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DEMONSTRATION: Corrosion principles and test measurements in a
waterbox with a water electrolyte is shown to reflect buried soil conditions
and pipeline related corrosion issues and protection methods.

QUESTIONS

la. Typical questions are asked for each demonstration to reinforce the
demonstration’s examples and basic principals shown.

WATER BOX
CORROSION DEMONSTRATION
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CORROSION CELL NEEDS: AMOUNT OF CURRENT FLOW PER OHM'S LAW
1. ANODE AND CATHODE (I=E/R) IS DEPENDENT ON

2. VOLTAGE DIFFERENCE 1. CIRCUIT RESISTANCE (CLOSER LOCATION
3. COMMON ELECTROLYTE PROXIMITY AND LOWER RESISTANCE (MORE

4. RETURN CURRENT PATH CORROSIVE) ELECTROLYTE, ETC.) RESULTS IN
LOWER RESISTANCE AND HIGHER CURRENT FLOW.

2. DRIVING VOLTAGE (LARGER VOLTAGE
DIFFERENCE BETWEEN ANODE & CATHODE,
HIGHER DRIVING VOLTAGE & CURRENT FLOW)

INTENSITY OF CORROSION ATTACK DEPENDENT ON:

1. AMOUNT OF CURRENT FLOW

2. RATIO OF ANODE SIZE TO CATHODE (SMALL ANODE TO LARGE CATHODE,
MORE SEVERE SUCH AS AT COATING DEFECTS CONCENTRATES ATTACK)

3. MATERIAL (STEEL 1 AMP/FLOWING 1 YEAR = 20 POUNDS METAL LOSS)
AREA ON STRUCTURE
(ANODIC & CORRODING
WITH LOSS OF METAL)

LOWER POTENTIAL AREA
ON STRUCTURE (CATHODE
& PROTECTED)

- —0.600 Volt
RO e Potential to
| CATHODE B ) Gofusos
-0.200 Volt "
Potential to
Cu,/CuS04 IPELINE
SHOWN OTHER
STRUCTURES
DC CURRENT SIMILAR
RETURNS FROM _
CATHODE TO ANODE DC CORROSION CURRENT
THROUGH STRUCTURE LEAVES STRUCTURE
(METALLIC PATH) ANODIC AREA AND FLOWS
COMPLETING CIRCUIT INTO AND THROUGH SOIL

OR WATER (ELECTROLYTE)
TO CATHODIC AREA ON

STRUCTURE
COMMON

ELECTROLYTE (SOIL,
WATER, CONDUCTIVE

MATERIAL, ETC.)

TYPICAL PIPELINE
vis GALVANIC CORROSION CELL
FIGURE W-1
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DEMONSTRATION: A typical corrosion cell and the items necessary for it's
formation is shown.

CATHODIC AREA ON ANODIC AREA ON

e /\ I/TU
j (CORRODING)
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_ DC CORROSION CURRENT
RF7 LEAVES STRUCTURE
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INTO AND THROUGH SOIL
OR WATER (ELECTROLYTE)
TO CATHODIC AREA ON
STRUCTURE

DC CURRENT RETURNS FROM
CATHODE TO ANODE THROUGH
STRUCTURE (METALLIC PATH)
COMPLETING CIRCUIT
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QUESTIONS ~— ELECTROLYTE

1la. What are the four factors necessary for a corrosion cell to occur?
1b. What occurs at the anode? At the cathode?
Tc. What are some different types of electrolytes?

1d. What influence does the ratio of the anode size to cathode size
have?

WATER BOX CORROSION CELL
TS DETAIL W-1A
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DEMONSTRATION: A typical battery and how it is a simple galvnic
corrosion cell and the materials for it's formation is shown.

LIGHT
\| /" suLB POSITIVE TERMINAL
A CARBON ROD
CATHODE
URRENT A
FLOWS AND //_ CARBON ROD
LIGHT COMES \ “ A1 (CATHODIC AREA)
ON WHEN =~ _ PROTECTED
METALLIC VT L
R aliglior™ PN pEatinde’
VADE | S~ |8 E A |l —Dc corrosION
DETALLIC < — — — L} BATTERY ANODIC
— = — 1T | AREA (ZINC
CIRCUIT - glinl Ry
N of Efgbvg NTO. AND
—ON/OFF | T — Q1 THROUGH THE
swiicH 1 PF R | ELECTROLYTE TO
g il THE BATTERY
SEAZ - & CATHODIC AREA
— — —1®| (CARBON ROD)
— — x|
i § _ ~— ZINC SHELL (ANODIC
' e =X AREA) CORRODING
‘ = ELECTROLYTE

T~ __—NEGATIVE TERMINAL

DC CURRENT RETURNS FROM CATHODE TO ANODE THROUGH
LIGHT AND WIRING (METALLIC PATH) COMPLETING CIRCUIT

QUESTIONS

TAa. How is the battery like a galvanic corrosion cell?

1Ab. What occurs at the anode? At the cathode?

1Ac. How is the battery (corrosion cell) activated?

TYPICAL BATTERY CORRQOSION CELL
Nrs DETAIL W-iB
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TEST LEAD TO
VOLTMETER

~

DEMONSTRATION: Potential measurements with a voltmeter and
copper/copper sulfate reference electrode for different metals are shown.

METAL STUD AND TEST
LEAD TERMINAL

NOTE: ALWAYS REMOVE

INSULATING PLASTIC
BODY WITH CLEAR OR
TRANSLUCENT WINDOW

COPPER SULFATE ———J%
ANTIFREEZE SOLUTION -

prer
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shr
1t

PLASTIC INSULATING CAP

| _—— PURE COPPER ROD

EXCESS COPPER
SULFATE CRYSTALS

POINTED POROUS CERAMIC
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=] 1

REMOVE RUBBER CAP PRIOR TO
CONDUCTING MEASUREMENT

=
1

]
MAINTAIN IN FIRM CONTACT
WITH MOIST SOIL

A. POTENTIAL MEASUREMENTS IN SOIL
QUESTIONS

2a. What is ag potential measurement? What
are the units of measurement for potentials?
MULTIMETER, .
TYP. @
T 2b. How does asphalt affect the
@é.s‘, measurment? C_oncrete? Dry_Soii? Frozen
LI \ Soil? Not Removing the Plastic Cap?
] . — CSE (COPPER SULFATE
REFERENCE ELECTRODE)
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WATER BOX POTENTIAL MEASUREMENTS
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DEMONSTRATION: A practical galvanic series with differnt metals is shown.
No.. METAL (iID No.) POTENTIAL VOLTS vs. CSE

1. Magnesium (Mag AZ31B)

. Zinc (ZN)

Aluminum (AL1100)

. Galvanized Steel (GALV)

. Old Steel (rusty) (C1010)

Concrete Encased Steel (C1010)

Gray Cast Iron (GCCL30)

2
3.
4
5. New Steel (bright) (C1010)
6
7.
8.
g

. Ductile Iron (DUCTILE 65—45—12)

10. Brass (CDA443)

11. Copper (CDA110)

12. Stainless Steel (316L)

13. Graphite (Rigid Carbon Fiber)
QUESTIONS

3a. Which end of the galvanic series is anodic? Which end is cathodic?
3b. How can the location of two metals on the galvanic series be used?

3c. What influence does the seperation distance on the gavanic series
chart between two metals have?

3d. Does the quality of surface area of a metal in electrolyte affect its
potential, and why?

Je. Does the quantity of the surface area of a metal in the electrolyte
affect its potential, and why?

3f. How can potential measurements be used to predict which metals will
corrode? Can potentials be used to predict actual severity of corrosion?

PRACTICAL GALVANI

NTS
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DEMONSTRATION: Current flow is measured in a metallic conductor and
the change in potential on both metals in a galvanic corrosion cell is
shown.

S
MULTIMETER,
TW?—uhﬂ\\\ (S) (Eﬁm
2028.| CURRENT [8c8 g
FLOW /ﬁ.,g.
\
CSE
W ~
o Ly :
sl 2 % .
"... UL = |- - <T .
WATER AP SR : e
BOX AT B e
_ Ll Eﬁi _ 8
_ WHERE: { = Current
OHMS LAW E = IR or I -L E = Voltage
R = Resistance

If Small Driving Yoitage and/or High Resistance = Less Corrosive
If Large Driving Voltage and/or Low Resistance = More Corrosive

1 amp of current flowing for 1 year = 20 pound iron metal loss

QUESTIONS

4a. How does the electrolyte resistivity affect the corrosion rate?

4b., What would the potential difference between graphite and new steel
be? What would the potential difference be between copper and new
steel? Which material will be the anode?

4c. What would be the amount (pounds) of steel metal loss if 250
milli—ormps of current flowed for a year?

TYPICAL GALVANIC CORRQOSION CELL
TS DETAIL W-4
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DEMONSTRATION: Current is measured in a metallic conductor and in the
electrolyte, and the effect of current through the electrolyte is shown.

MULTIMETER, Lawes | —
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e r—— 4 \
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\\ G S ‘ IR
RS R 3
UESTIONS

4a. Why does current flow occur between dissimilar metals in an
electrolyte?

4b. What factors determine the magnitude of the current flow between
dissimilar metals in an electrolyte?

4c. What is the direction of the current flow in the electrolyte?
In the metallic portion of the circuit?

4d. What is IR?
What are the units of measurement of IR?

WATER BOX CURRENT AND IR
NTS DETAIL W-4A
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DEMONSTRATION: Corrosion control methods and their influence on current
flow in a galvanic corrosion cell is shown.

BLACK IRON (ANODE)

COPPER (CATHODE)

QUESTIONS

5e.

Materials Selection
Change Environment
Flectrical Isolation

Coatings

Cathodic Protection

TYPICAL CORROSION CONTROL METHODS

5a. For a pipeline which is the primary corrosion control method?
Secondary method?

5b. How can material selection be used to minimize galvanic corrosion?

For a buried pipeline how would one change the environment?

5d. How for a pipeline would one provide electrical isolation to minimize
corrosion cells?

CORROSION CONTROL METHODS

NTS
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DEMONSTRATION: The two types of cathodic protection systems are
discussed.

MULTIMETER,
TYP. \
f(?ggm‘ IER @m PIPELINE
CURRENT CURRENT g é’:‘
- CSE—__
_\
wATER | I '

BOX
N

“IMPRESSED .3
CURRENT . X7
GROUNDBED .2 - 4.

Twl CATHODIC PROTECTION METHODS —cALVANIC

1. GALVANIC ANODES USE THE NATURAL POTENTIAL ANODE
DIFFERENCE AS CURRENT SOURCE

2. IMPRESSED CURRENT USES AN OUTSIDE DC CURRENT
SOURCE TO IMPRESS OR FORCE CURRENT ONTO STRUCTURE.

QUESTIONS

6a. What is the difference between a galvanic anode system and an
impressed current CP systern?

6b. When is o galvanic anode system normally used?

6c. When is an impressed current system normally used?

CATHODIC PROTECTION TYPES
NTS DETAIL W-6
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DEMONSTRATION: Commonly used galvanic anode types are discussed.

PIPELINE

BARE

MULTIMETER,

TYP. x VoL
GALVANIC ® @'“
ANODE -
(DC ® 6 :
CURRENT _}? = CUBRENT
SOURCE) -t

- CSE~——__

RIBBON
ANODE

WATER

BOX
\

Backfill: Prepackaged or Bare
QUESTIONS

anodes?

GALVANIC ANODE TYPES

NTS
@ RUSTNOT/SIEO
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TYPICAL GALVANIC ANDDE TYPES S A AGED
Material Types Soil: Zn, Mg, Al (sea water) INDIVIDUAL
Shapes: Individual, Anode Strings, Ribbon ANODES OR

ANODE STRINGS

6a. What advantages/disadvantages do an anode string have?
6b. What are advantages/disadvantages of a ribbon anode?

6c. Why do you have to remove the plastic shipping bag on prepackaged

DETAIL W-6A




DEMONSTRATION: The effect of commonly used galvanic anode materials
on the potential of iron pipe is shown.

MULTIMETER, [ases |

TYP. x @ Qm

S92 CURRENT [g098,

(L 2R

fyedl|

CSE o
" 3
3 I E
= . < |.
o d o . >
WATER SRR I ’ R
BOX SRR RS X
\ . ..-.‘.. -.. . .-: 2 }C
_.‘.-_. . - < ¥ '$)
N0\ o <
. -
R o
QUESTIONS

6a. What factors determine the current output of a galvanic anode?

6b. When should zinc be the first material considered for a galvanic
anode?

6c. When should magnesium be the first material considered for an
anode?

6d. Why are buried galvanic anodes normally prepackaged?

GALVANIC ANODE _

CATHODIC PROTECTION
NTS DETAIL W-6B
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NO. 12 AWG INSULATED — =

STRANDED COPPER
ANODE LEAD WIRE

LEAD WIRE SILVER — |73

SOLDERED TO STEEL
CORE

ZINC OR — .

MAGNESIUM
BARE INGOT

CLOTH BAG ——— [

NOTE:

ALWAYS CENTER
ANODE IN
PREPACKAGED
BACKFILL AND REMOVE
PLASTIC OR PAPER
SHIPPING BAG PRIOR
TO INSTALLATION

TYPICAL GALVANIC ANODES FOR

DO NOT LOWER
ANODE BY LEAD WIRE

WITH WIRE TIE

CLOTH BAG SECURED

T TS INSULATING EPOXY

POTTING COMPOUND
il —— STEEL CORE ROD

| _—— PREPACKAGED
BACKFILL MIXTURE OF
75%Z GYPSUM, 20%
WYOMING BENTONITE,
AND 5Z SODIUM
SULFATE

PREPACKAGED
GALVANIC ANODE

SOIL CONDITIONS

ANODE TYPE: ZINC. HI-POT MAGNESIUM
SOILS >1,500 OHM—CM |
& LEAKS WHERE ONLY 5
SELECT WHEN: SOILS <1.500 OHM—cM | PLUS YEAR ANODE LIFE

DESIRED

DRIVING VOLTAGE:

—~1.1 VOLTS

—-1.6 TO —1.7 VOLTS

ANODE COMPOSITION:

ASTM B418 TYPE Il

ASTM B843 W/ALLOY
M1C HIGH POTENTIAL

BARE ANODE WEIGHT:} 5 PD | 18 PD | 30 PD 5PD | 17 PD | 32 PD
ANODE SHAPE: ZUR-5 | ZUR—18 |ZUR-30 | 5D3 | 17D3 | 32D5
gﬁ%‘v ;}gﬁgff 1.47X9" | 1.4"X36"| 2"X30" | 3"X7" | 3"X25" |5"x20”
Q}Z@i@x‘ PACKAGED | 16 PD| 70 PD | 70 PD 14 PD | 42 PD | 68 PD
D NCKAGE | 457x12" 5"X42"| 5"x38" | 5°X13"| 6"X29" | 7°X28"
%)EMALLY USED S| DA | s | FLTTHES OR | wAons
LIFE LEAKS

(©rusmorssico NTS

PREPACKAGED GALVANIC ANODES

FIGURE W-6C




DEMONSTRATION: The ability to measure current flow with a commonly
used type of shunt is shown.
| = E/R SO | = E/0.01

OHM
THEREFORE MEASURE E TO
[aver CALCULATE CURRENT
Millivol
MULTIMETER, Lwiiverts 0.01 OHM voL A B
TYP. ® HOLLAWAY @m
\ b SHUNT /
rYY Y - KNOWN 0.01 OHM
292 & 2 0G0, RESISTANCE
R, T N BETWEEN POINTS
i A AND B
URRENT
_ FLOW _
CSE- o
" S
% o . }-I- _,'
= < |
S < . RS NG
.-..E : - O [] -~ ' 2
WA TER s ;,. "‘ z ? O
BOX \ STURRN B o
-’-..-. '.. . '. -.J - ..-.
.. - . X
Lol .. T '<t 0
\ R O <
N P |
S D

Shunt Rating For A 0.01 Ohm Shunt 1 MV = 100 MilliAmps Current Flow

Zinc Anode Life = 28.68 (W) Magnesium Anode Life = 42.81(W)
mA m

Where L = Anode Life in Years, W = Original Bare Anode Weight in Pounds,
mA = Anode Current Output in MilliAmps

QUESTIONS

7a. When is using a shunt beneficial?

7b. If the voltage (E) measured across a 0.01 ohm shunt is 0.25
millivolts, what is the current flow amount in milliamps?

7c. What would a 18 pound zinc anode life be? A 17 pound magnesium
anode life?

CURRENT FLOW MEASUREMENTS
WITH AN EXTERIOR SHUNT

NTS
@ RUSTNOT/SIEO DETAIL W"‘7




DEMONSTRATION: Various methods of potential measurements are
demonstrated.

MULTIMETER,
PP | B
3 i 2 D. CSE IN
ON/OFF. XY P
1§ &8 CURREN 2928, PLASTIC
SWITCH T MONITORING
PIPE
— B. CLOSE -
CSE o
S
S e Mo
S Hil&
s < NS :
water | |71 8 z |
NN S
BOX SIRHPIR - &
N NS Q
. X - | .
oo _ n .‘_--

— C. BURIED REFERENCE
QUESTIONS ELECTRODE

8a. How does the location of the reference electrode influence the
potential measurement?

8b. How can IR Drop influence potential measurements?
8c. How can IR Drop be accounted for in the measurements?

8d. What types of buried permanent reference electrodes are used?

POTENTIAL MEASUREMENT METHODS
TS DETAIL W-8
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DEMONSTRATION: The effect of commonly used impressed current cathodic
protection systerns on the potential of iron pipe is shown.

controlled?

MULTIMETER,
TYp.
RECTIFIER ®m
(DC AR
CURRENT sss3l . -
SOURCE) \/? 8. currenT | 2221
LON/OFF
— SWITCH ~
o
O
1= ;
% .
WATER .'.’-' . % .
BOX \ S|
- ¥ .
R4 <
\ °. : 3
. JCMEH - ’ m
QUESTIONS

NTS

(©) rusNOT/SiEO

G9a. How is the structure—to—electrolyte (or pipe—to—soil) potential value

gb. What should the polarity of the current source connection to the
structure be? To the impressed current anode?

9c. What happens if the current source output polarity is reversed?

9d. What types of DC current sources are commercially available?

IMPRESSED CURRENT
CATHODIC PROTECTION

DETAIL W-9




DEMONSTRATION: Cathodic protection influence on current flow in a
galvanic corrosion cell js shown.

ON /OFF
SWITCH /— RECTIFIER
MULTIMETER, [awes ] Evorr) )
G \\ @ @m
2228 CURRENT [8o084.

=
~F—

pe—y / —
I-\
10 qd4 =1 ”'- .’-
R N -
:. g - Z . .;:
WATER PR 8 . s
BOX G e = e
., LL' . -\_c L : -’.
\ &[S} L
Sl < L
N8 14| 2
QUESTIONS

10a. When is the amount of cathodic protection current adequate to stop
all corrosion cells?

10b. What is one of the NACE criteria for cathodic protection of iron?
Advantages/Disadvantages?

10c. What is another NACE criteria that can be used to demonstrate
protected levels for iron? Advantages/disadvantages?

CATHODIC PROTECTION LEVELS
IS DETAIL W-10
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DEMONSTRATION: The effect of polarization with cathodic protection
syetems on the potential and current flow of iron pipe is shown.

MULTIMETER,

TYP.
RECTIFIER \ -
(oc O &,
CURRENT | ol
SOURCE) 2288 curRrRENT | R28 8,
ON /OFF STRAW
— SWITCH -

g
8]
. 1&
. S AIR
o b ~ BUBBLES
WATER AP 5
BOX \ U 53
S X
’ O
\-... <
. e~
R )
QUESTIONS

11a. What is polarization? How is it created?
11b. How does polarization provide a benefit with cathodic protection?

11c. How long does it take for polarization to occur on a bare structure?
On a well coated structure?

11d. What happens to the potential levels if the polarization is removed?

T1e. What happens to the polarization if the current source output is
halted?

CATHODIC PROTECTION POLARIZATION
TS DETAIL W-11
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DEMONSTRATION: The use of coupons to monitor protection levels on a
structure is shown.

MULTIMETER,

TYP.
\ ' ON /OFF
RECTIFIER ® @"" SWITCH
(oc O\ - _
CURRENT XY <33
v} 5] CURRENT S5¢88,
SOURCE) 4 S % CURR %ﬂ
[ =
PROTECTED
_ Q%%ZF — COUPON
CSE o
0
Q
R K
e : S
e, . . N\
WATER PRI ' 138 U T
. L E k .'. ...'. .-
N . < -]
: s 5 "
R i < | m b
/- .
“~UNPROTECTED
QUESTIONS (STATIC) COUPON

12a. How can coupons be used to show protection levels on a pipeline?

12b. Does the cathodic protection current source need to be turned off
or disconnected to complete coupon testing?

12c. What is the minimum size the coupon should be? Why?

12d. What locations can coupons be used effectively?

POTENTIAL MEASUREMENTS

USING COUPONS
NTS DETAIL W-12
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DEMONSTRATION: The effect of commonly used impressed current cathodic
protection groundbed types on the potential of iron pipe is shown.

MULTIMETER,
TYP VoL

(Rgg Tk, ’ER ®.., @m PIPELINE

e e
CURREN T 2 ? 22| currenT | 2982 2.
SOURCE) o ow
L / DISTRIBUTED
ON/OFF csE GROUNDBED
SWITCH — /

WATER

BOX \

“~ SURFACE ANODE ~~DEEP ANODE

QUESTIONS GROUNDBED GROUNDBED
13a. What is the difference between an electrically remote groundbed and
a close groudbed?

13b. What advantages/disadvantages do a deep groundbed offer?
13c. What are advantages/disadvantages of a surface groundbed?

13d. What are the advantages/disadvantages of a distributed groundbed?

IMPRESSED CURRENT CATHODIC
PROTECTION GROUNDBED TYPES

© RUSITVNZ?/SIEO DETAIL W-13




WATER
BOX

DEMONSTRATION: The effect of protective coating efficiency on the

cathodic protection current requirement for a pipeline is shown.

RECTIFIER
(DC
CURRENT
SOURCE)

MULTIMETER,

TYP.
\

CURRENT

PIPELINE

\

—DEEP
ANODE

COATING
EFFICIENCY

OR

COVERAGE

QUESTIONS

AMOUNT OF
CURRENT
REQUIRED WITH
DIFFERENT
COATING Z TO
MAINTAIN SAME
POTENTIAL

14a. What is the effect of coating effiency on current requirement?

14.b Is it redlistic to expect a perfectly coated structure?

14c. What are the mutual benefits of protective coatings and cathodic

protection?

[IGHT BONDED COATING EFFICIENCY

NTS
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DEMONSTRATION: The effect of attenuation and a potential profile along a
pipeline is shown.

MULTIMETER,
TYP.\ VoL
RECTIFIER (;) (Ej“
(DC AB0
———] = PIPELINE
CURRENT 2988 current | 29428
SOURCE) g

FLOW
b smmmvvivoiisiiii

WATER

BOX
N\

—4{-DEEP
|| ANODE

QUESTIONS

15a. What is attenuation?

15b  Why is attenuation important during design and selection of
groundbed locations and size?

15¢c. What factors influence potential profile along the pipeline?

15d. What is the potential (volts) when hydrogen gas evolution starts?

15e. What is the danger of too high of potentials on a pipeline?

PIPELINE ATTENUATION

NTS
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DEMONSTRATION: The method to calculate the resistance of a pipeline
span is shown.
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QUESTIONS

15Aa. How can one calculate the resistance for a given distance on the
pipeline by Ohms Law (E=IR)?

15Ab. By knowing the distance between the test leads and the measured
resistance, how can one calculate the K Factor (Resistance per Foot) for
the pipeline?

15Ac. Will the K Factor (Resistance per Foot) be the same for dirrerent
pipe diameter sizes?

15Ad. For different pipe wall thicknesses (class)?

PIPELINE CURRENT SPAN
NTS DETAIL W-15A
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DEMONSTRATION: The effect of current flow from a cathodic protection
system along a pipeline is shown.
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QUESTIONS

15Ba. Why is there current flow on the pipeline?
15Bb. What is the source of the current flow?
15Bc. What direction does the current flow on the pipeline?

15B8d. What direction does the current flow in the cathodic protection
system?

15Be. How can one calculate the amount of current flow by measuring
the IR drop on the pipeline between two test leads?

PIPELINE CURRENT FLOW
NTS DETAIL W-15B

@ RUSTNOT/SIEO




@ RUSTNOT/SIEO

NTS

LUENCE OF SHORTS

DEMONSTRATION: The influence of g bare structure or copper service
short to a pipeline is shown.
MULTIMETER,
m—*».\ [aues ]
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QUESTIONS

16a. What influence does an electrical short to a copper service have on
pipeline corrosion rate?

16b. What influence on the cathodic protection potentials?

16c. What influence on the cathodic protection current requirement?

DETAIL W-16




DEMONSTRATION: The influence of electrical insulators on o pipeline

cathodic protection levels is shown. Note: Test A to
MUL TIMETER Protected Side
: of Insulator, Test
TYP. \ B to Unprotected
RECTIFIER ® Qm Side of Insulator
(DC \ ! ':‘ _ _ TEST A
CURRENT 2228 CURRENT 0

029 / CP
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\ .
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STRUCTURES, UPROTECTED PIPE,
COPPER SERVICES, AC GROUNDS, ETC.
QUESTIONS

16A0. Whot are some methods to test if on buried electrical insulator is
good or not?

16Ab How does an electrical insulator on the pipeline influence the
cathodic protected pipeline protection levels? Cathodic protection current

requirements”

16Ac. Is the pipeline protected on both sides of a good insulator?

16Ad. What happens if the electrical insulator becomes shorted?

PIPELINE ELECTRICAL INSULATORS
NTS DETAIL w-164
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NCASEMEN N ONSIDERA TTON

1. POLYETHYLENE IS A PASSIVE TYPE PROTECTION SYSTEM, SO ANY DAMAGE TO POLYETHYLENE
ENCASEMENT WILL ALLOW CORROSION TO OCCUR AT SAME RATE AS IF FOR BARE METAL.

2. EVALUATE THE CORROSIVE CONDITIONS (RISK ASSESSMENT) AND PRESENCE OF CHANCE OF
MICROBIOLOGICAL INDUCED CORROSION (MIC) ACTIVITY PRIOR TO SELECTION OF POLYETHYLENE
ENCASEMENT FOR CORROSION CONTROL.

3. IF THE RISK ASSESSMENT INDICATES THAT THE SOILS ARE NOT TOO CORROSIVE DEPENDING ON
DESIRED DESIGN LIFE AND PIPE RELIABILITY, THEN POLYETHYLENE ENCASEMENT MAY BE THE
APPROPRIATE LEVEL OF CORROSION PROTECTION REQUIRED.

4. IF THE RISK ASSESSMENT INDICATES THAT THE SOILS ARE MEDIUM CORROSIVITY DEPENDING ON
DESIRED DESIGN LIFE AND PIPE RELIABILITY, THEN POLYETHYLENE ENCASEMENT WITH CATHODIC
PROTECTION MAY BE THE APPROPRIATE LEVEL OF CORROSION PROTECTION REQUIRED. THIS ACCEPTS
THAT SOME ELECTRICAL SHIELDING OF CATHODIC PROTECTION MAY OCCUR, BUT THAT THE LEVEL OF
CORROSION ACTIVITY WILL BE MINIMAL BASED ON THE RISK ASSESSMENT EVALUATION.

METALLIC PIPE

SUCCESSFUL PROTECTION
PROVIDED BY POLYETHYLENE

INITIAL. ACTIVE ENCASEMENT WHERE OXYGEN
CORROSION DEPLETED IN THIS AREA, AND THE
CELL INITIAL HIGH CORROSION RATE

SLOWS AND MAY ALMOST HALT
OR STOP AS LONG AS OXYGEN IS
NOT REPLENISHED

ANODE CATHODE

% ) c

—-\___/ il \
ELECTROLYTE UNDER NO CORROSION
LOOSE BONDED COATING
LOOSE BONDED COATING ALLOWING FORMATION OF ACTIVE
(POLYETHYLENE ENCASEMENT) CORROSION CELL IF 02 OR MIC PRESENT

POLYETHYLENE ENCASEMENT NOTES:

. POLYETHYLENE ENCASEMENT CONSISTS OF 4 OR 8—MIL FOLYETHYLENE SHEET OR TUBE
WRAFPED ARCUND PIPE. ALWAYS VERIFY THAT CERTIFIED MATERIAL IS PROVIDED.

2. IT IS PROMOTED AS A PASSIVE CORROSION CONTROL SYSTEM THAT CHANGES ENVIRONMENT
ARQUND THE PIPE AND DOES NOT OFFER ANY CATHODIC PROTECTION PROPERTIES.

3, ENCASEMENT IS NOT INTENDED TO BE AIR OR WATER TIGHT.

4. THEORETICALLY ENCASEMENT CREATES AN ANAEROBIC CONDITION, WHERE THE INITIAL HIGH
CORROSION RATE DECREASES OR STOPS AS THE PRELIMINARY HIGH OXYGEN CONTENT IS DEPLETED.

5. INTACT CONDITION OF POLYETHYLENE ENCASEMENT IS ESSENTIAL AS CORROSION WILL OCCUR
AT BARE OR TORN ENCASEMENT LOCATIONS AT SAME RATE AS FOR BARE METAL.

5. DO NOT ALLOW SOIL OR CONTAMINATES TO BE TRAPPED UNDER POLYETHYLENE
ENCASEMENT AS A CORROSION CELL MAY OCCUR UNDER THE POLYETHYLENE ENCASEMENT.

6. UTILIZE TUBE TYPE ENCASEMENT AND SEAL THE POLYETHYLENE ENCASEMENT AT EACH JOINT
AND AT TWO FOOT INTERVALS TO MINIMIZE MIGRATION OF WATER AND OXYGEN UNDERNEATH

THE POLYETHYLENE ENCASEMENT.
7. ALWAYS REPAIR ANY DAMAGE TO THE POLYETHYLENE ENCASEMENT.

THEORY OF
POLYETHYLENE ENCASEMENT

© Rusmor/sgoTS FIGURE W-17
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FIGURE W-17A
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DEMONSTRATION: Polyethylene encasement with and without CP on a
pipeline is shown.
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QUESTIONS

17a. What is the theory of protection with polyethylene encasement?

17b. What happens if the oxygen is replenished?

17¢c. What is the potential difference inside and outside undaomaged
polyethylene encasement?

17d. What happens to the inside and outside potential differences as the
polyethylene encasement becomes more damaged or more penetrations
are provided?

POLYETHYLENE ENCASEMENT
NS DETAIL W-17B
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DEMONSTRATION: Polyethylene encasement with plastic monitoring pipes

inside and outside of the encasement is shown.
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QUESTIONS

17a. How does the plastic monitoring pipe work with polyethylene

encasement? Why is it slotted or drilled?

17b.
electrode?

How do you help assure good electrical contact with the reference

17¢c. Which potential inside or outside most accurately reflects the

potential at the pipeline surface?

17d.

Which potential is usually more negative? Possible reasons for this?

POLYETHYLENE ENCASEMENT
PLASTIC MONITORING PIPES

NTS
@ RUSTNOT/SIEO
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DEMONSTRATION: The effect of the voltage gradient around a groundbed
is shown.

MULTIMETER,
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QUESTIONS GRADIENT LINES

18a. Why is there a voltage gradient around the groundbed?

18b. What is density of the voltage gradient equal potential lines near the
anode?

18c. What influence does soil resistivity have on the voltage gradient?
Current output?

18d. If the pipeline is too close to the groundbed voltage gradient, what
detrimental influence may the voltage gradient have on the pipeline?

GROUNDBED VOLTAGE GRADIENT
TS DETAIL W-18
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