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Why the Problem?
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AC Interference '

A pipeline can experience AC interference as a result of being in the proximity of any AC power line. However,
the vast majority of interference problems are created by and
the they create.

A 3¢ power transmission system consists of three energized conductors,. Each conductor has approximately
the same voltage to ground, and each carries approximately the same amount of current.

Shield Wire or Earth Wire

6/8/2023
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AC Interference | Why Does it Occur?
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Why is AC Interference A Problem?

Potential of Personnel Potential for AC Potential for Coating Potential for Pipeline
Safety Issues (15 V¢ ) Corrosion Damage Damage

Electrocution Risks from
Overhead Power lines

Ground Network
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due to AC currents ~ (~10% (21 Ibs/amp-year) of DC current metal loss)
but the magnitude is potentially much higher. Especially, in ground fault conditions.
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Primary Focus | Personnel Safety & Avoiding Pipeline Failures
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Primary Focus | Personnel Safety & Avoiding Pipeline Failures

For natural gas alone, the Pipeline and Hazardous Materials.
Safety Administration (PHMSA), a United States Department
of Transportation agency, has

A ‘'significant incident" results in any of the following
consequences:

O Fatality or injury requiring in-patient hospitalization

0 $50,000 or more in total costs, measured in 1984 dollars
O Liquid releases of five or more barrels (42 US gal/barrel)
O Releases resulting in an unintentional fire or explosion.




Code - 49 CFR 192 | Gas Transmission Pipeline

United States DOT — Pipeline Hazardous Material Safety Administration
(PHMSA)

Where AC Interference effects falls within the Code:

§192.473 External Corrosion Control: Interference Currents.

(a) Each operator whose pipeline system is subjected to stray currents shall have
in effect a continuing program to minimize the detrimental effects of such
currents.

Very similar language in for (Hazardous Liquid Pipelines)

§192.328 Additional construction requirements for steel pipe using alternative
maximum allowable operating pressure. Special Permit Lines >80% SMYS

(b) Interference currents.

(1) For a new pipeline segment, the construction must address the impacts of
induced alternating current from parallel electric transmission lines and other
known sources of potential interference with corrosion control.
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Code - 49 CFR 192 | Gas Transmission Pipeline (On Shore)

PHMSA Mega Rule RIN2 Issued August 24, 2022
Corrosion Control: Interference Surveys § 192.473

PHMSA proposed to amend § 192.473 to require that operator’s program include i
interference surveys to detect the presence of interference currents and oo
of completing the survey. Additionally, PHMSA mor

Transmission Pipelines: Repair

proposed that operators perform periodic surveys whenever needed. Gt Mo g

Management of Change, and Other
Related Amendmes

: Pipel

Interference currents can negate the effectiveness of CP systems. Section 192.473 currently prescribes general requirements to
minimize the detrimental effects of interference currents. However, subpart | does not presently contain specific requirements to
monitor and mitigate detrimental interference currents. Accordingly, this final rule adds a new paragraph (c) to require that onshore
gas transmission operator corrosion control programs include interference surveys to detect the presence of interference currents
when potential monitoring indicates a significant increase in stray current, or when new potential stray current sources are introduced.

The rule also
requires operators perform remedial actions no later than 15 months after completing the interference survey, with an allowance for
permitting, to protect the pipeline segment from detrimental interference currents. These additional requirements

Clarifications to 49 CFR 192 RINZ2 Issued April 24, 2023
Technical Correction to Specify Unit Measure in 192.473(c)(3)
This correction was to specify that operators must take remedial action when
surveys detect interference currents that

PHMSA could potentiallu issue a NPRM to modify (Hazardous Liquid
Pipelines) change to similar language in the coming 12-18 months.




Basic Power Transmission



Alternating Current — Power Grid System

A system of high tension cables by which electrical power is distributed
throughout a region

Color Key: Substation

Black: Generation Step Down Subtransmission
Blue: Transmission Transformer Customer

Gree Jistr tio . : ‘
ey Transmission lines 26kV and 69kV
765, 500, 345, 230, and 138 kV

Generating Station Primary Customer

q léal 13kV and 4kV

, Transmission Customer Secondary Customer
Generating 138KV or 230KV 120V and 240V
Step Up !
Transformer

Power travels from the power plant to your house through a
system called the power distribution grid.



United States Power Transmission

Electricity Energy Infrastructure and Resources
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With US Pipeline Grid Overlaid

Electricity Energy Infrastructure and Resources
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Induced AC Right-of-Way Safety



Personnel Safety

Safety — Touch & Step Potentials
= (General Public
= Company Personnel
» Livestock & Other Animals

Potential of Personnel Safety Issues (15 V¢ )

From AMPP SP0177-2019: Mitigation of Alternating Current and
Lightning Effects on Metallic Structures and Corrosion Control Systems

grade level

Table 3
Human Resistance to Electrical Current™

Dy skin 100,000 to 800,000 ohms

1,000 ohms

Internal body—hand o foot 400 to 600 ohms




AC Interference — Safety Concerns

Maintaining personnel safety should be considered at all times including :
1. Construction phase:

= TJemporary grounding connections (bonds)

= Ground Rods

= Bare pipe casing

» Grounding straps on vehicles/equipment
2. Typical Operation & Maintenance:

= AC Mitigation Measures

= Employee PPE

> > > > > > b
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AC Interference — Safety Concerns

Safety —Touch Potentials

THIS IS THE MOST COMMONLY KNOWN ISSUE RELATED TO AC INTERFERENCE.
LIMIT VERSUS A COPPER-COPPER SULFATE REFERENCE ELECTRODE FOR PERSONNEL SAFETY.
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Assessing the AC Interference Problem?

POND



Why is AC Interference A Problem?

Potential of Personnel Potential for AC Potential for Coating Potential for Pipeline
Safety Issues (15 V¢ ) Corrosion Damage Damage

Electrocution Risks from
Overhead Power lines

Ground Network
Remember A

o D * NC-02-1
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SAFETY, HEALTH AND ENVIRONMENT COURSES WO

RLDWIDE

due to AC currents ~ (~10% (21 Ibs/amp-year) of DC current metal loss) ;
but the magnitude is potentially much higher. Especially, in ground fault conditions.
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AC Interference

The generated by the
overhead power lines

onto the pipeline (

). The magnitude of such currents
depend on many factors such as coating
condition, soil composition, power line
voltage, distance, etc..

el
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AC Interference — (3) Issues

1. Electrostatic (Capacitive) Coupling

Affects aboveground structures only

= such as a pipeline during construction, above ground
test station, a car, or pipe stored near ditch

2. Electromagnetic (Inductive) Coupling
Affects structures above or below ground

Structure acts as secondary coil

= Most important component, steady state conditions,
causes AC corrosion of steel as well as personnel
hazard potential

3. Conductive (Resistive) Coupling

Affects only buried structures (during line faults)

= Rare emergency/safety related occurrences, high
magnitude conditions, coating stress, pipeline
damage, personnel safety.

> > POND
> A~ > » B > B B >



AC Interference | Capacitive Coupling

Caused by accumulation of

(buildup) between the power
line and the pipeline.

Conducting —¢




AC Interference | Inductive Coupling

Caused by current flow in of
the transmission power line which creates an

Most Common Concern.

Conductor

» Occurs during normal operating conditions of the power line.

» Magnitude can reach 100’s of volts and presenting shock
hazards.

» Pipelines within 1000 If of a HVAC power line should be

investigated in particular, if they share a common ROW in \}%\

Electromagnetic

pa ra | Iel 5 Pipelines Induction
Steady state HVAC Inductive Interference

» Can create operational issues with SCADA/MOVs and can
cause AC Corrosion




AC Interference | Resistive Coupling

Direct contact between a live component of the power line and

an exposed metallic structure. Occur during ground fault

conditions or during lightning strikes.

O Not common.

O Short duration (breakers will trip). Typically, 0.1 seconds or
less on high voltage systems.

O Potentials can exceed 15,000 volts.

O Pipeline ruptures have occurred due to these fault
conditions. Can cause melting or cracking of the pipe wall.

O Coating stress for voltage in excess 5,000 volts for newer,
high strength, dielectric coatings, i.e. Fusion Bonded Epoxy
(FBE).

O Metal loss due to AC currents

; but the magnitude is potentially much

higher. Especially, in ground fault conditions.

6/8/2023



AC Interference | Resistive Coupling

CAUSES OF POWERLINE FAULT CONDITIONS

O On high voltage powerlines faults are
most likely to occur as the result of
lightning, which can ionize the air in
the vicinity of an insulator.

0 High winds

O Failure of the powerline structures or
insulators.

O Accidental contact between

powerlines and other structures
(cranes, construction equipment,
etc.).

6/8/2023 >




AC Interference — Resistive Coupling

Fault current is transferred through the pipeline through the pipeline coating. The

better the coating quality (i.e. fewer holidays) and the higher the coatings dielectric
strength (breakdown voltage) the lower the current transfer to the pipeline.

> > > > > > » PON)D
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Factors Influencing - AC Interference on Pipeline:

R ol - S
H H ‘ !“E 'f, \ SRk nd
Typical Alignment i AR 4 5 "SS i 7 : l

Pipeline in HVAC Corridor

» Pipeline coating type & quality.
» Soil Resistivity.

» Tower Geometry | Separation distance
and orientation between power line and
pipeline

» Power line operating characteristics.

» Magnitude of steady state current in
power line.

> Magnitude and duration of fault
currents.

-
(2]

» Tower grounding characteristics.
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AC CORROSION



AC Corrosion Current Density

Based on recent studies of AC corrosion related failures, the

following guideline was developed: Sz ofcon wtrhuna

= AC induced corrosion at AC current densities less than
20 A/m? (~ 1.86 A/ft?).

= AC corrosion is for AC current densities between 20 to
100 A/m? (~ 1.86 A/ft to 9.3 A/ft?).

= AC corrosion at AC current densities greater than 100
A/m? (~9.3 A/ft?).

Highest corrosion rates occur at with surface

areas between 1 and 3 cm? (0.16 in® - 0.47 in?)

Surface Area of a US

Dime = 2.54 cm?
New studies cite as lower end of “Unpredictable” range for new pipelines, with the possible
exception of an intermediate AC current density of limit at HDDs used by the vast majority

of pipeline operators. 5 b b > (=0 ' p JEE



AC Corrosion

Characteristics of AC corrosion:

1.

Typically located in areas of low soil resistivity.

Typically located at coating defects.

Hard dome shaped cluster of soil and corrosion products.

Typically results in rounded shaped pits.

Typically pit size larger than coating defect.

B
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AC Corrosion

Recent studies related to AC have concluded the
following:

1. AC does not have any significant effect on the
polarization or depolarization of cathodically
protected steel.

2. It has been found that excessive amounts of CP ® >
can actually increase AC corrosion rates. This has a4 S WIFGUTAC
been attributed to the lowering of the electrolyte

—=—With AC
resistivity immediately adjacent to the site of the B
holiday, which coincides with the high pH resulting . 0.1 1
from increased levels of CP. Vcorr (mpy)

CP can reduce AC corrosion impact...

but too much CP can make things much much worse!



AC Induced Current Density Calculation

Likelihood of AC corrosion can be
determined by approximating the AC
current density using Ohm’s Law where:

i = AC current density (A/m?)

Vo = AC voltage of the pipeline (V)

)
o
2
@
=]
P
o
>
Q
L=

0 = solil resistivity (at holiday, not bulk soil) (QQ-m)

d = diameter of a circular holiday having an area
equal to that of the actual holiday (m)

Figure 3-55: AC Voltage Required to Produce 100 A/m* Current Density for a
Variety of Holiday Sizes and Soil Resistivities




How Much AC Voltage is Too Much?

Assumptions:
= Soil resistivity is low: (O Q-cm (Y Q-m)
= \Worst case coating holiday: 1 cm? = diameter 0.011 m

\oltage needed to reach 20 A/m? \oltage needed to reach 100 A/m?
__lgc(pmd) _ 20(10)(7)(0.011) __ligc(pmd) _ 100(10)(7)(0.011)
" Vac = s 8 " Voo = g8 8
= V. =0EREE V. » V.. =BV,

=  With the given parameters:
= AC corrosion could be possible with as little as 0.864 V...
= AC corrosion will be likely with as little as 4.32 V.



How Much AC Voltage is Too Much?

Assumptions:
» Soil resistivity is low: EIRe8 Q-cm (€Y Q-m)
= \Worst case coating holiday: 1 cm? = diameter 0.011 m

\oltage needed to reach 20 A/m? \oltage needed to reach 100 A/m?
__ligc(pmd) _ 20(350)(7)(0.011) __ligc(pmd) _ 100(350)(m)(0.011)
" Vae = 8 8 " Vac = 8 8
= V.. =KIPE,. = V.. =IREA V.



AC Interference — Pipeline Integrity Concerns

Pipeline Integrity / Asset Protection

= AC Corrosion

= Equipment Reliability

= (Coating Damage

= Mechanical Integrity Pipe Wall Loss

= Potentials Impact on CP Effectiveness & Monitoring



Review - Key Points:

Most important things to remember related to AC Voltages:

. 15-volt AC Limitation for Protection of Personnel

. Voltages of 1000 volts - 3000 volts Causes Coating Damage

. > 5000 volts Can Cause Pipe Structural Damage

- AC does not have any significant effect on the polarization or depolarization of cathodically protected steel
. AC corrosion typically occurs at AC current densities greater than 100 A/m? (~9.3 A/ft?).

. Highest corrosion rates occur at coating defects with surface areas between 1 and 3 cm? (0.16 in? — 0.47 in?)



AC Interference Modeling



AC Interference | Computer Modeling

Several organizations and companies have developed software to
model complex Right-of-Way conditions related to Induced AC
voltages. This is the most efficient means to effectively evaluate
“What If Scenarios” during the design phase. The modeling
involves very complex mathematical formulae to analyze the
various scenarios.

The range from affordable to very expensive (~ $40,000/license),
and all have Pro’s and Con’s. Some industry available models are
as follows:

» Safe Engineering Services & Technologies (SES)
= CDEGS
» Safe ROW
= PRCI AC Mitigation Tool Box
= Technical Toolboxes — AC Mitigation PowerTool (ACPT)
= Elsyca IRIS
» OTHERS

RULE OF THUMB COSTS FOR FIELD DATA
COLLECTION, MODELING AND DESIGN FEES
FOR AC MITIGATION

RANGE FROM $2,000 TO $4,000 /mile on up

For computer modeling only, $1,000 to $1,500 on up
depending on complexity of the HVPL corridor.

AC Model Typical Alignment




AC Interference — Computer Modeling

Typical AC Conditions Modeled:

»  Steady State Induced AC Levels Power Line Load
Operating Conditions (Steady State, Peak or
Emergency Loads)

= Pipe Potentials Under Line Phase-to-Ground Fault
= AC Corrosion
= Arcing Distance
15-volt Limitation for Protection of Personnel
= Step Potentials
= Touch Potentials
Tower Ground Faults

= 1000 volts - 3000 volts Causes Coating Stress
(Damage)

=  >5000 volts Can Cause Pipe Structural Damage




AC Interference | Use Available Resources

Modelling
the problem

Solving the
problem

Modelling AC interference from
high voltage power lines

Solving the equations

AC interference
on buried pipelines

Determination of
the optimal
parameters of the

CP system

.through self-developed
software

Cakulated Induced Voltage
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AC Interference | Data Necessary

POND P

Responsive People. Real Partners 3500 Parkway Lane P 6783367740
$ 00 F 678 7744

» Pig Launchers/Receivers
worwe pONGCo COM » CP Test Stations

= Location of foreign pipelines (crossings or parallel in same ROW)
o Existing cathodic protection ground bed data

* Ground bed location & configuration

* Qutput data

AC MITIGATION INVESTIGATION

For any AC Mitigation investigation and subsequent modeling, the following data will be
required: FIELD DATA
TYPICAL AC POWER TRANSMISSION DATA REQUIRED * IGFSathey jeatuies
o Photos of key features
» Tower geometry, configuration & GPS location e HVPL tower'locatior? ?nd geometry data if not providved by others )
Tower grounding (ground resistance) details . Accurat.e soil r.eSfStIVIty (ASTM G-57 = Wennef l4-p|n) da{a at various Ia\{ers alo?g‘ t!‘ne
HVPL conductor vertical heights collocation. N_hmmym one (1) per mile at additional readings at any obvious resistivity
HVPL conductor horizontal separation distances changes. (Typical pin spacings 2.5", 5', 10', 15', 20', 25", 50" & 100°)
Shield wire data (ground height and separation distance) Field measured Longitudinal Electric Field (LEF) data at each soil resistivity location
HVPL sag height between towers Representative 24 hour LEF data collection at key locations
HVPL phase location / conductor arrangement with respect to pipe centerline AC & DC potential measurements at existing test stations (if possible)
HVPL conductor type, size & rating for all phase and shield wires Measurement of AC current density at AC coupon test stations (if possible)
* Locations of any phase transpositions
* Current loading under different conditions namely:
» Steady State (Average)
» Peak Load
> Emergency conditions (for power line with multiple circuits)
* Fault information i.e. Duration, magnitude, etc.
* Power line-to-ground fault current at each end of the collocation, number of collocations,
parallel runs, as well as at the midpoint. In other words, near the substation, halfway, etc. These
are just approximate figures.
¢ Fault current split in the faulted conductor (i.e. - the current being fed from any of the
directions). This will provide an indication of feedback conditions that may exist at a fault site.

PIPELINE DATA
* Physical attributes of the pipeline
Pipeline alignment sheets
Pipeline installation date
Pipeline length, diameter & wall thickness
Operational history i.e. (ILI anomalies, direct assessment findings)
Coating type, thickness and coating conductance
Detailed depth of cover and centerline GPS location in areas of collocation with the
overhead HVPL AC lines
Pipeline crossing locations with the HVPL's
Location of above-grade appurtenances
» Valves

» Casings

Pond & Company AC Interference Data, Rev.0




AC Interference | Typical Power Company Data
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AC Interference | Typical Power Company Data

AC Fault Current (amperes-rms) 50/60Hz

FAULT CURRENT 10 cycles | 30 cycles
Exposure level: Unless the pipeline has a direct, metallic 1.2KA 2.100 1,600 1.400 1,200
connection to a power line grounding system (which is not 2.0kA 5300 | 4500 | 3,700 2,000

recommended), the fault current is kept to moderate 3 7kA 6.500 5000 4 200 3700
[SVEIS underl most and|t|ons dge to the resistance offered 5 OKL 8800 | 6800 | 5700 5.000
by the pipeline coating and soil, and the limitations of the

<4 NI [T
M/\/\JVWW\NWWW e

%{ 0.1 s ,&

Figure 1: AC Fault Test of a Dairyland SSD-2/2-5.0-100




HVAC Tower Configurations:

In the “Single Horizontal Circuit” example
shown, Phase C has the most effect on the pipe
ine and Phase A the least. The greater the
separation distance the less eftect by that

Phase.

Effect of Phase Conductor Separation

Centre Line Centre Point Full Roll Partial Roll
Symmetric Symmetric

Phase Arrangements for Double Vertical Circuit



C Interference — Data Necessary for Modeling

[ & & 3 E ‘ S

500kV 230/69kV  230kV
Single Circuit Pole  120-160° 105135
140"-160°

AC PIPE-TO-SOIL POTENTIAL (Volts)

0
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Pipeline Electrical Characteristics:

Longitudinal Electric Field (LEF):

One of the most difficult steps in the calculation of induced voltages
is in the determination of the magnitude and phase angle of the LEF
to which section of the pipeline is exposed. Then, the pipeline must
sectionalized where each section exhibits uniform characteristics for

analysis:

The LEF resulting from a /¢ flowing in a powerline conductor 1s a function of the
mutual impedance Zy between the pipeline and the powerline.

E= I,_,.v;' Z_\.{ [3'54]

Z\ , Mutual Impedance Between 2 Parallel Conductors

where:

and where:

-\'."I(:.h —h+2\p/ j2nfiy, r +d’

Zy = j S perln T = =
N +d”

frequency (Hz)

soil resistivity (€2-m)
complex operator

h, k', d, and D define the pipeline-powerline geometry



Field Simulation of Longitudinal Electric Field (LEF):

High=Impedance f'— L~ 30M ——"

Tuned Voltmeter;
Cabinet
Grounded

At Rod #|

Insulated Wire

Ground Ground Rod #2
Rod #1

(a) Test Set- up




INGAA Study — AC Modeling
. !‘%ﬁ’f‘eﬁigoggf algiigre]lﬁmtgsd yCo—Existing with Electri; @lNGAA FOUNDATION

Power Lines”

= Study Performed by Det Norske Veritas (U.S.A.)
Inc. (DNV GL)

" Project commenced May 2014; Final Report
issued October 2015

= Provides guidelines for risk analysis based on five
criteria

= A major conclusion of the study encourages
sharing of TL data to foster closer coordination
between pipeline operators and transmission line
companies

Available on INGAA Foundation web site at:



http://www.ingaa.org/Foundation/Foundation-Reports/24712.aspx
http://www.ingaa.org/

Reason for the INGAA Study

Predicting ac interference on pipelines is a complex
problem, with multiple interacting variables affecting
the influence and consequences.

Detailed computer modeling generally requires
extensive data collection, field work, and subject-
matter expertise. , g

The quality and accuracy of the computer modeling
results are directly related to the quality of the data
and assumptions utilized to perform the modeling.

The report provides basic guidelines for a risk-based

BURIED

decision-making process to help prioritize regions for a FIPELINE
detailed modeling or to exclude regions from
modeling to improve the efficiency of addressing
induced ac issues.

S )



INGAA Summary of (5) Key Variable Severity Rankings

Separation Distance - D (Feet) Sevemlynlfear?:rlggcf HVAC

D <100 HVAC Current - | (amps) Relative Severity of HVAC Interference

1,000 <D £2,500 Very Low 250<1<500 Medium-High

Relative Severity of HVAC
Corrosion

e e

30<©0<60

Soil Resistivity - p (ochm-cm)

e > 60

p < 2,500 Very High

2,500< p <10,000

Collocation Length: L (feet) Relative Severity

L > 5,000 High 10,000<p < 30,000

1,000 < L <5,000 Medium p > 30,000

L <1,000 Low



Induced AC | Key Points

Most important things to remember related to AC Voltages:
- 15 volt Limitation for Protection of Personnel

. Voltages of 1000 volts - 3000 volts Causes Coating Damage.

- >5000 volts Can Cause Pipe Structural Damage

. AC corrosion typically occurs at AC current densities greater than
100 A/m? (~9.3 A/ft?). Typically in locations with low soil
resistance.

. Highest corrosion rates occur at coating defects with surface areas
between 1 and 3 cm? (0.16 in® — 0.47 in?). Very small coating
defects.

. AC corrosion typically has pimple like blisters and have very round
corrosion pit morphology.

> > > > > > b
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AC Interference Mitigation & Testing



Induced AC Mitigation — In One Picture

INDUCED
CURRENT

BURIED
PIPELINE




Typical AC Mitigation Grounding Components

Specification
Chart

Wood Reels Wood Reels

==

A

Sizing an Equipment Grounding Conductor

.
> 283




Other Typical AC Mitigation Components

I DAIRYLAND

ELECTRICAL INDUSTRIES

1S E UND. PROTECT.

The Isolation Switch
Installation and Operating Instructions - SSD

gl




AC & DC Coupon Test Stations

Coupon test stations are invaluable for system testing. Some typical
industry available models are as follows:

® -
TRITON® Coupon Test Station
}ass Engineenny Ph. (903) 759 -10633
0 Brent Rd. www Bass-eng com
u view, TX 75604 saesZbass-eng com

The TRITON® is the first coupon test station on the market to
offer techn sound AC and DC coupans in an independent
package that can be easdy installed independent of test
location

Every feature, from the heavy duty test switch to the bonded
zinc anode terninal, is designed to make the TRITON® dura-
ble, easy to and easy to use

Clearly labeled faceplate makes
field measurement easy

Recessed banana plug terminals
prevent accidental contact with

pec” disconnect
switch provides durable connection
1 CM? AC coupon is suitable for

100 CM? "TEST" coupon is suitable
for measuring “ON" and *

Off* potentials

100 CM’ "NATIVE" Coupon su

for measuring true “Native®
potentials

Custom external markings make
Identification easy In the field
Stationary copper/copper sulphate
reference electr incorporated
into design to provide measureme
of IR Free” coupon potentials
Pre-installed 26 AWG THHN primary
pipeline connection and bonding
strap allows quick connection of
zinc ancde or other AC current
drain

Pre-instalied #10 AWG THHN
secondary pipeline con ion for
testing "ON" pipeline potentials

Model UC2  Refer

for version without an AC coupon

tyle A - Test Station Foo

Use Style A ihen the coupon is affixed to the
base of a test station. This style may be ordered

ith or without the optional zinc reference.

Style B - Self contained
Use Style B when coupon is to be located
remote from a test station. Style Bis only

Endcap to hold factory installed
/— backill in place during shipping
Remove during installation.

1sq. cm. steel coupon for
me:

uring AC current

10sq. cm. steel ntric
CP coupon with two 1/8@
nsing ports.

1. (nom.) PVC end cap

ally connected to a
r 18 ga. cable. The red and
k wires are connected to the DG
coupon, the orange nnected to the
A lue wire is connected to

electrochemic
PO Box 789. Middlefield

Specify as EDI Model UC2z-xxx

A for Style A test station foot

B for Style B self contained
xxx = BDG for no internal reference electrode (only on Style
xxx = ZIN for an internal packaged zinc reference electro
nnn = lead wire length in f
Note: If no lead wire length is specified,
10 feet (3 meters;

I CC Technologies
CS-3100 Coupon Test Station




What is a Decoupler? ‘

= Device with very low impedance to AC but
blocks DC up to a predetermined voltage
level, typically 2 to 3 volts

= Typical AC impedance: 10 milliohms
= Typical DC resistance: Megaohms
»  Solid-