Installation of Galvanic Anodes

Justin Haupt, Peoples Gas

Appalachian Underground Corrosion Short Course



Installation of Galvanic Anhodes

e Brief Review of Fundamentals
* Normal Applications

e General Physical and Electrical Characteristics of
Common Underground Galvanic Anodes

e Guidelines for Field Installations




The Galvanic Corrosion Cell

e The Galvanic Corrosion Cell Includes Four Basic Parts:

1. An Anodes

2. A Cathode
3. A Metallic Path between the Anode and the Cathode

4. A Conducting Electrolyte

* There will be no corrosion unless current flows
between the Anode and the Cathode.
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Coatings and Electrical Isolation

e Holidays are Scrapes, Gouges, Pinholes, Rock
Penetrations, etc.

* Holidays are expected in any coated pipeline.

* The result of Holidays are that a small area of pipeline
becomes exposed and needs to be cathodically
protected.

* Galvanic Systems could cathodically protect several
hundred feet of a coated structure.
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The Practical Galvanic Series

Material Potential*
PURE MAGNESIUM -1.75
MAGNESIUM ALLOY -1.60
ZINC -1.10
ALUMINUM ALLOY -1.00
MILD STEEL (NEW) -0.70
MILD STEEL (OLD) -0.50
CAST / DUCTILE IRON -0.50
STAINLESS STEEL -0.50to + 0.10
COPPER, BRASS, BRONZE -0.20
GOLD +0.20
CARBON, GRAPHITE, COKE +0.30

* Potentials with respect to saturated Cu-CuSO, electrode




Galvanic Anode Applications

* Small amounts of current required.

* Soil resistivity is relatively low.

e Constraints on the use of impressed current.

* ‘Hot Spot’ requirements.

* High voltage dissipation gap (or grounding cell)

PAGES 2-3 to 2-6



Advantages of Galvanic Anode Systems

* No external power required

* Easy to install

* Maintenance requirements are low

* More economical

* Minimum of anodic interference

* Minimum right of way easement costs

* Anodes can be easily added, as needed




Disadvantages of Galvanic Anode Systems

 Limited driving potential

* Lower/limited current output

e Can be ineffective in high-resistivity environments
* Poorly coated structures require many anodes

* Not economical where large currents are required

* May not be effective in dynamic stray current areas
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Distributed Galvanic CP System
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Single Groundbed Galvanic CP System
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Galvanic Anode Materials

* There metals are the most common galvanic anode
materials:
* Magnesium
* Zinc
* Aluminum
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Magnesium Anodes

* Highest driving potential
* Many different shapes and sizes

* Generally used where soil resistivity is between 1,000
and 5,000 ohm-cm




COMMON ALLOY SPECIFICATIONS - MAGNESIUM

TABLE 2-1

Element High Fotential Grade A Grade B Grade C
Al 0.010% max b 3to6.7% h3toB.7% B0toT.0%
Mn 050t01.30% | 0.15t0 0.70% | 0150 0.70% | 0.15t00.70%
Zn 0 25t03.5% 25t03.5% 20t0d4.0%
Si 0.05 % max 0.10% max 0.30% max 0.30% max
Cu 0.02% max 0.02% max 0.05% max 0.10% max
Mi 0.001% max 0.002% max 0.003% max 0.003% max
Fe 0.03 % max 0.003% max 0.003% max 0.003% max

Other 0.05% each or | 0.30 % max 0.30 % max 0.30 % max
0.30% max
total
Magnesium Remainder Remainder Remainder Remainder
Solution -1.80V -155Y -155Y 155
Potential







Zinc Anodes

* Many different shapes and sizes

* Perform best in low resistivity environments
e <2,000 ohm-cm

* Examples of low resistivity environments?
* Sea Water
e Salt Marshes




TABLE 2-2

COMMON ALLOY SPECIFICATIONS - ZINC

NOte Cadmlum I5a kn_own oy Zinc (Mil-A 18001} Zinc (ASTM B418-67 Type I1)
CarC|n0gen and thUS thIS / Seawater Use Underground Use
a||0y ShOUId not be Used in [ Element Percent Element Percent
Underground App| ications Aluminum 0.11003% highggreaﬂgzm 99.99% pure
Cadmium 0.025 to 0.06%
Iron 0.005% max
Special Balance

high-grade zinc
Solution potential =110 Solution potential =110V
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* Gypsum
e Bentonite
e Sodium Sulfate
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COMMOMN ALLOY SPECIFICATIONS - ALUMINUM

TABLE 2-3

Note: None of these Aluminum
Anode alloys work in
Underground Applications —
The anode will passivate and
not deliver effective CP

Element Seawater Saline Mud Seawater
Galvalum | Galvalum |1 Brackish Saline Mud
Galvalum 111
Zinc 0.35 to 0.50% 351t050% 3.0%
Silicon 0.10% max 0.1%
Mercury 0.035 to 0.048% 0.035 to 0.048%
Indium 0.015%
Aluminum Remainder Remainder Remainder
Solution Potential -1.10W =110 =110







5 FT. MIN. FOR MAGNESIUM,
NO MIN. FOR ZINC. —

EXOTHERMIC WELD CONNECTION, COATED

_.J§ TAMPED
£ VYOID-FREE

FILL

:‘E
' |
L ! |
EXCAVATION FOR PIPE ;

| I INSPECTIOM, LEAK REPAIR
| ORHOT-EPOT PROTECTION
| BACKFILL WITH TAMPED 17-POUND PACKAGED
4 ILE EARTH AFTER ANODE MAGNESILUM ANODE
|

BACKFILL PLACED AND TAMPED PoTAL wre
BY LAYERS TO ELIMINATE ALL VOIDS

J
|
ALUGER HOLE FOR PACKAGED AMODE,
2T0 3 INCH MINIMUM CLEARANCE
LONG PACKAGED AMODE, ZINC OR

MAGNESIUM WITH INSULATED PIGTAIL

Although this slide and in your

Book indicate by the drawing

To connect the anode directly PROTECTION WITH GALVANIC ANODES
To the pipe, Utilize an approved FIGURE 2.2

test station where you can...This

Will allow the circuit to be

Interrupted for survey & troubleshooting

purposes



NOTES:
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’/-GMDE
oy - shi, ol 'tl'r ,.r.--

EXCAVATION BACKFILL
AFTER ANODE INSTALLATION

EXOTHERMIC WELD
CONNECTION TO
PIPE (COATED)

5FT. MINIMUM FOR

MAGNESIUM, NO MIN.

PACKAGED ANODE, ZINC OR FOR ZINC.

MAGHESIUM WITH INSULATED
LEAD WIRE

AUGER HOLE FOR PACKAGED
ANODE, 2 TO 3 INCH MINIMLUIM
CLEARANCE BETWEEN PACKAGE
AND WALLS OF AUGER HOLE

BACKFILL PLACED AND TAMPED
BY LAYERS TO ELIMIMATE ALL
voIDs

BARE ANODES WITH
SEPARATE CHEMICAL
BACKFILL MAY BE USED
PER FIGURE 2-4.

. MULTIPLE ANODE

INSTALLATIONS MAY ALSO
BE MADE WITH ALL ANODES
BELOW PIPE BUT OTHERWISE
IN GENERAL ACCORD WITH
FIGURE 2-5.

.IF NECESSARY, AUGER HOLE

MAY BE ANGLED SLIGHTLY

TYPICAL INSTALLATION OF GALVANIC ANODES
WHERE LATERAL SPACE IS LIMITED

FIGURE 2-3




INSULATED SPLICE

i GRADE
814, whiy . AL Jl'i_

i~ INSULATED HEADER CABLE
{  FOR MULTIPLE-ANODE

%f | INSTALLATIONS
L ¥

INSULATED LEAD WIRE TO
HEADER CABLE FOR MULTIPLE-

sl wnli,

N
| &  ANODE INSTALLATION AS
CHEMICAL —® | SHOWNM (SEE FIGURE 5) OR TO
BACKFILL ' N STRUCTURE IF SINGLE-ANODE
MIXTURE . :
- | ANODE
PLAGCE AND TAMP 6" LAYER ] LENGTH
OF BACKFILL IN BOTTOM OF HOLE. :
PLACE AND GENTER ANODE IN HOLE. : AUGER HOLE SIZED TO PERMIT
FILL HOLE WITH TAMPED BACKFILL " 2" MINIMUM THICKNESS
TO POINT 6" ABOVE TOP OF ANODE. 1 ¥ BACKFILL AROUND AMODE
,l/'_ : . TOTAL HOLE DEPTH AS
MAGNESIUM OR - i / DICTATED BY SOIL
ZINC ANODE e RESISTIVITY CONDITIONS

TYPICAL INSTALLATION OF BARE GALVANIC
ANODES WITH SEPARATE CHEMICAL BACKFILL

FIGURE 2-4
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L—“ ZINC OR MAGMESIUM ANODES.

NUMBER PER DESIGN. BARE

-
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DESIGN DISTANMCE. AMODE DESIGN SPACING. ANODES WITH SEPARATE
15 FT. MINIMUM TYPICALLY 10 OR 15 FT. CHEMICAL BACKFILL PER
SUGGESTED FOR FIGURE -4 OR PACKAGED
MAGNESIUM; ANODES PER FIGURE 2-2

5 FT. FOR ZINC.

= MULTIPLE INSTALLATION OF GALVANIC ANODES

FIGURE 2-5




Anode Lead Attachment

* Insulated lead wire from the anode may be connected
by some form of an exothermic weld

* Ensures the long-term low resistance in the
connection

* The copper metal nub at the point of connection
must be thoroughly insulated with suitable coating
material




COPPER ALLOY WELD/ / / INSULATED /
METAL (CATHOD§) Y /COPPER WIRE

==
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ELECTROLYTE
T/ /

B. EXPOSED THERMIT WELD (COPPER) ON

CARBON STEEL: LARGE ANODE VS SMALL
CATHODE, SLOW CORROSION RATE

EFFECT OF RELATIVE AREA OF ANODE TO CATHODE




POWDER CRUCIBLE
= 1/4" |-

PACKING MATERIAL
(IF REQD)

\ ———TAP HOLE

CABLE

300-

NOTE: END OF CABLE SHOULD NOT PASS
CENTER LINE OF MOLD.

MOLD POSITIONING

COAT WELD AREA WITH COLD -APPL'IED
BITUMEN TYPE COATING

SPECIFIED FOR SIZE OF WIRE AND

THERMITE WELD, USE CHARGE AS
/ PIPE.

CABLE
PIPE SURFACE
30°-45°

Bl B A A A i

COMPLETED WELD

THERMITE WELD






Brazing pin

Ceramic Ferrule

Cable lug for PinBrazing

BRPAR CRDIE

Silver capsule
Special brazing alloy

Special flux Brass

Melting Temperature 1200°F / 650°C
Only 5 microohms/brazed joint









Test Points

* Commonly referred to as test stations

* May be desired and/or required to permit periodic
testing of galvanic anode performance
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FILLER HOLE

EPOXY RESIN

........................................... ANODE LEAD

INSULATED STRANDED
J/— COPPER CABLE

PLASTIC MOLD

CABLES SEALED TO MOLD COPPER COMPRESSION CONNECTOR

WITH TAPE STRIPS SUPPLIED (OR ALTERNATES BELOW) EXOTHERMIC

WITH KIT (3 PLACES) WELD
/~SPLIT BOLT
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COMPRESSION CONNECTOR

AWG NO. 8 STRANDED TAPER AND ROUGHEN WIRE
COPPER COLLECTOR IN SUL ATION
WIRE.

‘‘‘‘‘

2" MIN.(TYR)

AWG NO. 12 SOLID
COPPER WIRE

ELECTRICAL TAPE QSPLICING COMPOUND

TYPICAL ANODE SPLICE



Bonding Strap
As a Metallic Connection



Current Direction Indicated on Amp Clamp
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LEAVE SUFFICIENT SLACK
WIRE IN BOX SUCH THAT
WIRES CAN BE EXTENDED
12 ABOVE GRADE.

TAG LEADS AS SHOWN

STD. 5" ROADWAY BOX,
UPPER SECTION ONLY WITH
COVER.

AWG NO. 12 SOLID COPPER
WIRE

AWG NO. 8 STRANDED
COPPER WIRES
BONDED PIPE JOINT
{TYP) A
THERMITE
WELD 4"
ELECTRODE |
> |
o S
b "‘l |2"'<— S=eczf (g
L/
t ‘-llz"L
31
TYP.
PROPOSED MAIN WITH k
COATING AS SPECIFIED — =
ON CONTRACT DRAWINGS s & I
I
MAGNESIUM ANODE

NOTE: ANODE SHALL NOT COME
IN CONTACT WITH SAND

BACKFILL

—SAND BACKFILL
/———PRoposeo MAIN
,._.-:-,.‘N/_ELECTRODE

r| s

ll 12“
| 4l|

|

|

|

|

1
L —-Sw—— _ BACKFILL WITH SOIL FROM
DITCH EXCAVATION

MAGNESIUM ANODE

SECTION A-A

MAGNESIUM ANODE TEST STATION
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Flasticpipe, 2" 1.0, 15"
shaft length.

LID
SECTION
NM-4

MNM-5

NM.7

Ay allable with 4 5 or ¥ terminals.

Heavy cast iron lids, both locking
and non-locking, available.

Cine-inch extensions availahble

whenever road resurfacing
OCCUrE,




CAUTION: Stay back 50 FE%
CORROSION IN MOTION




