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1 INTRODUCTION

1.1 Background

The Poseidon Pipeline Project, developed by IGI Poseidon S.A., will be designed for the supply of gas
from Turkey and the Eastern Mediterranean region to the European market through the interconnection
of the Greek and Italian gas networks.

The Poseidon Pipeline consists of two sections: %
e An onshore section, stretching from Kipi (north-east of Greece, next to the Gr@wr ish
border) to the north western coast of Greece (Thesprotia area); (.l/
¢ An offshore section, from the north-western coast of Greece to Italy (Fj \1-1)

Jrmimml ~..— AlBANy
GREE\CE\ it

-1 Rogeidon Pipeline Project — Offshore Section
ozdé%gection of the Poseidon pipeline comprises:
ompressor and fiscal metering station next to the Greek landfall (Thesprotia area);

2 A deep water offshore pipeline from the Greek landfall to Italy (Otranto, Apulia region). The
offshore section (about 200 km, ca. 1,370 m water depth) will cross the Greek shelf, descend
the slope into the north lonian Basin and then ascend the Italian slope, to make landfall east of
Otranto;

e Areceiving fiscal metering and pressure reduction station in Italy (Otranto, Apulia region);

e Two short buried onshore pipeline sections connecting compressor station in Greece and
metering station in Italy to the respective landfalls, including associated scraper launching and
receiving facilities.
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The FEED phase of the offshore section of the Poseidon Pipeline Project was completed in 2013 and
designed for a maximum flow rate of 12 BNCMA of gas (12.66 BSCMA).

ENGINEER’s scope of work is named the Poseidon Pipeline Project - Offshore Section Update (the
PROJECT). It concerns the Design Update to accommodate a maximum flow rate of 20 BSCMA of gas
(which represents a potential development of the gas pipeline, not yet authorized, but evaluated for the
maximum design capacity and related technical aspects) for the deep water offshore pipeline from the
Greek landfall to Italy (Otranto) and the short onshore buried pipelines connecting compressor station
in Greece and fiscal metering and pressure reduction station in Italy to the respective landfalls. Updating
of FEED specific aspects for the Greek onshore section, such as the geological, geotechnical, route
selection and civil design aspects is not included in the scope. @

The document numbers for the FEED Revision have a new CTR number (1000 s?ﬁ@

This report presents the cathodic protection system (CP) design for th%a}li(?a? offshore section of the
t

Poseidon pipeline. The design process provides the net anode mas e number of anodes
required to provide cathodic protection to the external steel surf@%@t e pipeline.

N

1.2 Document Scope
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2 DEFINITIONS AND ABBREVIATIONS

2.1 Definitions
Definitions applicable to the Project are provided in Table 2-1.

Table 2-1 Project Definitions

WORK Scope of Services per CONTRACT for “Poseidon Pipeline
Project — Offshore Section Update”
CONTRACT The CONTRACT between IGI Poseidon and ENGINEE@
WORK as detailed in the CONTRACT documents (N
N
CLIENT IGI Poseidon (50% EDISON S.p.A. and 50% DEPA\Q/
0\
INTECSEA INTECSEA B.V, the engineering compafb\appointed by
CLIENT to carry out the WORK o~
ENGINEER INTECSEA “ \{
Project The official title of the Project4is\.Pgseidon Pipeline Project —

Offshore Section Update”

INTECSEA Project No. 406010-00159 /VA
2.2 Abbreviations O%
Abbreviations applicable to t@ject vided below.

CP \Qath @otection

cwcC /\>?~ Corgz Weight Coating

gﬁj Joint Coating

FJC %

KP Q@ &O Kilometre Post

A?“ Internal Diameter
Q~ Polyethylene

&

Polypropylene
Q~ Outer Diameter
T Temperature
uc Unity Check

WT Wall Thickness
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3 DESIGN APPROACH AND CALCULATION METHODOLOGY

3.1 General

The Cathodic Protection design of the offshore pipeline is performed in accordance with
recommended practice DNVGL-RP-F103 (Ref. [1]).

The CP design procedure is as follows:

1. Select the anode material and shape,

2. Calculate the combined coating breakdown factors, '\g
3. Calculate the mean and final current demands,
4. Calculate the minimum total net anode mass, \(1/

5. Calculate the required minimum total number of anodes, con&de% he maximum allowable
anode spacing. ?“

3.2 Anode Material and Shape

In general, sacrificial anodes for CP in a marine envwonme@e made of a zinc or aluminium alloy.
According to industrial standards (Ref. [1] and Ref. [2]), nodes are used for anode surface
operating temperatures up to 50°C, whilst alum|n|u s can be used for surface temperatures
up to 80°C. Italian local authorities put forward e% uirements when using zinc based anodes.

Based on the above, for the offshore p|peI|9 Poseidon Pipeline Project, aluminium anodes
have been selected (see Ref .Forp unctioning of the anodes, small amounts of other
materials are still required,qnc al amount of zinc. Hence, it is considered impossible to
avoid the presence of a@( % de requirement (Ref. [1]) and the Specification for Anode
Fabrication (Ref. [3 axmt% nc content is 5.75wt%.

Ef mmonly used anode shapes for marine pipelines (Ref. [1]). These

Bracelet anod
half-shells which can be clamped directly on the pipeline.

Q&m Coating Breakdown Factors

an breakdown factors describe the assumed capability of the coating to reduce the
for cathodic protection. These factors depend on the pipeline coating type, the
res concrete weight coating and the system design life. The influence of the pipeline coating
the presence of concrete weight coating are determined by the factors "a” and “b” as given
%ndlx A of DNVGL-RP-F103 (Ref. [1]): “The constant ‘a’ defines the assumed initial capability of
the coating to reduce the current demand for cathodic protection, whilst the constant ‘b’ defines the
assumed degradation of this capability over time (“coating breakdown”).”

The mean and final coating breakdown factors are defined as:
f.,=a+05-b-t,
fy =a+b-t,

Where:
a Constant for coating breakdown factor,

406010-00159 Page 4 IGI-1309-30-PL-CAL-001 : Rev Y1 : 31 Jan 2019
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b Constant for coating breakdown factor,
ts Design life in years,

fem Mean coating breakdown factor,

fef Final coating breakdown factor.

The pipeline is protected by anti-corrosion coating and field joint coating at the girth welds. With
respect to the field joint coating, a cut-back length of 200 mm is taken into account in the mean and
final values of the combined coating breakdown factors as per guidance provided in Ref. [1].

The mean and final combined coating breakdown factors are determined from:

f_"=f_{(linepipe)+ 0.033 f, (FIC) ,\(b

f.'=f (linepipe)+0.033 f, (FIC) Q/Q

Where @\

feom' Combined mean coating breakdown factor (g\
ns

fem (linepipe) Mean coating breakdown factor of pipeline coating corrosi em
fem (FIC) Mean coating breakdown factor of field joint coating

fe' Combined final coating breakdown factor \/
fer (linepipe) Final coating breakdown factor of pipeline coati osion system
fer (FIC) Final coating breakdown factor of field joint

3.4 Current Demand EQ/
u

A pipeline can be divided in several sections rrent demand for each section is affected by the
surface of the pipeline, the coating break tors and variations in fluid and environmental
parameters (e.qg. fluid temper conditions). The effects of the fluid and environmental

re’an
parameters in the currer%%&dnd :@of a sacrificial anode are given by a recommended design

mean current densit}\} reco d design mean current is selected in accordance with Table

6-2 in Ref. [1]. ?
The mean an@;\& curr@e ands are determined as follows:

A I =A-f_ ik
%Q\zg?‘ oAl
&

. Mean current demand (A),
IQ~ Final current demand (A),
AC Pipeline surface area (m?),

icm Mean current density (A/m?),

k Design factor as described in Section 4.3.

The pipeline external surface area is defined as:
A =r-0OD-L

Where:
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oD Pipeline outer diameter (m),
L Pipeline length (m).

3.5 Minimum Total Net Anode Mass

The minimum total net anode mass is governed by the mean current demand, the design life, the
anode utilisation factor and the anode electrochemical capacity.

The anode utilisation factor depends on the shape of the anode. A bracelet anode is designed with an
anode utilisation factor of 0.8 (Ref. [2]).

The anode electrochemical capacity depends on variations in fluid and environmental m@%eters
(e.g. fluid temperature and burial condition). The design value of the electrochemi %)acity is
selected in accordance with Table 6-3 of Ref. [1].

The minimum total net anode mass is calculated from: (b\@

I, t; 8760
N
Where: 00

M Minimum total net anode mass (kg), Q
u Anode utilisation factor,
£ Anode electrochemical capacity (A-h

3.6 Final Anode Cé;rentéé&@t

The final anode current output ire ortional to the potential difference of the design closed
circuit anode potential a desi ective potential, and inversely proportional to the final
anode resistance. \

ti —O.Q V) and closed circuit anode potential values for sediment (-1.00 V)
\Y% ions are selected in accordance with Ref. [1].

Design protectj
and seawate

The fin e cuv& tput is defined as:

% A E,.—E
Q‘ Iaf =— :
O & Ra
e
IQ‘ Final anode current output (A),

Ea Design closed circuit anode potential (V),
Ec Design protective potential (V),
Rat Final anode resistance (Q).

The final anode resistance of bracelet anodes, which depends on the environmental resistivity and
the end of life anode exposed surface area, is defined as follows in Ref. [1]:

ol
R, =0.315
f VA
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Where:
Yo Environmental resistivity (Q-m),
A, The end of life anode surface area (m?).

For seawater resistivity, typical values are provided in Figure A.1 of Ref. [2] for various salinity levels
and temperatures. According to the Design Basis Memorandum (Ref. [4]), the seawater resistivity in
the Project area varies between 0.15 to 0.20 Qm.. During the DMS campaign (offshore hydrographic
and geophysical survey), seawater resistivity values up to 0.22 Qm have been reported.

For buried pipeline sections, an actually measured soil resistivity should be applied, corr d for any
annual temperature variations. As an alternative, a default value of 1.5 Qm may be us&o testing
results performed as part of the Detailed Marine Survey (DMS) shows the followin @esistivity
value in the nearshore area (Ref. [5]):

e 0.64 Qm at 20°C at approximately KP 204.0 (Italian nearshore arepb/\@
S

For CP design of the buried pipeline sections in the nearshore area, agcon ative soil resistivity
value of 1.5 Qm is adopted. This is justified by the fact that in case dk{ﬁng engineered backfill, which
consists of sandy material, a value of 1.5 Qm is an appropriate@@,

The end of life anode surface area is defined as:

A
A, =(z(D+2t, + 215k, ) - 2x)L,
Where: &
te External coating thickness (m), O

ta Initial anode thickpess (m), \
X Anode gap (m), 0
Anode utili Mcto %Table 4-5,
La Anode | tﬁ(m). Q~
3.7 Mi Sired Number of Anodes

The mini@ quir@mber of anodes is calculated by dividing the final current demand by the
u

a\g

VQr :
N number of anodes.

3.8 Total Net Anode Mass & Required Number of Anodes
The total net anode mass and required number of anodes is selected based on the following criteria:
e The spacing between the anodes shall be less than 300m as per Ref. [1].

This requirement results in an anode spacing of 292.8m; this spacing corresponds to the
largest number (24) of joints (average pipe length of 12.2m) allowed by Ref. [1].

e The anode lengths shall be selected between 0.5m and 1.0m (practical / handling limitations)

406010-00159 Page 7 IGI-1309-30-PL-CAL-001 : Rev Y1 : 31 Jan 2019
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A rule of thumb for the anode length is that the length should be between 0.5 and 1 times the
OD of the pipe. For small diameter pipelines, an anode length of approximately one pipe
outside diameter is a good starting point to determine the preferred combination of anode

dimensions and spacing. For larger pipelines, such as 32-inch, a shorter anode length is
feasible.

¢ In case of non-concrete weight coated pipe sections, a tapered edge shall be applied to
prevent anode or equipment damage, by hooking to e.g. the stinger or rollers. A taper angle of

45° is chosen in this CP design. For these sections, a minimum anode thickness of 40mm shall
be adopted.

e In case of concrete weight coated pipe sections, the anode thickness is chosen N less
than the CWC thickness and do not have to be tapered allowing for flush in n of the
anodes.

For practical, structural and handling reasons, it is advised to restrict the a%%mensions to the
extent possible.

406010-00159 Page 8 1GI-1309-30-PL-CAL-001 : Rev Y1 : 31 Jan 2019
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4 DESIGN DATA

This section presents the design data used in the CP design. The design data are taken from the
Design Basis Memorandum (Ref. [4]) and DNVGL-RP-F103 (Ref. [1]), unless otherwise stated.

4.1 Design Life

The pipeline design life is 30 years, with a possible extension to 50 years. The calculations performed

are for a design life of 50 years.

4.2 Pipeline Data

The pipeline data for CP design are presented

Table 4-1: Pipeline Data

in Table 4-1.

Description Unit

Pipeline steel grade \Y. DNV SAWL 485

Pipe joint length N @( 11.7t0 12.5
A\Q (12.2 average)

Design protective potential y \Y - 0.80

Corrosion coating type %‘O - 3LPP

Corrosion coating thickness O mm 3.0

A
O
Field Joint Coating (type ZB%éf. D])C?

- Heat shrink sleeve PP

Coating breakdown f@c\v}oﬁs or 3LPP % 0.19
¥V
Coating breakdo or cdistant “b” for 3LPP % 0.003 %
\
Coating bre@ fqur})nstant “a” for FJC % 3.02
A
i dovq:ng)r constant “b” for FJC % 0.32

Ie -1i{§f. r
(1]

e, whether there is a concrete weight coating present etc.

ode requirement is a function of the condition of the pipeline: if it is buried, how warm

ulatlon of the CP system, the Poseidon offshore pipeline is divided in multiple segments as

shown in Table 4-2.

406010-00159 Page 9
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Table 4-2: Italian Pipeline Properties per Segment

Section KP (km) CWC (mm) OD pipe WT pipe Max Tpipe (°C) | Buried
(mm) (mm)
1 140.0 - 160.2 0 812.8 30.7 <25°C No
2 160.2 — 162.8 50 812.8 20.0 <25°C No
3 162.8 —185.2 70 812.8 20.0 <25°C No
4 185.2 — 203.3 90 812.8 20.0 <25°C No
4
5 203.3-203.7 110 812.8 20.0 <25°((\'\ No
OY
6 203.7 — 204.34 120 812.8 30.7 ,:éﬁ" E’ No
\9\
7 204.34 — 204.8 0 812.8 30.7 (‘)‘\ 5°C HDD
J

The internal operating fluid temperatures shown are summer temperal
obtained from Ref. [12].

(conservative), and are

The maximum system operating temperature of the Poseido @ne is 60°C, whereas the maximum
erature can only be reached in the

event of an upset condition, i.e. failure of coolers at the
temperature is not used for CP design.

design temperature is equal to 70°C (Ref. [4]). The deS|g:

For details on the wall thickness and concrete

pressor station. Therefore, this

coatlng requirements, reference is made to the
d On-Bottom Stability Design Report (Ref. [14]).

Pipeline Mechanical Design Report (Ref. [

4.3 Environm m&aég

The environmental yii&g}e C
n

esign are presented in Table 4-3.

Table 4-3: En}l tgl\D
Descrlp on &U Unit Value Reference
Minj eawa\emperature at seabed °C 124 Ref. [4]
Qm 1.50 Section 3.6
Qm 0.22 Section 3.6

4
T@ommended design mean current density according to Ref. [1] is dependent on temperature,
anddis shown in Table 4-4.

Table 4-4: Recommended Design Mean Current Density (A/m2)

Exposure condition Internal fluid temperature (°C)

<25 >25-50 >50-80
Non-buried 0.050 0.060 0.075
Buried 0.020 0.030 0.040

406010-00159 Page 10 IGI-1309-30-PL-CAL-001 : Rev Y1 : 31 Jan 2019
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In calculation of the current demand, a design factor k of 2 is applied in line with DNV Section 6.1.5
(Ref. [1]). This design factor accounts for uncertainties in the various design parameters.

4.4 Anode Data

The anode data for the CP design are presented in Table 4-5. The anode surface design temperature
is assumed to be equal to the internal operating fluid temperature (conservative).

Table 4-5: Anode Data

Description Unit
lx-'
Type - H4IF'shéll Bracelet
bt
Anode composition - / A\u nium based alloy
NS
Anode material density kg/m3().& 2,750
Close circuit anode potential in sediment N % -1.00
\}
Close circuit anode potential in seawater A~ -1.05
Utilization factor N \K.? - 0.8
~
Anode gap between bracelets (assumed value) . mm 100
The electrochemical capacity of the anode is a fu f temperature (Ref. [1]), and is shown in
Table 4-6. For temperature values in betwee entioned values, the design mean current density

should be interpolated.

Table 4-6: Electrocheqw p&Anode [Ah/kg]

Anode surfa@‘ératu?‘ Case

O Non-buried Buried

7 \\Va306~ 2000 1500

A
S 1500 680

/80
‘\)\ (‘QQ‘;SO‘OC 720 320

4@ Alternative Design Case — Self Burial

As indicated in the Sediment Transport Study Report (Ref. [10]), seabed mobility could cause the
pipeline to become (partly) buried at the end of life.

As such, an alternative case has been investigated in which the pipeline is assumed to be completely
buried. Compared to the base case, this scenario accounts for:

e An increased environmental resistivity value, see below,
e A decreased design mean current density, as shown in Table 4-4,

e An increased close circuit anode potential, as shown in Table 4-5,

406010-00159 Page 11 IGI-1309-30-PL-CAL-001 : Rev Y1 : 31 Jan 2019
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e A decreased electrochemical capacity of the anode, as shown in Table 4-6,

For the environmental resistivity value in case of a fully buried pipeline, the electrical resistivity test
results of the geotechnical samples along the pipeline route are used (Ref. [5]). The test results show
that in the top soils layer (up to 0.5m below seabed), the electrical resistivity varies between 0.39 Qm
and 0.78 Om.

Due to large variability between the reported electrical resistivity values and the guidance in Ref. [1], a
conservative soil resistivity value of 1.5 Qm is adopted.

406010-00159 Page 12 1GI-1309-30-PL-CAL-001 : Rev Y1 : 31 Jan 2019



INICLDEA

WorleyParsons Group

5 RESULTS AND DISCUSSION

Table 5-1 presents the selected anode dimensions and anode mass for each pipe segment as
defined in Table 4-2. The anode dimensions are mainly governed by the following requirements:

e Total net anode mass shall meet the mean current demand as defined in Section 6.4 of Ref.

(1];

e The minimum mass per anode should provide sufficient final current density, as described in

Section 6.3.1 and 6.5.1 of Ref. [1];

e Selected anode dimensions fulfils the criteria as stipulated in Section 3.8 of this c@ment

The number of anodes presented in Table 5-1 is based on an anode spacing of 292

The taper lengths of both anode T-1 and anode T-2 are 40mm, as based on

in Section 3.8. ('l/
described in Section 3.8. (bE

@% described

In Table 5-2 Unity checks (UC) are presented for the required anod&%& and current demand,
which are calculated as follows respectively.

Where:
M

M actual

QL

v O
o = )
acQ

3%

Uc N

Minimum tot ne%&de \kg),

Actual ano a\(s o) from geometry and density (kg),
Numb %es, Q;

Final m curr?butput per anode (A),

f %rer@n d (A).

The L)Q\ames@e equal or below 1.00 to satisfy the requirements posed in Ref. [1].
[

O %

Q~

O

al current demand and final current output per section are shown in Table 5-3.

406010-00159
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Table 5-1: Selected Anode Configuration O\
N &
Section KP (km) Anode type Number of Anode Anode Net Anode d&e inner
(Ref. [8]) anodes Length (mm) Thickness Mass (kg) 2, (1/ iameter
(mm) <A (mm)
N
1 140.0 — 160.2 T-3-32 69 500 40 159‘\ 818.8
2 160.2 — 162.8 S-6-32 9 500 45 VQG} 818.8
3 162.8 —185.2 S-7-32 77 500 65 \ 207 818.8
4 185.2 — 203.3 S-8-32 62 500 85 (.15 270 818.8
A" 4
5 203.3 — 203.7 S5-9-32 2 500 1 351 818.8
6 203.7 — 204.34 S-10-32 3+32 600 . 466 818.8
7 204.34 — 204.8 Not(\Q/
A4

Note 2: Within the nearshore pipeline section, it is recommended that the minimum anode spacing uced to 150 meters or less, in order to safeguard against any potential onshore
current drains that could result in the early depletion of the offshore anodeg. Therefore, \ ount of anodes will be installed just before the shore crossing.
Note 3: The last 570 meter of pipeline on the Italian side will be installed by mean;%DD se@athodic protection requirements of this section are separately assessed in Subsection 5.1.

Note 4: The anode inner diameter is the pipe outside diameter plus two times the coati

accounting for tolerances. \?s Q~

Note 1: On the basis of two half shells; net anode mass assumes that 90% of anode volume compriseivmaterial (Al-alloy)

ickness. In the detailed design the inner diameter shall be verified to ensure a good fit, also
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Table 5-2: CP Design Unity Checks O\
N &
Section KP (km) Base Case sa@'{}m Case
(@ D
Bur'ed UCmass UCcd Bu”ed @\ u}CmaSS UCcd
1 140.0 - 160.2 N 0.83 0.16 Y O ") 0.44 0.54
2 160.2 - 162.8 N 0.75 0.16 - J 0.40 0.53
3 162.8 —185.2 N 0.51 0.16 o W‘ 0.27 0.54
4 185.2 — 203.3 N 0.38 0.16 AVY 0.20 0.53
N
5 203.3 — 203.7 N 0.21 0.11 N Y 0.11 0.36
N
6 203.7 — 204.34 N 0.17 0.10 Y 0.09 0.35

406010-00159 Page 15 1GI-1309-30-PL-CAL-001 : Rev Y1 : 31 Jan 2019



INTELSEA

WorleyParsons Group

IGI POSEIDON SA
POSEIDON PIPELINE PROJECT - OFFSHORE SECTION UPDATE
CATHODIC PROTECTION DESIGN REPORT - OFFSHORE

Table 5-3: CP Design, Current Demand and Output (per Section)

o)
Section KP (km) Base Case Selc&'kl}al Case
O~
Average Final Current Final Current Average \Flv(al Current Final Current
Current Demand (A) Output (A) Current \0.) Demand (A) Output (A)
Demand (A) Demand((h
4
1 140.0 — 160.2 26.9 43.5 274.0 ‘1% 17.4 32.1
2 160.2 — 162.8 3.4 5.5 35.3 R 2.2 4.1
N4
3 162.8 —185.2 29.8 48.3 307.7 ® 11.9 19.3 36.1
4 185.2 — 203.3 23.5 38 245.6 9.4 15.2 28.8
5 203.3 — 203.7 0.5 0.9 8el \( 0.2 0.3 0.9
6 203.7 — 204.34 0.9 14

Oé%’ 0.3 0.6 1.6
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As described in this document, the minimum anode dimensions are governed by practical, structural
and handling limitations, over-dimensioning of the anodes is unavoidable for some offshore pipeline
sections; in particular for the concrete weight coated sections requiring flush installation of the
anodes.

Total type of anodes is driven by the number of selected concrete weight coating thicknesses:

e 1-off anode type per concrete weight coating thickness for concrete weight coated pipeline
sections

e 1-off anode type for non-concrete weight coated pipeline sections (tapered ends)%
The types of anodes are shown in the Anode General Arrangement Drawing (Ref. [

The selected anode dimensions and positions will be reflected in the Alignme t‘{%&ts (Ref. [7]) and
included in the Pipeline Component Material Take-Off (Ref. [8]). \&.)

5.1 Italian Shore Crossing v

The last 570 meter of pipeline on the Italian side will be installe ans of a HDD section as per
Shore Crossing Design Report — Italy (Ref. [9]). To minimise igk of coating damage, it is
recommended to use a thicker anti-corrosion coating Ia)é mjn instead of 3mm) with an abrasive

resistant outer layer to prevent damage during pipeline allation in the HDD section

The anode(s) shall be placed directly upstream of
anode (in seawater) is guaranteed. The cond f surrounding soil is assumed equal to a buried
pipeline. With these parameters the attenuat ngth (i.e. the protective length one anode can
cover) is sufficient to protect ipelin HDD section

The attenuation length iv@fatet@he equation shown below (Ref. [1]).

Wheséh A?\

G ou%?’ﬁeter of the pipeline steel;
C)i @ ckness;

o LBlectric resistivity of the line pipe;

D section. This way the functionality of the

d-(D—d) (Ep_Eg)

Ltot Ltot

_i:af ' Icf(tot) n \](Raf ' Icf(tot))2 n Pume *lem k- f,cf D

f'ef final coating breakdown factor;

iem  design mean current density;

k design factor;

Rar  anode resistivity;

lefoyy - final current demand, including design factor (k);

Lot  pipeline section length;
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Ep  design protective potential;
Ea® selected design closed circuit anode potential.

Substituting the variables results in an attenuation length of 603m, which is sufficient to cover the 570m
pipe in the HDD section

406010-00159 Page 18 1GI-1309-30-PL-CAL-001 : Rev Y1 : 31 Jan 2019



TN I L&A IGI POSEIDON SA

WorleyParsons Group POSEIDON PIPELINE PROJECT - OFFSHORE SECTION UPDATE
CATHODIC PROTECTION DESIGN REPORT - OFFSHORE

6 CONCLUSION

The cathodic protection system for the Italian section of the Poseidon Pipeline system consists of 222
aluminium based full shell bracelet anodes, with a minimum total weight of approximately 46,500 kg.

To meet the pipeline properties (pipe outside diameter, concrete weight coating thickness) and the
minimum anode mass requirement, various types of anodes are foreseen, varying in length and in
thickness. The thickness range depends on the selected concrete weight coating thickness along the
pipeline route.

The selected anode dimensions are shown on the Alignment Sheets (Ref. [7]) and included in the
Pipeline Component Material Take-Off (Ref. [8]). '\

It has to be kept in mind that the final anode design to be performed during detail ign is driven
by the selected anode manufacturer and the availability of anode moulds. Furt e\vt , the final
dimensions of the anode internal diameters should be sized to ensure a goo\?@ he various
pipeline outside diameter values (including pipeline OD tolerances) to min% the risk of damage to
anodes from tensioner loads during installation.

The fabrication specification and installation specification are to b@g in reference documents Ref.
[3] and Ref. [15], respectively.
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