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1 EXECUTIVE SUMMARY

EQUIPMENT USED

The equipment used to survey the pipelines was the ISIS CPDAS (Cathodic Protection Data Acquisition System) in

conjunction with the ISIS Post Processing Software.

TECHNIQUE USED

The method used on the survey spread was the Twin half cell /Remote Electrode' technique using a 'Remotely Operated

Vehicle' ROV carrier system.

RESULTS

The extent and results of the surveys are given in the accompanying individual pipeline CP survey reports.

EXPLANATION OF THE TABLES

Potential - in millivolts (mV) with respect to a silver/silver chloride reference electrode.
Field Gradient - in microvolts/cm measured using silver/silver chloride electrodes.
Most - most negative value on the pipeline potential profile trace.

Least - least negative value on the pipeline potential profile trace.
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2 THEORETICAL BASIS OF DATA ANALYSIS
2.1 Corrosion — Basic Theory

Corrosion can be defined as the destruction or deterioration of a material because of reaction with its environment. The
term can refer to a process or the damage caused by such a process.

Corrosion is the primary means by which metals deteriorate. Most metals corrode on contact with water (and moisture
in the air), acids, bases, salts, oils, aggressive metal polishes, and other solid and liquid chemicals. Metals will also corrode
when exposed to gaseous materials like acid vapours, formaldehyde gas, ammonia gas, and sulphur containing gases.
Corrosion therefore is a natural degradation that occurs to most metals.

When steel is immersed in sea water for example, an electrical potential is set up at the metal/electrolyte (seawater)
interface. The predisposition for this to happen will be dependent on the characteristics of the particular grade of steel

and the electrolyte involved.

The corrosion process (anodic reaction) of the metal dissolving as ions generates electrons. These electrons are utilised by
a further process (cathodic reaction).

It is important to realize that these two processes have to balance their charges. The sites hosting these two processes
can be located close to each other on the metal's surface, or far apart depending on the circumstances.

For corrosion to occur, all four of the following conditions need to be present:
e  Site for the reduction reaction to take place (cathode).
e Site for oxidation reaction to take place (anode).
e  Electrical path — electrical continuity to allow electrons to transfer to the corrosion site.
e |onic path — medium that allows the metallic ions to be transported.

It should also be noted that changes in any of the four conditions can have a significant effect on the rate that the corrosion
process will occur.

This simple observation has a major impact in many aspects of corrosion prevention and control.

In the corrosion cell illustrated below, iron atoms give two electrons to become positively charged ions. Oxygen and water
combine to form negatively charged ions.
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Non exotic steels submerged in the electrolyte
(seawater) will suffer from corrosion damage due to
the formation of anodic and cathodic areas over its
surface. As corrosion proceeds these areas move and
corrosion is deemed as uniform. Various standards
have been issued which state that the corrosion rate for
steel in seawater is in the region of 0.1mm/year.
Frequently however, non-uniformity of electrolyte,
inhomogeneity of the metal, the variability of oxygen
access or the presence of corrosion products can
combine at specific locations leading to localised
corrosion, often referred to as pitting corrosion. The
corrosion rates when pitting occurs can be substantially
higher than general corrosion rates and is typically one
of the main causes of corrosion failure.

Corrosion site

E==2> Fe=>Fe 2* +2¢’

Oxygen + Water

/ 0, + 2H,0+4e =>40H"

In acidic environments
\ 0, + 4H + 4e => 2H,0
Hydroxide

Water

2.2 Cathodic Protection (CP)

The basic principle of CP is simple. A metal dissolution is reduced through the application of a cathodic current. Cathodic
protection is often applied to coated structures, with the coating providing the primary form of corrosion protection.

The first application of CP dates back to 1824 when the British scientist Sir Humphrey Davy used iron to cathodically protect
the copper bottoms on Royal Navy vessels.

Cathodic protection is one of the most widely used methods for preventing the corrosive deterioration of metallic
structures in contact with any forms of electrolytically conducting environments, i.e. environments containing enough ions
to conduct electricity such as soils, seawater and basically all natural waters. Cathodic protection reduces the corrosion
rate of a metallic structure by reducing its corrosion potential, bringing the metal closer to an immune state. The two main
methods of achieving this goal are by using either:

e  Sacrificial anodes with a corrosion potential lower than the metal to be protected.

e Animpressed current system provided by an external current source.

2.2.1  Sacrificial Anodes

When two dissimilar metals are connected together in the presence of an electrolyte a current will flow between them
through the electrolyte because of the difference in their potentials. The more positive potential will become the cathode
and be protected from corrosion and the more negative potential metal becomes the anode. The current flow is from the
anode to the cathode and the anode is therefore consumed and deemed sacrificial.
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The objective of cathodic protection is to make the pipeline the cathode by connecting anodes (typically zinc or aluminium)
at suitable intervals along its length thus protecting the pipeline from corrosion.

On a pipeline system which incorporates a sacrificial cathodic protection system and a coating, the coating is the primary
means to protect the pipeline; however any defects in the coating or those that develop over a period of time are protected
by the cathodic protection system. Current will flow from the anodes to the bare steel caused by the defect making the
bare steel the cathode and therefore protecting the defect.

2.2.2 Impressed Current

An impressed current system is a form of cathodic protection, which uses a rectifier to convert alternating current to direct
current. The current is sent through an insulated wire to the "anodes," which are often made of inert materials such as
platinised titanium immersed in the electrolyte (water or the seabed). The current then flows through the electrolyte to
the structure, and returns to the rectifier through an insulated wire. The structure is protected because the current going
to the structure overcomes the corrosion-causing current normally flowing away from it.

A schematic indicating the mechanisms for both sacrificial anodes systems and an impressed current system is shown

below.

Sacrificial Cathodic Protection Impressed Current Cathodic Protection
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2.2.3  Distribution of Electric Field
The distribution of potential field lines caused by the CP system and the effect of local variations is illustrated below.

Equi-potential Fields In The Presence of Zinc Anode and Bare Steel

To check the condition of a cathodically protected pipeline the following two parameters are used:
e  Electrochemical potentials.

e Electrical field strengths.

2.2.4  General Description of a Silver/Silver Chloride Reference electrode

A Silver/Silver Chloride Reference electrode provides a stable reference potential that can be used in seawater to
monitor steel & anode potentials.

The essential components are silver metal, silver chloride, soluble silver ions and chloride ions from the seawater.

Ag, AgCl(s), CI', Ag"
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A sparingly soluble salt, silver chloride, is in equilibrium with a saturated solution of this salt which precipitates in the
course of electrolysis. The reversible electrode reaction consists of silver ions going into solution and then combining
with the chloride ions to form silver chloride. Thus its potential is determined by the following reactions:

Ag> Ag+e
Ag +CI" &> AgCl(s)
Ag*Cl &> AgCl(s) +e

The potential is dependent on temperature and the concentration of chloride ions in the seawater in accordance with
the following equation:

E=Eo— RT/F In (CI")

Where Eo, R, F and T are the standard potential, gas constant, Faraday Constant and temperature respectively. The reaction
has been proved to obey these equations in solutions with pH’s of between 0 and 13.5

2.2.5 Electrochemical Potentials

The electrochemical potential of a steel member is a parameter defining the protective level produced by the cathodic
protection system installed on the structure. It is accepted that a properly protected pipeline must have a potential level
between -800mV and -1050mV (ref. marinised Ag/AgCl) if zinc sacrificial anodes are installed and between -800mV and -
1100mV for aluminium anodes.

If the potential reading is more positive than -800mV, the point of measurement is considered to be under-protected
creating a possible environment for corrosion action on the steel surface. It should be stated that the rate with which
corrosion actually takes place varies significantly between that of freely corroding steel with a potential of -650mV wrt
Ag/AgCl and the protection potential of -800mV.

On areas of potentials more negative than -1050 mV / -1100 mV, the production of hydrogen ions instead of hydroxyl ions
may lead to the possibility of hydrogen being produced at the cathode of the steel surface. Commonly referred to as HIC
(Hydrogen Induced Cracking), atomic hydrogen being very small can enter through the metal atomic lattice structure and
there recombine to form molecular hydrogen, as this continues the molecular hydrogen can exert large forces if unable to
dissipate. If this occurs at the site of a defect, grain boundary or at the tip of a micro crack rapid failure can occur especially
if combined with fatigue or in high tensile conditions, situations of this kind can also be found in welds. An extreme case
of ductility loss from hydrogen is the brittle fracture of susceptible materials under applied or residual tensile stresses.
This form of cracking, which typically changes from trans-granular to inter-granular with increasing yield strength and
other processing variables, is normally referred to as hydrogen embrittlement cracking (HEC).

Stress-oriented hydrogen-induced cracking (SOHIC) is another hydrogen failure mechanism which produces an array of
blister cracks linked together in the thickness direction by transgranular cleavage.

It is important to bear in mind that the susceptibility for these types of problems is very much dependent on the
combination of metal hardness, stress & fatigue.

It has been found that certain high strength steels and exotic steel alloys which have been cathodically protected have
actually failed with potentials levels as positive as -800mV. In these cases specialised anodes with inbuilt voltage limiting
devices have to be used to avoid this problem.

These devices ensure that the potential difference between anodes and structure cannot be less than -300mV, leading to
protection potentials in the range ~ -800mV to -750mV. This does, of course, mean that the generally accepted criterion
for protection of any carbon steel in the structure (-800mV) may not be fully achieved, but in practice, corrosion rates
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even at -750mV will be acceptably low. Potential limiting devices have been applied offshore, particularly on mobile jack-

ups.

Cathodic disbondment is also another common problem associated with cathodic overprotection, whereby the hydrogen
combines between the steel surface and a coating; if the hydrogen gas cannot diffuse then blisters can form on the coating

and eventually fail.

For pipelines under anaerobic conditions i.e. buried, it is generally accepted that a potential more negative than -900 mV

is required to achieve satisfactory protection.

The unpolarised* potential of zinc and aluminium in seawater is in the order of -1050mV and -1100mV respectively,

depending on material quality, surface condition and temperature.

The simplest way to obtain a

potential values on a submerged Voltmeter

structure or pipeline is to use a

proximity CP probe, within which is Surface umbilical

housed a hard sharp tip to make =

contact with the surface being Sub sea

measured linked to an Ag/AgCl Exploded view

measuring cell via a high impedance Single Cell ~ showing
Stabber | Ag/AgCl half cell

voltmeter. _

Typically this type of probe can be
either used by a diver or through the
ROV umbilical, with the data read on
a voltmeter.

Stab tip

Fipetine

*Polarisation

Metallic surfaces can be polarised by the application of an external voltage or by the spontaneous production of a voltage
away from equilibrium. This deviation from equilibrium potential is called polarisation. The magnitude of polarisation is
usually described as an over voltage (I) which is a measure of polarisation with respect to the equilibrium potential (Eeq)

of an electrode.
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2.2.6  Electric Field Gradient (FG) Measurement

Although the measurement of cathodic protection potentials will give an adequate “snapshot” of the cathodic protection
level at the time of the survey, significantly more detailed information on anode output, current drain at exposed steel
and the general operating performance of the CP system can be obtained by the addition of another Ag/AgCl measuring

half cell. (see relationship below)

These readings are obtained from measuring the IR drop between two half cells in seawater (see below and can be used
in conjunction with data analysis to define anode current output, remaining anode life, indication of marginal protection

and current drain caused by coating damage.

2.2.7 Remote Cell to Cell Technique

We have now considered two forms of data acquisition related to obtaining information on potential and electric field

strength.

CP & Field Gradient Measurement

Field Gradient =

-V, uV/em

d,
=V, - V, (IR Drop)

True Potential

IR drop to Cell 1

Potential at Cell 1
Potential at Cell 2
Standoff distance to Cell 1
Cell Separation Distance

As can be seen potential values (CP) can only be obtained at the time of making contact on the pipeline or structure.

If we consider the following scenario it is possible to obtain a continuous potential profile along the pipeline. This can be

achieved using the remote “cell to cel

|II

technique.
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2.2.8 Remote Half Cell Monitoring Overview

In the example below a remote Ag/AgCl half cell is deployed over the side of the survey vessel. The reason the

cell is called a “remote” half cell is that this half cell is sufficiently far away from the pipeline to ensure that the pipeline
CP system does not affect the potential, thereby providing a baseline with which to measure the differences between the
half cell on the probe which are caused by the local variations in the CP system close to the pipeline or structure as the
ROV surveys along the pipeline.

half cell
Pipeline ROV with
Probe &
Digitser

Anocde




| S5 1= S| THEORETICAL BASIS FOR DATA ANALYSIS,
N\ SYSTEM METHODOLOGY & SPECIFICATIONS

Page 12 of 35

Continuous potential using a remote half cell

’-ﬂ
j ._' ."I-
rﬁ.iﬂlll'ﬂ!
' i " [ P v
Equi-potential Field Lines

il W ————

2 metres

-1040mV

-1070mV
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2.3 Anode Stab Calibration Adjustment

During the survey, cell drift and global potential changes can affect the accuracy of the measured potential.
To compensate for these variations, regular calibration contact measurements are required to remove these offsets.

Shown below is a schematic of how the stab and calibration adjustment is undertaken.

Anode Stab & Calibration Adjustment

Continuous CP profile
which comprises of last
stab value + C1 vRemote

Baseline Zero
(remote reference cell

Stab value measured during
contact period prior to
measuring C1 v Stab

7 IVO / — =V
. [4 [VO potential

Corrected continuous

= True Potential
V, = Offset
V
V,

m1

(Vcal = Vm1 + Vo)

V,, = Measured Potential (ref. Remote cell)

= Potential of stabb ed anode

cal = Cell to cell potential at anode
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24 Interpretation of CP and Field Gradient Data

The potential profiles and field gradient readings obtained along the pipeline give valuable information of the corrosion
protection level and CP system performance. The potential gives general protection level information while the field
gradient may give more detail on anode activity and areas requiring higher current distribution such as at damaged areas,
field joints, and spool pieces, etc. Also, from field gradient readings, anode current output can be calculated and the
remaining anode life can be estimated.

Therefore, from the close relation between potential and field gradient measurements, along the pipeline it is possible to
compute the level and distribution of potential and current density along the pipeline giving a general representation of
the efficiency and effectiveness of the CP system and the quality of the pipeline coating integrity.

Typical results can be summarised as follows:

A well protected pipeline is expected to have:

e Low electric field strength, and thus, low anode current output.

e General potential levels between -900mV and -1050mV against Ag/AgCl for zinc anodes, and between -900mV
and -1100mV for Aluminium alloy anodes.

A poorly or marginally protected pipeline is expected to have:
e High negative field strengths and higher current output at anodes*
e Large drops in potential profiles at the anode due to high current output.*
e High positive field strength readings at local areas of high steel concentration.
e General potential levels more positive than -800mV.

*Note this will also depend upon anode wastage levels. As the anodes become almost exhausted the anode output will
diminish and the potential drop will decrease. Therefore, it is important to know the physical conditions of the anodes.
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2.5 Anode and Current Density Calculation

The remaining life of the anode is calculated as a function of the anode current output value (calculated from the
measured electric field strength). This indicates for how many years the anode will last if the current output is constant.

@ = 2R = Diameter

FG at a defined position in mV/m
FG=[£]=,0><E><£
dr r

Where;

R = radius of pipe or anode in metres

i = current density mA/m2

p = resistivity of seawater ohms/m

r = distance from centre of pipe to measuring position
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2.6 Remaining Life Calculation

The following formula is used to calculate the remaining life for anodes stabbed:

R.L= (Woxu)-W

Ixm
and
i m(Y -Y,)
u
where;
R.L. = remaining life (years)

Wo = initial weight of the anode (kg)

u = utilisation factor (see DNVGL-RP-B401 Table A-8 Recommended Anode Utilisation Factors)
W = consumption of anode material (kg)

/ = output current in A given by the measurement

m = practical consumption of anode e.g. 3.26 Kg/A year for Aluminium*

*The “m” values vary dependent on the electrochemical efficiency of the anode based on temperature and composition
for further details see DNVGL-RP-B401 (Section 6.5)

Y
Yo

year of survey
year of installation

It should be stated that the remaining life is only estimation because the anode current may change considerably over
time.
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3 EXTERNAL FACTORS AFFECTING DATA ACQUSITION

3.1 ROV

Electrical equipment on the ROV can affect the potential measurements obtained during a CP/FG survey. Electrical
currents can be produced by faults in cameras, lights and other electrical equipment used during a survey and these can
produce spikes & offsets in both the CP & field gradient data.

If the CP/FG signal is analogue i.e. where the raw voltages are passed through the ROV umbilical then interference and
offsets can be produced depending on the quality of the insulation and other external influences for example, slip rings
on the ROV winch.

The ROV’s own cathodic protection system can also create electrical fields, which can affect the measurements of the
CP/FG logging system.

3.2 Probe Deployment

During survey it is important that the probe is close as possible to the pipeline & radially orientated, otherwise offset
errors can be introduced.
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The drawing below illustrates the offset errors that can be introduced due to incorrect probe orientation.

Horizontal Offset

I*—ll-

3.3 Remote Electrode Deployment

The deployment of the remote cell is important
and must be a sufficient distance from the pipeline
being surveyed so as to avoid the local influences
of the pipeline CP system also affecting the remote
half cell. Hence the term “remote”.

As can be seen from the graph, the potential
gradient attenuation will vary with burial depth &
distance, however, typically these local effects will
not be observed at distances greater than 3
metres.

The example given on the right is typical of an
active anode. For active unpolarised bare steel the
level of activity is approximately 20% of an active
anode at an equivalent distance.*

Note* The field strength for cathodic activity e.g.
cathodically protected bare steel is by convention
given as a positive value.

Radial Electric Field

(Equi-potential Lines)

TRUE FIELD GRADIENT =

V, -V, uV/em

3
d

WITH PROBE AT OFFSET
DISTANCE FG =

V, =V, uV/ecm

d

HORIZONTAL OFFSET ERROR =

(Vs - V2) -
(Va - V2))/d

Field Gradient (millivolts per meter)

.__—— Probe Om from pipe surface 200mV/m

/
—
200 —CL
- Pipeline condition
Fully exposed
e = Half buried
_ Crown visible = = = = ==
Buried = ===
100 —
Probe 0.5 m from pipe surface 60mV/m
P
60
— Probe 1.0 m from pipe surface 20mV/m
S \ /
20 ~E
ik TRy = T o
[ L
0 05 1.0 2.0 3.0 4.0

Axial Distance from pipe surface ( meters)
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4 TECHNICAL SPECIFICATION FOR CP-DAS DIGITAL SYSTEM

The CP-DAS Cathodic Protection Data Acquisition System combines cathodic protection profile and electric field gradient
measurements of submarine pipelines and structures during ROV surveys.

For pipelines the CP profile of the pipeline is measured with reference to a marinised Ag/AgCl cell in conjunction with the
offset value from the calibration contact measurement and a remote half cell usually deployed from the survey vessel.-
commonly referred to as the “towed remote”.

The electric field gradient (FG) is measured simultaneously with the potential by means of the integral matched pair of
Ag/AgCl reference cells which can be used to detect “active “ coating damage and allow current output and remaining life
of the pipeline’s sacrificial anodes to be calculated. The data is correlated with the corresponding position fix (KP), provided
by the survey computer. It is possible to display the raw CP & FG values on video overlay if required.

Given that the pipeline diameter & pipe to probe distance and seawater resistivity is known then it is also possible to
calculate the current density on the surface of the pipeline.

On subsea structures it is also possible to conduct potential and field gradient surveys. Continuous potential readings can
be obtained by making an earth connection to the jacket structure. Contact measurements can also be obtained on
members and anodes.

If anode information is known, current output and remaining life calculations can be undertaken to determine the
condition of the structure.

4.1 System Specification
4.1.1 Performance

e Potential readings ref. Ag/AgCl 99.9% purity.
e Potential 1ImV, accuracy £5mV (DnV RP B403).
e  Electric Field Strength (FG) Ag/AgCl £500uV.

e Remote Cell Ag/AgCl 99.9% purity.

4.1.2 Components

e  Probe with integral contact tip and two Ag/AgCl half cells to measure potential & field gradient.

e Cable connection to ROV twisted pair for RS485 communication plus one copper conductor for remote half cell.
e Computerised logging unit incorporating ISIS logging & post processing software.

e  Remote half-cell.

e Calomel calibration electrodes.

e  Zinc reference testing blocks.

e Set of interconnecting leads.

e  Spares 100% back up if required.
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4.1.3 Subsea Digitiser

e Length 37cm

e Diameter 10cm

e  Weightin Air Skg

e  Five Pin Sub-con c/w whip

e Power Requirements 24V DC

e Transmission Protocols  RS232 (via ROV Multiplexer)
e  Pressure tested to 3000msw

4.1.4 Twin Half Cell Contact Probe
e Length 73cm
e Diameter 7.5cm
e Weightin Air 1.5kg

4.1.5 Logging Computer

Windows based laptop or desk top c/w two RS232 ports for communication with Subsea unit & navigation input/output
transmission includes ISIS CP logging & post processing software.

CP-DAS...Cathodic Protection Data Acquisition System
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4.1.6  Probe Connections

CP Probe Connection to Subsea digitiser; five pin Sub con Male

e Pin1l - Black
e Pin2 - White
e Pin3 - Red

e Pin4d - Green
e Pin5 - Orange

Note: Pins 4 & 5 are not used.

4.1.7 Subsea Digitiser (RS 232 Option) Connections

GENERAL OVERVIEW OF
SUBSEA POD

TOP & SIDE VIEW OF SUBSEA POD'S END CAP (R§232 OUTPUT)

BUBCONN § PIN FEMALE (MCBHSF)

BUBCONN & PIN MALE (MCEHSM)

M N Input s (Gofour)

P No Analog tmput (Colow)
1 Probe Call Not (Black)
2 Probe Cell MNo2 {Whie)
a Probe Stal Tip (Fed)

ROV 24V DC input
ROV 24V DC Input
RE232 PN 2 TK
REZ3Z Pin 3 RX
RAIAZ Pin & OKD

I B o

\Waight kg In ali

e ——— '
§
X ORing
g NI
o
SUBCONN 2 PIN FEMALE (MGBH2F)
Fin Mo Analog gt
e e 1 Tiamate Cell
S d
— __—/
| -— LAYOUT [ 12
* Diarnater 100m i SUBSEA FOD et -
Thomwns By [ |

[
fﬁ?)

Crgciect Fy. P dsihn
Ao Ly Crmg Ouorasil
| o Inpmetion Sorwiy & Fiigrty Savie S Bhd
\ s CT1007 Batiarng Bpaws Coqemis Tiwer,
o 0 Sy Jps 4700 Bubarngn, Mwaysis
B i wrene ma-quim o
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5 METHODOLOGY

5.1 Subsea Equipment

The CP digital system (RS232 option) consists of three main components;
1. Subsea digital pod.

2. Twin Half Cell (Ag/AgCl) Contact Probe.
3. Remote Cell

Subsea Digital Pod

Subsea Digital Pod

Twin Half Cell (Ag/AG Cl) Contact Probe

Ag/AgCl half cells

50 Cm |
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5.2 Testing

Once the system is setup the following tests are carried out to verify the integrity of data acquisition.

1.

Simulated Anode Contact (with certified zinc block)

All terminals are shorted (Cell 1/ Cell 2 / Stab Tip / Remote).
CP and FG should be Zero.

0 rne

2.

Simulated Anode Contact (with certified zinc block)

The reading obtained should within the accepted limits.
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5.3 Calibration
5.3.1 Calomel to Calomel & Ag/AgCl Half Cell Calibration

Please refer to ISIS Quality Procedure QP75-03 Rev.0 — Calibration Check Procedures.

5.3.2  Data Acquisition

Once all systems have been tested and CP Logging software has been interfaced with the navigation PC,
Pipeline data is collected and stored in an ASCII formatted text file with Time, Date, KP, CP, FG, Contact readings and
relevant comments for post processing.

Sample Text File

40 SL1_PP-HPF - Notepad
File Edit Format ‘iew Help
Client :SEAWORKS ||
Job :TOTAL ABK =
pipeline :SEALIME #1 PP-HPF

Country :UAE

vessel 15V SEAWORKER
B$,9,/19/2005,8:35:38 PM,0.078,-981, -5
c$.59/1%,/2005,8:35:3%9 PM,0.078,-981, -6
C$.9/19,/2005,8:35:39 PM,0.078,-981, -6
C$,9/10/2005,8:35:40 PM, 0. 078, -981, -6
,9/18,/2005,8:35:41 PM,0.078,-5981,-6
,8/19/2005,8:35:41 PM, 0. 078, -981,-6
,9/158,/2005,8:35:42 PM,0.078,-981, -6
,9/18,/2005,8:35:43 PM, 0.078,-981,0
,5,/15,/2005,8:35:43 PM, 0. 078,981, 0
,9/15,/2005,8:35:44 PM,0.078,-981,0
$,9/19/2005,8:35:45 PM,0.078,-981,0
$,9/10,/2005,8:35:46 PM, 0,078, -081,0
,9/158,/2005,8:35:46 PM,0.078,-981,0
,8/19/2005,8:35:47 PM, 0. 078, -081,0
,9/158,/2005,8:35:48 PM,0.078,-981,0
$,9/19/2005,8:35:48 PM,0.078,-981,0
$,9/15,/2005,8:35:40 PM, 0. 078, -981,0
,9/158,/2005,8:35:50 PM,0.078,-981,0
,8/19/2005,8:35:50 PM,0.078,-981,0
,9/158,/2005,8:35:51 PM,0.078,-981,0
,9/158,/2005,8:35:52 PM,0.078,-981,0
,8/19/2005,8:35:53 PM,0.078,-081,0
,9/158,/2005,8:35:53 PM,0.078,-981,0
$,9/19/2005,8:35:54 PM,0.078,-981,0
$,9/15,/2005,8:35:55 PM,0.07&, -981,0
,9/158,/2005,8:35:55 PM,0.078,-981,0
,8/19/2005,8:35:56 PM,0.079,-081,0
,9/159,/2005,8:35:57 PM,0.079,-981,0
$,9/19/2005,8:35:57 PM,0.079,-981,0
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When logging is commenced, two data files are created, the first is the main file and the second is a backup which is
stored in a separate drive.

The completed pipelines/ section are also copied onto removable media on a daily basis to ensure absolutely no data is
lost.

All events are also logged into a manual log book for immediate reference.
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6 WORK EXECUTION OPERATING PROCEDURES
Note* Prior to the commencement of any diving operations, the Scope of Work for the job will require to be reviewed
again with the Client, to ensure that there have been no significant changes to the scope. Any changes that occur after

mobilisation should be discussed with ISIS management, before being accepted.

e Prior to the start of the survey, deploy the remote half cell. Check the orientation of the probe, making sure that
the tip is within 30cm of the pipe and that it is perpendicular or axial to the pipe (see below).

Probe Orientation

e  Prior to the start of the survey, deploy the remote half cell. Check the orientation of the probe, making sure that
the tip is within 30cm of the pipe and that it is perpendicular or axial to the pipe (see below).

e Oncethesurveying has begun (ensure that the survey engineer announces that surveying has begun if necessary),
check to ensure that LOGGING MODE has been selected on the logging software.

e Stab the first available anode or bare steel on the line, and then stab anodes or steel as the work scope demands.

e Contact readings on bare steel before and after concrete weight coat, preferably at the tube turn.
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Contact readings on the first 4 — 5 and the last 4 — 5 anodes on the pipeline and in between at a spacing of 100 to
1000 meters depending on the pipeline length.

Contact readings on areas of damaged weight coat and metallic debris in contact with the pipeline.

Log significant events on the log sheet and continue to check data validity by visually noting the CP value
periodically, and the response to anodes and field joints which are not stabbed.

Ensure that data is backed up onto removable media and checked for integrity at least once per shift.

When a dive has been completed, set the acquisition system to the "Not Logging" condition then immediately
recover the remote half cell. This will be required to be checked for calibration regardless of the period of time
that the ROV is going to be on deck.

Remove the twin half cell probe and store in the seawater test bath. Replace with fresh clean seawater as
necessary.

Check the calibration of cell 1, cell 2 and the remote against the days selected Calomel cell and take a zinc
calibration contact. If the values obtained are not within specification, take action to resolve the problem
according to the calibration check procedure.

Backup the data recorded onto removable media and check its integrity using the ISIS post processing program.
During performance of work, report to client and base all incidents including:

e Accidents.

e Downtime.

e  Failures.
e Damage/ Loss.
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e  Glossary

acid
A chemical substance that yields hydrogen ions (H+) when dissolved in water. Compare with base.
activation
The changing of a passive surface of a metal to a chemically active state. Contrast with passivation.
active
A state in which a metal tends to corrode; referring to the negative direction of electrode potential (opposite of
passive or noble).
active metal

A metal ready to corrode, or being corroded.

active potential
The potential of a corroding material.

alkaline
(1) Having properties of an alkali. (2) Having a pH greater than 7.

anaerobic
In the absence of air or unreacted or free oxygen.

anode
The electrode at which oxidation or corrosion of some component occurs (opposite of cathode). Electrons flow
away from the anode in the external circuit.

anode corrosion
The dissolution of a metal acting as an anode.

anodic polarization
The change in the initial anode potential resulting from current flow effects at or near the anode surface.
Potential becomes mode noble (more positive) because of anodic polarization.

anodic potential
An appreciable reduction in corrosion by making a metal an anode and maintaining this highly polarized
condition with very little current flow.

anodic protection
A technique to reduce corrosion of a metal surface under some conditions by passing sufficient to it to cause its
electrode potential to enter and remain in the passive region; imposing an external electrical potential to
protect a metal from corrosive attack. (Applicable only to metals that show active-passive behaviour) Contrast
with cathodic protection.
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anodic reaction
Electrode reaction equivalent to a transfer of positive charge from the electronic to the ionic conductor. An
anodic reaction is an oxidation process. An example common in corrosion is:

Me -> Me(+n) + n(e-).

bimetallic corrosion
(Galvanic Corrosion) Corrosion resulting from dissimilar metal contact.

biological corrosion
Deterioration of metals as a result of the metabolic activity of microorganism

blister
A raised area, often dome shaped, resulting from: (1) loss of adhesion between a coating or deposit and the
base metal; or (2) delamination under the pressure of expanding gas trapped in a metal in a near-subsurface
zone. Very small blisters may be called pinhead blisters or pepper blisters.

brittle fracture
Separation of a solid accompanied by little or no macroscopic plastic deformation. Typically, brittle fracture
occurs by rapid crack propagation with less expenditure of energy than for ductile fracture.

calcareous coating or deposit
A layer consisting of a mixture of calcium carbonate and magnesium hydroxide deposited on surfaces being
cathodically protected because of the increased pH adjacent to the protected surface.

calomel electrode
An electrode widely used as a reference electrode of known potential in electrometric measurement of acidity
and alkalinity, corrosion studies, voltammetry, and measurement of the potentials of other electrodes.

cathode
The electrode of an electrolytic cell at which reduction is the principal reaction. (Electrons How toward the
cathode in the external circuit.). Typical cathodic processes are cation' taking up electrons and being
discharged, oxygen being reduced. and the reduction of an element or group of elements from a high Cl a lower
valence state. Contrast with anode.

cathodic disbondment
The destruction of adhesion between a coating and its substrate by products of a cathodic reaction.

cathodic polarization
Polarization of the cathode; change of the electrode potential in the active (negative) direction due to current
flow; a reduction from the initial potential resulting from current flow effects at or near the cathode surface.
Potential becomes more active (negative) because of cathodic polarization. See also polarization.
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cathodic protection
(1) Reduction of corrosion rate by shifting the corrosion potential of the electrode toward a less oxidizing
potential by applying an external electromotive force. (2) Partial or complete protection of a metal from
corrosion by making it a cathode, using either a galvanic or an impressed current. Contrast with anodic
protection.

cathodic reaction
Electrode reaction equivalent to a transfer of negative charge from the electronic to the ionic conductor. A
cathodic reaction is a reduction process. An example common in corrosion is: Ox + ne s Red.

cell
Electrochemical system consisting of an anode and a cathode immersed in an electrolyte. The anode circuit,
which permits the flow of electrons from the anode toward the cathode. See also electrochemical cell.

conductivity
The ratio of the electric current density to the electric field in a material. Also called electrical conductivity or
specific conductance.

continuity bond
A metallic connection that provides electrical continuity between metal structures.

corrosion
“Corrosion is an irreversible interfacial reaction of a material (metal, ceramic, polymer) with its environment
which results in consumption of the material or in dissolution into the material of a component of the
environment”. As defined by the International Union of Pure and Applied Chemistry (IUPAC)

corrosion effect
A change in any part of the corrosion system caused by corrosion.

corrosion embrittlement
The severe loss of ductility of a metal resulting from corrosive attack, usually intergranular and often not
visually apparent.

corrosion-erosion
Corrosion which is increased because of the abrasive action of a moving stream; the presence of suspended
particles greatly accelerates abrasive action. See erosion-corrosion.

corrosion fatigue
The process in which a metal fractures prematurely under conditions of simultaneous corrosion and repeated
cyclic loading at lower stress levels or fewer cycles than would be required in the absence of the corrosive
environment.
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corrosion potential (Ecorr)
The potential of a corroding surface in an electrolyte, relative to a reference electrode. Also called rest
potential, open circuit potential, or freely corroding potential.

corrosion product
Substance formed as a result of corrosion.

corrosion protection
Modification of a corrosion system so that corrosion damage is mitigated.

corrosion rate
Corrosion effect on a metal per unit of time. The type of corrosion rate used depends on the technical system
and on the type of corrosion effect. Thus, corrosion rate may be expressed as an increase in corrosion depth per
unit of time (penetration rate, for example, mils/yr.) or the mass of metal turned into corrosion products per
unit area of surface per unit of time (weight loss, for example, g/m-/yr). The corrosion effect may vary with time
and may not be the same at all points of the corroding surface. Therefore reports of corrosion rates should be
accompanied by information on the type, time dependency, and location of the corrosion effect.

current
The net transfer of electric charge per unit time. Also called electric current. See also current density.

current density
The current flowing to or from a unit area of an electrode surface, generally expressed as amps per sq ft or
milliamperes per sq ft (also milliamps per sq cm, etc).

depolarization
A decrease in the polarization of an electrode; the elimination or reduction of polarization by physical or
chemical means; depolarization results in increased corrosion.

electrolyte
(1) A chemical substance or mixture, usually liquid, containing ions that migrate in an electric field.
(2) A chemical compound or mixture of compounds which when molten or in solution will conduct an electric
current.

erosion
Destruction of metals or other materials by the abrasive action of moving fluids, usually accelerated by the
presence of solid particles or matter in suspension. When corrosion occurs simultaneously, the term erosion-
corrosion is often used.

erosion-corrosion
A conjoint action involving corrosion and erosion in the presence of a moving corrosive fluid, leading to the
accelerated loss of material.
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fouling organism
Any aquatic organism with a sessile adult stage that attaches to and fouls underwater structures or ships.

galvanic
Pertaining to the current resulting from the coupling of dissimilar electrodes in an electrolyte

galvanic anode
A metal which because of its relative position in the galvanic series, provides sacrificial protection to metals that
are more noble in the series, when coupled in an electrolyte.

galvanic cell
A cell in which chemical change is the source of electrical energy. It usually consists of two dissimilar conductors
in contact with each other and with an electrolyte or of two similar conductors in contact with each other and
with dissimilar electrolytes.

galvanic corrosion
Accelerated corrosion of a metal because of an electrical contact with a more noble metal or non-metallic
conductor in a corrosive electrolyte.

galvanic couple
A pair of dissimilar conductors, commonly metals, in electrical contact. See also galvanic corrosion.

galvanic couple potential
See mixed potential.

galvanic current
The electric current that flows between metals or conductive non-metal in a galvanic couple.

galvanic series
A list of metals and alloys arranged according to their relative corrosion potentials in a given environment.
Compare with electromotive series.

half cell
An electrode immersed in a suitable electrolyte, designed for measurements of electrode potential. A pure
metal in contact with a solution of known concentration of its own ion, at a specific temperature develops a
potential which is characteristic and reproducible; when coupled with another half cell, an overall potential
develops which is the sum of both half cells.

hydrogen-assisted cracking (HAC)
See hydrogen embrittlement.

hydrogen-assisted stress-corrosion cracking (HSCC)
See hydrogen embrittlement.
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hydrogen blistering
The formation of blisters on or below a metal surface from excessive internal hydrogen pressure; Formation of
blister-like bulges on a ductile metal surface caused by internal hydrogen pressures. Hydrogen may be formed
during cleaning, plating, corrosion, and so forth.

hydrogen damage
A general term for the embrittlement, cracking, blistering. and hydride formation that can occur when hydrogen
is present in some metals.

hydrogen embrittlement
A process resulting in a decrease of the toughness or ductility of a metal due to the presence of atomic
hydrogen. Hydrogen embrittlement has been recognized classically as being of two types. The first known as
internal hydrogen embrittlement, occurs when the hydrogen enters molten metal which becomes
supersaturated with hydrogen immediately after solidification. The second type, environmental hydrogen
embrittlement, results from hydrogen being absorbed by solid metals. This can occur during elevated-
temperature thermal treatments and in service during electroplating, contact with maintenance chemicals,
corrosion reactions, cathodic protection, and operating in high-pressure hydrogen. In the absence of residual
stress or external loading, environmental hydrogen embrittlement is manifested in various forms, such as
blistering, internal cracking, hydride formation, and reduced ductility. With a tensile stress or stress-intensity
factor exceeding a specific threshold, the atomic hydrogen interacts with the metal to induce sub critical crack
growth leading to fracture. In the absence of a corrosion reaction (polarized cathodically), the usual term used
is hydrogen-assisted cracking (HAC) or hydrogen stress cracking (HSC). In the presence of active corrosion,
usually as pits or crevices (polarized anodically), the cracking is generally called stress-corrosion cracking (SCC),
but should more properly be called hydrogen-assisted stress-corrosion cracking (HSCC). Thus HSC and
electrochemically anodic SCC can operate separately or in combination (HSCC). In some metals, such as high-
strength steels, the mechanism is believed to be all, or nearly all, HSC. The participating mechanism of HSC is
not always recognized and may be evaluated under the generic heading of SCC.

hydrogen-induced cracking (HIC)
Same as hydrogen embrittlement.

hydrogen overvoltage
Overvoltage associated with the liberation of hydrogen gas.

hydrogen stress cracking (HSC)
See hydrogen embrittlement.

immunity
A state of resistance to corrosion or anodic dissolution of a metal caused by thermodynamic stability of the
metal.

impingement corrosion
A form of erosion-corrosion generally associated with the local impingement of a high-velocity. Flowing fluid
against a solid surface.

impressed current
Direct current supplied by a device employing a power source external to the electrode system of a cathodic
protection installation.

inert anode
An anode that is insoluble in the electrolyte under the conditions prevailing in the electrolysis.
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instant-off potential
The polarized half-cell potential of an electrode taken immediately after the cathodic protection current is
stopped, which closely approximates the potential without IR drop (i.e., the polarized potential) when the
current was on.

ion
An atom, or group of atoms, that has gained or lost one or more outer electrons and thus carries an electric
charge. Positive ions, or cations, are deficient in outer electrons. Negative ions, or anions, have an excess of
outer electrons.

local cell

A galvanic cell resulting from inhomogeneities between areas on a metal surface in an electrolyte. The
inhomogeneities may be of physical or chemical nature in either the metal or its environment.

localized corrosion
Corrosion at discrete sites, stress-corrosion cracking.

long-line current
Current that flows through the earth from an anodic to a cathodic area of a continuous metallic structure.
Usually used only where the areas are separated by considerable distance and where the current results from
concentration-cell action.

open-circuit potential
The potential of an electrode measured with respect to a reference electrode or another electrode when no
current flows to or from it.

passivation.
(1) A reduction of the anodic reaction rate of an electrode involved in corrosion. (2) The process in metal
corrosion by which metals become passive. (3) The changing of a chemically active surface of' a metal to a
much less reactive state. Contrast with activation.

pH
A measure of the acidity or alkalinity of a solution. The negative logarithm of the hydrogen-ion activity; it
denotes the degree of acidity or basicity of a solution. At 25 2C (77 2F), 7.0 is the neutral value. Decreasing
values below 7.0 indicate increasing acidity; increasing values above 7.0, increasing basicity.
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polarization
(1) The change from the open-circuit electrode potential as the result of the passage of current. (2) A changein
the potential of an electrode during electrolysis, such that the potential of an anode becomes more noble, and
that of a cathode more active, than their respective reversible potentials. Often accomplished by formation of a
film on the electrode surface.

potential
Any of various functions from which intensity or velocity at any point in a field may be calculated. The driving
influence of an electrochemical reaction. See also active potential, chemical potential, corrosion potential,
critical pitting potential, decomposition potential, electrochemical potential, electrode potential, electrokinetic
potential, equilibrium (reversible) potential, free corrosion potential, noble potential, open-circuit potential,
protective potential, redox potential, and standard electrode potential.

protective potential
The threshold value of the corrosion potential that has to be reached to enter a protective potential range. The
term used in cathodic protection to refer to the minimum potential required to suppress corrosion.

reference electrode
A non-polarizable electrode with a known and highly reproducible potential used for potentiometric and
voltammetric analyses. See also calomel electrode and silver/silver chloride electrode.

resistance
The opposition that a device or material offers to the flow of direct current, equal to the voltage drop across the
element divided by the current through the element. Also called electrical resistance.

resistivity
See electrical resistivity.

riser
(1) That section of pipeline extending from the ocean floor up the platform. Also, the vertical tube in a steam
generator convection bank that circulates water and steam upward.

rust
A visible corrosion product consisting of hydrated oxides of iron. Applied only to ferrous alloys.

sacrificial protection
Reduction of corrosion of a metal in an electrolyte by galvanically coupling it to a more anodic metal; a form of
cathodic protection.

saturated calomel electrode
A reference electrode composed of mercury, mercurous chloride (calomel), and a saturated aqueous chloride
solution.
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silver/silver chloride reference electrode
A reference electrode composed of silver, silver chloride, and an aqueous chloride solution*.
*For marine electrodes the aqueous chloride solution is seawater.

spalling
The spontaneous chipping, fragmentation, or separation of a surtace or surface coating.

standard electrode potential
The reversible potential for an electrode process when all products and reactions are at unit activity on a scale
in which the potential for the standard hydrogen half-cell is zero.

stray current
Current through paths other than the intended circuit.

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

structure-to-electrolyte potential
The potential difference between the surface of a buried or submerged metallic structure and the electrolyte
that is measured with reference to an electrode in contact with the electrolyte.

structure-to-structure potential
The potential difference between metallic structures, or sections of the same structure, in a common
electrolyte.

transgranular
Through or across crystals or grains. Also called intracrystalline or transcrystalline.

transgranular cracking
Cracking or fracturing that occurs through or across a crystal or grain. Also called transcrystalline cracking.
Contrast with intergranular cracking.

transgranular fracture
Fracture through or across the crystals or grains of a metal. Also called transcrystalline fracture or
intracrystalline fracture. Contrast with intergranular fracture.

uniform corrosion
(1) A type of corrosion attack (deterioration) uniformly distributed over metal surface. (2) Corrosion that
proceeds at approximately the same rate over a metal surface. Also called general corrosion.




