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DEMONSTRATION: Corrosion principles end test mecsurements in o
wotarbox with @ wotler electrolyte is shown fo reflect buried soll conditions
and pipeiine reloted corrosion issues and protection methods.

LUESTIONS

la. Typical guestions ore osked for eoch demonstrotion fo reinforce the
demonstration’s exompies end baslc principols shown.

WATER BOX
CORROSION DEMONSTRATION
DETAIL W-SIED
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W-0 Water Box Materials




T r AW
CORROSION CELL NEEDS:
O TACE DIFFERENGE 1. CIRCUIT RESISTANCE (CLOSER LOCATION

3 COMMON ELECTROLYTE FPROXIMITY 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)

I 4

I. AMOUNT OF CURRENT FLOW

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

3 MATERIAL (STEEL 1 AMP/FLOWING ! YEAR = 20 POUNDS METAL LOSS)

4, LENGTH (PERICD) OF TIME HIGHER POTENTAIL
AREA ON STRUCTURE
LOWER POTENTIAL AREA (ANCDIC & CORRODING
ON STRUCTURE (CATHODE WTH LOSS QF METAL)
& PROTECTED) /—\
\. /_\ —0.600 Voit
S5\ Potential to
\ CATHODE ~—p—mm ANCEE" ) Cotison
—-0.200 Vit
Potential to
Cu/CuSO4 PELINE
SHOWN OTHER
STRUCTURES
DC CURRENT SIMILAR
RETURNE FROM
CATHODE TO ANCODE DC CORROSION CURRENT
THROUGH STRUCTURE LEAVES STRUCTURE
(METALLIC PATH) ANOCDIC AREA AND FLOWS
COMPLETING CIRCUIT INTO AND THROUGH SOIL

OR WATER (ELECTROLYTE)
TO CATHODIC AREA ON

STRUCTURE
COMMON
ELECTROLYTE (SOI, '—l

WATER, CONDUCTIVE
MATERIAL, ETC.)

TYPICAL PIPELINE
vts GALVANIC CORROSION CELL
FIGURE W-1
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DEMONSTRATION: A typical corrosion cell and the (tems necessory for it's
formation is shown,

CATHODIC AREA ON ANODIC AREA
STRUCTURE STR?SE':HJRE o
(PROTECTED) (CORRODING)

DC CORROSION CURRENT
LEAVES STRUCTURE
ANODIC AREA AND FLOWS
INTO AND THROUGH SOIL
OR WATER (ELECTROLYTE)
TO CATHODIC AREA ON
STRUCTURE

DC CURRENT RETURNS EROM
CATHODE TO ANCDE THROUGH
STRUCTURE (METALLIC PATH)
COMPLETING CIRCUIT
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lo. What are the four foctors necessory for o corrosion cell to occur?
Ib. Whot oceurs ot the anode? At the cothode?
le. Wheot ore some different types of electrolytes?

1d. What influence does the rotle of the onode size to cothode size
have?

WATER BOX CORROSION CELL
NTS
| @eusmorses DETAIL W-1A|




W-1A Corrosion Cell




DEMONSTRATION: A typical bottery and how it is a simple galwmic
corrosion cell aond the moterials for it's formation is shown.

LIGHT
\\] /.~ BuULE POSITIVE TERMINAL
AP CARBON ROD
CATHODE
URRENT |
FLOWS AND /,—— CARBON ROD
LIGHT COMES (CATHODIC AREA)
ON WHEN — : PROTECTED
METALLIC — — e [
areuIT P~ W E—— 8 || —pc corrosion
MADE, | B & P — CURRENT LEAVES
q— ——1{L - BATTERY ANODIC
METALLIC - — — =
CRCUT e e e — = AREA (ZINC
e — O e — SHELL) AND
OPEN - — S -
—_— - = ™ FLOWS INTO AND
/OFF it 1= Sl THROUGH THE
SWITCH il |4 qpiapiah ELECTROLYTE TO
i — - THE BATTERY
- = % S CATHODIC AREA
—— =) E\.é o - (CARBON ROD)
it P auiidh N ZINC SHELL (ANODIC
—— -l =~ AREA) CORRODING

ELECTROLYTE

S —NEGATIVE TERMINAL

DC CURRENT RETURNS FROM CATHODE TO ANODE THROUGH
LIGHT AND WRING (METALLIC PATH) COMPLETING CIRCWLNIT

LUESTIONS
iAg. How is the bottery iike o golvanic corrosion cell?
1Ab. Whot occurs ot the anode? At the cothode?

{Ac. How is the bottery (corrosion cell) octivated?

TYPICAL BATTERY CORROSION CELL
@ msmorses DETAIL W-1B




Multimeter




Reference Electrodes




DEMONSTRATION: Potential measuremanis with ¢ voltmeter and
copper/copper sulfote reference electrode for different metols aore shown,

METAL STUD AND TEST
E% To\ LEAD TERMINAL

INSULATING PLASTIC
BODY WTH CLEAR OR
TRANSLUCENT WINDOW

COPPER SULFATE
ANTFREEZE SOLUTION

NOTE: ALWAYS REMOVE
FLASTIC INSULATING CAP

PURE COPPER ROD
EXCESS COPPER
SULFATE CRYSTALS

REMOVE RUBBER CAP PRIOR TO

CONTED P CONDUCTING MEASUREMENT

MAINTAIN IN FiRM CONTACT
WMTH MOIST SOiL

A. POTENTIAL MEASUREMENTS IN SOIL

20, Whet is a potential measurement? What
s | are the unlts of measurement for potentials?

MULTIMETER,

TYP. -
T 2b. How does asphalt offect the
XY measurment? Conerete? Ory Soi? Froren

Soil? Not Removing the Piastic Cap?

,~ CSE (COPPER SULFATE ]
REFERENCE ELECTRODE)

WATER R
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WQTER BOX POTENTIAL MEASUREMENTS
@ msmor/ses DETAIL W-2
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W-2 Water Box Potential
Measurements




DEMONSTRATION: A proctical gaivanic series with differnt metals is shown.

No, METAL (iD No.)
1. Magnesium (Mog AZ318)

2. Zine (ZN)

3. Aluminum (ALT100)

4. Golvanized Stesl (GALV)

5. New Stee! (bright) (C1010)
6. Oid Steel (rusty) (C1010)

7. Concrete Encased Steael (C1010)

8. Groy Cast iron (GCCLIO)

9. Ductile lron (DUCTILE 65—45-12)

10. Brass (CDA443)
11. Copper (CDA110)
12. Stainless Steel (376L)

13 Grephite (Rigid Corbon Fiber)

LQUESTIONS

LOTENTIAL VOLTS ve CSF

Jo. Which end of the galvanic series is onodic? Which end is cothodic?

Jb. How con the locotion of two mefeols on the golvanic series be used?

Je. What influence does the seperation distonce on the govanic seriss

chart beiween two meials hove?

3d Does the quolity of surfece oree of o0 metel in electrolyte affect its

potential, aend why?

Je. Does the guoentity of the surfoce oreo of @ metal in the electroiyte

affect its potential, and why?

Jf. How con potential measurements be used to predict which metols will
corrode? Con potentiols be used to predict actual severity of corrosion?

PRACTICAL GALVANIC SERIES
NTS

(©) musmveT/aE0

DETAIL W-3
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W-3 Practical Galvanic Series

13



DEMONSTRATION: Current flow iz measured in o metallic conductor ond
the change in potential on both metals in o galvenic corrosion ceil is

shown,

%}METB?. (e | Frord
. \\ @i' @..

WATER

BOX\

COPPER (CATHODE)

. | = G t
OHMS LAW E = IR or 1 = E "™ ¢ iage
R R = Resistance

it Small Driving Voitage and/or High Resistance = Less Corrosive
If Large Driving Voltoge and/or Low Resistance = More Corrosive

! ampg of current flowing for 1 yeer = 20 pound iron metal loss

QUESTIONS

40, How doss the electrolyte resistivity affect the corrosion rafe?

4b. What would the potentiel difference between grophite and new steel
be? Whaot would the potentiol difference be between copper ond new
steel/? Which material will be the anode?

d4c. What would be the amount (pounds) of steel metal loss iF 250
milli—emps of current flowed for a year?

ITYPICAL GALVANIC CORROSION CELL
NTS DETAIL W-4

@ RUSTNOT/SED
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W-4 and W-4A Galvanic Corrosion Cell




DEMONSTRATION: Current /s measured in o metallic conductor and in the
glectrolyte, and the effect of current Through the e&lectrolyle is shown.
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4a. Why does current
electrolyte?

dissimilar metals in an

4d. What is IR?

fiow cccur between dissimilar metais in an

eleciroiyte?

Whot are the units of measurement of IRP

4b. What factors determine the mognitude of the current fow DeTween

dc. Whot is the direction of the current flow in the electrolyte?
in the metallic portion of the circuit?

IR

(€) susmormen

WATER BOX CURRENT AND
NTS

DETAIL W-4A
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W-5 Current Flow and IR
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W-5A IR Drop Increase with Distance

Measure 3

Measure 2
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DEMONSTRATION: Corrosion control methods ond their influence on current
flow in @ golvanic corrosion cell is shown

MULTIMETER,
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COPPER (CATHODE)

TYPICAL CORROSION CONTROL METHODS

QUESTIONS

Materials Selection
Change Environment
Electrical Isolation
Cootings

Cathodic Protection

50. For o pipeline which is the primery corrosion control method?
Secondary method?

5b. How con material selection be used to minimire gelvenic corrosion?

S5c. For a buried pipsline how would one changs the environment?

5d. How for @ pipeline would one provide electrical isalation ta minimize

corrosion celis?

(i‘gRROSION CONTROL METHODS

(c) msmor/se0

DETAIL W-5
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DEMONSTRATION: The two types of cathodic protection systems are
discussad.

MUL TIWETER,

e —_ | ==
Fggnﬂm @" PIPELINE
CURRENT CURRENT 5o
SOURCE) - FLOW :
=
WATER o n

EDX\

ANk
TwD CATHODIC PROTECTION METHODS - GALVANIC

1. CALVANIC ANODES USE THE NATURAL POTENTIAL ANCODE
DIFFERENCE AS CURRENT SOURCE

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

LQUESTIONS

Go What is the difference betws=en g galvanic anode system and an
impressed current CP system?

6b. When is o golvonic anode system normaolly used?

6e. When is on impressed current system normally used?

C;:\s THODIC PROTECITION TYPES

L DETAIL W-6
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Water Box Rectifier (Adjustable DC
Power Supply)

- Hailpower 1300

BE




W-6 Galvanic Anode CP Protection

CROUND SURFACE

S S
ENE — TENE MENE

PIPELINE CURRENT RETURNS
(CATHODE) THROUGH ANODE
LEAD WIRE
(METALLIC PATH)

|

7

DC CURREN T)?L\;
FLOWS FROM |

)
ANODE THROUGH K GALVANIC ANODE
SOIL (ELECTROLYTE)

)

GALVANIC ANODE CATHODIC PROTECTION



DEMONSTRATION: The effect of commonly used galvanic anode materials
on the potentie! of iron pipe is shown,

WATER

EOX\

: P:..tcx IRON (CATHODE)

a

"

Eao. Wheot foctors determine the current output of o golvanic anode?

8b. When should zinc be the fArst material considered for a galvanic
aenode?

e Il!;cn should mognesium be the first moterial considered for an
onode!

&d. Why are buried goivenic enodes normally prepockeged?

GALVANIC ANODE

CATHODIC PROTECTION
@uewene DETAIL W-6B
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NO. 12 AWG INSULATED — =
STRANDED COPPER
ANCDE LEAD WIRE

LEAD WRE SILVER = |3
SOLDERED TO STEEL
CORE

ZINC OR
MAGNESIUM
BARE INGOT

CLOTH BAG ———u |
NOTE:

ALWAYS CENTER
ANODE IN
PREFPACKAGED
BACKFILL AND REMOVE
PLASTIC OR PAFPER "
SHIPPING BAG PRIOR -
TO INSTALLATION TS :

D0 NOT LOWER
ANCDE BY LEAD WRE

ﬂ rf{ CLOTH BAG SECURED

WMTH WMRE TIE

INSULATING EPOXY
POTTING COMPOUND

STEEL CORE ROD

PREFPACKAGED
BACKFILL MIXTURE OF
75% GYPSUM, 20X
WYOMING BENTONITE,
AND 5% SODIUM
SULFATE

",_/—_ PREPACKAGED

GALVANIC ANGCDE

TYPICAL GALVANIC ANODES FOR SOIL CONDITIONS

ANODE TYPE: ZINC HI—POT MAGNESIUM
SOLS >1.500 OHM—CM
& (EAKS WHERE ONLY 5
PLUS YEAR ANODE LIFE

SELECT WHEN: SOLS <1,200 OrM—CM | orcioen

DRIVING VOLTAGE: —1.1 VOLTS —1.6 TO —1.7 VOLTS

ANODE COMPOSITION: | ASTM B418 TYPE Wl

ASTM 8843 W/ALLOY
MIC HIGH POTENTIAL

(©musmorsen NTS

BARE ANCDE WEIGHT| 5 PD | 18 PD | 30 FD 5PD | 17 PD | 32 PO
ANODE SHAPE: ZUR-5 | ZUR-18 |ZUR-30 | sD3 | 17D3 | 3208
g;fé“ 51&025 1.47%9" [ 1.4"X36"| 2°x30" | 3x7* | 3"x2s” [sx20"
m‘;ﬁ PACKAGED | 15 po| 70 PD | 70 PD 1470 | 42 PD | 88 PD
N ACACKAGE | 457127 5°x42°| 5"x38" | 57137 6"x29" r'x2s’
NORMALLY USED e | e o | Gr |smes P n:w
WHEN: Ariwes | fmis E‘ﬁ Bs feaes m’"ﬁ
E

FIGURE W-6C
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DEMONSTRATION: Commonly used galvanic anode types are discussed.

MULTIMETER,

. —_ | = e

GALVANIC ® @"
ANGOE N\, » PIPELINE

WATER

TYPICAL GALWVANIC ANODE TYPES
Material Types Soil: Zn, Mg, Al (seo water)
Shapes: Individual, Anode Strings, Ribbon
Bockfill: Prepackaged or Bare

QUESTIONS

aonodes?

GALVANIC ANODE TYPES
NTS

@ RUSTMOT/SED

6o, Whet odvantagss/disedvanteges de on enode string have?
fib. Whet ore advontages/disadvantoges of o ribbon anode?

6. Why do you have to remove the plestic shipping bog on prepockoged

DETAIL wW-6A
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W-6A Galvanic Anode Types




W-6B Galvanic Anode Cathodic
Protection




DEMONSTRATION: The ability to meosure cuwrent flow with @ commonly
used type of shunt (s shown.
= E/R SO I = E/000
OHM
CALCULATE CURRENT
ALCLULA RREN
T TR 8

MULTIMETER,

RESISTANCE
BETWEEN POINTS

_ BN

waTer |}

BOX ER
" a

e wr * %

%, O #

=t

.
:
++

 |prack mow (camooe)

Shunt Rating For A 0.07 Ohm Shunt | MV = 100 MiliAmps Current Flow

Zinc Anode Life = 28.68 Mognesium Anode Life = 42.8/
T 2o

Where L = Anode Life in Yeors, W = Originol Gore Anode Weight in Founds,
mA = Anocde Current Output in MilliAmps

LUESTIONS
Ja. When is using ¢ shunt beneficlal?

7b. If the voitege (E) meosured across e 0.01 ohm shunt is 0.25
millivolts, what is the current flow emount in miliamps?

7c. What wouid o '8 pound zinc encde life be? A 17 pound mognesium
anode life?

CURRENT FLOW MEASUREMENTS
WITH AN EXTERIOR SHUNT

28



W-7 Current Flow with External Shunt




DEMONSTRATION: Various methods of potentiol measurements are
demonsatroted.

MULTIMETER,
TP

ON /OFF, PLASTIC
SWITCH MONI TORING
PIPE
g
R W E 4 -
el S St R - =
WATER | | EARS O -4 I i
BOX \ ..E.'!.: ::'l_ . l___':-' L E . :_u
\ ._: D § ‘
Py ."..;. 'o -'."‘-+ — iﬁr ’-’—’ .
++’\+ :t-c-""'r #
i
b— ¢ BURIED REFERENCE
QUESTIONS ELECIROEE

8o How does the location of the refarence electrode influence the
potential measurement?

8b. How can IR Drop influence potential measurements?
8¢ How con IR Drop be occounted Tor in the mecsurements?

Bd. Whet types of buried permanent reference électrodes are used?

POTENTIAL MEASUREMENT METHQODS
NS DETAIL W-8

(&) musTvoT/ S0
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W-8 Potential Measurement Methods

-




DEMONSTRATION: The effect of commonly used impressed current cathodic
protection systems on the potentia! of iron pipe is shown.

MULTIMETER,
TP

veL 2T
wATER | |.Ts
Ly

o
[ [sLack mow {mmme,lvi"‘

Sa. How is the structure—to—electrolyte (or pipe—to—soil) potential value
controlled?

Sb. Whot should the polority of the current source connection to the
structure be? To the impressed current encde?

S¢. What happens If the current source output polarity is reversed?

S9d. Whet types of DC current sources are commarcially owelable?

IMPRESSED CURRENT

CATHODIC PROTECTION
@ womormer DETAIL W-9
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W-9 Impressed Current Cathodic
Protection Type System




DEMONSTRATION: Cathodic protection influence on current flow in @
galvanic corrogion csll /s shown.
ON/OFF

SI‘HTZ?) RECTIFIER

MULTIMETER,

TYP, \

—
_—
" - =t & .
-|' . " : _.+ -
. A s T x L
. a A 5 L et
a - - - . -
warer | |8
b . e - «* 5 .
BOX .2 E A = . o R N
- - r A =
\‘ PR n‘ L B - T 1.-‘ A M
+ - - . e T .
E . . ) .
\.-_. : . S et .
e - . S .
P L . “
] - s, s I LI
LT = Y. *a - - -
- b . P 7
& - . & * '.‘

10a. When is the amount of cathodie protection current odequote to stop
oil corrosion cels?

106. What Is one of the NACE criterio Tor cothodic protection of iron?
Advantages/Disodvantages?

10¢. What Is enother NACE criterie that can be used tc demaonstrote
protected levels for iron? Adventoges/disodventoges?

CATHODIC PROTECTION LEVELS
NTS

34



W-10 Cathodic Protection Levels




DEMONSTRATION: The effect of polarization with cothodic protection
systems on the potentiol and current flow of iron pipe is shown.

MULTIMETER,

RECTIEIER m\ (s
(oc O.

CURRENT
SOURCE)

WATER

E‘GI\

e, What s poierization? How |s it crected?

11b. How does polarirotion provide o benefit with cothodic protection?

fle. How long does it take for polarizetion to occur on o bare structure?

On o well cooted structure?

ild. Whot hoppens to the potential levels if the polorirotion is removed?

Ile. Whot happens to the polarizotion if the current source output is

hoited?

CATHODIC PROTECTION POLARIZATION

NTS
@ RUSTNOTRED

DETAIL w-11
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W-11 Cathodic Protection Polarization




DEMONSTRATION: The use of coupons to monitor protection Jlevels on @
structure is shown.

?#DHETER.
\ (a5 ] |
TN ON /OFF
RECTIFIER. ® @" SWITCH
(bc s
CURRENT XY " soss
SOURCE) Syl 22 £
.
ON ,_-,gﬂﬂmrcrm
_ SWTEH COUPON
CSE 'g
BT
“t- o o
e R A
WATER PERE : y '
Enx\ Eh ) é :
B L ﬁ .
. iR
- UNPROTECTED

12a. How con coupons be used to show protection levels on a plpeline?

12b. Does the cathodic protection current source nead o be tumed off
or disconnected to complete coupon testing?

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

12d. Wheot locotions con coupons be used effectively?

POTENTIAL MEASUREMENTS _
USING COUPONS
NTS

DETAIL W-12

(©) musmvor/se0
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W-12 Potential Measurements Using
Coupons

" M e
T et W
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W-13 Impressed Current CP Systems

PIPELINE
CURRENT (CATHODE)
RETURNS THROUGH
STerit 9 Z
) RECTIFIER
(METALLIC PATH) Z CONVERTS AC
100’ TO i INPUT TO DC
200, TYP :—:_ > 5 @ OU]PUT
Al A
INACTIVE AREA R
OF DEEP ANODE ]
7

CURRENT FLOWS

THROUGH ANODE
E D WIRES,

(METALLIC PA TH)

GROUNDBED

COKE BREEZE %

IMPRESSED
WL e 5
’ DC CURRENT
FLOWS FROM

ANODE THROUGH
SOIL (ELECTROLYTE)

1
GROUNDBED lll
)
ACTIVE AREA—-/’{[ 1/‘
OF DEEP ANODE I
1
)
E

S

(A) REMOTE SURFACE GROUNDBED
REMOTE DEEP GROUNDBED
(©) DISTRIBUTED ANODE GROUNDBED

IMPRESSED CURRENT CATHODIC
PROTECTION GROUNDBED TYPES



DEMONSTRATION: The effect of commonly used impressed current cothodie
protection groundbed iypes on the potentiol of iron pipe is shown.

MULTIMETER,

RECTIFIER.
(DC
CURRENT
SOURCE)

\ DISTRIBUTED
) GROUNDBED

. AR e L, et . AR L
24l - of DR N w ¥y " + L B

Y v

- p "I RN BN PP

: . T 4 P
!
B ¥ -
> & B =
y

WATER

Box
\

T | =—
SURFACE ANODE DEEF ANODE
GROUNDBED GROUNDBED

130. Whot is the difference between on electrically remote groundbed ond
o close groudbed?

13b. Whot adventoges/disodvaniaoges do o deep groundbed offer?
13c. What ore odwentages/disodvantages of o surfoce groundbed?

13d4. What are the advantoges/disodvontoges of a distributed groundbed?

IMPRESSED CURRENT CATHODIC
PROTECTION GROUNDBED TYPES
@ weencem DETAIL W-13
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W-13 Impressed Current CP Types




DEMONSTRATION: The effect of protective coeoting efficiency on the
cothodic protection current requirement for a pipefine is shown.

MULTIMETER
RECTIFIER TN
(oe

CURRENT
SOURCE)

PIPELINE

WATER
50X \
- DEEP
ANODE
e T g
EFFICIENCY  sox B __ REQUIRED WMTH
or DIFFERENT
COVERAGE 0% |———| —_—  COATING X TO
MAINTAIN SAME
QUESTIONS wox IEEE — POTENTIAL

T4, What iz the effect of coeting efflency on eurrent requirement?

14.b is it reglistic to expect o perfectly cooted structure? Why?

Tde. What are the mutual benefits of protective cootings and cothodic
protection?

TIGHT BONDED COATING EFFICIENCY
NTS

(@) Aus™voT/SE0 DETAIL W-14
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W-14 Coating Efficiency Influence CP
equwements




DEMCNSTRATION: The effect of cttenuation end e potential profile along a
plpeline is shown,

MULTIMETER,

e [awes ] ety
il
o R O, &
CURRENT
SOURCE)

e
\

-DEEP
ANCDE

15a. What iz aifenuotion?

150 Why is attenuotion important during design and selection of
groundbed locations and size?

15c. What foctors influence potentiol profie along the pipeiine?
15d. What iz the potential (volts) when hydrogen gas evolution storts?

15e. What is the danger of foo high of polentials on a pipeline?

PIPELINE ATTENUATION
@memorsen DETAIL W-15
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W-15 Pipeline Attenuation

Voltage 3 Voltage 2

Voltage 3 - Voltage 1




span s shown.

DEMONSTRATION: The method to celculate the resistance of o pipaiine

MULTIMETER,
RECTIFIER ® @--
CoR - PIPELINE
CURRENT TIY ok
CURRENT |2
SOURCE) LOW
i l PIPE TEST LEADS
- . . " -\l L
Ly _*/ s o . L ¢L s
*';*-*_o"'-*_o_ Ao LR e s e '.'_.'--:+_._ et *_.--}_'.
crreee v CURRENT FLOW ON PIPE 0« -l 00 el
A e T T I S S N S
A - T S NI M e
WATER “; ' : 2 ."**-".{ Yt RS =~ s
.;_ L __+_:_.' A
) S T A .
o t. . ::.!.' -
AT LTI S I

QUESTIONS

plpeline by Ohms Law [E=IR)?

the pipelina?

154¢c. Wil the K Foctor (Resistonce per Foot) be
pipe diameter sires?®

15Ad. For different pipe woll thicknesses (clozs)F

1540, How con one calculgte the resistance for o given distance on the

154b. By knowing the distance between the fest leods ond the meaosured
resistance, how can one caiculote the K Factor (Resistence per Foat) for

the some for dirrerent

(@) rusTvOT/5E0

PIPELINE CURRENT SPAN

DETAIL wW-15A
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W-15A Pipeline Current Span




DEMONSTRATION: The effect of current flow frem o cothodic protection
systern along o pipeline is shown.

MULTIMETER,

?’EEHFER ®__ @--

oC
CURRENT PIPELINE
SOURCE)
1
X =
. Y
"%
P T —" a0 T .t " P
% - - - L] -
.t + CURRENT FLOW ON PIPE .7 - e B Y
= " CRrTE [ P o# L) "y " % .t
- ] L] . - L] - * * e - .
em TN % . Y Do ; A - s
-, - -
WATER F ety e T e )
BOX £ T
s - ) .- ';
N
- . ¥t o - - - .
T T T Ol S = DEEP
AL I P S Lot .

1580. Why is there current flow on the pipeiine?
158b. Whaot is the source of the current fiow?
158¢. Whot direction does the current flow on the pipelinef

155d. Whot direction does the current flow in the colhodie protection
system?®

158e. How can one calculate the emount of current fow by measuring
the IR drop on the pipeline between two test leods?

PIPELINE CURRENT FLOW
NTS

@mmormeo DETAIL W-15B

49



W-15B Pipeline Current Flow




DEMONSTRATION: The influence of o bore structure or copper service
short bo a pipeline is shown.

MULTIMETER,

TYP. [aes ] Eer
_\ .
necnes Q. <,

CURRENT
SOURCE)

ELECTRICAL

e

WATER

EDX\

COATED
FIFELINE

- OEEP
ANODE

\— ACCIDENTAL CONTACT TO A
BARE STRUCTURE, BARE PIPE
COPPER SERWVICES, AC
GROUNDS, ETC.

LUESTIONS
16a. What influence does an electrical short to o copper service hgve on
plpaline corrosion rate?

166. What influence on the cothodic profection potentials?

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

IQI?!;_ LUENCE OF SHORITS

® - DETAIL W-16
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W-16 Influence of Shorts




DEMONSTRATION: The influence of electrical insuwlotors on o pipeline
i "
cothodic protection levels Is shown Note: Test A to

Protected Side
of Insulator, Test
[awes ] Bl # to Unprotected
RECTIEIER. ® @— Side of Insulator
(Dc ‘-
CURRENT
SOURCE)
ELECTRICAL
CONNEC

WATER

R, - DL L W T
R ;! '

\— ELECTRICAL CONNECTION TO A
BUILDINGS, METER STATIONS, BARE
ggumgn SERWVICES, T%crg:mm ETC
w . A .
QUESTIONS

T6Aa. What are some meéethods to test 7 on burled eisctrical nswator is
good or not?

16Ab How does en electricel insulator on the pipeline nfluence the
cathodic protected pipeline protection levale? Cothodie proleclion current
requirements”

16Ac. Iz the plpeline protected on both sides of o good insulator?

16Ad. Whaot happens If the electricel insulotor becomes shorted?

PIT!:EL!NE ELECTRICAL INSULATORS
N
s DETAIL W-16A
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W-16A Pipeline Insulators Test A Part 1




W-16A Pipeline Insulators Test B Part 1




o LA i

I mmmammmsﬁm S50 ANY DAMAGE TD FOLTETHTYLENE
ENCASEWENT MLL ALLOW CORRGSION TO DODLR AT SAME SATE AS F FOR BARE METAL

2 EVALUATE THE COSWOSIVE CONDITIONS (VSN ASSESSMENT) AMD PRESEMCE OF CHANCE OF
MCROANL OGCAL CORRODION (INC) ACTIWTY PRIOR TO SELECTION OF FOLTETHTLENE
ENCASEMENT FOR

CONTROL
X F THE ASK ASSESSMENT INDVCATES T™HMAT THE SGILS ANE NOT TOO COSROSIVE DEPENDING ON
DESWED OEWGN LFE AND PWE RELIASUITY, THEN POLYETHYLENE ENCASEMENT MAY BE THE
AFPROMEATE (EVEL OF COMRODON PROTECTION SEQUIRED
4 F THE RSN ASSESSMENT WOICATES THAT THE SONS ARE MEDLW

NOT REPL

ELECTIROLYTE UMDER NO CORREEION
LOGSE SONDED COATING

f‘-ﬁm muﬁ m’ﬁ": 1”:::#;:;;‘ PRESENT
P ETHRENE ENCASEMENT NOTES

f. POLYETHYLENE ENCASEMENT CONSISTS OF 4 OR B—MIL POLYETHYLENE SHEET OR TLBE
WRAPPED ARGUND PIFE. ALWAYS VERFY THAT CERTIVED MATERML 5 FPROWDED.

20T % PROMOTED AS A PASIVE COMBGSRON OO TRGL SYSHMATMGE*WT
AROUND THE FA\PE AND DOES NOT OFFER ANTY CATHOOIC PROTECTION PROPERTES

J. ENCASEWENT IS5 NOT WTEMDED TO 5E AR O WaTER TIGHT.

4 mm; mmamﬂmwmmm WHERE THE INITIAL
CORROSION RATE DECREASES OF STOPS A5 ThE mmvmmaxmmmuaﬂtm

S INTACT CONDITION OF POLTYETHIYLENE ENCASEMENT IS ESSENTIAL AS CORSOSON WL QOCUR
AT BARE OF TORN ENCASEMENT LOCATIONS AT SAME RATE AS FOR PARE METAL

ammmmmﬂmrmmsmxmwmmmm
ENCASEMENT AS A COSROSION CELL MAY OCCIAR UMGER THE POLYETHYLEWE ENCASEMENT

&, UTILIZE TUBE TIPE ENWCASEMENT AND SEAL THE POLYETHYLEME ENCASEMENT AT EACH JOINT
AND AT TWO FOOT IWTERVALS TO WWWIE MIGRATION OF WaTER AND QXTOEN UNDERNEATH
THE POLYETHTLENE ENCASEMENT

| THEORY OF |
POLYETHYLENE ENCASEMENT

l@msmorsta®  FIGURE w-17|
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mmﬁﬁ’\

T TR

(FGLVETHILENE ENCASEMENT)

INTERSTITIAL SPACE BETMEEWN LOGSE
HONDED COATING & METAL SUWEACE

CATHODIC PROTECTION
ELECTRICAL SHIELDING CONCERNS

WITH POLYETHYLENE ENCASEMENT

(LOOSE) OR DISBONDED COATINGS
FIGURE W-17A

@ BUSTHOT DG




DEMONSTRATION: Polyethyene encasement with and without CP on @

pipeiine i shown.

MUL TIMETER, PIPELINE
m TN [auc=] b POLYETHYLENE
RECTIFIER. ® @-- ENCASEMENT
CURRENT 54
SOURCE) EXAMPLE)

WATER

BGX\

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

176. What heppens if

the oxygen s replenished?

17c. Whaot is the potential difference inside ond outside undomaged
polyethyene encasement?

17d. What hoppens to the inside ond outside potenticl differences as the
polyethyene encasement becomes more domaged or maore penetrotions

are prowded?

P?EL YETHYLENE ENCASEMENT

() musTOTmED

DETAIL wW-17B
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W-17B Polyethylene Encasement or
Disbonded Coating Electrical Shielding

L ]




TYPE Of DUCTILE IRON
POLYETHYLENE ENCASEMENT

» TEST STATION

——DIGITAL TWO PARALLEL PREDRILLED/SLOTTED 2°
=3 VOL TWETER DIAMETER, SCHED. 4G PLASTIC POTENTIAL

\ MEASUREMENT PIPES (ONE INSIDE & ONE
@ OUTSIDE POXYETHYLENE ENCASEMENT)

I THREADED CAP, TYP.
INSIDE BLUE, AND
TYPE PDN—T TWO WRE TEST %"ﬁf GREEN
! s’r.ﬂ:gn”ﬁmm TYPE POI-C,
| STATIONS SIMILAR POLYETHYLENE ENCASEMENT
FOR FLUSH TEST
\. JONT BONDS, TYP- sTAmION TYPS

=
[}
n

= A = 5 TA =
o T = (DASHED LINES) ——a

|| = | Wy gt TERMINATON (DASHED

K LINES), SIMILAR SRALAR -
L = P 5
. \ } (

A — =1
r— e — -
REFERENCE ELECTRODE TES & F NOT ALL TEST WRES,
LEAD MARKED AT FIVE FOOT SPACING 'y MONITORING PIPES, OR
(57 INCREMENTS WTH TAPE PREDRILLED /SLOTTED PLASTIC PP TEST STA. TYPES SHOWN
; SAST £4 BELL & SPCOT 0 FOR CLARITY

NOTES:

1) SET THE MULTIMETER TO THE 20 VOLT DC SCALE AND CONDUCT MEASUREMENTS WTH PORTABLE REFERENCE
INSERTED IN BOTH INSIDE AND CUTSIDE PLASTIC MONITORING PIPE SIMILAR TO PREWOUS POTENTIAL
MEASUREMENTS OWRECTLY TO SOWL OR TO BURIED REFERENCE ELECRODE

2) INSERT PORTABLE REFERENCE ELECTRODE INTD INSIDE PLASTIC MOMITORING PIPE (BLUE TOP) MOVE
PORTABLE REFERENCE ELECTRODE AND RECORD MEASUREMENTS AT FIVE FOOT (5)) INCREMENTS.

J) CONDUCT MEASUREMENTS FOR ENTIRE LENGTH OF PLASTIC MOMITORING PIPE, STARTING FIVE (5) IN

4) REFEAT SAME PROCEDURE FOR PLASTIC MOWITORING PIPE LOCATED OUTSIDE POLYETHYLENE ENCASEMENT

(GREEN TOP) FOR COMPARISON TO INSIDE PLASTIC PIPE (BLUE TOF) POTENTIAL MEASUREMENTS

POTENTIALS W/ TYPE PDI STATIONS

| © musmvor/me0 adi DETAIL W-=-17C
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DEMONSTRATION: Pol wWene encasement with plastic monitoring pipes
ingide ond outside of the encosemeant s shown.

PIPELINE
WTH
POLYETH YLENE

SOLUID ENCASEMENT
MOMITORING (2IPLOCK
PIPE BAG

OUTSIDE PE FOR

EXAMPLE )

A

WATER
Box

- DEEP
ANCOE

170. How does the plastic monitoring pipe work with polyethyane
encosament? Why /s it slotted or driled?

17p. How do you help assure good electricel contect with the reference
slectrode?

17¢c. Which potential inside or outside most eccuretely reflects the
potential at the plpeiine surfoce?

17d. Which potential iz usually more negotive? Possible reasons for this?

POLYETHYLENE ENCASEMENT
PLASTIC MONITORING PIPES
NTS

@ RUSTNGT/SED DETAIL W-17D
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W-17 C & D Potential Measurements
With Polyethylene Encasement

] Y



is shown,

MULTIMETER,

RECTIFIER.
(DC

CURRENT
SOURCE) &

DEMONSTRATION: The effect of the woltoge grodient around o groundbed

PIPELINE

—
s ®_F .
- =T - g
| - " . i
1 N
- . e N - - P . N -
A Mre tat et LT AT
L . LI § P ¥
. .. . T o
. Lo, A R e B e e '
T R A TIT TI I - g N PO
S Y Lo tels [ = 0 ¥
. = =" t . e [ e a o - * N .
. Aty - e w g ' . -, i
. A - et e e, W [] N
WATER B T A L A L O : .
80X R VT S P LA S
L H ’ e o
P T Booe guemr el : P
vt A . . L I I R | B . . .
Lo 0 T, = R T . -
e 3 LI 4 * i Ly X L
\ Lo L - - = IS = - . -
LN t i e % - - - K of
o 2ad e, e . . T ) - r =
" "‘_, - # K 3' N . L *Es "% - _,‘ o o_.-+ b N - ——-‘JEE’P
. - T e e L # LY - - *
. = i L . . - " -

ancdef

Currant output?

—— FQUAL POTENTIAL VOLTAGE
GRADIENT LINES

18a. Why is there o voltage grodient around the groundbed?

18b. What is density of the woltoge grodient eguel potential lines near the

18c. What influence does soll resistivity have on the voltoge grodient?

18d. If the pipeline is too close to the groundbed woltage gredient, whet
detrimental influence moy the voltoge grodient hove on the pipeline?

(@) rusmvor/seo

GROUNDBED VOLTAGE GRADIENT
NTS

DETAIL W-18
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W-18 Groundbed Voltage Gradient
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