3 soil

Induced voltage [V]
(W]

0 5000 10000 15000 20000 25000

Developed length [ft]

%
A
audubon



I UNDERSTANDING THE RISK

Soil Resistivity has Major Influence an AC Current Density

AC current dersity [A/m2]

S0

g

South

The computed AC Corrosion Current Density for the various soil resistivity scenarios

- = = AC Limit
= =w=e]A/m2] 6 s0il poimts

10000

— | [A/m2] 0.12mile s0il spacing w— . J{A/m2] 1 mile soil spacing

cessees J [AS/m2] 3 s0il points

15000 20000 25000
Developed length [ft)

30000

North
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SITE SURVEY REQUIREMENTS - SOIL RESISTIVITY

Based on Knowledge of Local Geologic Conditions

X
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I SCREENING GUIDELINES

= Land Use
* Rural vs Urban
= Soil Resistivity
 <300,000 Q-cm
= Mechanism

° Fault vs. Steady
State :

b
:Steady StatejinterferenCeREs
Buffer:3.000; ot

Fault|Statejinterference
5 W Buffer10/000;

PX ¢
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INFLUENCING FACTORS

= Pipeline/power line angle of
intersection

= Separation between pipeline
and power line

 D..,— 50 feet

" Length of parallelism
* L..,— 1000 feet

= Power line voltage (kV)
e V_. —69kV

= Soil resistivity

= Pipeline coating quality




I FACTOR CORRELATION - INDUCED VOLTAGE

Propert Chanee Impact to the Magnitude of
PEFEY g AC Voltage on the Pipeline
Soil Resistivity Increases Increases™
Pipeline Coating
, Increases Increases
Resistance
Pipeline Outside Diameter Decreases Increases
HVAC Current Load Increases Increases
Distance between the
. Decreases Increases
Tower and Pipeline
Length of Collocation Increases Increases

*Soil resistivity will have the opposite relationship with AC density.

& g
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INFORMATION GATHERING




I DATA GATHERING
Pipelines

= @General Information

* Route, diameter, thickness,
material, DOC, etc.

* Foreign pipeline crossings
» HDD/Bores

= Protective Coatings

* Type, thickness, age, and
resistance

= Cathodic Protection
* Components and locations (GPS)
° Bonds

=  Other Records
* Drawings (plan and profile)
* Above ground fixture locations




DATA GATHERING

Power System Network

= @General Information
*  Route (kmz or point cloud)
= Conductors

*  Number, type, phasing, height, and
offset

= Shield Wires

* Number, type, resistance, height,
and offset

=  Circuit Loads

* Max, peak, average peak, and
emergency

=  Fault Currents

* Single line to fault at each tower,
detection time, and clearing time

= Grounding

* Separation distance from pipeline




I Site Survey Requirements - Distance
Geospatial Relationships

Tower type Configuration
Type Name PG_T24
55.9 ™
|
Phase Wires :
D[ft] H[R] J
1 -583 | 39.67 "3
2 5383 39.67
3 542 @9
41.9 4
Shield Wires : ’1 ‘2
D[ft] H[f] R[Ohm/mi] GMRI[ft]
10 55.92 | 3.219 0.01642
28
14
0 e e ==
583 -2910 291 583
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DIGITAL SIMULATION



I What is the Goal?

= Protect People
* Minimize both touch and step potentials along the entire pipeline.

= Protect Assets
* Prevent pipeline coating damage due to abnormal power system
conditions.

* Prevent pipeline damage due to arcing caused by high potentials
during abnormal power system conditions.

X
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CALCULATED OUTPUT - INDUCTION
Voltage

18 +
16 4

— i
[ %] =Y
' L

10 4

Induced AC voltage [V]

‘m
L |

2 3 4 - 6 7 8 9

Chainage [mi]

------- As-Found situation = With proposed mitigation =====15VIlimit 0O Proposed connections

L



I CALCULATED OUTPUT - INDUCTION

Current Density

AC current density [A/m~?]
SESBZRLELEL

IH'H
o
i

Chainage [mi]
--------- As-Found situation ——— With proposed mitigation =====30A/m2limit 0O Proposed connections
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CALCULATED OUTPUT - INDUCTION

RIS Peak AC Current Load Areas of Concem, Rev 1

audubon



I CONDUCTIVE ANALYSIS

= Targeted Outcomes

e 2,500 to 5,000 VAC max
fault structure-to-ground
potential to protect against
pipe and coating damage

PUNCTURE
ATIN
£ = LEVEL (V)
Coal Tar Epoxy 3500
Coal Tar 4500
Coal Tar Enamel 5000
Asphalt 7000
Fusion B
usion Bonded 1000/mil
Epoxy

PX¢
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CALCULATED OUTPUT - CONDUCTION

= Common Scenarios

Phase to Ground Faults

Phase to Phase Faults

Broken Conductors

Phase Imbalances
Generation/Substation Upsets

SPP76 4SF’E81

4 S RasPRs2
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MONITORING & MITIGATION
STRATEGIES




I MONITORING STRATEGIES

= Coupons and Probes*
1. Measure the AC and DC Potentials
2. Measures the AC and DC Current Densities
3. Measures the Corrosion Rate
a) General/Uniform Corrosion
b) Pitting Corrosion

=  Types of Coupons and Probes
1. Metal Coupons — Measures 1 to 3
2. Electrical Resistance (ER) Probes — Measures 3a (Indirect)
3. Ultrasonic (UT) Coupons — Measures 3a and 3b (Direct)
a) AC corrosion exhibits a pitting primarily, therefore UT Probes are
technically superior and more reliable
=  Test Stations
1.  Yearly AC Potentials as part of Annual Survey

* Make sure to pay attention to coupon size during

\¢
conversions (1 cm2, 10 cm2, 100 cm2, etc.) <

audubon



I MITIGATION — TOUCH POTENTIALS

= G@Gradient control mats at
above ground fixtures

= “Dead Front” test stations

d&hs



I MITIGATION - AC INDUCTION

* Bond to Low Impedance Ground System

Zinc ribbon
Copper conductor

DUAL MITIGATION | SINGLE MITIGATION

HORIZONTAL MITIGATION (NOTE 4]

/ ZINC RIBBON (TYP.)
=3 ¥

N - - w \

/  SPLICE (TYP)

X

— a0 —
H HORIZONTAL MITIGATION LEADS 1" MIN. (NOTE 3) L ENGTHERG L IN-LINE H
o #2 AWG HMWPE STR. COPPER (TYP.) i f WELD (T¥P} @ SPLICE |
i DECOUPLER —— H

? ’ ENCLOSURE (TYP.) f 16" PROPOSED PIPELINE p , ?

B it gz / e
| 1
i : PIPE LEADS £ TEST STATION—/
~—MITIGATION LEAD S
! 1' MIN, (NOTE 3) (2) #4 AWG HMWPE (WHERE APPLICABLE)
STR. COPPER (TYP.)

(PLAN VIEW)

O HORIZONTAL MITIGATION INSTALLATION

DECOUPLER ENCLOSURE —
(DAIRYLAND MTP-36) ’

ISOLATION SWITCH

GRADE LEVEL

PIPE LEADS —
(2) #4 AWG HMWPE STR. COPPER

EXOTHERMIC —
WELD (TYP.)

H
@WIIGAHON LEAD—_| }
SPLICE (TYP.) :i
/
SECOND STRAND —~
HORIZONTAL MITIGATION

~—— TEST STATION @
(WHERE APPLICABLE) -

~——DAIRYLAND DECOUPLER
{SSD-2/2-2.0-100-R}

BURIAL DEPTH. 8” - 12"

[

[
|

1

T~— 20 SCH 80

PVC CONDUIT
o MITIGATION LEADS (TYP
P » #2 AWG HMWPE STR. COPPER
I
H .
1 ~

N i
il NOTE2
f—— CONTINUING HORIZ_ MITIGATION
_ (ATMID-SPAN LOCATIONS}
S~ HORIZONTAL MITIGATION
ZINC RIBBON (TYP.)

&
PROPOSED
PIPELINE

(WHERE APPLICABLE FOR
DUAL MITIGATION)

L MIN. (TYP.)
NOTE 3

(SECTION VIEW)

O HORIZONTAL MITIGATION INSTALLATION

P
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I DECOUPLER
CONSIDERATIONS

= |Influence on cathodic protection
operation and monitoring

= Existence of AC voltage /
current activation threshold

= Ability to withstand and/or
conduct surges and lightning
overvoltage’s

= Size of the device (kV)

= Maintenance




I Gradient Control Wire Considerations

Standard . . Cross Consumption . Retail
. Weight Diameter . Connection _ .
Packaging Length (Ib/ft) (in) Sectional Rate Method Price
(ft) Area (in2)  (Ib/A-yr) (S/1f)
#4 AWG Bare,
7-Strand Spool 1000 0.13 0.204 0.417 N/A DCD $0.58
#2 AWG Bare,
7 Strand Spool 1000 0.20 0.258 0.664 N/A DCD $0.82
CopperWeld™ Spool 1000 0.41 0.431 0.513 20 DCD $1.49
Aircraft Wire Coil 1000 - - - 20 DCD -
Small
(11/32" x 13/32") Spool 1000 0.25 N/A 0.140 23.5 D, DCD $2.02
Standard
(1/2" x 9/16") Spool 500 0.6 N/A 0.281 23.5 D, DCD $3.20
Plus (5/8" x 7/8") Coil 200 1.2 N/A 0.547 23.5 D, DCD $5.10
Super (1" x 1.25") Coil 100 2.4 N/A 1.250 23.5 D, DCD $12.45

PX¢
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I Q&A

audubon

Bryan Louque, P.E.

Vice President, Asset Integrity & Corrosion
D: 918.514.5879 C(C:913.221.3446
blouque@auduboncompanies.com
auduboncompanies.com
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