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ABSTRACT

Cathodic protection is one of the most important methods of
corrosicn control  for  buried or submerged structures,
Cathodic Protection expenditures in USA in 1982 were $ 700
Millicn, Petroleum industry expenditures were $ 150 Million.
Sc, the need to utilize mmerical optimization in cathodic
protection system design is to aid us in rationally
searching for the best design to meet our needs and reduce
the total system cost.

The total ancde alloy weight and current requirements of a
buried or submerged structures Cathodic Protection system is
greatly imncreasing as bigger structures are constructed and
may be subject to natural or stray current corrosion. Also,
design lives ranging from 20 to 35 years for deep water
structures necessitate considerable quantity of ancde alloy.
The present thesis introduce Cathodic Protection concepts.
After a brief discription of electrochemical corrosion amd
Cathodic © Protection and how it works, A complete design
package for applying Cathodic Protection to a buried or
sutsrerged structure is presented together with a computer
program to aid the design and give a complete specification
for the system.

The work includes applying mumerical optimization techniques
by random search method on Cathedic Protection system design
by generating anode geometries which reduce the excess in
anode alloy weight and ocutput current to meet the life
requirements. Basic computer programs are proposed by the
author to enable the design of cathodic protegtion system
by using sacrificial anodes. The design is developed for
offshore platform, concentric neutral wires and pipe type
cable, Two of the aforenamed designs were selected to apply
random search method to obtain the optimum design.
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CORBOSTON

1.1 INTRODUCTION

corresion may be defined as the detericration of a
substance because its reaction with the enviromemt(1],
underground or sulmerged electrical cables may suffer
from corrosion, soil are never dry, especially beneath the
surface due +to natural rain, wvhen metals exposed to water
it may be corroded. <Corrosion in the presence of water is
an electrochemical process. Most metals are found in
nature as ores, during the refininy process ores are
converted to metals by the addition of energy. When this
samea energy is released metals convert to the corroded
state. Electrical currents flows during the corrosion
process the source for thess currents is the energy stored
in the metal by the refining process. DMfferent metals
require varying amounts of energy for refining, therefore,
have different tendencies toc corrode.

The driving wvoltage generated by a metal when put in a
water solution is called potential of a metal, which is
related to the energy released whm'lthemetalcgrrodes.
This potential wvalue is a function of the physical and
chemical characteristics of water amd the metal itself.
The absolute value of this potential is affected by water
composion, wvebcily and other factors, but, the relative
values remain about the same.
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1.2

The electrumotive force series of metals TABIE 1-1
arrange the metals according to the relative potential
versus the hydrogen electode, evary metal have a
tendency to corrode acoording to its place in the
saries. Motals at the top need more ensrgy for
refining and have greatest tendency to corrode rather
than the metals at the bottom.

ELECTROCHEMICAY, HATURE OF QORROBTION

During corrosion process, there will be a flow of
electrjcal current fram certain areas of a metal
surface to other areas through a solution capable of
conducting electric current [2] . Anode is that part
of metal surface that is oorrocded and from which
current leaves the metal to enter the seclution.
cathode is used to describe the metal surface from
which current leaves the sclution and returns to the
metal, and the circuit is completed by the solution
which mist cover the ancde and the cathode. Fiq. (1-1)

Corrosion current is returning from the cathode to the
anode through a metal wires or through the metal
itself. 2 solution which is capable of conducting
electricity is called an electrolyte. Its ability to
conduct electric current is due to the presence of
ions. These are peositively or negatively charged
atoms pure water contains positively charged hydrogen
jons (K" and negatively charged hydraxyl ions
(0"} in equal oconcentration. Electrolyte can range
from fresh water to the strongest alkali or acid.
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1.2.1

1.2.2

ANODIC PROCESSES

At the anode area of metal gsurface, positively
charged atoms of metal leave the so0lid surface and
enter intg the solution as ions. They have their
corresporkling negative charges in the form of
electrons which flow through the metallic path to
the cathode area. The icnized atoms can bear one or
nore postive charges. The chemical recreation for

iron is:

Fe —— > Fe** « 2o~

Iron Iron Electrons

Atom icn

Iron atom becomes an iron ion with two positive
charges and generates two electrons, these loss of
electrons is called oxidation or corrosion,
electrons trawvel through the metal or an extermal
conductor to coomplete the circuit at the cathode,
corresponding Metal icns goes into théisolution and
Anode corrodes. Whenever a Zinc electrode is
connected to a copper electrode, both are immerced
in the same electrolyte and commected by an
external conductor, a corrosion cell is formed.
Zinc will function as an anode and corrodes as

indicated in Fig (1-2).

CATHOCIC PROCESSES

The cathode area is the site of parallel reaction
with the ancdic process. The electrons generated
by the anode have passes through the metal to the
surface of the cathode areas immersed in the

electrolyte.
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