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Today’s Focus Points

MetriCorr presentation
A 1-minute re-visit of AC standard criteria

AC modeling — spread resistance and soil resistivity -
prediction of the AC current density
The vicious circle of AC corrosion

» Laboratory evidence

 Field evidence

Getting out of the circuit the easiest way
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Rectifier & Test Station Monitoring

Line Current AC Interference

DC Interference Critical Bonds Isolating Joint Rectifier
7 7 / / % x
L
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Probe: "PA09451521"

Probe location: Pipeline= "AC interference Pipeline”, Tag= "Position 4"

Corrosion Rate & Electrical Fingerprint Concept o (T o [T

Nocorrosion T plot Lars VN high corrosion test ®R:

CR =119 (um/year)

Thickness Corrosion rate: ER probe

1. Feb 1. Mar 1. Apr 1. May 1. Jun 1. Jul 1. Aug 1. Sep 1. Oct 1. Nov
N . . EON,structure:

E P|pe VS Ref Z -0s Vmax — ~0.896 (V) (17.Sep 01:30:00)
ON " - = Vmin -~ -1.882 (V) (5.Aug 00:30:00)

z Vavg - -1.252 (V)

2 g S

E = Eon —_— J *RS I s ~~  EIR-free,coupon:
|Rfree DC g Vmax — 3.100 (V) (30.May 16:30:00)
a Vmin = -1.456 (V) (21.Apr 19:30:00)

=2 Vavg = -1.150 (V)

EOFF: Probe VS- Ref 1. Feb 1. Mar 1. Apr 1. May 1.Jun 1. Jul 1. Aug 1.Sep 1. Oct 1. Nov

Jpc: Probe current density
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29 Jul 14
V) (16.Mar 13

U,~: Pipe vs. Ref
Ac- FIp E Wu Y
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1. Feb 1. Mar 1. Apr 1. May 1. Jun 1. Jul 1. Aug 1. Sep 1. Oct 1. Nov
JAC,coupon
Jmax 704.42 2) (9.Aug 15:30:00;
500 Jmin = 0.5024 ( Mar 13:30:00)
Jac: Probe current densit
AC- y
) ) .
1. Feb 1. Mar 1. Apr 1. May 1.Jun 1. Jul 1. Aug 1.Sep 1. 0ct 1. Nov
RS,coupon:
Ravg = 0.087 (Qm?2)
Rslop = -0.000 (Qm?)
RS - UAC/ JAC
1.Feb 1. Mar 1. Apr 1. May 1.Jun 1. Jul 1. Aug 1.Sep 1.0ct 1. Nov
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Rectifier & Test Point Monitoring

a) VL-100 MasterLink RMU Pack (Potential Test Station)
Ref.
Pipe U - Item No. -
b) R an)
A - »
URef. { n
- | ‘ ]
| [l ] \
Pipe ERProbe  ER Probe
(Native). Iltem No.
c) & ———VA ICL-C MasterLink RMU Pack (Line Current & Corrosion Rate Test Station)
=/ nc 1 \ oy
®
1} Ref | re-c mopuLe
) Line Current | |
Pipe ' Item No.
ER Probe
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Corrosion Rate & Electrical Fingerprint Concept

Traditional test station
Q Solar option

v i

|I|
Sub terranean bullet

Junction box

Solar option
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LX)

O
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System Architecture

MetriCorr

Test station w. RMU

Fiber / LAl

Cellular

Interference Source

Pipeline / simple or interfered

Cloud-based
Data Management
N
I
.‘ .
.
b2 Pipeline operator



Integrated Big Fink Solar Power Test Station
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AC Criteria - NACE SP21424

6.1

6.2

6.3

6.4

6.5

Corrosion Rate: Effective control of AC corrosion can be shown by a documented corrosion rate less than
0.025 mm/year (1 mpy) which is a commonly used benchmark for effective external corrosion control....

Current Density: Unless effective AC corrosion control has been otherwise documented (6.1) the AC current
density should not exceed a time-weighted average of

- 30 A/m?if DC current exceeds 1 A/m?
- 100 A/mZ2if DC current is less than 1 A/m?
Current densities are measured on coupons.

AC Voltage: The AC voltage induced on a pipeline is the diving force for AC corrosion. The AC voltage
should be mitigated to a level where the above current densities are met.

Cathodic Polarization: AC corrosion is inhibited by cathodic polarization The criteria given in NACE SP0169
shall be followed but the cathodic DC current densities given in 6.2 should be noted.

The above criteria shall be documented for a representative period of time, accounting for variations in
influencing parameters.

HOUSTON MetriCorr
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AC Criteria - SP21424

1000 ,
|
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AC Criteria - SP21424

. 0-9 pm/y
10-29 pm/y
30-99 pm/y

O 100-999 pm/y :

O 1000 pm/y > o
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AC current density (A/m2)

e
- . s o Safe
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Cathodic DC current density (A/m2)
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Reason for 1 A/m2 DC?

What does PHMSA Say?
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PHMSA: 100Amps per meter squared - and then what?

e ) A e )
Plan Interference Execute Interference Analyze Data ] - Prepare / Revise
Baseline Survey Baseline Survey Derive Root Cause J “l Remedial Action Plan

\_ J J - \_ \]/ J

e ) ) e )
Plan Interference | Execute Interference .

Apply for Permits
Survey Survey
_ — J J \_ \l, J
e )
Implement
A Remedial Measures
L J
\ N
e A )
Apply Continuous ITETRETD
o Alert Values Violated? Compliance Reports
Monitoring (PHMSA)
\_ J . J
JL Y A
e ) e = )
. repare
PRI DT g > Survepreports
Periodic Surveys (Internal)
L J J
A 4

PLAN DO CHECK ACT
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AC Criteria - SP21424

Cathodic DC current density (A/m2)
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Spread Resistance vs Soil Resistivity



Spread Resistance vs Soil Resistivity

U, (V)= Pyon (€2-m)

2-d(m) -A(m?)-J,. (A/m”)
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Spread Resistance vs SOll Re51stw1ty

Upe(V >—"S°ﬂ(Q M) A (m )JAC (A/?)

2 d( )
_________________ 10000
Rsoi1(0hm. m) - A(m?) = i /
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= 10
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Spread Resistance (ohm.m2)
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Spread Resistance vs Soil Resistivity

Spread Resistance vs Soil Resisitivity

10.000
10000
1.000 - < /
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Spread Resistance (Ohm.m2)
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Spread Resistance vs Soil Resistivity

Spread Resistance vs Soil Resisitivity

10.000

1.000
£
£
2 Should we disqualify AC current density modeling?
> 100
g ’ - Or should we disqualify coupons?
" 10
1
0,01 0,1 1 10 100

Spread Resistance (Ohm.m2)
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AC Corrosion Vicious Circle



AC Corrosion Vicious Circle

0.000
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AC Corrosion Vicious Circle

110
(QQ-m 100 - 6 0 0o
2 2 ;
U (V)::psoﬂ( )A(m )J (A/m) : %o
AC AC . | .
2-d(m) : | .
é 80 - © g
X No effect Rg decreases
& 70 '
60 -
50 S ‘ ‘
Jdc (A/m2)

U, e(V)=Ry '(Q'mz)'JAc (A/m?)

U=R-I

EON - EIRfree =1I- Rs
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AC Corrosion Vicious Circle

0.000
—o-AC=0
02001 | 5 ac=10AM2
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04001 | x-AC=100 A2
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AC Corrosion Vicious Circle

Excessive CP

Small Coating Defect Pre-requisites

Induced AC N Incrfgsed

Current

Depolarization
Ohm'’s law "thorough mitigation”

Reduced Spread .
K_/

Alkalinity
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AC Corrosion Vicious Circle

0.000

E (V vs SCE)

-0.500 +

-1.000 +

-1.500 -+ ‘ ‘
0 2 4 6 8 10 12 14 16

pH

OH- neutralisation (Mg/Ca)

Influx _/
N

v

Out-flux
(Diffusion — texture)

(Ipc)
Accumulation
(pH increase)

AMPELIOUSTON MetriCorr 27




Laboratory Evidence



Laboratory Evidence

Corrosion rate,

DC Potential,

DC current density
AC voltage,

AC current density
Spread Resistance

Weight loss coupon ER- coupon circular

ER- coupon Rod

AMPPLIOUSTON MetriCorr
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Laboratory Evidence

Vcorr vs Uac - 15 VAC - various Uon

250
% 200 - -850 mVDC
“ 150 . -950 mVDC
_5 100 -1100 mvVDC
8 s -1200 mVDC
£ 501 1250 mVDC
8 02— g -1300 mVDC

-50

0 5 10 15 20
Uac-V

AC Corrosion — an effect of AC alone?

e Corrosion rate not particularly controlled by the AC voltage level
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Laboratory Evidence

AMPP
CHAPTER

Vcorr vs Uac - 15 VAC - various Uon

250
% 200 - -850 mVDC
“ 150 . -950 mVDC
_5 100 -1100 mvVDC
8 % -1200 mVDC
£ 501 1250 mVDC
8 02— g -1300 mVDC

-50

0 10 15 20
Uac-V

Corrosion rate

250
200
150
100

-50

Vco

rrvs Uon - 15 V AC - various Uon

ES

S S

-1400 -1200

-1000 -800 -600
Uon-mV CSE

—=—-850 mVDC
-950 mVDC
-1100 mVDC
-1200 mVDC
-1250 mVDC
-1300 mVDC

HOUSTON

e Corrosion rate not particularly controlled by the AC voltage level

e DC — potentials have a high influence

MetriCorr
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Laboratory Evidence

AMPP
CHAPTER

HOUSTON

Vcorr vs Uac - 15 VAC - various Uon Vcorr vs Uon - 15 VAC - various Uon

250 , 250
) ‘ )
-o‘—U- 200 - -850 mVDC -o(-“‘ 200 —=—-850 mVDC
c 150 -950 mVDC = 150 -950 mVDC
o -1100 mVDC o) — -1100 mVDC
.= 100 = 100
4 -1200mvDC|l 4 + 1200 mVDC
= 50 i A2s0mvoc|| £ 50 1250 mVDC
O 0 PR PR ' T SR o S S St 1300 mVDC O 0 P P : ) Y -1300mVDC

-50 -50

0 5 10 15 20 -1400 -1200 -1000 -800 -600
Uac-V Uon-mV CSE
Vcorr vs lac - 15V AC - various Uon Veorr vs Idc - 15 VAC - various Uon

250 ‘ 250
_.G_J, 200 i -850 mVDC _.G_.? 200 —a—-850 mVDC
S 5 -950 mVDC 150 —5—-950 mVDC
c -1100 mVvVDC c - -1100 mVDC
O 100 O 100 E . m
) -1200 mvVDC ) -1200 mVDC
g %0 ! a2s0mvoc| 2 90 1250 mVDC
(@] 0 L P I SR SR S R 1300 mVDC (@] 0 P P 1300 mVDC
(@) ‘ @)

-50 -50

0 100 200 300 400 500 600 -15 -10 -5 0 5
lac - Am2 ldc - Am2
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Laboratory Evidence

{Metm’(ﬁorr Rs vs Idc - 15 VAC - various Uon
0.20
-850 mVDC
%1 0.15 -950 mVDC
e -1100 mVDC
< 010
5 g -1200 mV DC
(2]
X 505 -1250 mVDC
e -1300 mVDC
0.00 R E S —
-15 -10 -5 0
Idc - Am2 (cathodic = negative)

Excessive CP lowers the spread resistance by almost a decade

- AC current density increased by almost a decade without increasing AC voltage

AMPP
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Field Evidence



Probe: "PI20305197"

Probe location” Pipeline= "NotDef", Tag= "NotDef"

]e VI ence Zoom 1m  3m YD All From | Jan 20,2020 | To | Feb 2, 2020

CR:
CR =10676 (um/year)

Thickness Corrosion rate: ER probe

EON,structure:

Vmax = -1.101 (V) (2.Feb 11:33:20)
-1.750 (V) (21.Jan 04:32:20)
.567 (V)

21.Jan 22.Jan 23. Jan 24. Jan 25.Jan 26. Jan 27.Jan 28.Jan 29.Jan 30. Jan 31.Jan 1. Feb 2. Feb

EIR-free,coupon
Vmax = -1.006 (V) (24.Jan 15:32:20)

Eon: Pipe vs. Ref

an 06:32:20)

z -1 Vmin = -1.357 (V) (20.Jan 00:32:20)
3 Vavg = -1.177 (V)
S
3
Eiriee = EON —Jpc*Rs =
- - Vmax = -1.0 ) 4 Jan 01:32:20)
IRfree DC g

EOFF: Probe VS. Ref 21.Jan 22.Jan  23.Jan  24.Jan  25.Jan  26.Jan  27.Jan  28.Jan  29.Jan  30.Jan  31.Jan  1.Feb  2.Feb

Jpc: Probe current density

21.Jan 22.Jan 23.Jan 24. Jan 25.Jan 26. Jan 27.Jan 28. Jan 29. Jan 30. Jan 31.Jan 1. Feb 2. Feb

. /\m/hN/\ hm/\/w\/\m
A

v W \/\ﬂ/\/u W \[\‘\/\/ ‘»J‘\/\Jw

UAC structure

U,c: Pipe vs. Ref

21.Jan  22.Jan  23.Jan  24.Jan  25.Jan  26.Jan  27.Jan  28.Jan  29.Jan  30.Jan  31.Jan  1.Feb  2.Feb
JAC,coupon:
Jmax = 1254.6033 (A/m?) (28.Jan 02:32:20)
Jmin = 43.9102 (A/m?) (2.Feb 11:33:20)
Javg = 431.4613 (A/m?)

1000

Jac: Probe current density

0

21.Jan  22.Jan  23.Jan  24.Jan  25.Jan  26.Jan  27.Jan  28.Jan  29.Jan  30.Jan  31.Jan  1.Feb  2.Feb

o RS,coupon:
= H—— Ravg = 0.012 (Qm?)
= 0.03 Rslop = 0.000 (Qm?)
@
] 0.02
Rs = Upc/J 3"

S AC'YAC g oo

&

21.Jan 22.Jan 23.Jan 24. Jan 25.Jan 26. Jan 27.Jan 28. Jan 29.Jan 30. Jan 31.Jan 1. Feb 2. Feb

& HOUSTON T\ | .

Thickness ~ — EIR-free,coupon ~ — EON,structure ~ — EOFF,coupon JDC,coupon  — UAC,structure  — JAC,coupon  — RS,coupon



Field Evidence

Are AC and DC correlated?
Does DC control spread resistance?

Does Spread resistance control AC current density?

What is the easiest way to avoid “trouble”

& HOUSTON

Probe: "PI20305197"

Probe location- Pipeline= "NotDef", Tag="NotDef"

Zoom 1m  3m YD Al

21.Jan 22. Jan 23. Jan 24. Jan 25.Jan 26. Jan 27.Jan 28.Jan

From | Jan 20,2020 | To | Feb 2, 2020

CR:
CR =10676 (um/year)

EON,structure:

Vmax = -1.101 (V) (2.Feb 11:33:20)
Vmin = -1.750 (V) (21.Jan 04:32:20)
Vavg = -1.567 (V)

29. Jan 30. Jan 31.Jan 1. Feb 2. Feb

EIR-free,coupon

Vmax = -1.006 (V) (24.Jan 15:32:20)
Vmin = -1.357 (V) (20.Jan 00:32:20)
Vavg = -1.177 (V)

EOFF,coupon:
Vmax

Jan 01:32:20)

an 06:32:20)

DC Potential (V)
|

21.Jan  22.Jan  23.Jan  24.Jan  25.Jan  26.Jan  27.Jan  28.Jan

21.Jan 22.Jan 23.Jan 24. Jan 25.Jan 26. Jan 27.Jan 28. Jan

2 ‘M P\, -
A ZAW AW A it

AC Voltag,
=
£
b1
=
=
P

21.Jan 22. Jan 23. Jan 24. Jan 25.Jan 26. Jan 27.Jan 28. Jan

< 0

nsity

21.Jan  22.Jan  23.Jan  24.Jan  25.Jan  26.Jan  27.Jan  28.Jan

21.Jan 22.Jan 23.Jan 24. Jan 25.Jan 26. Jan 27.Jan 28. Jan

Thickness ~ — EIR-free,coupon ~ — EON,structure ~ — EOFF,coupon JDC,coupon

N m»/h //\j\\ /\ A /f\‘/w\

29.Jan  30.Jan  31.Jan  1.Feb  2.Feb

29. Jan 30. Jan 31.Jan 1. Feb 2. Feb

AN e NN
N A VARY A WAV

29. Jan 30. Jan 31.Jan 1. Feb 2. Feb

Jan 02
11:33:20)

= 431.4613 (A/m?)

29.Jan  30.Jan  31.Jan  1.Feb 2. Feb

RS,coupon
R 0.012 (Qm?
= 0.000 (Qm?

a

29. Jan 30.Jan 31.Jan 1. Feb 2. Feb

— UAC,structure  — JAC,coupon  — RS,coupon



Field Evidence

Zoom YD All

22. Jan 23, Jan 24, Jan 29. Jan 26. Jan 27. Jan 28. Jan 29, Jan 30. Jan ]

|
J

an | Feb 2. Feb ). Feb 4.Feb 5. Feb
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Field Evidence - CP Controls Spread Resistance

Probe: "PI20305197"

Probe location: Pipeline= "NotDef", Tag= "NotDef"

Zoom Im 3m YTD All From | Jan 20, 2020 Feb 2, 2020
: B
]
L -1.5
O
(5]
=2
21.Jan 22.Jan 23. Jan 24. Jan 25. Ja 26. Jan 27.)an 28. Jan 29. Jan 30. Jan 31. Jan 1. Feb 2. Feb
DC Current Density
21.Jan 22.Jan 23. Jan 24. Jan 25. Jap 26. Jan 27.Jan 28. Jan 29. Jan 30. Jan 31. Jan 1. Feb 2. Feb
]
]
. £ 0.03
Spread Resistance
o £ 0.02
£c
g o001 _/_/'—\_
; M
Z 0
21.Jan 22.Jan 23.Jan 24. Jan 25. Jan 26. Jan 27.Jan 28. Jan 29. Jan 30. Jan 31.Jan 1. Feb 2. Feb

— EIR-free,coupon

=— EON,structure - EOFF,coupon JDC,coupon — RS,coupon

e HOUS

EON,structure:

Vmax = -1.101 (V) (2.Feb 11:33:20)
Vmin = -1.750 (V) (21.Jan 04:32:20)
Vavg = -1.567 (V)

EIR-free,coupon:

Vmax = -1.006 (V) (24.Jan 15:32:20)
Vmin = -1.357 (V) (20.Jan 00:32:20)
Vavg = -1.177 (V)

EOFF,coupon:
Vmax = -1.000 (V) (24.Jan 01:32:20)

Vmin = -1.283 (V) (22.Jan 06:32:20)
Vavg = -1.160 (V)
RS,coupon:

Ravg = 0.012 (Qm?)
Rslop = 0.000 (Qm?)
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Field Evidence - Spread Resistance controls AC Current Density

Probe: "PI20305197"

Probe location: Pipeline= "NotDef", Tag= "NotDef"

Zoom 1m 3m YTD All From | Jan 20, 2020 To | Feb 2, 2020
UAC,structure:
= 7.5 Vmax = 7.665 (V) (28.Jan 02:32:20)
) Vmin = 1.146 (V) (22.Jan 10:32:20)
AC Voltage 2 Vavg — 3.872 (V)
©°
S )
8) 2:5
<
0
21. Jan 22.Jan 23.Jan 24. Jan 25. Jan 26. Jan 27.Jan 28. Jan 29. Jan 30. Jan 31. Jan 1. Feb 2. Feb
z JAC,coupon:
2 . Jmax = 1254.6033 (A/m?) (28.Jan 02:32:20)
AC Current Dengﬂ:y 000 Jmin = 43.9102 (A/m?) (2.Feb 11:33:20)
iy Javg = 431.4613 (A/m?)
s
£ s00
=
(9]
]
< 0 )
21. Jan 22. Jan 23. Jan 24. Jan 25. Jan 26. Jan 27.Jan 28. Jan 29. Jan 30. Jan 31. Jan 1. Feb 2. Feb
o RS,coupon:
. % 0.03 Ravg = 0.012 (Qm?)
Spread Resistance Rslop — 0.000 (Qm?)
¥ = 0i02
&S
==
b
o 0.01
S
L 0

21. Jan 22.Jan 23.Jan 24. Jan 25.Jan 26. Jan 27.Jan 28. Jan 29. Jan 30. Jan 31.Jan 1. Feb 2. Feb

e A AN, A " AL ST e 1N
Eb 7 [ SNASY W% o b A ol W MM A NAP S G M WV NR/\’/;»‘ ol
4 1)

»

= UAC,structure — JAC,coupon = RS,coupon 39
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Spread Resistance Ohm.m2

Field Evidence - Spread Resistance controls AC Current Density

Spread Resistance vs DC Current Density

0,1
°
b ®
®
0,01 o
@
0,001
0,01 0,1 1 10 100

DC A/m2

& HOUSTON
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Spread Resistance Ohm.m2

Field Evidence - YOU control spread resistance, AC Current density and Corrosion Rates

Spread Resistance vs DC Current Density AC Current Densityvs DC Current Density
0,1 10000
No corrosion
L ]
b ®
1000 s
- :
° c Corrosion -
0,01 . <
. ¢ Q
Corrosion - < °
100
e ® L
No corrosion
0,001 10
0,01 0,1 1 10 100 0,01 0,1 1 10 100
DC A/m2 DC A/m2
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Field Evidence - YOU control spread resistance, AC Current density and Corrosion Rates

Uy (V) =Rt o 2y y (A

10 . 2-d (m)
450m - Q
—_ ~
(9] ~ —
£ No corrosion '~ UAC RS X JAC
(@ 1 s
~— N\
[¢0] ~
O ~
[ ~
g T~
(%] ~
2 o ~.
o ~
© 0,1 - - ~
3 ~
— ~
& S L Corrosion
N
0.015 Q.m? __________________________________________________________________f.‘_%go
0,01
0,01 0,1 1 10 100

DC Current Density (A/m2)

One extreme example - 350 times reduction in AC Current Density - just by reducing the CP level
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Field Evidence - AC Corrosion Criteria Analysis

AC Current Density A/m2

AC vs DC Current Densities

1.000

100

10

0,001 0,01 0,1 1 10
DC Current Dencity A/m2

& HOUSTON

AC Current Density A/m2

AC Corrosion
Criteria Evaluation
1.000

100 e®

10

0,001 0,01 0,1 1 10
DC Current Dencity A/m2
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PHMSA: 100Amps per meter squared - and then what?

e R
Plan Interference
Baseline Survey

_ Y,

e R
Plan Interference |

Survey
_ Y,

N

PLAN

& HOUSTON

DO

N e N
Execute Interference Analyze Data ] Prepare / Revise
Baseline Survey Derive Root Cause J Remedial Action Plan
J — _ \]/ J
) e )
Execute Interference ;
Survey Apply for Permits
J —<
y
7
Implement
A Remedial Measures
\_
A\ N
e A D
Apply Continuous ITETRETD
pply Lont Alert Values Violated? Compliance Reports
Monitoring (PHMSA)
_ J . J
! " i
e A e = A
: repare
PRI DT g Survepreports
Periodic Surveys (Internal)
_ J _

ACT

=
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Thank you for attending!

Questions are welcome...

LVN@metricorr.com




