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1. SCOPE

This Engineering Standard provides the design
requirements for electrochemical protection of
metals against corrosion. The electrochemical
methods of preventing corrosion consist of
cathodic and anodic protection. Anodic
protection at this stage of development is
applicable to limited combinations of metal and
corrosive environment so there has been found
little applications for it in industries so far.
Economics and difficulty in application has
also limited its application to metal structures.
For this reason the standard has emphasized on
cathodic protection which had been used
widely and effectively in different industries as
well as in oil, gas and petrochemical industries.

Design requirements for cathodic protection
systems (impressed current and galvanic) for
buried and immersed metal structures such as
buried pipelines, distribution pipelines, in plant
facilities, vessels and tanks and marine
structures, are described in this engineering
standard.

The standard also provides general guidelines
for applying cathodic and anodic protection to
metal structures.

Note 1:

This standard specification is reviewed and
updated by the relevant technical committee on
Jan 2005, as amendment No. 1 by circular No.
254.

Note 2:

This bilingual standard is a revised version of
the standard specification by the relevant
technical committee on MAY 2010 which is
issued as revision (1). Revision (0) of the said
standard specification is withdrawn.

Note 3:

In case of conflict between Farsi and English
languages, English language shall govern.

2. REFERENCES

Throughout this Standard the following
standards and codes are referred to. The
editions of these standards and codes that are in
effect at the time of publication of this
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Standard shall, to the extent specified herein,
form a part of this Standard. The applicability
of changes in standards and codes that occur
after the date of this Standard shall be mutually
agreed upon by the Company and the
Vendor/Consultant/Contractor.

BSI (BRITISH STANDARDS INSTITUTE)

BS EN 12474 "Cathodic Protection of
Submarine Pipelines"

BS EN 60079-1  "Explosive
Atmospheres-Part 1:
Equipment  Protection
by Flameproof
Enclosures "D"

BS EN 62305-1  "Protection Against
Lightning-Part 1:
General Principles"

BS 7361 (1991)  "Cathodic Protection"

Part 1- "Code of Practice for
Land and Marine
Applications"

BS 7430 (1998) "Code of Practice for
Earthing"

BS CP1003-Part 2

"Specification for
Electrical Apparatus for
Explosive Atmospheres"

DIN (DEUTSCHES INSTITUT FUR
NORMUNG)

DIN 30676 (1985)

"Design and
Application of Cathodic
Protection of External
Surfaces"

IP (INSTITUTE OF PETROLEUM)

Model Code of Safe Practice in Petroleum
Industry.
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IPS-C-TP-274

IPS-C-TP-820

IPS-C-TP-352

IPS-D-TP-718

IPS-E-GN-100

IPS-E-TP-100

IPS-E-TP-270

IPS-E-TP-350

IPS-E-EL-100

IPS-E-EL-110

IPS-M-EL-155

IPS-M-TP-750

IPS-I-EL-215

IPS IRANIAN PETROLEUM STANDARDS)

"Construction Standard for
Protective Coatings"

"Construction Standard for
Cathodic Protection"

"Construction Standard for
Lining"

"Cathodic Protection
System Fencing &
Foundation Details for c.p.
Station Located at City
Limits"

"Engineering Standard for
Units"

"Engineering Standard for
Paints"

"Engineering Standard for
Protective Coatings for
Buried and Submerged
Steel Structures"

"Engineering Standard for
Linings"

"Engineering and
Equipment Standard for
Electrical System Design
(Industrial and Non -—
Industrial)"

"Engineering Standard for
Hazardous Area"

"Material and Equipment
Standard for Transformer-
Rectifier for Cathodic
Protection"

"Material and Equipment
Standard for Cathodic
Protection"

"Procedure for Initial and
Periodical Inspection in
Potentially Explosive
Atmospheres (Hazardous
Area)"
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IPS-I-TP-820

"Inspection Standard for
Monitoring Cathodic
Protection Systems"

NACE (NATIONAL ASSOCIATION OF

CORROSION ENGINEERS)

RP 0169 (83) "Control of External
Corrosion on
Underground or
Submerged Metallic
Piping Systems"

Manual-Volume I1
"Fundamentals,  Section

SP 0176 (2007)

RP 0196

RP 0388 (2001)

RP 0288 (1994)

410, Cathodic Protection,
Corrosion Prevention"

"Standard Practice
Corrosion  Control  of
Submerged area of
permanently installied

Steel Offshore Structures
Associated with Petroleum
Production”

"Recommended Practice
Galvanic Anode Cathodic
Protection of Internal
Submerged Surfaces of
Steel = Water  Storage
Tanks"

"Recommended Practice-

Impressed Current
Cathodic  Protection of
Internal Submerged

Surfaces of Carbon Steel
Water Storage Tanks"

"Standard Recommended
Practice  Inspection of
Linings on Steel and
Concrete"

3. DEFINITIONS AND TERMINOLOGY

Acidity

The presence of an excess of hydrogen ions
(H+) over hydroxyl ions.
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Aerobic

Presence of oxygen, in this Engineering
Standard, this refers to the state of electrolyte
adjacent to the metal structure, for instance sea
bottom mud.

Alkalinity
The presence of an excess of hydroxyl ions
(OH ) over hydrogen ions.

Anaerobic

Lack of oxygen in the electrolyte adjacent to
metallic structure. For instance normal sea
water.

Anode

The electrode of an electrolyte cell at where
oxidation occurs. Common anode reactions are:
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Mg —> Mg~ +2e¢ andFe — Fe" +2¢

Anode Cap

An electrical insulating system placed over the
lead wire connection of an anode preferably
consisting of an epoxy resin encapsulation
surrounded by a heat-shrinkable outer
covering.

Anode Depolarization

Removal of protective layers and complexing
ions resulting in increased corrosion current
and corrosion rate. Contrary to cathode
depolarization, the increased corrosion is
accompanied by a negative (-) shift in anode-
to-electrolyte potential.

Anode Polarization

Build-up of protective layers and complexing
ions on anodic electrode. Polarization of the
anode results in decreased corrosion and
positive (+) shift in anode-to-electrolyte
potential.

Anodic Area

That part of metal surface which acts as anode.

Anodic Protection

Anodic protection is the use of an impressed
current to induce passivity on the surface of the
metal by making the metal an anode. The
potential of the anode must be controlled
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within a very narrow range to retain the passive 0 S Jisl maw ooy ba> lp SO

surface condition, anodic protection is . X o
applicable to only limited combinations of 5 3 5l sagiome locaS 5 3590 )0 e sl wblix

metal and corrosive environment. Sl Jloe! L 00i 95 oo
Attenuation W1
The decrease in a potential and current density Aol L slael s gl anels il alS

along buried or immersed pipeline from the

drainage point. ks alads 5l Heabge b (y92ae

SN

Attenuation Constant "a" sy coli"a

The magnitude of the attenuation constant is

R yP D —PT o ) A 3
directly affected by the longitudinal resistance ’ ’

of the pipe and inversely affected by the P 5> Saglie il Coi ugSas sl a5 dlgl b
resistance across the coating. The attenuation JUUES SN KV PR G E 0 FOSPS SCHV SRV S )
constant describes how much the potential sl (e . .
abass 5l alold  iolisl b b oS L sty
change or current flow decreases with ? ORI GagE QT 0B R e
increasing distance from the drain point. Sl oo oo |y adss
Backfill ooy Sy
A low resistance moisture holding material 3345 1S Cuslie by Cugb, ouiylagS eole
immediately surrounding buried anode for the 1l ol L T ool
purpose of increasing the effective area of Fye gl Gl pglaie 4 0ad (ghie Wil pln
contact with soil. In impressed current anode Ol el s 0 0gd e sals I8 S L ules
bed this refers to coke breeze. ol S5 JEd 4 o)Ll )50 ol e
Blistering ooy Jdeb
The formatio.n of swellings on the surface of an Lgi oot ansls S5y Y mhauw (59 g g, obx]
unbroken paint film by moisture, gases or the P SN b lailS o
development of corrosion products between the Sy a5 5 oS> gz b lajlicush,

metal and the paint film.

Bond Resistance Qg Ceoglio
The ohmic. resistance of a bond including the Ll o oled Ceogliie ol igm K ool Cunglie
contact resistance at the points of attachment of e Tl Lo _
its extremities. ol Ll adl e 5o (Stogen
Cathode (opposite of anode) (5T Jolio 40) W58
Thej electrodg Whe¥e reduction occurs. A 208y Bgas S Sgiue Sl el a5 Ll s Sl
typical cathodic reaction.

'(543[5

4¢ + 0O, +2H, O > 40H

Cathode Depolarization GOyl 39 D (g0
Removal of protective layers and complexing bog U a5 cazily o5 slogys 5 Lidle slaay i
ions, often caused by high acidity, high oxygen b3l oS sl ool L oS osl: [l
content, accidental shorts to other structures, 2 Sl oligS Jlail ol o 3l ()5nST w0lyj (gl )08
results is increased corrosion current and S5 TP 9 S0 ol sl cel Ko slaojle

corrosion rate. Cathode depolarization is i . o <
L. . o howsly )0 (+) oo yuatd (1S (ygumnl o Db (60 00 Ko
indicated by a positive (+) shift in cathode-to- e 02 () St e 68 Ol & i

electrolyte potential. A2 oo lid 1y cudg xSy Wl
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Cathode Polarization

Build up of protective layers and complexing
ions on the cathode electrode. Polarization of
the cathode results in decreased corrosion and
negative (-) shift in cathode-to-electrolyte
potential.

Cathodic Area

That part of the metal surface which acts as a
cathode.

Cathodic Protection (CP)

A technique to reduce the corrosion of a metal
surface by making that surface the cathode of
an electrochemical cell.

Characteristic Resistance

The characteristic resistance of the pipe is the
electrical resistance between the pipe and
remote earth in one direction only from the
drain point in ohms.

Concentration Cell

A cell involving an electrolyte and two
identical electrodes, with potential resulting
from differences in the chemistry of the
environments adjacent to the two electrodes.

Continuity Bond

A metallic connection that provides electrical
continuity. Mechanical fasteners are not
reliable continuity bonds. Exothermal weld
process or brazing is required.

Copper/Copper Sulfate Reference Electrode

A referenceelectrode consisting of copper in a
saturated copper sulfate solution.

Corrosion

The deterionration of a metal that results from
a reaction with its environments.

Corrosion Product

The chemical compound or compounds
produced by the reaction of a corroding metal
with its environment.
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Current Density

The direct current per unit area, generally
expressed as milli amp. Per sq.m. Current
density required to achieve cathodic protection
varies depending on environment and metal
being protected.

Deep Anode Bed

Type of ground bed using a drilled vertical
hole to contain impressed current anodes.
Construction techniques vary widely but
objectives are low ground bed resistance,
uniform current distribution, less interference
and permanent moisture.

Typical depth range from 40-150 meters to
reach moist low resistivity strata.

Dielectric Union

Similar to insulated flange but typically
threaded to pipe and used on pipe diameters 2-
inch.

Drainage (Current Requirement) Tests

Tests with current applied for a short period,
usually with temporary anodes and power
sources in order to determine the current
needed to achieve cathodic protection.

Driving E.ML.F. (Galvanic Anode System)

The difference between the structure /
electrolyte potential and the anode \ electrolyte
potential.

Electrical Grounding

Provides a low resistance path to ground for
fault currents in electrical equipment and
distribution networks. Since bare copper is
commonly  used, current  requirement
calculations must include the copper as a
substantial link for cathodic protection current
to adequately size for cathodic protection
system.

Electrical Isolation

The condition of being electrically separated from
other metallic structures or the environment.

Electrochemical Cell

A system consisting of an anode and a cathode
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immersed in an electrolyte so as to create an
electrical circuit. The anode and cathode may be
different metals or dissimilar areas on the same
metal surface.

Electrolyte

The term "electrolyte" refers to the soil or
liquid adjacent to and in contact with a buried
or submerged metallic structure, including
moisture, salts and other chemicals contained
there in.

Electronegative

A qualification applied to a metallic electrode
to indicate that its potential is negative with
respect to another metallic electrode in the
system.

Electropositive

A qualification applied to a metallic electrode
to indicate that its potential is positive with
respect to another metallic electrode in the
system.

Electroosmosis

The passage of a liquid through a porous
medium under the influence of a potential
difference.

Environment

The surroundings or conditions (physical,
chemical , mechanical) in which a material
exists.

Exothermal (Cadweld/Thermit) Weld

Process of insuring electrical connection of
cable to piping or steel structures incendiary
mixture of fine aluminum powder with a
metallic oxide of iron or chromium which
when ignited yields an intense heat.

Finite Line

If the line terminates in an insulated flange or
dead ends, it is called a finite line.

Flow Line

Pipeline carrying product from wellhead to
Gas- Oil- Separator-Plant (GOSP), typically
100-250 DN, coated or uncoated usually above
ground on pipe supports with periodic road
crossings.
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Foreign Structure

A buried or immersed electrically isolated
structure that may be subjected to corrosion
interference arising from the cathodic
protection of another structure.

Galvanic Anode or Sacrificial

A metal which because of its relative position
in the electromotive force (e.m.f) series,
provides sacrificial protection to metals that are
less negative (lower) in the series, when the
two are electrically coupled in an electrolyte.
The voltage difference between the anode and
the structure causes a current flow in the
structure that opposes the corrosion current.
The common types of galvanic anodes are rod,
bracelet and ribbon.

Galvanic Corrosion

Accelerated corrosion of a metal because of an
electrical contact with a more noble metal or
nonmetallic couductor in a corrosive
electrolyte.

GOSP

Acronym for GAS-OIL-SEPARATOR-
PLANT. Usually located geographically
central to a group of oil wells and fed by
flowline from each wellhead, typically
incoming and outgoing pipelines electrically
isolated from in-plant (on-plant) facilities at the
GOSP perimeter.

On-plant cathodic protection is separately
installed and operated from off-plant cathodic
protection.

Ground (Anode) Bed

Commonly a group of manufactured electrodes
or scrap steel which serves as the anode for the
cathodic protection of pipelines, tanks or other
buried metallic structures. Types of ground
beds are surface and deep anode
configurations.

Holiday

A discontinuity (pinhole or flaw) in a coated
surface that exposes the metal substrate to the
environment.
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Impressed Current

An electric current supplied by a device
employing a power source that is external to
the electrode system. (an example is direct
current for cathodic protection.)

Infinite Line

It is relatively long finite line or a line directly
connected to a structure of quite different
electrical characteristics such as bare line or a
tank farm.

Insulated Flange

A flanged joint in which flange faces and
securing bolts are electrically insulated from
each other by insulating sleeves, washers and
gaskets. Pipe size and pressure rating must be
specified. Insulated flanges are wused to
electrically isolate pipelines and systems.

Insulated Joint

Performs similar function to an insulating but
does not incorporate flange gaskets or bolts.
Provides electrical isolation via epoxy sealed
gap in a section of pipe.

Insulated Spool

It is similar to insulated joint but incorporates
internal  non-conductive  lining  where
electrically conductive pipeline products are
involved.

Interference Bond

A welded metallic connection between two
sections of a structure or two or more different
structures to carry electrical current. Often used
to by pass current.

In known locations to avoid corrosive current
discharge (interference) in unknown or,
undesirable locations. Then resistance bonds are
used, the resistance value must be less than the
parallel structure -to- structure soil resistance.

Interference Test

A structure-to-electrolyte test to determine the
existence of corrosion interaction between two
buried or immersed structures where one or
both are cathodically protected.
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Ion

Ion of an atom, or group of atoms, carrying a
charge of positive or negative electricity.

IR Drop (or Voltage Drop)

The voltage across a resistance on accordance
with ohm's law, e.g. soil resistivity and contact
resistance, large cathodic protection current
levels, proximity to structure and coating and
wire resistance. Often the IR drop component
is negligible but must always be considered for
each environment.

Leakage or Coating Resistance

Leakage resistance of pipe or resistance of pipe
radially to remote earth. This resistance
includes the resistance of the coating (if any)
and is affected by the resistivity of the
environment. Unit is Ohm-Kilometer.

Linear Pipe Resistance

The longitudinal pipe resistance of the pipe is
the pipe resistance in Ohms per unit length,
which can be calculated from the specific
resistivity of steel or iron and by regarding the
pipeline as an annular cylinder.

The specific resistivity of steel pipe will
normally vary from 15 to 23 micro-ohm-cm
depending on its chemistry. In absence of
specific test results it is normal to use a value
of 18 micro- ohm-cm.

Open-circuit (off) Potential

The difference in voltage between a structure
and a reference electrode under a condition of
no current flow to the structure.

Note:

Interference current flow may exist and is
often detected by open circuit potential
measurement.

Oxygen Concentration Cell

An electrochemical cell, the electromotive
force of which is due to a difference in air
(oxygen) concentration at one electrode as
compared with that at another electrode of the
same material .
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Passive

The state of metal when its behavior is more
noble (resist corrosion) than its position in the
"EMF" series would predict. This is a surface
phenomena .

Protection Current

The current made to flow into a metallic
structure from its electrolytic environment in
order to affect cathodic protection of the
structure.

Protection Potential

A term used in cathodic protection to define
the minimum potential required to suppress
corrosion. Protective potential depends on the
structure metal and the environment.

Reference Electrode

An electrode used for measuring the potentials
of other electrodes. Examples of commonly
used and installed reference electrodes are
copper-copper sulfate (Cu/CuSoy),silver-silver
chloride (Ag/AgCl) and zinc (Zn). Permanent
reference electrodes are often required at

inaccessible locations such as long road
crossing and under large diameter tank
bottoms.

Remote Earth

The areas in which the structure-to-electrolyte
potential change is negligible with change in
reference electrode position away from the
structure.

Reverse Current Switch

The reverse current switch is installed in series
with interference bonds where stray current is
known to reverse direction. Prevents serious
corrosion, where reversed current can
discharge to the electrolyte, by interrupting the
reversed current. A failed switch becomes an
open circuit or a solid bond.

Silver/Silver Chloride Electrode (Ag/AgCl)

A reference electrode consisting of silver,
coated with silver chloride in an electrolyte
containing chloride ions.
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Stray Current Corrosion

Corrosion resulting from current through paths
other than the intended circuit, e.g. , by any
extraneous current in the earth .

Splash Zone

That part of external structure between a level
2 meters above Mean High Water Springs
(M.H.W.S) and a level 3 meters below the
Lowest Astronomical Tide (L.A.T).

Structure-to-Electrolyte Potential

The potential difference between a metallic
structure and the electrolyte surrounding it,
measured with a reference electrolyte. Typical
examples are pipe-to-seawater potentials.

Sulfate Reducing Bacteria (S.R.B.)

A group of bacteria found in most soils and
natural waters, but active only in anaerobic
conditions of near neutral pH. They reduce
their with the
production of sulfides. SRB increase cathodic
protection current requirements as a result of
cathodic depolarization by sulfides.

sulfates in environment,

Submerged Zone

That part of external structure below the splash zone.

Surface Anode Bed

Type of ground bed using impressed current or
galvanic anodes. This type of ground bed is
used in relatively low resistivity soils like marl
(low resistivity limestone and clay) with water
retaining capability.

Test Access Hole

Provides a means of contacting soil through
concrete or asphalt for measuring structure-to-
soil potentials. Contains no wires and is
usually capped but easily accessible.

Test Station

Permanent wires attached to the structure and
led to a convenient location for electrical
measurements. Used at points where the
structure or soil is otherwise inaccessible for
electrical testing (underground or underwater).
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Weight-Coat

Steel-Mesh reinforced concrete layer applied
over a primary coating system. Provides
negative buoyancy for submarine pipelines.

Zinc Reference Electrode

A 99.9% metallic zinc rod, with an iron
content not exceeding 0.0014%, which contact
directly with the electrolyte around the
structure for potential measurement purposes.
Some of the zinc alloys used for galvanic
anodes are also suitable. The metallic electrode
can be made in any convenient form.

4. UNITS

This Standard is based on International System
of Units (SI), as per IPS-E-GN-100, except
where otherwise specified.

5. PURPOSE OF
PROTECTION

CATHODIC

Cathodic protection provides an effective
method of mitigating the corrosion damage to
metal surfaces exposed to a conducting
(corrosive) electrolyte (see Appendix A).

6. GENERAL APPLICATION OF
CATHODIC PROTECTION

6.1 Cathodic protection shall be applied to metal
structures where they are in contact with corrosive
soils or water, whenever economically justified
(see also clause A.2.1). Materials other than steel
or iron shall be considered as separate cases. The
metal structures shall be coated whenever practical
for maximum cathodic protection efficiency.

6.2 Impressed current cathodic protection shall
be applicable to but not necessarily limited to:

a) Buried land pipes.

b) Submarine pipelines within the area of
influence of shore or offshore platforms
where ac power is available.
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¢) Offshore structures (where power is
available).

d) Piers.

e) Storage tank bottoms (where exposed to
soil).

f) Water tank interiors.

g) Ship hulls (unless galvanic protection is
used, (see 6.3).

h) Well casings.
i) Buried plant piping.
j) Seawater intake systems.

k) Desalination plants.

6.3 Galvanic cathodic protection shall be
applied to but not necessarily limited to:

a) Submarine pipelines (beyond the
influence of impressed current schemes).

b) Short sections of buried land pipes in
arecas where soil resistivities are less than
5000 ohms-cms and ac power is not
available or in special cases such as road
crossings.

¢) Offshore structures and piers where
power sources are not available also for all
offshore structures for temporary protection
during construction and for achieving rapid
polarization and maintaining protection in
conjunction  with  impressed current
systems.

d) Special electrical grounding facilities on
land pipelines.

e) Heat exchanger water boxes.
f) Water tank interiors.
g) Ship hulls.

h) Small boat piers where impressed current
systems are not economical.
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i) Process vessel interiors.

6.4 All buried land pipes and sea pipelines
shall be provided with an anticorrosive,
dielectric  coating in accordance with
IPS-E-TP-270 and IPS-C-TP-274.

6.5 Cathodic protection systems shall be so
located to prevent the possibility of
disturbance or damage to other structures.

7. CRITERIA
PROTECTION

7.1 General

FOR CATHODIC

Criteria for cathodic protection is in general
agreement with the current revision of NACE
RP-01-69-83 and in specific agreement with
paragraphs 6.2.2 and 6.2.1 which state that "the
selection of a particular criterion for achieving
the objective of using cathodic protection is to
control the corrosion of metallic surfaces in
contact with electrolytes, depends, in part,
upon past experience with similar structures
and environments where in the criterion has
been used successfully".

Because the conditions and environments
make it impractical to comply with Paragraph
6.2.4 of NACE RP-01-69 which states that "the
voltage measurements on all buried structures
are to be made with reference -electrode
positioned as close as feasible to the structure
surface being investigated" and "the corrosion
engineer shall consider voltage (IR) drops
other than those across the structure-electrolyte
boundary, (IR) drops the presence of dissimilar
metals, and the influence of other structures for
valid  interpretation of  his  voltage
measurements ", specific standard criterion
incorporates allowances for the intrinsic
inaccuracies of structure-to-electrolyte
potential measurements, the standard criterion
for steel structures in different environments is
stated in the following paragraphs (see also
Clause 3.2 of DIN 30676, 1985).

7.2 Buried Pipes

The criterion most widely used on buried pipes
is based on the measurement of potential
differences between the pipe and its
environment.
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Coated buried pipelines shall have a minimum
pipe-to-soil polarized potential of -1.0 (off)
Volts (see Clause 3.2 of DIN 30676, 1985)
with reference to copper/copper sulfate half
cell. The potential shall be measured
immediately after interrupting all the cathodic
protection systems influencing the pipeline
structure, where it is not practical to measure
the interrupted or polarized potential on a pipe,
the general guideline for the protection criteria
shall be as follows:

7.2.1 For buried pipelines in low resistivity
soils (less than 2000 ohm-cm), the protection
criteria shall be -1.3 (on) volts measured at the
1 km test stations or -1.1 (on) volts measured
at close interval spacing (15 meters or less)
with the cathodic protection currents applied.

7.2.2 For buried pipelines on high resistivity
soils, (greater than 2000 ohm-cm), the
protection criteria shall be -1.5 (on) volts
measured at the 1 km test stations or -1.2 (on)
volts measured at close interval spacing (15
meters or less) with the cathodic protection
currents applied.

7.2.3 Buried facilities in plant areas shall be
considered protected at a minimum of -0.85
(on) volt, measured at test holes over the
metallic structure with the current flowing.

Another criterion in use is potential change
from natural value to the value obtained after
application of cathodic protection. In this
method potential change is used as criterion
rather than an absolute value (say - 0.85 volts
to copper/copper sulfate electrode). In this
system, the intent is to change the pipe
potential by 0.25 or 0.3 volt in the negative
direction when the chatodic protection is
applied.

Note:

Special conditions (e.g. backfill, pipe coating
characteristics or other parameters) may
require further interpretation of voltage
readings), (see NACE RP 01-69-83 Paragraph
6.5).

23

ol Jla lls b o ol iy dg) bslas
o gl ey -\ SB 4 Sans dgd sad 4 D
as>1,0 DIN 30676.1985 s Justewl Y=Y oty 4) (Ligels
ksl Sl am Al e Sllgw | o @2 p0 S o L (395
@y b ol 5 0,50 owls cblis> slaalbs ales
GSoul amils wed (g Fojlul Lewily alolidl Wb
Qs (Jee dgf (59, p o0b @ b oad 4 Dy Jenily

w3 ) Billae b Cblis o lne sl (agee 39000,

Conglio b sls S 5 ysioe dy) Lok (ol -Y-V

slojbre (ol — ol Yoo v 265) oS ogate
Gl o (opig) a0 adg -VY Wb cbla>
2 s WV L ead (655 ojll (g yeskS Koy (i3]
Sl b GaS b 50 10) obisS Sl 1o () b

S8 655 o3l Gl i onds Jlag

Coglie b SS1 55 (gdoe dlg) Lol (sl Y-Y-V
Groiilo = pal Vero 5l 5oby) Yo egase
5 (b)) el o el 210wl cblis la b
L ogd (655 ojlail sl Sy 50 (905l slgalKiny]
L e V0) olisS Jolsd 15 ((pdsy) Il 4o g —VIY
ol il cbli> sud Jleel sll,> b (S

D58 S5

Ll asly sleabsms 1o Gedae clawul ¥-Y-V
cdl> o adg =+ /A0 JBlas o cblas ol s
9o b3l ol (55, ogesl lo oyi> 0 (b))

g 6503l b
e 4 b ool Jeasly o jlxe S0 0018
ol 0 el S cbla> Jleel 5l aw sael Caws @
Blae jladie gl Jlme (lore 4 bty SesS (s,
@ gl il s aad bl (pl jo ol azd, IS

Jlesl &850 )0 (e Cqz po g IV L VOl
il e gl cbiles

162910k

Gy leThy S e Gl poyate Ll
e el Ay Sl Koo (K0 sla el L dg
slalied a4 @il Gl ey slacd)

(55 aszl 50 0-F 81,51, NACE RP-01-69-83



I2S

May. 2010 / \Y AR caigms sl

IPS-E-TP-820(1)

7.3 Tanks Exteriors

Tank undersides may be considered partially
coated due to contact with sand asphalt
padding. However, contact with the soil will
vary with flexing of the base. The potential
recorded at the periphery of the underside shall
be -1.10 -1.20 (on), volt with reference to a
copper/copper sulfate half cell; where
permanent reference electrodes have been
installed under the tank bottom, a minimum
potential of +0.25 (on) volt zinc to steel
indicates adequate protection.

7.4 Submerged Pipelines

Offshore submerged pipelines shall have a
minimum Pipe-to-water potential of -0.90 (on)
volt with reference to a silver/ silver chloride
half cell.

7.5 Offshore Structures and Ship Hulls

Steel structures, other than pipelines, shall
have a minimum structure -to-water potential
of -0.90 (on) volt with reference to a
silver/silver chloride half cell.

7.6 Tank, Pipe and Water Box Interiors

Structures storing or transporting conductive
waters or other conductive liquids shall have a
minimum electrolyte to internal surface
potential of -0.90 (on) volt with reference to
silver / silver chloride reference cell or +0.15
(on) volt with reference to an internal zinc
reference electrode.

7.7 Well Casings

shall be
considered adequately protected when a polarized
casing -to- soil potential of -1.0 (off) volt to a
copper/copper sulfate reference cell is measured
with the cell located close to the casing and the
cathodic current momentarily interrupted.

In general, onshore well casings

Alternatively, the potential measured with the
cathodic current shall be -1.2 (on) volts to the
copper/copper sulfate reference cell with the cell
located remotely a minimum of 75 meters from
the well and preferably 180 away from the anode
bed. Where it is impractical to obtain valid casing-
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to-soil  potential  measurements, current
requirement and polarization test data may be used
in interpreting the protected status of well casings.
Offshore well casings shall be considered
protected when the casing-to-water potential is
-0.90 (on) volt to a silver chloride reference half
cell placed close to the casing.

Table 1 lists the observed protection potentials
i.e. potential without allowances for (IR) drop
error for full protection of various metals,
measured  against  difference  standard
electrodes.
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TABLE 1 - MINIMUM AND MAXIMUM POTENTIALS FOR CATHODIC PROTECTION OF BARE
METALS (VOLTS, WITHOUT IR DROP)

(IR <3l (g « b3LI) (iSg) gy wl3ld Wl cblis gl yiSlas g JSlas o Jouiliy ) Jgo

REFERENCE ELECTRODE

& y0 09 5
Copper/copper Silver/silver Silver/silver Zinc/(clean)
sulfate chloride chloride sea-water
- sea-water** saturated KCl
Metal or CONDITION L g/ o IRTY)
Alloy 0y 0 IS0y FYEHRVEN LY oo -
P Lyl o h (o)l yo &I
W 5L 5 08 O oads gLl KCl
Min. Max. Min. Max. Min. Max. Min. Max.

Blos @Sl | JBlos Slas | Sl Slos | Blos SSlos

At temp. below 40°C
arp Foony ke 1 .08 NA*| -080 NA | -075 NA | +025 NA

R ETW

Unalloyed and low e

alloy ferrous materials | At temp. higher than 60°C

oS 5 oo LTl olge | 4203 Fr 5l YL sles 51 L0095 NA -090 NA | -085 NA |+0.15 NA
5L o Kl

In anaerobic media with
high activity of sulfate
reducing bacteria and
Sulfate

bLosilsene slalame 5o
ol slaysl @V ol

-095 NA -090 NA -0.85 NA | +0.15 NA

In  aerobic and in
anaerobic media with low
activity of sulfate reducing
bacteria and sulfates

S5lsp 9 Siloa et lalamao
s>l glo iSh ol codlad

-085 NA -0.80 N.A -075 NA | +025 NA

In sandy soils with
resistivities greater than
50000 ohm.cm

el b oSy | -075 NA | 070 NA | -0.65 NA [+035 NA
— ol Br el iy Caglie

Stainless steels with a | At temp. below 40°C

chromium of at least | o s ¢ 0 o 5| _010 NA | -050 NA | -000 NA
16% by weight, for use . f100 NA
in soil and fresh water ol Kile . )
eSS L oy K sleoYss | At temp. higher than 60°C 1080 NA
Sl iy woys V8 Jolas | 4200 P Sl VL sl 21930 NA | 2025 NA | -020 NA

SB o3t O o ool ol Kile
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TABLE 1 (continued)

(aolsl) =) Jgus

REFERENCE ELECTRODE

&2 y0 995l
Copper/copper Silver/silver Silver/silver Zinc/(clean)
sulfate chloride chloride sea-water
P sea-water** saturated KCl
Metal or CONDITION Sl oo | e
Alloy 05 g p U505 0y oy IS0 485 . <
AT L Lyl o - (500l 32 ]
SWTL 38 #5010 Ol oads gL KCl
Min. Max. Min. Max. Min. Max. Min. Max.
Bloas  gslos | Slae  Slas | Sl GSlas | Bl STos
Stainless steels with a -
chromium content of at
least 16% by weight,
for use in salt water
o . -030 NA -025 NA -020 NA | +080 N.A
pS Loy K slas¥sd
Slp g e Vo JBlos
Sos o 0 ool
Copper; -
copper/nickel alloys -0.50  -0.65 | -045 -0.55 | -045 0.56 | +0.6 +0.45
Lead -—-
-0.60 -NA -055 -NA | -050 -NA | +05-NA
ES
Aluminum In fresh water
- T -095 -130 | -09 -1.15 -0.85 -1.10 +0.15-0.10
poines]] LRI
Aluminum In salt water
- L -090 -1.10| -0.85 -1.05 -0.80 -1.00 +0.20 -0.00
PYVEOIN| Sas ol o
Aluminum In soil
- . -095 -1201| -090 -1.15 -0.85 -1.10 +0.15-0.10
iz S s
Steel in contact with
Concrete - -075 -130 | -0.70 -1.25 -0.65 -1.20 +0.35-0.20
B b obes o 2¥53
Galvanized steel
L e G - -1.20 N.A -1.15 N.A -1.1 N.A | +0.10 NA
0l 05ilgJl8 Y48

*  Not applicable

s Jlos] 5 ¥

**  Silver/silver chloride/sea water (salinity

32-38%) in brackish water (salinity <
32%), the potential reading from an open
electrolyte reference electrode must be
corrected for the lower chloride
concentration. For measurements in such
water a closed -electrolyte reference
electrode is advantageous.

Notes:

1)

All potentials have been rounded to the

nearest multiple of 0.05 V. The figures for

30 (Qo, 0 YA =YY (5,00) byo u._:]/o)ﬁ.i QS o83 *

OB oy YY Gl eS (ye8) ope jed O
@l b 5k Seds iSIl m pe 09 SN SG Sl iy
e S o3Il (sl 00,5 memmal Sl 28 chale
iy Sy i8Il g ye 098U Sy ol iz 0

Bl o e

g )sloly

*

35 Ly 100 Gy (SR 4 badeily ples ()

electrodes in which sea-water is the electrolyte Sy iUl Lye ol a5 alasg iSIl ol olasl ailoas

are valid only if the sea-water is clean, odds 2 lgp g oo 5.8, pued by O 51 Lads col
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undiluted and aerated.

2) Aluminum. It is not at present possible to
make firm recommendations for the protection
of aluminum since this metal may corrode if
made too strongly negative. There are
indications that corrosion can be prevented if
the potential is maintained between the limits
shown in the Table. Alternatively, it has been
recommended in the case of pipelines to make
the metal electrolyte potential more negative
than its original value by 0.15 V.

3) Lead. In alkaline environments lead may
occasionally be corroded at strongly negative
potentials.

4) Stainless steels. In many environments,
stainless steels will not require any form of
protection. In some cases anodic protection is
used.

Stainless steels are however, often susceptible
to crevice corrosion. A crevice may be
encountered between two metals, e.g. at a
riveted or bolted seam, or between a metal and
non-metal or at a gasketed joint. Crevice attack
is a particular from of a differential aeration
corrosion and is most often encountered in a
marine environment. It has been found that
cathodic protection will significantly reduce
the incidence and severity of this form of
corrosion; polarization to potentials given in
Table 1 is necessary.

Difficulty can, however, arise if the crevice
can seal itself off from the environment; the
protective current cannot flow to the seat of
the attack which may proceed unabated.

Polarization of stainless steels to excessively
negative potentials may result in hydrogen
evolution which can cause blistering and loss
of mechanical strength.

Experience has shown that random pitting of
stainless steel may not be influenced by
cathodic protection, despite the evidence from
certain laboratory studies.

5) Steel in concrete. If steel, whether buried or
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APPENDICES
APPENDIX A

CONSIDERATIONS ON CATHODIC
PROTECTION DESIGN

A.1 General Principle of Electrochemical
Corrosion and Cathodic Protection

A.1.1 Behavior of buried or immersed metals
in the absence of cathodic protection

A.1.1.1 The nature of metallic corrosion

When a metal corrodes in contact with an
electrolyte, natural atoms pass into solution
by forming positively charged ions. Excess
negative electrons are left behind. For
example, in the case of iron:

(Eq. 1.A)

Thus corrosion is accompanied by the flow
of an electric current from metal to
electrolyte due to the movement of positive
ions into the electrolyte and of negatively
charged electrons into the metal. Any area at
which current flows in this direction is
referred to as an anodic area. The metallic
ions may react with negative ions in the
solution to give insoluble corrosion products
(e.g. rust in the case of steel). Such reactions
do not materially affect the argument which
follows except in cases when the corrosion
product is such as to stifle further attack. The
electric circuit is completed by the passage
of current from solution to metal at other
areas known as cathodes. Various reactions
occur at cathodes; these do not, in general,
cause corrosion (see A.1.1.5).

Because the same number of electrons are
related for each atom of the metal going into
solution, the current is proportional to the
corrosion rate. For example, in the case of
iron or steel, two electrons flow for each
atom going into solution, as shown in
Equation 1.A, and a corrosion current of one
ampere corresponds to loss of about 9 kg per
year.

Fe — Fe™ +2¢
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a) Corrosion cell
A. Anode
C. Cathode
I. Current
S dn @
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b) Cathodic Protection
AA. Auxiliary Anode
I’. Protection Current
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Fig. 12-THE BASIS OF CATHODIC PROTECTION
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Fig. 13- CATHODIC PROTECTION SYSTEM AND DISTRIBUTION OF
STRUCTURAL/ELECTROLYTE POTENTIAL
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A.2 Considerations Applicable to Most
Types of Structures

A.2.1 Range of application

Cathodic protection can, in principle, be
applied to any metallic structure or plant that
is in contact with mass of soil or water. The
application of cathodic protection to metal
surfaces that are intermittently immersed for
example due to the action of tides, may also
be beneficial.

However, economic considerations
sometimes restrict the range of application. It
may, for example, be uneconomical to protect
certain types of existing structure because the
cost of making them suitable for cathodic
protection is excessive.

The function of the structure or plant under
consideration will determine the benefit to be
expected by suppressing corrosion. Thus, a
certain amount of attack in the form of pitting
may be tolerable on some structural members
while the same severity of attack would cause
failure of a pipe. If the consequences of
penetration by corrosion are important, for
example hazards due to leakage of a
flammable gas or liquid, or interruption of the
operation of a large plant or the failure of a
ship’s plate, the need to ensure complete
reliability will become overriding and
cathodic protection would be regarded as
economical even under otherwise unfavorable
circumstances.

A.2.2 Basis of design

It has been shown in section 1 of this
Appendix that cathodic protection is achieved
by causing current to flow from the
surrounding electrolyte into the structure at
all points, the criterion being that the
structure/electrolyte  potential is, at all
positions, more negative than the appropriate
protective potential given in Section 7 of this
Standard. Fig. 13 represents, in outline, the
system required, which consists of a buried or
immersed anode, a connection to the structure
to be protected and (in the case of impressed
current systems only) a source of e.m.f.
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Current flows in the metallic parts of the
circuit in the directions indicated by the
arrows and returns through the electrolyte
(soil or water) to the protected structure.
When the potential drop through the
electrolyte and/or the structure is appreciable,
the potential change due to the cathodic
protection is non-uniform as shown in the
lower parts of the Figure 13. The following
factors tend to increase the non-uniformity of
the cathodic protection:

a) Small separation between the anode
and the structure (particularly if the
electrolyte resistivity is high).

b) High resistivity of soil or water
(particularly if anodes are close to the
structure).

¢) High current density required to protect
the structure .The current density will be
governed by the quality of the coating,if
any, and the availability of oxygen at the
surface of the metal or the activity of
anaerobic bacteria (see A.1.1.5).

d) High electrical resistance between
different parts of the structure.

The tendency for the current density to be
highest at points nearest the anode may
occasionally be an advantage since it is
possible to concentrate the effect at a point
where it is most needed. For example, when
corrosion of iron or steel occurs due to
proximity of a more electropositive metal,
the attack is often local; only a small
proportion of the surface may require
protection.

Normally, however, the whole of the metal
surface is to be protected and non-uniformity,
as shown in Fig. 13, is uneconomical because
some parts of the surface receive more
current than is required to attain the
protection potential. Moreover, since the
potential should, generally, not be made too
strongly negative for the reasons given in
A.2.5.1 it may be impossible to compensate
for poor initial design by increasing the
current and thereby making the potential
more negative. Additional anodes will
therefore be needed and, in the case of
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protection by impressed current on extensive
structures, this will also entail the provision
of additional sources of e.m.f. Thus, if the
use of cathodic protection is envisaged, a
first step is to consider whether the structure
or plant can be designed, or modified if it
already exists, in such a way as to make the
installation of cathodic protection more
economical. These aspects are discussed
further in A.2.3. Consideration should also be
given to the correct placing of anodes both as
regards separation from the structure and
their distribution over the surface. When
structures such as pipelines are being
protected with impressed current,
considerations such as the availability of
power supplies may, however, have an
important bearing on the design.

The characteristic of two systems, i.e.
galvanic anodes and impressed current, are
compared in A.2.4.

Economical design of structure or plant and
its associated cathodic protection system
entails striking the best possible balance
between factors which affect the initial cost
(effectiveness of structure coating, electrical
conductance between sections of the
structure or plant, extent and position of the
anode system, number of separate units, etc.)
and factors which affect the running cost,
notably the power required and frequency of
replacement of anodes. There are, in
addition, certain considerations which relate
only to particular types of structure. For
example, in the cathodic protection of ships’
hulls or of pumps, consideration should be
given to the hydraulic drag arising from the
installation of the anodes. In the case of
buried structures, possible effects of the
direct current flowing in the soil on other
structures in the vicinity may also have an
important effect on the economics of the
scheme (see A.3). There are also some
secondary effects of cathodic protection (see
A.2.5.1) which need to be taken into account.
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A.2.3 Design or modification of structures to
be protected

A.2.3.1 Electrical continuity

It may be necessary to install continuity bonds
between different sections of the structure or
plant before cathodic protection is applied. The
resistance of these bonds should be sufficiently
low to ensure that the potential drop due to the
passage of the protective current through the
structure is small (see A.2.2). In the case of
impressed current installations, it may be
economical to improve connections between
different parts of the structure, even though
metallic connections already exist, in order to
reduce the total resistance.

It should be noted that if the structure is not
metallically continuous, part of the protection
current flowing in the electrolyte towards a
protected section may pass through isolated
sections of the structure. Corrosion may be
accelerated where such currents are discharged
from the structure and return to the electrolyte
(see A.3). This accelerated corrosion could be
internal where conducting fluids are being
conveyed in pipelines.

A.2.3.2 Protective
IPS-E-TP-270)

coating (see

The function of a coating is to reduce the area
of metal exposed to the electrolyte (soil or
water). By this means it is possible to reduce
greatly the current density required for cathodic
protection. As indicated in A.2.2., the fact that
the current is spread more uniformly may
reduce the number of points at which cathodic
protection need to be applied.

A coating should, ideally, have a high electrical
resistance and be continuous, i.e., there should
be few holidays. It should be resistant to any
chemical or bacterial action to which it might
be exposed, and should withstand all
temperature variations to which it may be
subjected; no blisters should exist and the
coating should adhere strongly to the surface to
be protected; it should have satisfactory aging
characteristics and adequate mechanical
strength. Ability to resist abrasion may be

121

Cowl Hl 8 a8 o ojlw Ml b 2l,b Y-V-l
oS Swgm V-Y-Y-L

SLwnd o cels OYlail wil pY cel Sew
G¥ e euls cbla> Jlael 51 L3 ozl boojle calizes
5 009 oS (B olail a4 Wb SYLlal ol Ceglie o9l
Ol oge 5l 2 5y cdl e el Jol> Ll
Y-Y-Ql o ) sl o5 ojle i,k 5l sbla>
svbe 4 (Jlosl 0l Dlacli 9550 )0 (058 axzlye
@lisee s jisy m OYlall ZMol (IS cwglie Lals
Col s LB s9zee o318 Yl o> g ojle
Qb golaidl

PR KC ST LR COVIUUIP P U gV N K PRV
o bt Sy S Bl s ye ol Sl
ojlw oo e slotemd I cnl Ko ool sl
Oz & 2l o Cwl See (0595l e
4) 93,50 p Sudg iS4 5 oud 4SS o3l 5l 2ledl >
WAL (59,95 (pl 0ed Waid (398 dxxl e Y-l a
Ayl bgls o g0l sl Jlw a5 xS 1o Klgie odds
IRV g ES AR VA Ky | F-4]

Slubwl ) Bdlxo  glg  Y-Y-Y-I

(39 ax>| 5o IPS-E-TP-270

Looles o b e el by So aiby
31 Sl g, ol b ailcs (0T b S15) ey 2SI
e & 1y quils cblax (gly 5o 9)90 b2 alsls
oals las Y-Y-call us jo a5 aisSilen ol zals (g0l
SOy, i b 4 S Sz oy s el ol
cbla> wojls oS bla olawd wilgh oo el oo 239
A als 1) sie Wl

Sz 9 Yo (oS Caaglia Wb Jlow] gy SO
abls 3925 gadle oS slawy Wb g oL alils
Collad b ol Olge aigSye 4y Wb idg ol
polie 3,5 13 ol b wlad jo (Sae a5 ol ST
wled Soliw] gleo Dlpss als blas o 5 0oy
Cbli> wb & (aw 4 (S b 4 9 Job e
Canglio Lplym 0yl e Bl AL Sat g
S (Sle plSotinl 5 1o ol (b s pln o


Administrator
Underline


I2S

May. 2010 / \Y AR caigms sl

IPS-E-TP-820(1)

important in some applications.

Coatings may take the form of paints, or
materials such as bitumen and coal tar which
are often reinforced with glass fiber or other
fibrous material. Plastics sheet or tapes may
also be used for certain structures. The most
suitable form of coating depends on the type of
structure and its environment; more particular
information is given in [PS-E-TP-100 and IPS-
E-TP-270. In deciding upon the type of coating
to be used, the aim should be to achieve overall
economy in the combined cost of the protected
structure and of the initial and running costs of
the protection schemes. Due regard should be
paid to the life expected of the structure and to
the economics of preparing the coating should
this become necessary.

In the case of buried structures, a secondary
but important function of the coating is to
reduce the potential gradients in the
surrounding soil thereby decreasing interaction
with neighboring buried structures (see A.3).

The protection current, particularly if strongly
negative potentials are used, may produce
sufficient alkali (see A.1.1.5) to affect the
coating adversely. The extent to which
coatings are alkali resistant is therefore
important in some applications. This is further
discussed in A.2.5.1. It is, however, possible to
give only general information in respect of
coatings. If, in a particular case, the coating
performance was critical, it would be desirable
to determine the properties by test beforehand.

Concrete cannot be considered to be a
substitute for an insulating coating and such a
coating should be provided in addition
wherever possible.

Metal spraying is not treated as a coating for
the purposes of this Standard; its use in
conjunction with cathodic protection is
unlikely.

The adverse effect of a non-adherent coating
shall not be oversimplified.

A non-adherent coating is a barrier that will
prevent from a pipeline, the flow of cathodic
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protection current from soil. In other words
cathodic protection current could not flow to
the pipe metal through the soil or water
between the nonadherent coating and pipe
metal.

However, if the disbonded or non-adherent
coating (which acts as a cathodic shield) is
sufficiently porous to absorb enough soil
moisture to become conductive, the moisture
may pass enough current to protect the pipe
metal (which is in contact with soil or water)
under the non-adherent or disbonded coating.
Such a disbonded coating would not then act as
a complete shield or barrier. This phenomenon
has been proved beyond doubt on a number of
gas transmission pipeline running through
marshy land or terrain with low water levels.

A.2.3.3 Isolation

It often happens that a well-coated structure, to
which cathodic protection could be applied
economically, is connected to an extensive and
poorly coated metallic structure the protection
of which is not required or would be
uneconomical. In such a case, the well-coated
structure shall be isolated before applying
cathodic protection to it. In the case of coated
pipelines for example, the inclusion of
isolating joints and terminal installations is
normally considered to be essential.

A further application is the isolation of a
section of a structure to prevent or reduce
excessive effects on neighboring structures due
to interaction (see A.3). If the isolated section
is so placed that the required continuity of the
structure is interrupted, this should be restored
using insulated cable. It may, on occasion, be
desirable to shunt an isolating device by means
of a resistor. For example by choosing an
appropriate value for the resistor, it might be
possible to adjust the current so that it is
sufficient to protect the relevant section of the
structure but is insufficient to cause
unacceptable interaction on nearby structures.

Isolating joints are sometimes required part of
the safety precautions at oil terminal jetties
(see A.4.4.2 (e)). They should not be installed
in above-ground situations where
concentrations of flammable gas or vapor
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occur (see A.4.4.2 (d)).

The protection of only part of a structure may
accelerate the corrosion of nearby isolated
sections of the structure as explained in A.2.1
and A.3. For this reason it may be advisable to
apply a coating with a particularly high
insulation resistance to the protected section of
the structure where it is near unprotected
equipment or to take the other measures

described in A.3.2.2 to prevent possible
damage.
With equipment containing electrolytes,

corrosion could similarly occur on the inner
surface of the unprotected section. With highly
conducting fluids, for example brine, such
corrosion could well be rapid. For this reason
the inclusion of isolating devices, for example,
pipelines containing seawater or strong brine is
inadvisable (see also A.3.6).

A.2.4 Comparison of the various systems

The advantages and disadvantages of the
galvanic anode and impressed current methods
are set out in Table 1.A. A further method
known as electric drainage which is applicable
only to structures affected by stray currents
flowing in the soil, and may have advantages
in suitable cases.
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TABLE A.1 - A COMPARISON OF GALVANIC ANODE AND IMPRESSED CURRENT SYSTEMS
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GALVANIC ANODES
SlP slaasT

IMPRESSED CURRENT
Sl gl >

1- They are independent of any source of electrical power.
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1- Requires a mains supply or other source of electric power.
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2- Their usefulness is generally restricted to the protection of well-
coated structures or the provision of local protection, because of
the limited current that is economically available.
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2- Can be applied to a wide range of structures including, if
necessary, large, uncoated structures.
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3- Their use may be impracticable except with soils or waters
with low resistivity.
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3- Use is less restricted by the resistivity of the soil or water.
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4- They are relatively simple to install; additions may be made until
the desired effect is obtained.
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4- Needs careful design although the ease with which output
may be adjusted allows unforeseen changing conditions to be
catered for.
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5- Inspection involves testing, with portable instruments, at each
anode or between adjacent pairs of anodes.
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5- Needs inspection at relatively few positions; instrumentation
at points of supply can generally be placed where it is easily
reached.
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6- They may be required at a large number of positions. Their life
varies with conditions so that replacements may be required at
different intervals of time at different parts of a system.

s Ll 5 b LT jee ol oY LT (sl (o0l danite wlge sl S —F
@iz glpisn o Sy Gl Jolsd jo 03l a5 (gy5b 4 00,5
blie o wleles K

6- Requires generally a small total number of anodes.
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7- They are less likely to affect any nearby neighboring structures
because the output at any one point is low.
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7- Requires the effects on other structures that are near the
groundbed of protected structures to be assessed but
interaction is often easily corrected, if necessary.
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TABLE A.1 (continued)
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GALVANIC ANODES
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IMPRESSED CURRENT
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8- Their output cannot be controlled but there is a tendency for their
current to be self-adjusting because if conditions change such
that the metal to be protected becomes less negative, driving
e.m.f., and hence current, increases. It is possible, by selection
of material, to ensure that the metal cannot reach a potential that

is sufficiently negative to damage paint.
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9- Their bulkiness may restrict flow and/or cause turbulence and

restrict access in circulating water systems. They introduce drag
in the case of ships' hulls.
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10-They may be bolted or welded directly to the surface to be
protected thus avoiding the need to perforate the metal of ships'
hulls, plant to be protected internally, etc.
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11- Their connections are protected cathodically.
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12- They cannot be misconnected so that polarity is reversed.
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8-Requires relatively simple controls and can be made automatic
to maintain potentials within close limits despite wide
variations of conditions. Since the e.m.f. used is generally
higher than with galvanic anodes the possible effects of
ineffective control or incorrect adjustment, for example
damage to paintwork or coatings, are greater.
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9- Allows of more compact anodes by the use of suitable
materials; drag is negligible.
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10- Requires perforation in all cases on ships' hulls, plant to
enable an insulated connection to be provided.
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11- Requires high integrity of insulation on connection to the

positive side of the rectifier which are in contact with soil or
water: otherwise they will be severely corroded.
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12- Requires the polarity to be checked during commissioning

because misconnection, so that polarity is reversed, can
accelerate corrosion.
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A.2.5 Special considerations

A.2.5.1 Secondary effects
protection

of cathodic

It will have been noted from A.1.1.5 that the
application of cathodic protection may give
rise to secondary effects such as the
development of alkalinity or the evolution of
hydrogen at the protected surface. The effects
that may occur are described in the following
paragraphs.
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a) Alkalinity may cause the deterioration
of paints. The effect can be minimized by
avoiding the wuse of very negative
potentials and by using paints that are less
susceptible to such damage.

b) Alkalinity causes, in the case of
seawater or similar solutions, a white
calcareous deposit (chalking). This is
beneficial since the current density needed
to maintain cathodic protection is reduced.
If, however, formation of the deposit is
excessive, water passages may be
obstructed or moving parts impeded.

¢) Aluminum is corroded in alkaline
environments and can therefore be
cathodically protected only if the potential
is maintained within certain limits (see
Table 1 Note 2).

Since Aluminum is an amphoteric metal
and sensitive to Alkali, cathodic
protection of aluminum pipe is a special
problem. The reaction in a cathodic
protection circuit generates alkali at the
cathodic surface. If too much cathodic
protection is applied, the alkalinity at the
surface of an aluminum pipe may become
strongly enough to consume the aluminum
chemically. The danger is that a buried
aluminum pipeline under strong cathodic
protection actually may corrode faster
than it would if not cathodically protected
at all.

d) exceptionally, lead can be corroded
when protected cathodically in an alkaline
environment (e.g. cables installed in
asbestos-cement pipes).

e) Hydrogen evolved at strongly negative
potentials may create an explosion hazard
in enclosed spaces (see A.4.3 and A.4.4).

f) Hydrogen embitterment of high tensile
steel is a possible danger.

g) Hydrogen produced at flaws in a
coating may progressively detach the
coating from the surface of the metal.

h) Rust and scale is sometimes detached
from a surface during the initial period of
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operation of cathodic protection and may
block water passages or cause other
difficulties during a short period. If iron or
steel has been seriously corroded, removal
of rust that is plugging holes may cause a
number of leaks to become apparent
during this period.

i) Chlorine may be evolved at the anodes
of an impressed current cathodic
protection installation if the electrolyte
contains chloride. This may cause
nuisance or create a hazard (see A.4.4.3)

A.2.5.2 Effects of stray currents from
protection installations

Where a protected structure, or the anode(s)
or ground-bed(s), lies near to other buried or
immersed metallic structures that are not
fully insulated from earth, the latter
(secondary) structures may, at certain points,
pick up a proportion of the protective current
due to potential gradients in the soil or water
and return it to earth at others. The secondary
structures may corrode at these latter points
(see A.3).

A.2.5.3 The avoidance of damage or hazard
due to overvoltages (see also IPS-I-EL-215)

Over voltages due to faults on power
equipment or to lightning may cause serious
damage to equipment installed to provide
cathodic protection. If isolating joints have
been inserted in a protected structure, there is
risk of flashover and explosion if the
structure contains low flash-point material.
The following recommendations shall be
read in conjunction with any other relevant
standards or Regulations.

A.2.5.3.1 Damage to cathodic protection
equipment by overvoltages

The groundbed of a cathodic protection
system will often be the best available
connection to earth in a particular locality
and this may result in the associated
equipment being subjected to over voltages
or excessive current that originate either from
faults on power equipment or lightning as
follows:
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tanks or pipes that normally contain water,
whilst the supply to the anodes is switched
on.

A.4.2 Fault conditions in electricity
power systems in relation to remedial
and/or unintentional bonds

There is a possible risk in bonding a cathodic
protection system to any metalwork
associated with the earthing system of an
electricity supply network, whether by
intention or not. This is particularly
important in the vicinity of high-voltage sub-
stations.

Bonds between metalwork associated with an
electricity power system (e.g. cable sheaths)
and cathodically protected structures, can
contribute an element of danger when
abnormal conditions occur on the power
network. The principal danger arises from the
possibility of current flow, through the
bonds, to the protected structure, due to
either earth-fault conditions or out-of-balance
load currents from the system neutral (see
also A.3.3.1).

The current, together with the associated
voltage rise, may result in electric shock,
explosion, fire or overheating and also risk of
electrical breakdown of coatings on buried
structures. Such  hazards should be
recognized by the parties installing the bond
and any necessary precautions taken to
minimize the possible consequences. The rise
in temperature of conductors is proportional
to i%t, where i is the fault current and t its
duration. Conductors, joints and terminations
should be sufficiently robust, and of such
construction, as to withstand, without
deterioration, the highest value of it
expected under fault conditions. For extreme
conditions, duplicate bonding is
recommended. Precautions should also be
taken against danger arising from the high
electro-mechanical forces which may
accompany short-circuit currents (see A.2.5.3
and also BS 6651 last edition).

It is difficult to ensure that current-limiting
resistances comply with the foregoing
requirements; their insertion in bonds
through which heavy fault current might flow
should therefore be avoided as far as
possible. If they are used, it is essential that
they be carefully designed for the expected
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conditions.

Bonds and any associated connections should
be adequately protected from damage or
deterioration.

A.4.3 Hydrogen evolution

A.4.3.1 In impressed current systems, and
sometimes  with  magnesium  anodes,
excessive polarization can cause evolution of
hydrogen on the protected structure. Thus, in
situations such as closed tanks where
hydrogen can collect, an explosion hazard
can arise.

Where hydrogen evolution could produce an
explosion hazard, the structure/electrolyte
potential should be carefully monitored:
hydrogen evolution is not significant at
structure/electrolyte potentials less negative
than -1.0V with reference to silver/silver
chloride for steel in seawater.

A.4.3.2 Special precautions for ships

Hydrogen gas forms an explosive mixture
with air and for this reason all protected
tanks that contain ballast water or have just
been deballasted cannot be regarded as gas-
free spaces until tested and found safe. It
should be borne in mind that the highest
concentrations of hydrogen in a tank will be
in the upper part of the tank, i.e. immediately
below the deck head or within the hatch
coating. It is essential, therefore, that an
escape route to the atmosphere for this gas be
ensured at all times.

No dangerous accumulation of gas is likely if
the tank hatch lids are in the raised position
but if, for any reason, they have to be
lowered and fastened, it is essential that the
gas be able to find its way through suitable
venting pipe. In the event of such a pipe
being fitted with a pressure/vacuum valve,
this should be set in the ’open’ position,
giving completely free access to the
atmosphere.

During dry-docking it may be necessary, for
trim or other reasons, to ballast or partly
ballast one or more tanks that are
cathodically protected by magnesium. To
ensure that hydrogen gas is readily dispersed,
the tank lids should be secured in the open
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position throughout the period the vessel is in
dry-dock.

A4.4 Installation in
atmospheres

A.4.4.1 Explosion hazards (see IPS-E-EL-
110)

hazardous

Cathodic protection can introduce danger in
areas in which a flammable mixture of gas,
vapor® or dust (i.e. a hazardous atmosphere)
may be present which could be ignited by an
electric arc or spark.

Typical examples of such installations are
tanks, pipelines**, manifolds, jetty piles,
floating craft, etc. Incentive sparking might
arise, due to cathodic protection, from:

a) Intentional or unintentional
disconnection of bonds across pipeline
joints or any other associated equipment
under protection or fortuitously bonded to
protected equipment.

b) Intentional or unintentional short-
circuit of isolating devices e.g. by tools or
break down due to voltage surges on the
pipeline induced by lightning or electrical
power faults.

¢) Unintentional short-circuits by
fortuitous bridging of points of different
potential, e.g. by metal scraps, odd
lengths of wire, mobile plant.

d) Connection or disconnection of
loading lines to tankers, barges, and rail
car gantry structures and associated
pipelines.

e) Disconnection or breakage of cables
carrying cathodic protection current.

f) Unintentional short-circuiting  of
impressed current anodes when the liquid
level is lowered in plant under internal
cathodic protection.

g) Connection or disconnection of
instruments employed for measuring and
testing of cathodic protection systems.
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In locations where any of the above hazards
may arise, operating personnel should be
suitably instructed and durable warning
notices should be authoritatively displayed as
appropriate.

It should be noted that the likelihood of
incentive sparking may be greater in the case
of impressed current systems than with
systems using galvanic anodes. However,
there is danger if a suspended or supported
galvanic anode, or portion of an anode,
becomes detached and falls on to a steel
member beneath; the risk, however, is not
present with zinc anodes.

* See also CP 1003 —part 2 and the Institute
of Petroleum Model Code of safe Practice
in the Petroleum Industry.

** See Part VI of the Institute of Petroleum
Model Code of safe Practice in the
Petroleum  Industry. (With  special
reference to 8.5.5).

A.4.4.2 Measures to avoid the explosion
hazard

Cathodic protection systems that are to
operate where flammable concentrations of
gas or vapor occur should conform to the
statutory and other safety regulations
applicable to the particular installation and
industry  concerned, e.g. the  Ship
Classification Societies have laid down
requirements governing the wuse and
inspection of anodes within the tanks of
ships classified by them (see Appendix C
paragraph C.2.1.2.1), and approval should be
obtained in each individual case as
appropriate.

The following safety measures should be
adopted where applicable:

a) Flameproof enclosure (see BS 4683:
part 2 and CP 1003 -—part 2) of
transformer/rectifiers or other apparatus
when it is impossible to site it outside the
area of risk.

b) Flameproof enclosure (see BS
4683:part 2 and CP 1003) —part 2 of
resistive bonds.
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¢) The provision of a temporary continuity
bond across any intended break, before
any break is made in protected pipelines
or other structures or equipment included
in the cathodic protection scheme.

Note:

It is essential that these bonds be securely
clamped to each side of the intended
break and remain connected until the
work is completed and normal continuity
restored.

d) Sitting outside the area of risk any
isolating  devices in  above-ground
pipelines.

Note:

Where this is not practicable, measures to
avoid arcing or sparking, due to the
reasons given in A.4.4.1(b) should be
adopted. These would include the use of
resistive bonds or zinc earth electrodes
connected to each side of the insulating
device.

e) Insertion of an isolating device and, if
necessary, an encapsulated spark gap (see
A.2.5.3.2), in each of the loading lines, at
oil terminal jetties, as referred to in
A.4.4.1(d).

Note:

This is to ensure that the line is
electrically discontinuous as a precaution
against the dangers associated with
incentive  sparking. An independent
ship/shore bonding cable does not
eliminate the hazard. It is essential that
any other cable brought on board is
connected and disconnected outside the
area of risk, or equivalent measures are
taken to avoid incentive sparking upon
connection and disconnection, e.g. by the
use of appropriate flameproof techniques
(see BS 4683: part 2 and CP 1003 —part
2).

Where the loading line is wholly flexible,
the isolating device (flange) should be
fitted to the jetty manifold.

Where the line is partly flexible and partly
a metal loading boom, the insulating
device should be inserted between the
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flexible hose and the loading boom.

An  isolating device should be
incorporated in an all-metal flow boom,
care always being taken to ensure that the
flow booms are not fortuitously earthed to
the ship by tools or loads suspended from
the ship’s gear.

Similar considerations apply to ship-to-
ship transfers if either or both vessels are
cathodically protected and certain low
flashpoint cargoes are being handled. An
isolating device should be fitted at the
manifold of one vessel and the line
securely earthed to the manifold of the
other wvessel. Alternatively, electrically
discontinuous hoses may be used i.e.
hoses specially made with the bonding
wire omitted. For tankers at submarine
line berths, at least two hoses that are
electrically  discontinuous should be
inserted into the string of flexible hoses, at
the end of the rigid line.

These should preferably be the second and
third hoses from the tanker manifold.
These precautions are not normally
considered necessary in the case of single-
buoy moorings.

f) If the circumstances envisaged in
A4.4.1(f) could arise, arrangements
should be made to ensure that the circuit
is automatically or manually isolated
when the anodes are not submerged.

g) Protection devices (surge diverters)
should be installed to safeguard the rectifier
and associated equipment, e.g. instruments,
against over-voltages due to lightning or to
other external cause (see A.2.5.3, also BS
6651 and BS 7430).

Note:

This applies particularly to rectifiers that
are supplied from overhead lines.

h) Double-pole switches should be
provided in each dc circuit entering an
area in which flammable concentrations of
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gas or vapor might occur, to ensure that
both  poles are isolated during
maintenance, etc.

A.4.4.3 Chlorine evolution

For an impressed current cathodic protection
installation in a marine environment, the
anode reactions result in the electrolytic
formation of chlorine. Seawater is normally
slightly alkaline and the chlorine will form
sodium hypochlorite; other side reactions,
such as the oxidation of hypochlorite to
chlorate and the formation of bromine from
bromides are possible. Under stagnant
conditions, the chlorine will be evolved as a
gas and will presents hazard to inspection
and maintenance personnel.

It is sometimes impossible with internal
protection of enclosed vessels or plant to
drain completely a vessel before entering for
maintenance. If it happens that anodes
remain energized and immersed, the chlorine
level in the remaining water will increase.
Disturbing the water, e.g. by walking through
it, will release enough chlorine in the
restricted air space to cause acute discomfort;
the cathodic protection should, therefore,
always be switched off before a vessel is
entered.

The formation of hypochlorite and gaseous
chlorine will be minimized by the
incorporation of a system of two level or
automatic control into the cathodic protection
installation.
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APPENDIX B

DESIGN PRINCIPLES OF CATHODIC
PROTECTION FOR BURIED
PIPELINES

B.1 Impressed Current System
B.1.1 Current-voltage relationships

B.1.1.1 Attenuation

When current is drained from a buried
pipeline, the potential of the line to its
surroundings is changed and current is
picked up from the soil and flows in the pipe
toward the drain point. The current flow in
the line and the potential change are
maximum at the drain point. At any point
other than the drain point, the current flow in
the pipe is less because of the current picked
up between that point and the drain point is
less. Likewise, the voltage change is less
because of the voltage drop caused by the
flow of current in the pipe between that point
and the drain point is less. This decrease of
voltage and current flow with distance from
the drain point is called attenuation. The rate,
of attenuation is influenced by pipe
resistance, coating conductivity, polarization,
length of line, and method of termination
(insulating device or metallic connection to
other facilities). In the case of bare or poorly
coated lines soil resistivity also has a large
effect.

B.1.1.2 Attenuation formulas

Formulas have been derived to express the
relationship between current and potential
along a uniform pipeline when current is
drained from a single point. The most
commonly used forms of these attenuation
formulas are given bellow. These formulas
apply specifically to coated lines; they are
based on the assumption that the pipe is of
uniform section and resistivity, and that
coating conductivity is uniform. The effect of
soil resistivity and polarization are neglected.
The voltage as used in the attenuation
formulas for coated lines is the voltage
change across the coated line, this is the
voltage change between the pipe and adjacent
soil and is the significant voltage change in
cathodic protection.
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The attenuation formulas are sometimes
applied to bare lines. In this case soil
resistivity is assumed to be uniform and the
resistance per unit length of the line to
remote earth is usually substituted for the
coating resistance. The voltage in the
formulas then becomes the voltage change
with respect to remote earth. This voltage
does not necessarily indicate the adequacy of
cathodic protection. In addition, polarization
has a profound effect on attenuation in the
case of bare lines, and wide variations in soil
resistivity  further tend to invalidate
calculated results. For these reasons, extreme
caution should be used in applying the
attenuation formulas to bare lines.

B.1.1.3 Calculations

The calculations in this Section are intended
to be a guide only. They should not be
considered as absolute or the only method of
calculation. Cathodic protection design
procedures are empirical at best or based on
empirically modified theory.

The attenuation formulas are sometimes
applied to bare lines. In this case soil
resistivity is assumed to be uniform and the
resistance per unit length of the line to
remote earth is usually substituted for the
coating resistance. The voltage in the
formulas then becomes the voltage change
with respect to remote earth. This voltage
does not necessarily indicate the adequacy of
cathodic protection. In addition, polarization
has a profound effect on attenuation in the
case of bare lines, and wide variations in soil
resistivity  further tend to invalidate
calculated results. For these reasons, extreme
caution should be used in applying the
attenuation formulas to bare lines.
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B.1.1.3.1 Symbols

PR T

SYMBOL QUANTITY UNITS
Ceodle lade Aoy
Ry Linear pipe resistance ag s Cwglis | Ohms-m o ol
Rp Leakage (coating resistance) (Linsgy Canglie) i | ohms per m oy 2l
a Attenuation constant ciaas coli | per kilometer SoslS
Ro Characteristic resistance dasin Cwglie | Ohms pey
P Soil resistivity S ogate Cwglie | micro-ohm cm srouile polg S
yo¥ Steel resistivity oYg8 pgase Cwglin | micro-ohm cm ol ply S
g Coating conductivity Uidigy ble, | micro mhos perm® a0y jg05,5m
D Pipe diameter ag ki | Mm JEOI IS
L Pipe length dgl Job | Kilometer ioglS
T Pipe wall thickness dg o lax> Cwls | Mm JEOI IS
a Pipe cross sectional area dgl alaie xlaw | square cm &y ol
A Surface area of pipe dg mhw Cluw | M2 perm oy 3y o
w Weight of pipe dg 59 | kg perm Fo ppSekS
dEo Change in potential at drain point = aJss alai o Jewils o 5| Volts 2ds
dEx Change in potential at point X~ Xaki ;o Jowilsy o35 | Volts AN
dEt Change in potential at end of line Volts <ds
g Slel 5o Jomiliy i

Io Current at drain point alss alais o ob,> | Amps el
Ix Current at point X on line Xdg) g9, ahais o obL,> | Amps Joy|
I Current at end of line L3 bl o oby> | Amps oy

163




IE May. 2010 / 1Y AR coingns s,

IPS-E-TP-820(1)

B.1.1.3.2 Formulas

Llgo® Y-Y-V-)-0

dEo . Io dEx . Ix dET. It
| | T |
| < X | |
< L >
“4  DRAIN
ol POINT
a) General case soges > (Al
dEx=dEp.Cosh ¢ X -1I5.Ro. Sinha X Volts  J,
Ix=1Io . Cosh o X - 9Eo . Sinh ar X Amps. .l
RO
Or:
dEg =dEx . Cosh a X +Rp . Ix . Sinh a X Volts  <Jq
I, =1Ix.Cosh @ X - 9Ex . Sinhex X Amps. .l
I:\)O
b) Finite lines Sgdse boghs (o
dEo =dEt Cosha L Volts  «Jq
Io=9:  SinhaL Amps. ..l
RO
dEx = dEr Cosh « (L- X) Volts  Jg
Ix =Ipsinha(L-X) Amps. .l
sinhal
¢) Infinite lines* Sgaoal bk (7
dEx = dEg e *¥ Volts  J,
Ix=Ipe** Amps. .l
dE dE
o= O -—0 Amps. .l
R, R,
LndEOZLndEx+ a X
Inlp=Lnlx+ ax
d) Linear pipe resistance ag as Caglie (o
R,= ~L
a
Note: sa8lok
Steel resistivity varies from 16 to 23 micro ol wal = 5,500 YY 518 5l o¥gd pgate Cusglie
-ohm cm.
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An average value is 18 micro-ohm
cm.

e) Leakage (coating resistance)

1
R:
" gAL

f) Characteristic resistance

Ro=,/Rg.R; ohms

g) Attenuation constant

RL
R
=0
RL
R
=25
RO

* In almost all cathodic protection systems,
there are no infinite lines.

**  For design purposes, the coating

conductivity of buried, non-fusion
bonded epoxy coated landlines may be
taken as 2000 micromhos per m?. Fusion
bonded epoxy coated lines shall be
considered to have a coating conductivity
of 400 micromhos per m?.

B.1.1.4 Single drain point

Fig. 16 shows a schematic layout of a
pipeline with current drained at a single point
at one end, together with typical attenuation
curves. If the line is infinitely long, the
current flow and voltage change vary
exponentially with distance along the line as
shown by the curve labeled, "E and 1 -
Infinite Line". If the line terminates in an
insulated flange or dead ends, it is called a
finite line. Attenuation curves for finite lines
of three different lengths, with the voltage at
the drain point the same as in the case of the
infinite line are also shown in Fig. 16. The
current flowing at the far end of a finite line
is, of course, zero, and the potential is
substantially higher than the potential at the
same distance on an infinite line. Length L1
corresponds to a short finite line; in this case,
the current drained is substantially less than
that for the infinite line. Length L3
corresponds to a moderately long finite line;

(ohms per km)*

bl yleniile pal = 5 800 VA Lavgie (e
(Uidgy Cenglie) (L2 (&

(RN
dasuin Cwglio (9

(o)

i oo po ()

perkm ks
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in this case the current drained is nearly as
great as the current drained from the infinite
line, but the potential at the far end is nearly
twice as great as the potential at the
corresponding distance on the infinite line.

In the above examples, the current drained at
the drain point is equal to the current flowing
in the line at the drain point because current
flows to the drain point from one direction
only. In the usual case, the line extends in
both directions from the drain point and
current flow to the drain point from both
sides. Under these conditions, assuming a
symmetrical, uniform system, the total
current drained is twice the current flowing
in the line at the drain point from either
direction.
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B.1.1.5 Multiple drain points

When a long pipeline is placed under
cathodic protection, it is usually necessary
to drain current at numerous points. A
portion of a long uniform pipeline with
current drained at two points is illustrated in
Fig. 17. The attenuation curves for drain
points 1 and 2, considering each drain point
independently, are shown as dashed curves.
These correspond to the infinite line curve
of Fig. 16. The potential change at any point
between the two drain points, with current
drained at both drain points, can be obtained
by adding the potential changes produced by
the individual current drains; this is shown
as the upper solid curve in Fig. 17. Since the
currents induced by the two current drains
flow in opposite directions between the two
drain points, the resultant current flowing in
the line at any point between the two drain
points is equal to the difference in the
currents resulting from the two current
drains. At the midpoint P, the two currents
are equal and opposite and the resultant
current is zero. Since there is no resultant
current flow in the line at this point, the
current and potential distribution will not be
disturbed if the line is cut at this point and
an insulating flange is inserted. From this it
follows that the resultant current and voltage
distribution between a drain point and the
electrical midpoint between two drain points
is the same as for a finite line of the same
length. This can be seen by comparing the
curves in Fig. 17 with those in Fig. 16.

B.1.1.6 Effect of coating

The coating on the pipe line has a great
effect on the current required to protect the
line and the rate of attenuation of current
and voltage along the line. With well coated
lines, the current requirements are modest
and attenuation is slight, and drain points
may be spaced at wide intervals. With bare
or poorly coated lines, current requirements
are large, attenuation is rapid, and drain
points must be spaced at close intervals.

B.1.1.7 Point of minimum protection

Since voltage varies with distance along a
pipeline due to attenuation, the point of
minimum protection (least negative potential)
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must be adequately protected to assure
complete protection of a pipe line. With a
uniformly coated line protected from a single
drain point, the point of minimum protection
will be the end most remote from the drain
point. With a multiple-drain-point system,
points of minimum protection will exist
between drain points. One of the main
problems encountered in field teets on pipe
lines is to determine the locations of these
points of minimum protection. Once these
points have been located, it is normally a
relatively simple matter to adjust the system
(assuming it is adequately designed) to achieve
adequate protection at these points and thus
complete protection of the line.

B.1.1.8 Bare and poorly coated lines

The above discussion is strictly applicable
only to uniformly coated pipelines. This is
not always the case in practice; bare lines,
lines partly wrapped and partly bare, or
coated lines with the quality of the coating
varying widely from point to point are
frequently encountered. In the case of a
coated line with variable coating quality, the
line will pick up relatively more current
from the soil in the areas of poor coating.
This will result in larger potential drops in
the soil adjacent to the poorly coated
sections, and the pipe-to-soil potentials in
these areas will be lower (the line will be
less negative with respect to adjacent soil)
than in nearby areas of good coating. Where
lines are partly coated and partly bare, this
effect is even more pronounced; the pipe-to-
soil potential at a bare area will normally be
much lower than that at an adjacent coated
area, even though the coated area may be
more remote from the drain point.

Where a bare pipeline is buried in soil of
uniform resistivity, the potential along the
line will vary in the same manner as for a
uniformly coated line. However, if a bare
line passes through soil where the resistivity
varies widely from point to point, current
pick-up will be largely concentrated in the
areas of low soil resistivity with resulting
large potential drops in the soil and low
pipe-to-soil potentials in these areas.
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B.1.1.9 Voltage limitations
B.1.1.9.1 Coating deterioration

An excessive potential applied to a coated line
has a detrimental effect on the coating; the
bond between the coating and the pipe may be
destroyed and the coating conductance will
increase many times. The rate of coating
deterioration increases rapidly as the potential
is increased. For this reason, the maximum
potential applied to a coated pipeline should
not exceed the level necessary to produce an
instantaneous-off potentinal more negative
than -1.1V(See BS 7361-part 1.Section 4.2.1
and table 3). The lower values should be
observed whenever possible. The minimum
potential change should be 0.3 volt with
respect to initial potential.

B.1.1.9.2 Maximum rectifier spacing

The potential and current at the drain point
required to protect a finite line (or the section
between minimum points in the case of a
multiple-drain-point system) increase rapidly
as the length is increased. Since the potential
change at the drain point should not exceed
approximately 1.0 to 1.5 volts, this limits the
length of coated line that can be protected
from a single drain point and thus determines
the maximum spacing between units in a
multiple-drain-point system (see B.1.1.3.2
Formulas).

Spacings between drain points (or rectifiers)
depend on pipeline coating and diameter of
pipeline as well as soil resistivities of the
terrain.

It is possible to protect 75 kilometer of well
coated large diameter cross country pipeline
from one station; whereas it is not practical
to protect such distance of small diameter
pipe from a single station.

B.1.1.9.3 Depolarization effect

Any depolarizing parameter will result in
increasing current requirement for cathodic
protection. The most effective mechanism
for depolarization and removal of hydrogen

polarization film is sulfate reducing
bacteria. The bacteria is active when
conditions are anaerobic. Under this
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condition, the active sulfate reducing
bacteria reduces sulfates to sulfide and
removes hydrogen polarization film by
oxidation and forming water.

By maintaining the minimum potential
value at -0.95 (with reference to
copper/copper sulfate electrode), soil pH
will be kept around 9 and sulfate reducing
bacteria would be rendered inactive.
Therefore minimum potential value of -0.95
is essential to eliminate depolarizing effect
of sulfate reducing bacteria in soils where
this bacteria is present.

B.1.1.9.4 Bare lines

The maximum voltage that can be applied to
a bare line is limited only by economics. An
excessive potential will not damage bare
steel pipe, but it will result in an excessive
current pick-up and inefficient utilization of
the applied power.

B.1.2 Current requirements

For pipeline design requirements shall be
based on the following minimum current
density value for total coated and uncoated
pipeline surface:

WY 5 005 Lol ddlys @ |y o Slidgus «lilgus 00isS
o 3ol B g (ST bawg e Ggelie S
=9)s°

35S 5 Crmad) —+ 140 o 4y ity il Lai |y
sl A ogax 1) S pH (Lo Sl g/ s g2 50
s ainlys Jlabd Slilge soS Ll sl 55U
Sl Bis gl -+ /A0 ke 4 il J8las plpls
2 olse eanS Lol sl sSL Gl N 0
ol @3 sl )10 jga2 L 2L cpl &5 QLS

gy oy beks F-A-V-)-0

Ois e A S a s o5 ) o3l STas
ol 00l Sgame (goladl sladis 4 1add vgai Jlos!
] Giebay e 53V Wyl 4 Slol Sty S
Al s SLol bz S 28, Vb i Ll il o
b daly (Bras Gp o p)lS pad

e ol Y-V-0

Joke BBl el b dy L sLb ol

Oiig 9 g edd Libg mhaw IS 6l ol 2 anedls
w3l 8 4 dgd s a

PIPELINE SURFACE

CURRENT DENSITY (ma/sq.m)

Wyl b mhw (220 0l ol (hno) Gl 2 Al
1. Uncoated Ohegy (39 20.0
2. Tape or coal tar/bitumen_Fusion bonded epoxy
e e ier 1l 1.25
Shged Sgn (Sl - 8 S JES LB L g
3. layer polyethylene QY aw oLl L 0.25

B.1.2.2 Two 32 pound magnesium anodes
shall be installed on all buried valves, on the
pipeline at gas reservoir and pipeline anchor
locations.

B.1.2.3 An additional current capacity of 50
amperes shall be provided at plant
terminations where insulating devices are
bonded to control interference.
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B.1.2.4 Measurements (see IPS-C-TP-820)

B.1.2.4.1 Coated lines

On existing pipelines, it is desirable to make
field tests to determine the current required
for cathodic protection. For coated pipelines,
the usual procedure is to conduct preliminary
tests to determine the coating conductivity of
representative sections of the line. From
these tests, it is possible to calculate or to
determine from the charts the approximate
current required for protection, as discussed
in the sub-section on calculations (see B.1.4).
After this
current requirements is made, the type of

preliminary determination of

system to be installed impressed current or
galvanic anode can be selected. If a galvanic
anode system is to be installed, no further
tests are required until installation of the
anodes is commenced.

If an impressed current system is to be
installed, the maximum distance between
drain points (limited by voltage across the
coating) can be determined once the coating
conductivity is known. This is also covered
in the sub-section on calculations (B.1.4).
The actual drain point spacing will be
influenced by several other factors; it will
normally be considerably less than the
theoretical maximum spacing.

B.1.2.4.2 Bare lines

In the case of bare lines, the initial drain tests
will normally consist of determining by
direct field measurement the distance that
can be protected with a given current drain.
In these tests, it should be remembered that,
assuming uniform conditions along the
pipeline, the potential change at the mid-
point between two rectifiers draining equal
currents will be twice the voltage change
produced by one
Consequently, if tests are conducted using a

rectifier  alone.
single drain point, the distance each rectifier
can protect if multiple units are installed will
be the distance at which one-half the desired
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final voltage can be obtained during drain
tests with a single drain point.

B.1.3 Sizing of rectifiers

After rectifier sites have been selected and the
anodes and test leads have been installed, it is
usually desirable to conduct drain tests to
determine by direct measurement the current
and voltage required at each drain point. These
data determine the output rating of the rectifier
at each location. The tests are made with
batteries or welding generators as sources of
direct current, utilizing the permanent anodes
and permanent test leads.

B.1.4 Calculations

B.14.1 If the approximate coatings
conductivity is known, the current required
to protect a coated line and the maximum
distance between drain points may be
estimated using the "Attenuation" formulas
(B.1.1.3.2).

B.1.4.2 Circuit resistance

The total resistance in the cathodic protection
circuit is as follows:

T s 45000 43S alai b al5s slesge)]

NS sy Cad )b Y-V-O
P PSR IRV ECT NET UK SR PR RPIE S I I
Codl Cslhs Ygens wud cems sl slebls

Wy g ol it spSojlul b adss (sledgas]
Olyee Wools (pl ogd ploxl ads alads 2,0 5L5 90
Dl pazine |y o o )0 0dliS Sy (2s,5
el plgie 4 5,852 sla,gl55 b bl b sgas]
Sk 5 (oodls slawil sl wogdne plonil pritns (L >
Sy ooliiwl g0

Olwwlxo F-V-o

Wil paie ids o8 2Ule, ST-F-)-0
ouds yudgy dlod s S cblas glyp 5Li 5,50 b >
G5O L el Sow adss blas s alold zSlas 4
g 3550 (F-FV -0 ) ans (slodge 2

ke Caoglio Y-F-1-os

bl p) il S cblas low S Caeglio

RT=RC+RG+RL+RS

Where:

Rt Is total circuit resistance at
rectifier terminal.

Rc Is cable resistance, both
positive and negative cables.

Rg Is resistance of anode bed to
earth.

R, Is resistance of coating (see
e of B.1.1.3.2).

Rs Is resistance of structure to
be protected (may be
ignored).

B.1.4.2.1 Cable resistance

Cable resistance is that from the pipeline via
the power source to the first anode of the
impressed, plus effective resistance of the
header cable along the line of anodes.
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It is practical to use the resistance of one half
of the ground bed header cable as the
effective header cable resistance.

Table B.1: Includes data on resistance of
copper conductors in the sizes commonly
used in pipeline corrosion engineering work.

Table B.2: Gives the correction factors for
conductor resistance at temperatures other
than 25°C.

Table B.3: Provides some design data on
cables.

@ Lga.fl g S s JS 5l seud Canglie I colanl

sbbls, cuglin ululpy obosls Jolis V-0 Jeus
@odige 5 50 aSadle (Jgeme slul 3 (o
gy G dg) oz (S ,95

2L, cwglas lp el ol V-0 Jgus
Sleige 1l ol Lol ax 0 YO 5l e 4y slales

kLS sl b sleosl (Sp V-0 Joua
Sleiie ol b

TABLE B.1- RESISTANCE OF COPPER CONDUCTORS

o (Lo Cwglio - © Jour

Conductor size RESISTANCE OF
B adaiio o310l STRANDED COPPER
> CONDUCTORS IN OHMS
PER METER TIMES 10?
GENERAL USE AT 25°C
‘ mm? &l ady bl cwglio
oolisw AWG S el
YO ;00T ypb oy eal
o il a0

Impressed 107.20 mm? 4.0) 0.16695

85.03 mm? 3.0) 0.21058

Current 67.43 mm? (2.0) 0.26601

53.48 mm? (1.0) 0.33456

Ground-bed Sles!l (b sl 2 42.41 mm? (D 0.42312

33.63 mm? 2 0.53136

21.15 mm? “ 0.84952

13.30 mm? (6) 1.35136

Galvanic anode SilgllE w1 Ceai 21.15 mm? “ 0.84952

Installations 16.77 mm? %) 1.07140

Pipeline test Aol bz 9031 blis 16.77 mm? %) 1.07140

Points 10.55 mm? @) 1.70361
Instrument 33,15l Hae3T (sl puns 1.31 mm? (16) 13.71
Test Leads 0.823 mm? (18) 21.84
(20) 34.77
(22) 55.76
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TABLE B.2- CORRECTION FACTORS FOR OTHER TEMPERATURES

Ll ple ¢l p oal ol o V-0 Jouo

TEMPERATURE MULTIPLY
s RESISTANCE AT 25°C BY:
4,0 Y0 5o Cwglio juopd
C = F _
10 of Sl
-10 14 0.862
-5 23 0.882
0 32 0.901
5 41 0.921
10 50 0.941
15 59 0.961
20 68 0.980
30 86 1.020
35 95 1.040
40 104 1.059
B.1.4.2.2 Anode to electrolyte resistance O Cows W Cwglin Glawlxe Y-Y-f-)\-o
calculations g 1S
B.1.4.2.2.1 Single cylindrical anode (H.B. (H.B. Dwight) S5 glailgim! &1 1-Y-Y-F-V\-0
Dwight)
The following formulas give the anode to earth lalginl ST G ey 4 Connd &l Coglio 5 sledse 2
resistance of a single cylindrical anode: ylaies @) 1, S5
8L
R=_(In2=-1)
27 d
B.1.4.2.2.2 Multiple horizontal anodes saxie 8l slans] Y-Y-Y-F-\-C
R = (2:0052lp, ln(4L2 +4LyS* + 1 )+ S VS +L
" NL ds L L
R, =Resistance to earth of a single (oal) 9,800 (B T (o 4y Zungliom R,
horizontal anode (ohms)
L =Length of anode including backfill Girowilo) o o Jols w1 Jglo= L
(cm)
d =Diameter of anode including backfill Grogilo) oy ey Jols Wi Jlaé= d
(cm)
p  =Electrolyte resistivity (ohm-cm) (ol oal) s 28| pgaten Canglion p
S =Twice the depth of anode (cm) (ol Wil Gas plys go=
N =Number of anodes. lowT sluss= N
For a single vertical anode, the following Olyse 1y 325 00 ool O jle (S5 0908 Wl S5 (6l
simplified expression can be used: a5 ooliiul
__PK
Vo L/d
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Where:

Ry = Resistance to earth of a single
vertical anode (ohms).

p = Effective soil resistivity (ohm-cm).

L = Length of anode (cm).

K = Shape function, representing ratio
of anode Length/Anode diameter
(from Table B.4).

L/d = Ratio of length to diameter of
anode.
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TABLE B.3 - CABLE DESIGN DATA
M > b g ool ¥oo Jgu

Signal
conduction
Nominal Number of Diameter of ‘(Kg/km)
Cross-Section(mm®) Strands Strands(mm) Actual Cross-Section (mm?) odle bl Allowable
Contuctor ol o sy (@20 yiopkos) ek claio s 2 PSS Current(A)
o Sl Loaid (yoslio) gl lme o_b..)-?
(20 sinskon) g i gl ek el

2.5 1 1.78 2.49 222 18

1 0.0808 0.00513 331 20

4.0 7 0.85 3.972 36.1 24

1 0.1019 0.00816 5.26 30

6.0 7 1.04 5.95 54.0 31

1 0.1285 0.013 8.37 40

10 7 1.35 10.02 90.8 42

7 0.0612 0.0206 133 55

16 7 1.70 15.89 145 56

7 0.0772 0.033 21.14 70

25 7 2.14 25.18 229 73

7 0.0867 0.041 26.66 80

7 0.0974 0.052 33.66 95

35 19 1.53 34.93 317 90

19 0.0664 0.066 42.45 110

50 19 1.78 47.28 429 145

19 0.0745 0.083 53.43 125

19 0.0837 0.1045 67.45 145

70 19 2.14 68.34 620 185

19 0.0040 0.132 85.07 165

95 19 2.52 94.75 860 230

19 0.0055 0.166 107.76 195

120 37 2.03 119.75 1086 260

37 0.0822 0.196 126.58 270

150 37 2.25 147.11 1334 355

37 0.0900 0.235 151.86 300

37 0.0973 0.275 177.50 325

185 37 2.52 184.54 1673 405

37 0.1040 0314 202.78 360

240 61 2.25 242.54 2199 480

37 0.1162 0.392 253.15 405

300 61 2.52 304.2 2759 560

61 0.0992 0.471 304.2 455

61 0.1071 0.550 354.5 490

61 0.1109 0.589 380.1 500

400 61 2.85 389.1 3528 680

61 0.1145 0.628 405.2 515

61 0.1215 0.709 456.3 555

500 61 3.20 490.6 4448 600

61 0.1280 0.785 506.4 585

630 127 2.52 633.4 5744 910

Note: 371l

Typical current ratings are given as a guide
only-always check manufacturer’s rating for
the particular site operating conditions,
including all relevant derating factors.
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TABLE B.4 - THE SHAPE FUNCTION

5 @b F-o Jgux
L/D K
5 0.0140
6 0.0150
7 0.0158
8 0.0165
9 0.0171
10 0.0177
12 0.0186
14 0.0194
16 0.0201
18 0.0207
20 0.0213
25 0.0224
30 0.0234
35 0.0242
40 0.0249
45 0.0255
50 0.0261
55 0.0266
60 0.0270
B.1.4.2.2.3 Single row vertical anodes A0, S (sog0s sl 09,8 Y-Y-V-F-)\-O
group

The total anode to earth resistance of a group
of vertical anodes in parallel and equally
spaced in one row is given by:

R, = lRV +
n

Where:

R, = Total anode to earth
resistance of vertical anodes
in parallel (ohms).

Ry = Anode to earth resistance
of a single vertical anode,
from B.1.4.2.2.1 (ohms).

n = Number of vertical anodes
in parallel.

o = Soil resistivity, measured
with pin spacing equal to S.
(ohm-cm).

P = Paralleling factor, from
Table 5.B.

S = Spacing between adjacent
anodes (cm).
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TABLE B.5 -PARALLELING FACTOR
009 Silee wu o 8- Jgu

!

n P

2 0.00261
3 0.00289
4 0.00283
5 0.00268
6 0.00252
7 0.00237
8 0.00224
9 0.00212
10 0.00201
12 0.00182
14 0.00168
16 0.00155
18 0.00145
20 0.00135
22 0.00128
24 0.00121
26 0.00114
28 0.00109
30 0.00104

B.1.4.2.2.4 More than one row vertical Sl e s0g90e sl 09,5 F-Y-V-F-V-C

anode grou .
group 0

An anode group composed of two or more
rows of vertical anodes, separated by a
distance substantially larger than that between alols 5l 255 a8ly yo gl Aol b aS (sogae slans]
the anodes within a single row, has a total
resistance approximately equal to the total i
parallel resistance of all the rows. The usual Lo, pled (silae Cwglin gox b Jobaw o IS Caglin

formula for paralleling resistance is used. 55lse englia (gl atb, IS Jslie Jge b cans

o, Wi bogo 3l Canl oad oS5 &l 09,8 S

e ek 4 il sadlas oo 5l s, SO e laasT e

I 1 1 1 N
R Rl R2 R3
B.1.4.2.2.5 Vertical and horizontal anodes ST 09,5 ouds oolw sledgo,d B-Y-Y-F- V-
group-simplified formulas
8l g sog0s
If anodes are assumed to be installed . ) - o
vertically (3 to 5 cm diameter and 3 m long) 5 8 el B B Y) (gogee yohar laail 4 050 (25 51
or horizontally (0.1m? 3m long and 1.8m VIA g Jobo e ds cayeyin +/V) 881 jolay by (Jobo o ¥
deep) the following two simplified formulas sl s o ool (slelgn Wt o s (G3oc S
may be used: PP ) 0w ool (SWi9e P ) 0 s ((Gos yo
WDl oolaiwl
F F
il R,= 5
537 483
Ry = Anode to earth resistance any S 4 g3g0e ol slass o Cwslie = Ry
number of vertical anodes (w2
(ohms).
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Note:

Forn=1,F=1.0.

R,=  Anode to earth resistance,
any number of horizontal
anodes (ohms).

p = Effective soil resistivity
(ohm-cm).

F= Adjusting Factor for group

of anodes, from Table B.6.

B8l slaail slaw o S 4 Wil cwglie = Ry,

(p2l)

(oiilo — o) S Jge (ogate Cuglie = p

oo Jsaz Sl eail o9 (ol ool oo =

F

1629190,

wilee F =/ =1 o,

TABLE B.6 - ADJUSTING FACTORS FOR PARALLEL ANODES
Gilso LT (ol p il Culpd F-0 Joam

No. OF
ANODES
IN ADJUSTING FACTORS ANODE SPACING IN METERS
PARALLEL i (FEET)
SwusT slaws e (w99) Yo come p Louil alold
Silgo

n 1.5m (5" 3m (10" 4.5m (15" 6 m (20" 7.5 m (25"
2 0.652 0.576 0.551 0.538 0.530
3 0.586 0.460 0.418 0.397 0.384
4 0.520 0.385 0.340 0.318 0.304
5 0.466 0.333 0.289 0.267 0.253
6 0.423 0.295 0.252 0.231 0.218
7 0.387 0.265 0.224 0.204 0.192
8 0.361 0.243 0.204 0.184 0.172
9 0.332 0.222 0.185 0.166 0.155
10 0.311 0.205 0.170 0.153 0.142
11 0.292 0.192 0.158 0.141 0.131
12 0.276 0.180 0.143 0.132 0.122
13 0.262 0.169 0.139 0.123 0.114
14 0.249 0.160 0.131 0.116 0.107
15 0.238 0.152 0.124 0.109 0.101
16 0.226 0.144 0.117 0.103 0.095
17 0.218 0.138 0.112 0.099 0.091
18 0.209 0.132 0.107 0.094 0.086
19 0.202 0.127 0.102 0.090 0.082
20 0.194 0.122 0.098 0.086 0.079
22 0.182 0.114 0.091 0.079 0.073
24 0.171 0.106 0.085 0.074 0.067
26 0.161 0.100 0.079 0.069 0.063
28 0.152 0.094 0.075 0.065 0.059
30 0.145 0.089 0.070 0.061 0.056

B.1.4.3 Transformer rectifier choice

Having determined the current requirement
and circuit resistance (B.1.4.2), the necessary
driving voltage can be calculated using the
ohm’s law, then the proper rectifier size will
be chosen.
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B.2 Galvanic Anodes System

Sl sl dibolw Y-

B.2.1 Symbols e 1-Y-0
SYMBOLS QUANTITY UNIT
e lado a>lg
Anode Current Output milliamperes
I - ) -
’ w1 29> Ol > ol (e
Anode Resistance to Earth ohms
R, Oy 4 &5 Caoglie pey
Cathode resistance to Earth ohms
ke O 4 W Ceaglie w2l
Open-Circuit Potential between Anode and Reference Electrode Volts
b e 098I 5 0l e 5L Jlae il <dy
Open-Circuit Potential between Cathode and Reference Electrode Volts
ke &z e 09,5 W5 G 5 Sl ey )
Open-circuit Potential between Anode and Cathode = E,-E, Volts
Eo W1 g 0T o 5b e il g
Closed Circuit Potential between Cathode and Reference Electrode Volts
e &y 29580 5 G o 5L e Jesily <ds
Driving voltage between Anode and Cathode for Protected System=E,-E., Volts
Eq ot cbla> ailabe (gl W31 5 WT s 45 e iy oJs
Weight per Anode Kg
Y x -
SIBEINST ey
Number of anodes No.
n .
laas| slass Sae
Weight of anode Material consumed ond G pae Wl Jlaie 59 | Ke/amp. year
Q T e
per unit Current ol 9y Joo el e 55ks
. Design current density for protection cbli> glp b b, anesls | MA. perm?
o Gy el o
Design life of system years
Y albles b jes Jb
Length of Anode cm
. T Jsbo Froziile
Diameter of anode cm
P sl b Froziile
Weight of anode Material required Kg
Y C <
" 35 9y90 &l jlade (5 ey
Surface area of structure to be Protected m?
A ogds cblax ol J1,E aS o3l 5l o Coluw ooy
Soil resistivity ohm-cm
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B.2.2 Current output

=95 ol T-V-o

L=_Eo =E.-Ec milliamps .l L
R,+R. R, +R,
For Negligible Cathode resistance: ezl S Caaglie sl
I,= B =B ~Ba milliamps
Ra Ra
Where: il 5o a8
8L
=L -
27l d
B.2.3 Anode life* *3l e Y-Y-o
For zinc anodes: 1S9,y sl sl
L TL4W,
ws  Life= —— years Lo

a

* Assumes anode will be replaced when it is
85% dissolved.

For magnesium anodes

o 00 Gras W TAD a5 loy apS oy *
23,5 Rl

o2 sl &l sl

. 108.7 W,
we Life= —— years Lo
B.2.4 Weight of anode material required L5 3,90 5 Juie 3 F-Y—0o
— A'ch Q Y k
"T1000 CE

Where: T 4 a5

I.a = Required -current density Sy el o) 3L 0ee by aedlo = L

(mA/m?). (g0
Y = Design life in years. Jbo e 5 (b jae = Y

B.2.5 Number of anode requires

W

m

n

3L 0,90 Wl olows O-Y-o

Weight of indivi

SYBIST

dual anode
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APPENDIX C

DESIGN PRINCIPLE OF CATHODIC
PROTECTION FOR MARINE
STRUCTURES

C.1 Design Calculations

The calculations in this Appendix are intended
to be guide to the design engineer. They should
not be considered as absolute or the only
method of calculation. Cathodic Protection
design procedures are empirical, or at best,
based upon empirically modified theory.

C.1.1 Impressed current systems

C.1.1.1 Impressed current cathodic protection

sbye sl ojle (s cbli> (2hb Jgol

>k Sl V-2

oo $lp plesal) wad 4 Cuvgn (pl H0 Slawlre
3 delonn i, 145 by oS sl 1, Ll il o b
w0 el cbla>  Shb sllesdlygins e85 s
S o ool apli ulolyy (2 g, b ooy
bl 4,2 g cdslice (g9,

Sl Hb > b bl V-2

|) ‘leo.c\ QLJ} 5 cbla> Lgl.(b)b.o \—\—\—C

circuits may be represented by the following o o
simplified equivalent circuit: 218 taled pj o o3l Jolas jlae Lawgs (lyine

Cao B uoglin

DC wiis g DG POWER POSLTIVE CABLE

SOURCE RESISTANCE N OLVTE
] RESISTANCE
o U gl 1 @ &l Cooglie
, r Res o S
NEGATIVE E C J
CABLE R
RESISTANCE c-
e R, &
LINFAR GWlS cblis o,
RESISTANCE R rCATHODIC
OF STRUCTURE S *PROTECTION

—'\EE‘V" CURKENT

STRUCTURE (CATHCODE) TO ELECTROLYTE
PESTSTANCE

Cadg uisIl s (W) 0jlw Coogliin
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In order to size the system, it is first necessary
to know the current to be impressed on the
structure to achive cathodic protection. The
requirements are detailed in paragraph 13.2.10
for different environments. In determining the
total current required, all metal surfaces
submerged in the electrolyte at mean high
water shall be included in the calculation:

sl oY lael ooz el S s 5,51, jolite
ol 0ed jazie Wb oojle WS cblas b
zo s @iz ladasrs gl Vo-V-1Y 0 o byl
Tobe pled Gls oyee JS Ol e 50 el 0nd
2l el we ) Eedg iSUl o oals jsabse (5518

B9 03,59] dumlore

Surface area (m?) x milli amperes per square meter

Total current (Amps) =

1000

(& yo) o3k Colu x @uye 2o p pual (oo

Gl ol JS =

Having determined the total current
requirement, the individual elements in the
total load resistance are then adjusted to match
the total dc output of the available power
source.

From the above diagram, it will be seen that to
establish the total circuit resistance, 5
resistances in series have to be considered as
follows:

R¢+ + R.. : The resistance of the positive and
negative cables will be dependent on the length
and cross sectional area of the conductor.

Rg : The cathode to electrolyte resistance may
be calculated using ohms law:

Where:

E is the change of the structure-to-
electrolyte  potential to achieve

cathodic protection (usually 1 to 1

Volt) and I is the total current
requirement in amperes.

R, : The anode-to-electrolyte resistance will
be dependent on the shape, number, and
spacing of the anodes used, and the electrolyte

resistivity. Design calculations are given
below.
Rs : The resistance of structures such as

platforms may be ignored. In the case of
pipelines and piers, where length is extensive
in comparison to cross-section or where

RE:—
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continuity bonds are installed, this factor D9 byl b o po (nl sl oal Caai Sl
should be evaluated.

Where a structure such as sheet piling or pier- Al gl b b glamio sloged dai ojle xS )0

approach piling has been made electrically sl o L : o S5 sl s
continuous by special bonding, the resistance o e ‘59)) o 2 J ‘ "y
of these bonds must be included in the 23,8 Llod o3l Canglie ;o (sl SYLas] Coaglite
resistance of the structure.

The following formulas are offered to assist in a Wl Caglie ol 0 S Cur ) sldse
estimating the anode-to-electrolyte resistance: il o Sl el S
C.1.1.2 Single cylindrical vertical anode HB. ) S sl gogos &1 Y-V-)-g
(H.B.DWIGHT) (DWIGHT
The anode-to-electrolyte resistance, Ry, of a a5 (g0ges NI Ry e Sl 4y Wl gl
.smg.le vertical anode, mounted at the surface, Sadene s 5 Al 5 i (3 0
is given by:
0.00521 8L
R, =—P) Ln(C))-1
L D
Where: (ol g a8
R, = Anpde—to—electrolyte . 3g0s &1 (gl Cuds iS4 Wl cslie = R,
resistance of a single vertical | ot sl
anode to remote reference (@8 193 &2 0 & Somnd llstn
(ohms).
p =  Electrolyte resistivity in (ohm- — o) 4 CdyiSIl pgaze Cuwglie -P
L= Length of anode in cm. W Sy pleail) jels 4 Wl Jsb = L
(including backfill, if used). (39 oolizal 51
D= Diameter of anode in cm. can Sy pleail ) el 4 Wl ks =D
(including backfill, if used). (39 okl 31

C.1.1.3 Group of vertical anodes equally Solme abold b gogoe glanil 09,5 Y-V-V-g
spaced in straight line padimnn 25 50

For a multiple anode system where N anodes S » &N & glo susie gloail b sl S sl

are spaced at S cm and connected in parallel, odd Jate 5ilge job ar g oal (5 l05 alold el
the total resistance to electrolyte of the array, RN wedg pSI o cas aasT cusy JS caglie il
Ry, is given by: Wl oo S @ ;5 B,k )
0.00521p 8L 2L
Ry =(———)| Ln(—) -1+ (—)Ln (0.656N
v =( NL )[ (D) (S) ( )}
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Where:

R, =Total resistance in ohm.

N = Number of anodes in
parallel.

o = Electrolyte resistivity in
ohm-cm.

S = Spacing between anodes
in cm.

The above calculations are applicable
generally for anodes in sea water or soil. For
square sectional, anodes use equivalent
diameter.

C.1.1.4 Vertical anodes surrounded in
(coke) carbonaceous backfill

For design purposes, the diameter and length
of the column of backfill, instead of the
anode dimensions, apply to the calculations
inC.1.1.2 and C.1.1.3.

C.1.1.5 Anodes laid horizontally in free
flowing sea water

The calculations in C.1.1.2 and C.1.1.3
apply, provided the depth of immersion is
greater than one anode length. All other
cases of horizontally laid anodes are dealt
with in this Engineering Standard for
cathodic protection of land systems.

C.1.2 Galvanic anode systems
C.1.2.1 Equivalent circuit

A galvanic cathodic protection circuit may
be represented by the following simplified
diagram:

Ol g0 as

.6}‘9.0 6L¢:.\.ﬂ Slaws = N

— el 4 S Sl epate Swglie = P
o "“'Lv.’

ol 4 lausT o alols = S

SB L L ol ,o a5 slewsT sl Yaenme YU Ol
e gl b slansT sl ol sslial bl warsl
gy )0 Jolbee Slad (35 Sl

S A Gy )0 aF goges bl F-V\-V-z
&l oudds ablsl (S5 JLed)

Sl a4 Sy g Jsb g 5k (b solic
5 a4 YV g VY Sl o RHE
59 e

BT ol 55 Sl ygb 41 45 ol B-V-\g
FNCIPR Je A

Goe TV Nz g YV g Sl i S0 0
Sgdue 4 S A s Wl G ok 5l 585 (6gabse
ol o Gl slaws] 5 LE S sleadls 4l Js
=) LgUMJLoL» 6&5 cbla> d‘f.‘ PR a)bjl.’;.v.:\
Sl Wl s sl Y-V\-g

Joleo jlae V-Y-1—g

by 4 lg oo |y SSIPIE quls cblas e S
ol Hlad 3 0ads ool logad
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Cadg sl a0l Jumiliy

STRUCTURE T0 ELECTROLYTE

ojlw s cwglio

LINEAR
STRUCTURE
RESTSTANCE

Hlow S5 Cwoglio

CABLE
CIRCUIT
RESISTANCE

POTENTIAL

R'.'.I
ANA—

Although the diagram shows two voltage cells,
one at the anode interface and one at the
cathode interface, each are in fact half cells.

The same resistance elements will exist as for
the impressed current system; however,
galvanic anodes are usually attached close to
the cathode with consequent low resistance
connections so that both structure and cable
circuit resistance can usually be ignored.
Anode-to-electrolyte resistance is usually large
in comparison to structure-to-electrolyte
resistance and becomes the governing factor in
galvanic anode design.

The anode-to-electrolyte resistance will be
dependent on electrolyte resistivity and anode
size and shape. The cathode to electrolyte
resistance, however, will increase as the
cathodic reaction proceeds, and its potential
will tend to approach that of the anode. With
this increase in circuit resistance and reduction
in potential difference between the cathode and
anode, the current output from the anode will
decrease, and subject to its efficiency, its life
will be extended. This explains why the
number of galvanic anodes can be increased
without resulting in overprotection.

Jad o So ) SS9 e il 4z S
Lol doie lis WS S e Juad jo (S g &l S i
5 Jleel ol bl aslen GLSy (Seglie 612!
SHIE slaws] J e by aalys sgzg Lol o
S o5 40 b Coslie sl OVl L Vsess
o3l Canglio 93 5 5l Ypano 45 (559 & g oa Joog
4 &l Cglio Yoane 090d jlaid o Olotee Hlae B
35 Cds iUl 4y o3l Cunglio b duglio ,o g Sl

il Sl 8T b s WSl Jole g o

ryae Caglie 4 (S Sy iS4 Wl Cueglie
15 Canglio el alys T IS 4 03l 5 g S
Sals Sl Gwls (iaSTy aelsl b ol e ccdy xSl 4y
s 53 Y| il g a8 o s Jles C)T Jeiliy g L
O Sl OB palS 5 o Caglie ioldl cpl b
Loy cdl valss zals &l 5l >g,5 b, wil g wlS
o5 ol b oo Gl Ghpee o LI 4 4z
Slgis 1) (Sl sl slaws a5 ol QT ouisS oyl

ol taldl a5l e clis 31 sbom] (s
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The outputs of galvanic anodes shall be
calculated on a basis that when protected, the
structure-to-electrolyte potential is not less
than -0.8 Volts, approaching -0.9 Volts
referred to Ag/AgCl.

C.1.2.2 Anode output formula

When the steel is polarized to protective level,

Ia is given by:

-E

Ed cu
R

R

_Ea

L=

a a

In these formulas, the symbols shown are as
follows:

Anode
(amps).

L Current  Output

Anode Resistance to

Electrolyte (ohms).

R,

Open-circuit  potential,
Anode to Electrolyte
(Reference Electrode) (Volts).

Structure-to-Electrolyte
potential when fully protected
(Volts)

Eq Driving voltage between
Anode and protected Structure

(volts) =E,—E, = Vs + V,

(from Diagram)

Note:

That Ea, open circuit potential between
different types of anodes and electrolyte (Cu-
CuSo, reference electrode) is nominally as the
following (See BS 7361-1):

39 dwlee Lo ol b SIS sl Ty
4 Cod Sy iS4y ojl il ccbilis (o oS
9 0390 Sy =+ A Sl jeS 0,85 0 ISTe 8 @ pe 0925l
RSHIPRCH YL IO PR

Wl (2955 Jgod Y-Y-1-g

e 18 wgiige oy My Lidlowe pelas b o¥V53 a5 2

la ‘59""'“""’
amperes ol

W5 51,8 A edd ool ylid sle el dedee,d pl jo

(el s obyrs

(o2l) cdg iUl o 0] Cnglia: Ry

Cdg iS4 s &1 Gl o Jailsy E,

g o xSl 4y s o3l sl E,
(&Jg) el 00y csla> SLalS” a5

g«bLDo)ij..\.v]u.uJ)m)Uj Ed
AW

(dg) =E;—E,=Vg+Vy

(1,56 5h

169190,

Codg Sl g o] alisee el w5 Sl Jewsly Ea
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Open-circuit potential Capacity Consumption rate
(for reference(eée):ctrode stated) (A h/kg) (Kg/A year)
A&llo_y Common environment 50 39,5501 53U yle Jauilis Cad b b pao &
S lgons Lo . Jeaslos ypol) 33 yollp )5 o)
(Gl 00l saseiino : ? -
Magnesium
o2
1.5 % Mn Soil/fresh water -1.7 (Cu/CuSOy) 1200 7.5
o3l oI /Sl
6% Al, 3% Zn Soil/fresh water -1.5 (Cu/CuS0,) 1200 7.5
o3l ol /Sl
Zinc
S9)
0.5% Al, 0.1% Cd Sea-water -1.05 (Ag/AgCl/sea-water) 780 11.25
Lo ol
Aluminium
poes]]
0.4% Zn, 0.04% Hg Sea-water -1.05 (Ag/AgCl/sea-water) >2800 3.15
Ly ol
5% Zn, 0.04% Hg Sea-bed mud -1.05 (Ag/AgCl/sea-water) 1800 to 2000 4.38 t0 4.86
by S5
3% to 5% Zn Sea-water -1.1 1800 to 2000 4.38 t0 4.86
Lo ol
0.01% to 0.03% In Sea-bed mud (Ag/AgCl/sea-water)
by 5

C.1.2.2.1 Determination of R, (anode

resistance to electrolyte)

For a single anode freely suspended in sea
water remote from the cathode, the formula

applies (see C.1.1.2).

In the case of an anode fastened directly to

R, =

the structure in sea water:

(Cadg uiSIl a3 W1 Caoglio) R, cyuats V-Y-Y-V-g

Blee W5 51 490 byo O jo ol5T j4b a4 as Y &1 gy
(095 anzl o V)=V g ) 99 0 )0 05 Jge )8 00

pﬂm(“—b—l}

olii)og])oo)’tMQWJfldg‘db)a

sl
B 1.1
" L+0.8W+0.8D
Where: IQT P
K= 0.500/m or 0.15q if L, W and D oDy WL, K=0500mL 0.15q
are in Cm

Faziilo 4 &l Gas 5 e o Jsb D g W L

L,W and D are the length, width and
depth of the anode in cm.

25 Jse 3l Olsie 1y Ry Caglie o oy a6l
FHS g8 duwlone

For bracelet anodes, the anode resistance R,
can be calculated from the following
formula:**
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R, =

Where:
Yo = Resistivity of Sea water in
ohm-cm.
A = The exposed surface area
of the anode in cm?.
R, = The anode resistance in

ohm.

** Mc, coy,s formula, from corrosion and
protection of offshore steel structures.
Final report NTNF-Project B0930.5116
Norges Teknisk Naturrviten Skapelige
Forskningsrad, Os10.

In brakish water the resistivity of the water
can increase to several 1000 ohm-cm
(compared with open seawater resistivities
of 15-35 ohm-cm).

Anode current outputs in brakish water will
therefore be reduced considerably.

For plate anodes (Flush mounted Hull or
Bracelet anodes)

0.315
P ohms
JA
OT )n) 45
— el 4 by ol epase cuglis = p
. . "...LM}
'c‘]n .." ...L‘.H

s ojlw cbli> g So,65 5l Mc, coy,s  Jgo,8 **

NTNF-Project by Ji)l55 byo jo &dly go¥ed
B0930.5116 Norges Teknisk Naturrviten
Skapelige Forskningsrad, Os10.

— ol Ve iz B oailie O caglie jed Ol o
Seoglie o3l b ys ST b anglie o) Wb aalidl yessle

el (sl — ol Y010
JB job 4 joi Of o Wl by o (29 lnle
ol ..\a:\a:} u,u.mlf gy

b S G jlen ood cual) ¢l amiao slasil gy
(o Cawwd le.:m.\i—‘

Yo
R,= — ohm * * ol
25 ~

a+b

S= 5 i.e. the mean of the anode sides and b < 2a

b <2a g Wl Ml bwgio oins

Where:
a = length of anode in cm.
b = width of anode in cm.
alternatively:

Modified peterson formula:

= 0 58A0.727 ohm

il go as
sowilo 4 &l Job=  a
yowilo 4 &l o= b

g &

g 0dd gal Jge 3
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A = Exposed surface area of
anode (cm?)

C.1.2.2.2 The number of anodes N, required
should satisfy both of the following:

|
a) N=—"
Ia
b) N=—"
Wa
Where:

I, = Total current, required in
amps.

1, = Current output of anode, in
amps.

W, = Net weight of anodes
material, in kg.

W, = Net weight of individual
anode, in kg.

I. Y8760
CU

Y = Life of structure, in years.

C = Practical electrochemical
capacity of the alloy
Ampere.hour/kg.

U = Utilization factor, i.e.

proportion of net weight
consumed at end of anode
life. For fully supported
tubular inserts U = 0.9.

In order to optimize the performance and
efficiency of the anodes the values for (a) and
(b) should be similar.

C.1.2.2.3 It is to be shown by appropriate
calculations that the system is capable of
polarizing the structure initially and also
when the anodes are consumed to their design
utilization factor.

C.1.2.2.4 It should be assumed that at the end
of its life, the anode length has been reduced
by 10 percent and that the remaining material

Sosile) Cds iU L wles o il s = A
(&
i akaly 985l Lo 990 slaniT slas N Y-Y-Y-V-¢

:GT )é 45
el aslioyse S b= I
sl a il (zes b=
2SS 4 laal 2l 5= W
25k @ wil o 2l 9= W,
W,
o 4l ee = Y
2 LT 6o )5 pleandig mSUl e )bs = C
£ 9hS  elo jel o>
A (155 Camd (S )90, cup = U

Sre lp &l e Okl 0 eud CBrase
S LU = /8 (s Glddg) (6wl s

W

5(a) polie sl leaily g o Shae (0,5 aigy jolaie
sl alie b (b)

Casl 0l o0lo UL‘“" WLA.Q ULWL?LA Ls Y—T—T—‘—C
& By g adgl o3l (59,5 0pdy 4y ;0B wlele o5

‘QT s LgLQI.Jl e aS el oo uajs f—T—T—\—C
4 oaileBl dlge a5e5 g atdly el oo 0o b Wil Job
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is evenly distributed over the steel insert.

C.1.2.2.5 Pipelines and attenuation of
potential

Calculations to determine the current demand
and maximum pipe length protectable from a
single impressed current cathodic protection
station for long pipeline are dealt with in
Appendix B.

C.2 Cathodic Protection of Ships (see also
Section 6 of BS 7361, Part 1)

C.2.1 Galvanic anode system (See NACE RP
0196)

C.2.1.1 Sacrificial anode materials

There are three materials currently used for
the sacrificial cathodic protection of ships
internal and external surfaces. These are zinc,
aluminum and magnesium alloyed with small
percentages of other elements to ensure
adequate performance. Zinc and aluminum
alloy materials are used for protection in sea
water and the magnesium is used in-fresh
water condition, for fresh water tanks and
other specialized purposes. When design CP
system, the procedure in NACE RP 0196
shall be considered by corrosion engineer.

C.2.1.2 The use of sacrificial anodes for
internal cathodic protection

In 1962, after fairly extensive trials, the
Classification Societies amended their rules to
permit up to ten percent reduction in
scantlings, of bulkhead plating, stiffeners and
certain internal girders and webs, provided an
approved system of corrosion control was
fitted. A further amendment to the rules in
1964 allowed a five percent reduction in the
thickness of the main longitudinal strength
members.

An approved system of corrosion control can
be the use of coatings, anodes or a
combination of both. Listed below are the
most widely used systems:

In cargo, cargo/ballast and ballast only tanks
all surfaces are to be coated with an approved
corrosion control coating.
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In cargo/ballast and ballast only tanks the
in the ullage
minimum of the top 1.5 meters, is to be
protected with an approved coating (see IPS-
E-TP-100) and the remainder of the tank by
anodes, either zinc, aluminum or magnesium,
the latter two being subject to the restrictions
under

steelwork

marked*  below

space, with a

summary  of

Classification Society Rules. (See C.2.1.2.1)

A selective system using defined ballasting
conditions applies only to ships intended for
the transport of crude oil, using a defined
ballasting condition, and is as shown in the

c ol Ol s b Jolss O b (1S so¥g oyl 50
e VO Blas (33 2l mle maw oYL x>
IPS-E-TP-100 4) oad ooml iy oo b i
poieesll cs9; ol awgi (35 audy 5 (958 axxlye
cov o F el slpnogama b 3T gbigs casjuio b
Q) Ngh oo cbli> o dab ool oal A (ylgd

(090 4.g>|fo \—Y—\—Y—C o

a5 8 pe G 1) patin Jobs dalpi Sbsl alele S
ool Glad 5 Jgaz 50 ead ume Jolad Lyl (5,510

following Table: ol s
TANK COATING CATHODIC PROTECTION
Ballast only Tanks All surfaces Anodes below normal ballast level plus
L -l dais Ls coating of all surfaces above ballast level (see
Jobs o5 gsbw p Note)
(055 az 53 (5510 ) Jolos o (VL shans
Cargo oil/ballast Tanks | All surfaces above normal ballast or cargo | Anodes below normal ballast or cargo

Joles 3Bl b5 dlgoone

level (see Note) and the upper surfaces of all
horizontal members in the remainder of the
tank. Also the tank bottom, longitudinals
frames and girders up to a level of the top of
the longitudinals

W) dseme b Jols Jsoro mlaw VU zshaw plos
2 G Salad plas (VU sl 5 (095 4z sk
oli g b CSUl (e S Cpmen e sailel

ok SV s S B Loy

level plus coating of all surfaces above
non ballast level (see Note)

Glol @ dgeme b Joles Jgome mhw ;o]
@) W)l Jolss gl o5 (VL sl pled tdg
(25 axzly0 (5)510L

Cargo oil only

All surfaces above the normal liquid level (see
Note)

Sl @) mbe Jsers gl Vb gohe sl

(D5 az>l o

Note:

The minimum coating is to be all the surfaces
in the top 1.5 meter of the tank.

C.2.1.2.1 Summary of classification society
rules concerning the use of anodes for
internal cathodic protection:

In 1971 an IACS working party on tanker
safety agreed certain unified interpretations
relating to cathodic protection as follows:

16291k
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* Impressed current systems are not permitted
in oil cargo tanks.

* Magnesium or magnesium alloy anodes are
not permitted in oil cargo tanks or tanks
adjacent to oil cargo tanks.

* Aluminum anodes are only permitted in
cargo tanks of tankers where the potential
energy does not exceed 28 kg m (200 ft 1b).
The height of the anode is to be measured
from the bottom of the tank to the center of
the anode and its weight is to be taken as
the weight of the anode as fitted (including
the fitting devices). However, where
aluminum anodes are located on horizontal
surfaces such as bulkhead girders and
stringers not less than one meter wide and
fitted with an upstanding flange or face flat
projecting not less than 75 mm above the
horizontal surface, the height of the anode
may be measured from this surface.
Aluminum anodes are not to be located
under tank hatches or Butterworth openings
in order to avoid any metal parts falling on
the fitted anodes. Aluminum anodes
containing magnesium shall not be used in
cargo tanks.

There is no restriction on the positioning of
zinc anodes but it is recommended practice to
ensure the potential energy does not exceed
540 Kg m.

The anodes should have steel cores and these
should sufficiently rigid to avoid resonance in
the anode support and be designed so that
they retain the anode even when it is wasted.

The steel inserts are to be attached to the
structure by means of a continuous weld of
adequate section. Alternatively they may be
attached to separate supports by bolting,
provided a minimum of two bolts with lock
nuts are used. However, approved mechanical
means of clamping will be accepted.

The supports at each end of an anode should
not be attached to separate items which are
likely to move independently.

When anode inserts or supports are welded to
the structure, they should be arranged so that
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the welds are clear of high stress areas.

C.2.1.2.2 The application of sacrificial
anodes for internal cathodic protection where
reduced scantlings are applied

Although the procedure below should be
followed in the design of any anode system,
the effectiveness of such a system both in
terms of anode life and corrosion control, can
only be ensured by regular inspection.

System life should be for not less than four
years using an estimated ballast factor.
Provision should be made for additional
anode consumption if it is expected that
residual ballast water will be left in the
bottom of the tank if ballast voyages are
expected to be for less than five days, the
recommended current densities should be
increased by twenty percent.

The resistivity of the ballast water is assumed
to be 25 ohms cm. If brackish water of higher
resistivity is expected to be used, the system
should be designed accordingly.

The top 1.5 meters of the tank must be coated
in order to give optimum protection. In peak
and double bottom tanks where tanks can be
pressed up, coatings are not required.
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S i garme CansWl (5B § eVl 30 s

108 mA/m?
rrop ool hea VoA

Upper wing tanks
@Yl Jb S s 3le

120 mA/m?

@reriap yal (hea VY

Forward and after peak tanks

e ) g (29l ()55

108 mA/m?

ooy ool (hao VoA

Coated surfaces

es5 b, gsh

5 mA/m?

@y rop ool (heo O

Lower wing tanks

=l Jb S 56

86 mA/m?
Crrop ol (heo AP

Double bottom tanks, ballast only
SVl badd c Y g0 &S L 5l

86 mA/m?
Crrop pol (heo AP

Cargo/dirty ballast tanks
@S SVl 3B [ ol o dgese 3

Depend on trade

Sl oyl 4y (K

195




I 5 May. 2010 / \Y AR caigms sl

IPS-E-TP-820(1)

In large VLCC’S with permanent tank
washing machines, the degree of protection
given by the residual oil film is virtually
non-existent and an increase in the current
density to 120 mA/m? in cargo/clean ballast
tanks is recommended.

For the long term protection of coated
surfaces, adequate allowances must be made
for coating breakdown. The above minimum
recommended figure of SmA/m? should be
increased in proportion to the anticipated
coating breakdown.

C.2.1.2.3 The type and number of anodes
required

The total current required is:
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Protected area (m?) x current density (mA/m?)

Current (amperes) =

1000

(g0 yodonds Cbili s x (2 adls (055l ol (o)

Gl ol =

The total weight of anode material required
is:

Sl le 50,50 ST US 035

Weight (Kg) =

Current (amps) x design life (years) x 8760

Capacity of material (amp hrs/kg)

(o) by x (b e (JLo) x AVE

(PSS o39=
(PSS p celo jul) Wl cod b

(8760 = number of hours in one year)

The number and type of anodes selected
must at least satisfy both the total current and
total weight requirements as follows:

(Ul s o clelus slass = AVS+)
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current required

Number of anodes = ——
individual current output

i L oyse Ol
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W1 Sy a5 Ol
weight required

Number of anodes =——— -
individual net weight

35 9550 039
Wl S Al s

196

loasT slows =




I2S

May. 2010 / 1Y AR coingns s,

IPS-E-TP-820(1)

C.2.1.2.4 Anode location

In ballast only or cargo ballast tanks of clean
oil tankers, anodes should be distributed
evenly overall the uncoated structure but
with some emphasis on horizontal surfaces.

In cargo ballast tanks of crude carriers those
anodes on horizontal surfaces should be
distributed in proportion to the areas of these
surfaces, that is on bottom longitudinals,
horizontal bulkhead girders, face flats on
bottom structural members and on horizontal
stiffeners. The majority of anodes will
therefore be located on the bottom structure.

In cases where residual ballast water is
expected to be left in the bottom of the tank,
a low location of the bottom anodes should
be provided for example on the webs of
bottom longitudinals, and provision should
be made for the more continuous anode
consumption that this will initial.

The pipelines used in the larger ships have
given rise to significant corrosion problems.
The control of external corrosion on
pipelines can be achieved by bonding the
pipelines and fitting pipeline anode bracelets.

C.2.1.3 The use of sacrificial anodes for
external cathodic protection

Zinc and aluminum anodes are used for this
purpose in sea water. Both zinc and
aluminum anodes have a normal design life
of one, two, three or four years to suit the
owners’ requirements.

Hull anodes are usually welded direct to the
ship structures, but can be bolted if required.

The applied current density usually varies
from 10 mA/m? to 20 mA/m? dependent on
the paint system used. In certain instances
this can be increased to 40 mA/m? to meet
arduous operating conditions.

C.2.1.3.1 The type and number of anodes
required (full hull protection)

To obtain the approximate wetted hull area
the formula below may be used.
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'OT )\) as
+ (BCxLBPxB) e B omloS o0
(\/A xLBPxD)

LBP = length between perpendiculars; D =
draft; BC = block coefficient ; B = breadth:
(1.8xLBPxD) + (BCxLBPxB)

Typical block coefficients for various vessels 5l el b oiS gl b GalbeS ol o digal
are:

Passenger vessels 0.6 Naval vessels 0.55
4 Sl g s | /00 b0 G908 4 auly b S
Cargo vessels 0.75 Coasters 0.75
AL Sk by s AL Lolo ks o g Suhs
Tankers 0.8 to 0.9 Dredgers 0.8
+[AG+/A b sl <A 9y G
Tugs 0.6 Yachts 0.4 to 0.5
Y - b oS Sy JOG]F . g5 et 5y b oL (&S
Trawlers 0.55 Launches 0.4
[ Db SrSale =55 YA g Gobeo g (jy9 B2

The total current required is: el 35 0,90 S5 L,

area (m?) x current density (mA/m?)
1000

(0 y0) b x (3l aensls (mopo yiop yaol (o)

Current (amperes) =

Gl ol =
Yooo

The total weight of anode material required el 3L 050 3T S 35

1S:

current (amps) x design life (years)x 8760

Weight (Kg) =
ght (Ke) Capacity of material (amp hrs/kg)

(J..Jo]) UL).> X L$>|)Jo s (JL.,))X AYE
(5 5hS x celus yual) Wil bbb
y o cbli> 5ls 3550 039 5 Ol Wb lawsT slass

(pSskS) 39 =

The number of anodes must fulfill both
current and weight requirements as for

internal protection. Gl
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C.2.1.3.2 Anode location

a) Full hull protection

Anodes should be located equidistantly
around the hull about six meters apart.
Fifteen percent of the anodes should be
located around the stern in a similar
manner to the stern only protection
described below. Anodes situated in the
forward part of the vessel should be
located to prevent damage or removal by
anchor chains. If necessary, anodes can be
fitted with cable guards.

b) Stern only protection

Anodes should be positioned on the stern
area and rudder adjacent to the propeller,
care being taken to minimize disturbance
of the water flow to the propeller. Anodes
should not be fitted within 300 mm of the
line of the propeller tips and should be
parallel to the flow lines of the hull.
Twenty percent of the anodes required for
full hull protection are required for stern
only protection.

Magnesium anodes are used externally for
vessels operating in fresh water.

C.2.1.4 Fitting out protection

Magnesium anodes are used to provide
protection during fitting out, particularly in
estuarine or polluted waters.

C.2.1.5 Tank descaling

The high cost of decaling cargo tanks by
mechanical methods can be avoided by using
magnesium ribbon, which gives an equally
clean surface by an electrolytic process and
enables decaling to be done during the ballast
voyage without taking crew from normal
work. In addition, noise, dust and attack on
the metal is avoided.

Extruded flexible magnesium ribbon anode is
usually produced as rectangular section or
ribbed and has a continuous steel core. Its
particular advantages are that the current
output is three to seven times greater than
cast anodes of the same weight. The current
is also evenly distributed along the structure.
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The method of use is as follows:

A current density of 1000 mA/m? is normally
used in sea water. This is achieved by using
one meter of ribbon for every three square
meters of steel area.

The ribbon is usually supplied in coils of 150
or 300 meters. This should be cut into
lengths of about 30 meters.

The wire should be bared for about 10 cm at
each end of every length by hacksaw and
cold chisel or torch.

The ribbon is spread around the bulkheads,
attached at top and bottom so that it stands
one to two meters away from the steel
surface. An even spread of ribbon should be
used to "cover" all areas of the tank. The tank
is filled with clean sea water and left for four
to six days.

Black oil tanks should be pressure washed
before descaling. All tanks should be
pressure washed after descaling to remove
any loose pieces of scale. The white chalk
deposit which appears is harmless to food
cargoes and should be brushed off before
painting.

This process releases some hydrogen gas and
appropriate precautions should be taken.

C.2.1.6 Individual anode output
determination and calculation (sacrificial
anodes)

Anode output (amperes) is the difference in
potential (volts) between anode material and
steel polarized to protection divided by the
resistance (ohms) of the anodes in the
electrolyte. This is expressed as:

I: amperes E: volts R: ohms

In order to obtain high output, the anodes
should have a small cross section in relation
to their length.

The resistance of slender rod anodes (Tank
Anodes) in an electrolyte can be obtained
from the following formulae:
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R=_P_
2nL

Where:
R = The resistance of the
anode in ohms.

r = The mean effective radius
of the anode in cm.
Where:

Cross section area
r =

[Ln(4—L) — 1}
r

T
ehe g

T

T

£ = The resistivity of water in

ohm-cm.
L = The length of the anode in cm.

This procedure is traditionally used in
calculating anode requirements in the
marine industry as being indicative of
anode output during its life.

For flat plate anodes (Hull Anodes) the
following formula can be used:

IOT ) as
ol 4 Al g glad lawgie= T
UT J° as
60 *
X
100
*?,
Yoo
el = ool 4 OF (ogate Cuglie= P
el 4ol Job= L

Caxio 50 5L 8,90 351 dcwlore 40 5L w0 5l el grws oy
S ol e Jsb o Al (g5 a3l Glye 4 obje

09 7R

) 05 Jseyd (i oy slawsl) cos 8,5 slawsl sy

Dy, Glgie
R: p
a+b
Where: -
. 1l o a8
a = length in cm o2
b = width i .
width in cm il 4 by = b

C.2.2 Impressed current

C.2.2.1 It is usual to design on the basis of
35 mA/m? although this may be varied to
suit.

a) Coating condition e.g. epoxy or
other paint systems.

b) Operating conditions e.g. high
speed operation, low temperature
conditions.

C.2.2.2 Anodes are usually produced in
two types:
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a) External type with current output 75
and 100 amperes. These are also
supplied in pairs to give 150 and 200
amp output.

b) Recessed type, of a circular design,
for use in forward installation where
mechanical damage from cables is
likely to occur. The recessed anode
may be produced in one size only
with a maximum current output of
50 amperes.

C.2.2.3 Anodes are usually located external
to the engine room or suitable void spaces to
simplify hull penetrations and cable routes.

C.2.2.4 For vessels up to 150000 dwt, it has
been found that satisfactory current
distribution can be achieved with all anodes
sited adjacent to the engine room. Larger
vessels normally require additional anodes, of
the recessed type, to be mounted forward.

C.2.2.5 System control and monitoring is by
a minimum of two reference electrodes sited
forward and after and mounted at least 3
meters from the nearest anode.

C.2.2.6 For design calculation (see C.1.1).

* The cross sectional area of the anode to be
used in determining the mean effective
radius is that corresponding to the anodes
consumed by forty percent.
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APPENDIX D
ANODIC PROTECTION

Introduction to Anodic Protection

In contrast to cathodic protection, anodic
protection is relatively new. Edeleanu first
demonstrated the feasibility of anodic
protection in 1954 and tested it on small-
scale stainless steel boilers used for sulfuric
acid solutions. This was probably the first
industrial  application, although other
experimental work had been carried out
elsewhere.

Anodic  protection  possesses  unique
advantages. For example, the applied current
is usually equal to the corrosion rate to the
protection system. Thus, anodic protection
not only protects but also offers a direct
means for monitoring the corrosion rate of a
system.

Anodic protection can decrease corrosion
rate substantially . The primary advantage of
anodic protection are its applicability in
extremely corrosive environment and its low
current requirement. Anodic protection has
been most extensively applied to protect
equipment used to store and handle sulfuric
acid. Anodically protected heat exchangers
used to cool sulfuric acid manufacturing
plants have represented one of the more
successful ventures for this technology.
These heat exchangers are sold complete
with the anodic protection systems installed
and have a commercial advantage in that less
costly materials can be used.

This is mainly because of the limitations on
metal chemical systems for which anodic
protection will reduce corrosion. In addition ,
it is possible to accelerate corrosion of the
equipment if proper controls are not
implemented. However, anodic protection
has its place in the corrosion control area,
provided some important basics are
respected.
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