@ CORINTH PIPEWORKS

- QUALITY CONTROL METHODS;

Please refer to the herein presented Manufacturing procedure specifications. You may
also refer to the previously included project quality plan.

Within such material we demonstrate the approach for execution of the activities, the specific
tasks and steps in their sequence, coordination and mutual interdependence. It is justified how the
proposed approach for quality control will lead to the qualitative and timely completion of our
delivery.
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‘ THISVI PLANT L
TITLE MANUFACTURING PROCEDURE SPECIFICATION
DOCUMENT No. MPS 03 18 SAWL
REVISION No. 0
PRODUCTION
LINE SAWL
== 1CGB
CUSTOMER / F
PROJECT INTERCONNECTOR mmmw
INTERCONNECTOR GREECE - BULGARIA
P'f:' gr?) (x:;) %rsa:: Type Lengths Purpose Qu(ar:;;ity
2 32 11 L450ME SAWL 12m Cold bend 13.345
S|ZE I GRADE I 4 32 14,2 L450ME SAWL 12m Cold bend 8.935
QUANTITY 6 32 16 | L450ME | SAWL 12m Cold bend 3.593
7 32 20 L450ME SAWL 12m Line 5.271
8 32 20 L450ME SAWL 12m Cold bend 1.017
12 32 20 | Lasome | sawL 12m Em;fcek"cy 24
REVIEWED / CUSTOMER
ISSUED APPROVED APPROVED
DATE 11/01/2018 12/01/2018
NAME / P. FOTOPOULOS N. VOUDOURIS 75 S\
SIGNATURE QC MGR QUALITY DIRECTOR %f“uﬁ N 1
1. L | ’ I!r.:r
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CPW-T-X-110.0.2 Rev0
|
QUALITY DEPARTMENT
@ CORINTH PIPEWORKS
ek el RS A PAGE
‘ THISVI PLANT 1128
TITLE MANUFACTURING PROCEDURE SPECIFICATION
DOCUMENT No. MPS_04 18 SAWH
REVISION No. 0
PRODUCTION
LINE SAWH
==1CGB
CUSTOMER / F
PROJECT INTERCONNECTOR S
INTERCONNECTOR GREECE - BULGARIA
P’?:‘ 83 (m) %'::; Type Lengths Purpose Qu(ar::)tity
1 32 | 11 | LasomE | sawH | 12m/18m Line 91.084
3 32 | 142 | Lasome | sawH | 12m8m Line 43,591
SIZE | GRADE / 5 32 | 16 [ L4some | sawH | 12m/18m Line 20.416
QUANTITY 9 322 | 11 | L4somE | sawH 12m E’"setrg’cek"cy 216
10 | 32 | 142 | Lasome | sawn 12m Emergancy 96
1 32 16 | L450ME | SAWH 12m E’":tzgcekmy 60
REVIEWED / CUSTOMER
ISSUED APPROVED APPROVED
DATE 11/01/2018 12/01/2018
NAME / P. FOTOPOULOS N. VOUDOURIS
SIGNATURE QC MGR QUALITY DIRECTOR A
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LITY DEPARTMENT
@ CORINTH PIPEWORKS @gs BAGE
- 1/33
THISVI PLANT
TITLE MANUFACTURING PROCEDURE SPECIFICATION — PE COATING
S JMENT MPS_01_18_PE
No.
REVISION No. 0
FRODUGTHON TCP48/TCP100
LINE
CUSTOMER s ] ICGB
d INTERCONNECTOR W
PROJECT INTERCONNECTOR GREECE-BULGARIA
SIZE /| GRADE /IQUANTITY
b ob Grad FBE Adhesi PE o i
PI:: {in) (r‘:r:) PrSaLZe Type peneths (AT CEES thickness thicke:evs: thickness Lining Quantitylim}
1 32 11 L450ME SAWH 12m/18m Line 350um 150um 3,000um 75um 91.084
2 32 11 L45OME SAWL 12m Cold bend 350um 150um 3.000pm 75um 13.345
3 Y] 142 | L4sOME SAWH 12m/18 m Line 350um 150um 3.000um 75um 43.591
4 32 14,2 | L4soMmE SAWL 12m Cold bend 350um 150pm 3.000um 75um 8.935
5 EP) 16 L4SOME SAWH 12m/18 m Line 350um 150um 3.000pm 75um 20.416
6 32 16 L450ME SAWL 12m Cold bend 350um 150um 3.000um 75um 3.593
7 32 20 L450ME SAWL 12m Line 350um 150um 3.000um 75um 5.271
8 32 20 L450ME SAWL 12m Cold bend 350um 150um 3.000um 75um 1017
9 32 11 L450ME SAWH 12m Em:t'f:’lfcy 350um 150um 3.000um 75um 216
10 32 142 | Lasome SAWH 12m Emset'g:kncy 350um 150um 3.000um 75um 96
11 32 16 L450ME SAWH 12m Em:t'f:lz'cy 350um 150um 3.000um 75um 60
12 32 20 L450ME SAWL 12m Em:trf:kncy 350um 150um 3.000um 75um 2
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1. SCOPE

The present Manufacturing Procedure Specification (MPS) describes the basic manufacturing steps as well as
quality control activities which are involved with the production and inspection of Factory Applied Three Layer
Extruded Polyethylene (PE) coating for the “Interconnector Greece-Bulgaria” Project in accordance to Project
Specification 10760-SPC-CP-P0-002 Rev.4 and 1SO 21809-1:2011. All inspection details such as testing
frequency and acceptance limits are analytically described in the relevant project specific Inspection and Test Plan
(ITP) latest revision.

Figure 1 presents a process flow chart of the coating plant for 3LPE:
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Figure 1: Process flow chart of the coating plant for 3LPE
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2. COATING MATERIALS
2.1 Composition/requirements of the coating system

The coating system shall consist of three layers:
> 1stlayer: epoxy (Fusion Bonded Epoxy)
> 2nd layer: Adhesive
» 3rd layer: PE top layer (HDPE)

All materials to be used are selected from acknowledged and approved by Corinth Pipeworks suppliers and are
compatible with each other for the formation of the three-layer system. Materials to be used shall be according to
the specific project requirements.

2.2 Batch certificate

Coating materials to be delivered to CPW are accompanied by the relevant batch certificates issued by the coating
materials manufacturer. The batch certificate shall state test methods, acceptance. The Quality Control Manager of
the Coating mill reviews the material batch certificates and considering the resuits of the receiving inspection,
verifies that the material properties are in accordance with the project requirements.

2.3 Storage and handling of coating materials

Upon delivery, storage and handling of coating materials shall be as per manufacturer's recommendations. The
personnel responsible for receiving inspection shall check the following:

The packing is in good condition.
The material bears a label with the code name of the material, supplier's name, batch number and other
data, which help identify the material.

e During the summer months, the epoxy powder must arrive in the plant in air-conditioned containers. Upon
delivery the epoxy powder is immediately stored in the company's air-conditioned storage chambers.

Samples from the delivered materials shall be taken by Quality Control personnel to perform the relevant receiving
inspection tests.In case where during receiving inspection one of the above requirements is not met, the materials

with the identified problem shall be marked and unloaded at a designated area. The Coating Quality Control
manager shall be notified accordingly to assess whether a Non-Conformance should be issued.

3. PROCEDURE QUALIFICATION TRIAL (PQT)

3.1General

A procedure qualification trial, PQT, shall be carried out in accordance with the following paragraph to verify the
capability of the coating application procedure, coating materials, tools/equipment and personnel to produce

pipeline coating with the required properties.

3.2 Procedure qualification trial

All items in the relevant Inspection and Test Plan, from surface preparation to preparation of pib’é"-e_nd's' shall b&.

performed and inspected/tested. The specific process parameters shall be selected to be usefﬂ’éu,ring the PQT

that the suitability of the ranges and combinations specified in the ITP can be verified (e.g. &'maximum value fgr 1

\
4\

one parameter may be applied in combination with a minimum value for another, if deemed cri‘li\ggl). 2\/
W\ i)

=
W

|

\\\.._
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Requirements for the frequency of testing and inspection, methods and acceptance criteria are contained in
Project Specification 10760-SPC-CP-P0-002 Rev.4 and ISO 21809-1:2011, and are included in the Appendix Bof
relevant project specific ITP latest revision.

The results from the PQT shall be documented in a report, including the process parameters used and the coating
material certificates.

4. APPLICATION OF THE COATING SYSTEM

4.1 Preliminary inspection

At the entry of the coating mill the pipes are high pressure water washed and then fed onto the skids of the
external shot blaster section, where the following preliminary pipe inspections and actions take place:

Pipe number preservation.

Barcode reading (Appendix A).

Sealing of pipe ends with suitable protective plugs to avoid internal deterioration of pipes during blasting
and protect the bevels.

Pipe surface visual inspection for dents, laps, defective bevels and any other defects. Defective pipe shall
be marked for future identification and damage report shall be sent for client notification.

The pipe surface is visually checked for contamination with oil or grease. If contaminated pipes are
detected they are send for cleaning according to SSPC SP-1 standard.

Ambient conditions (air temperature, relative humidity) and the steel surface temperature are measured
and compared with the Dew Point. Pipe temperature shall be 3°C higher than Dew Point. The relative
humidity shall be less than 85%. In case that moisture is present on the pipe surface or the pipe
temperature is too low, LPG burners are used for moisture removal and pre-heating of the pipe before
blasting.

4.2 Surface preparation / inspection

The exterior pipe surface is subjected to abrasive cleaning using dry blasting techniques

The following inspections are taking place after blasting in accordance to Project Specification 10760-SPC-CP-P0-
002 Rev.4 and I1SO 21809-1:2011:

The conductivity of abrasive material shall be less than 60mS/cm according to ASTM D4940.

The height of the surface profile attained shall be within 50um and 100um, as measured in accordance
with the requirements of ISO 8503-4.

Before coating, the pipe surface is cleaned from dust, residues of abrasive process and foreign matter
using clean dry compressed air free of oil. The blasted surface is checked according to I1SO 8502-3 for
dust contamination (size and quantity) with class 2 or befter. If contamination or dust is observed, the pipe
shall be reprocessed.

The cleanliness of the surface of each pipe shall be a minimum of Sa 2 2 (near-white metal) according to
ISO 8501-1. '

The salt contamination level is checked using SCM400 salt contamination meter and shall be less than
20mg/mz,

Systematic visual inspection of the clean surface is also performed. Slight surface i e’ri“eé—{f&;s(egh
slivers, laminations, scratches etc), can be removed by superficial grinding provided?  thefinal surfa 'L{Ij
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pattern shall be restored on grinding areas greater than 100mm diameter or more to the cleanliness and
roughness specified above.

Following surface preparation, the surface being coated shall not be exposed for a length of time that can result in
flash rust and under no circumstance shall the time be more than 4 h.

4.3 Induction heating

Each pipe is subjected to Induction Heating at the temperature range recommended by the powder supplier
(maximum pipe temperature 260°C). Uniform heating of the pipe is performed with the use of medium frequency,
high power induction coil(s). Temperature is continuously monitored by optical pyrometer and recorded.
Temperature is also checked with Tempilstick three times per shift minimum.

4.4 Coating application

Immediately after heating, each pipe passes through the spraying booth where the fluidized epoxy powder (1¢t
layer) is applied onto the heated pipe surface with the use of electrostatic spraying guns. The number, position and
deposition rate of nozzles, as well as travel speed are properly set to give the desired dry film and gel time.

Immediately after application of the FBE layer, pipes are wrapped through side extruders with the adhesive
material (2% layer) and the polyethylene coating (3¢ layer). Adhesive material shall be applied within the FBE
suppliers’ recommended time and temperature. The extrusion temperatures of the adhesive and the PE material
are recorded every 1 hour minimum. The extrusion temperature for the adhesive and for the PE is set based on
coating materials data sheets and communication with our suppliers.

The degree of overlap of the two layers is controlled in such a manner in order to provide the desired total
thickness of the three-layer system (3.5 mm minimum). The thickness of the FBE fayer shall be 350um min. The
thickness of adhesive layer shall be 150um min.

After coating application, pipes are controlled cooled by water spray down to temperature suitable for handling and
testing.

Full traceability of the batch numbers of the materials used is maintained as the batch number of each material fed
for consumption is recorded together with the time of feeding on the “Materials Consumption Sheet" issued every
shift (Appendix A).

4.5 Cutback preparation

Coating material is easily removed from both pipe ends with the use of masking tapes, allowing for a cutback area
with a smooth finish to the pipe surface (feathering) according to the requirements of the relevant project specific
Inspection and Test Plan. The required PE cutback length shall be measured from the root face of the pipe to the
beginning of the coating bevel and shall be 190mm. The polyolefin shall be beveled to an angle 30° max measured
in the direction of the pipe axis. The FBE protrusion shall be 15mm.
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5. INSPECTION AND TESTING
5.1 General

Inspection and testing shall be carried out in accordance with this MPS, and relevant project specific ITP latest
revision, and meet the requirements Project Specification 10760-SPC-CP-P0-002 Rev.4 and 1SO 21809-1:2011.

5.2Holiday Detection

Each coated pipe is subjected to an automatic holiday test for the detection of any discontinuities or pores on the
coated surface. The test voltage (maximum 25kV) is applied through a wire or plastic brush. Voltage is checked at
least two times per shift using an accurate high-voltage meter. The system covers the entire coated body of pipes
and is equipped with an audible and visual alarm. Areas where defects detected are automatically marked (true
position marking) with white paint. The suspect areas are then evaluated by portable apparatus and repaired. In
case were the defect size or the number of defects detected does not allow for repairs according to the applicable
specification, the pipe is sent for rework.

5.3 Thickness Measurement

After the coating application, the coating thickness of every pipe is measured according to 1SO 2808 on four
positions at 3, 6, 9, 12 o'clock around the pipe at twelve locations uniformly spaced over the length and
circumference of the pipe (pipe end and middle of pipe). If any of these 12 readings is below the minimum coating
thickness, shall be carried out an additional four readings around this area. The average of the additional four
readings and the initial reading shall be higher than the minimum thickness.

Thickness measurements are performed with the Electrophysik Minitest 4100 device based on the magnetic
induction principle. At least once per shift the thickness measurement device is calibrated using standard plastic
shims +20% of the thickness being measured (ISO 21809-1:2011 Annex A). The surface roughness and
cleanliness of the plates shall be representative of the production pipe.

NOTE: When measuring thicknesses of more than 1 mm, the surface roughness of the pipe is not relevant (ISO
21809-1:2011 Annex A).

5.4 Visual inspection of coated pipes

Each coated pipe is visually inspected for the detection of any surface defects such as irregularities, scratches,
pinholes, blisters etc. Coating shall be uniform color and gloss without any surface defects or damages. Light water
marks due to quenching are acceptable.

5.5Test on coated pipes
The following tests are performed within the coating mill or at the in-house laboratory:

Peeling Resistance Test is performed in CPW coating mill (Appendix B),
Impact resistance test is performed in CPW coating mill (Appendix C),
Degree of epoxy cure is performed in CPW laboratory (Appendix D), —
Indentation resistance test is performed in CPW laboratory (Appendix E),
Elongation test is performed in CPW laboratory (Appendix H), :ff'ff___'
Cathodic disbondment test is performed in CPW laboratory (Appendix F), oz /
In process degradation of PE is performed in CPW laboratory (Appendix 1), lle
Flexibility test is performed in CPW laboratory (Appendix G).
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The exact number, type and frequency of tests as well as acceptance criteria shall be according to the relevant
project specific ITP latest revision, Project Specification 10760-SPC-CP-P0-002 Rev.4 and ISO 21809-1:2011.

5.6 Retesting

Pipes that fail to meet the requirements of surface preparation in accordance to the relevant Inspection and Testing
Plan latest revision shall not be coated until the cause has been identified and corrected. Pipes that have been
coated since the last acceptable test shall be accepted if they meet the relevant requirements.

Pipes that fail to meet the testing requirements of the relevant Inspection and Testing Plan latest revision, shall be
retested for the parameter(s) found to be out of the specifications. If the retest also fails to meet the requirements,
two pipes in the coating sequence prior to the pipe that failed and two pipes in the sequence after that pipe shall be
retested.

If the results of all retested pipes are satisfactory, the coating shall be considered acceptable on all pipes except
the pipe that failed. If any of the retests also fail, the total production back to the last test passed shall be blocked

and further testing shall be initiated and agreed with the customer. In the case of confirmed failure, the coating
shall be rejected.

6. REPAIR/REWORK

Pipes with unsatisfactory coating or excessive coating damages are sent for rework (stripping and re-coating. The
maximum area of any individual repair shall be limited to 10cm? with maximum 1 repair per m2.

Repair material to be used shall be compatible with the original coating and it shall be applied according to
supplier's recommendations and procedures.

Repaired areas are always subjected to adhesion test (edge liting method), thickness measurement and holiday
test at 25kV. Each repair is recorded on the relevant repair report issued every shift.

7. MARKING

All pipes, which have successfully passed all inspections and controls, are marked according to the requirements
of the relevant project specific ITP latest revision.

8. HANDLING / STORING

Coated pipe shall be handled in a manner that avoids damage to the pipe, pipe ends and coating. At the exit of the
mill, pipes are lifted by cranes using specially padded hooks not to damage the bevel face; they are loaded on
tracks and transported to the storage area. Alternative the pipes can be handled by forklifts with protected forks.

Pipe that is damaged during processing or after the holiday inspection shall be repaired in accordance with § 6.

9. FINAL DOCUMENTATION

For the final product shall be issued a mill test certificate in accordance to SO 10204 /3.1, f

A
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APPENDIX A
TRACEABILITY OF PIPES AND COATING MATERIALS

A.1. SCOPE

The scope of this chapter is to describe the tracking system that is used by Corinth Pipeworks to ensure full
traceability of pipes and coating materials during coating activities of ICGB project. Traceability of test specimens
for coating is also mentioned.

A.2. PIPE IDENTIFICATION PRIOR TO COATING

After quality control inspection of produced bare pipes, their information including pipe number, OD, wall thickness,
grade, length, weight and heat number is entered to the SAP system of Corinth Pipeworks. Thereafter, for each
pipe a magnetic barcode label with pipe number information is printed for better handling and tracking purposes.
This label is placed on the internal surface of one pipe end of each pipe by the quality control personnel of the pipe
mill.

A.3. TRACEABILITY SYSTEM AT COATING MILL

A.3.1 COATING ENTRANCE

Each pipe that it is entering in the coating mill is barcode scanned by the pipe handling operator. This operation is
managed by a special level Il software named Pipecoating that communicates directly with SAP ERP (Figure 5).

At the SAP the status of pipes that have been entered in the coating plan changes to Coating In Progress. The
operator is also checking that the pipe number is legibly written in the internal surface of the pipes.
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Figure 5: CPW Pipecoating level Il software
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A.3.2 EXTERNAL PIPE BLASTING

Pipes that pass the external blasting operation are transferred to the bare inspection station for quality control
inspections according to relevant ITP. Pipes with acceptable inspection results are again barcode scanned by the
quality control inspector and are released for coating. The barcode Iabel is removed from pipes to be coated. Pipes
that do not meet the inspection requirements are returned to coating entrance in order to be re-processed.

A.3.3 INDUCTION HEATING

After external blasting the pipes’ sequence is recorded by barcode reading. With the use of a pipe sensor prior to
pipe temperature monitoring, is also achieved the real time correlation of measuring temperature to each individual
pipe. The pipe pre-heating temperature is continuous monitored by two optical pyrometers before and after FBE
application. Corinth Pipeworks S.A. has developed a special temperature control program in order to manage the
data of both pyrometers and induction coil(s), keeping separate records for each pipe (Figure 6).

B - T
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Figure 6: Barcode reading and temperature control program for optical pyrometers

A.3.4 COATING

A.3.4.1 IDENTIFICATION OF COATING MATERIALS

During coating material receipt the quality control of the yard is controlling the identification marking of each
package according to §2.3. The packages with missing or incorrect information are marked and transferred at a

separate designated area for further investigation.

Coating material information including material type, batch number and weight is entered to SAP ERP system by
warehouse manager.

A.3.4.2 CONSUMPTION OF COATING MATERIALS

The operator that feeds the coating materials in the silos for consumption keeps records of them ﬁ‘]/ﬂpy)irfn th
Consumption Report of Coating Materials, issued per shift. The records include the type of cép/?.uméd materia ,r
batch number, weight, time and date of consumption. This information is also electronically-re i »
Pipecoating software (Figure 7). Z
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The correlation of consumed coating materials to each individual pipe is performed using the same system that is
used for tracking the pre-heating temperature of pipes but taking in to consideration a time delay equal to the time
that is needed for each coating material to travel from the silo to the pipe.

B... PipeCoating - trmdsgcath - Remote Desktap Connection n WP

Core Solulions - Pipe Coaling - [Epynaieg Nupaywyng]

" 3 ) .
_!_1 Epappoyfy | Mapayayf -~ Window
: — = e ——
IEv‘rnAﬁI‘lupuymvril; CIZT/1IA j
| Bépdia fa-a =

DGT_[DGT Coating.2 - Coating TCP100 |

‘ Epydaaisg Porjg

| Timog, Epyaoiug IIM BYAev lI

[Epyodia] | =]
Eidog [FBE BASEPOX PE 50-7081 261211 ~|
Moodmma 600 KG

Batch o | Rpovech) Enyyal Avéoon |Date: 01/04/2013 Time: 11:33:27 -] Iﬁm |

Figure 7: Coating material consumption screen of Pipecoating software

A.3.4.3 IDENTIFICATION AND TRACKING OF SAMPLES FOR COATING TESTING

Each sample that is extracted from a coated pipe for testing is identification marked by quality control personnel.
The marking on samples includes as a minimum the pipe number, coating process sheet number, shift and date of
coating (Figure 8). Quality control inspector keeps full hard records of testing information in the Coating Inspection
and Test Report that is issued per shift. Sampling information is also entered to Pipecoating software in order to
maintain tracking of samples during testing.

The coated pipes are released for shipment per production shift according fo the test results. When all tests are
completed with acceptable results (according to the relevant ITP) and the respective testing per production shift
are released, the quality status of coated pipes in the SAP system changes to Accepted by the quality control
manager.
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Figure 8: Sample's marking on coated pipe for destructive testing
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A.3.4.4 TRACKING OF PIPES THAT NEEDS COATING REPAIR OR STRIPPING

The pipes that have to be repaired or stripped are recorded in the Coating Repair/Rework Report and also in the
Pipecoating software. Coated pipes that need repair or stripping are transferred and temporarily stored at separate

designated areas.

A.3.5 COATING EXIT

The pipes before leaving the coating plant shall bear all the required external identification marking (according to
the relevant ITP) and at least the pipe ID in order to maintain the traceability during the internal coating operations.
At the exit of the coating plant the operator keeps hard records of the pipes that leaving and also enters them to
the Pipecoating software. New magnetic barcode label is also printed and placed in the internal surface of each

pipe (one pipe end).

209
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APPENDIX B
PEEL STRENGTH TEST

B.1 General

The test shall consist of measuring the force required for peeling the coating from the metal substrate of the pipe at
a constant rate of pull,

B.2 Equipment
o Tensile testing machine, capable of recording the peel force with a 5 % reading accuracy,that operates at

rate of pull of 10 mm/min, as shown in (Figure 9).
e  Cutting tool.

Figure 9: Peel strength test equipment (COESFELD)

B.3 Procedure

e The coating thickness may be reduced to the minimum thickness of the coating class to facilitate peel
testing.

e The peel test shall be performed at the temperatures specified in the relevant Inspection and Testing Plan
latest revision.

e The temperature shall be measured by means of an adapted probe on the external surface of the pipe at

the root of the peeled strip.

Temperature tolerance shall be +5°C.

The peel force shall be graphically recorded over 140 mm using a constant peeling speed of 10 mm/min.

The pipe shall be supported during the test to prevent movement.

A sample coating strip shall be cut in the circumferential direction of the pipe, meas: ng;_,'mlmmum

of 160 mm long and 20 mm to 50 mm wide. A\p=o Af}f»ﬁ\".

* The cut end of the coating strip shall be secured to one of the gripping jaws of the/testing machine land’
peeled perpendicular to the pipe axis. o
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B.4 Results

The results shall be calculated by dividing the peel force data for 140 mm of peeling into seven intervals of 20 mm,

discarding the first and last intervals. The peel strength shall be calculated from the remaining data.

The average peel strength shall be the arithmetic mean over the 100 mm length. If this value is not
automatically determined, the arithmetic mean may be estimated from the 20 mm bands across the 100 mm

length.

The average peel strength shall meet the requirements of the the relevant Inspection and Testing Plan latest

revision.

2A0
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APPENDIX C
IMPACT RESISTANCE TEST

C.1 GENERAL

The test shall consist of verifying the strength of the coating by the impact of a punch of defined shape falling
directly onto the coating from a specified height and temperature. The test shall be carried out on pipes or cut
samples according to 1ISO 21809-1:2011.

C.2 EQUIPMENT

Drop-weight testing machine, consisting of the following:

Straight guide made of steel of inside diameter 40 mm, 1.50m long, containing a smooth and even inside
surface. Provide the guide with:

» support and levelling devices,

> attached ruler, which makes it possible to determine the drop height to an accuracy of 5mm minimum.

e Hard steel punch, with a hemispherical head, free from notches, porosity or other surface irregularities
and with a diameter of 256mm + 1%.

o A small metal rod of 9mm in diameter perpendicular to the flat face of the head and in its center, where
this rod shall be long enough to hold the additional weights required for the tests. Equip the punch with a
suitable system for raising it to the required height; the mass of the assembly shall be appropriate to the
energy being checked and shall be accurate + 2%.

e Weights, formed by metal discs with an outside diameter fitting the internal diameter of the straight guide
and incorporating a central hole of a suitable diameter; the mass of each disc shall be accurate to + 2%.

C.3 PROCEDURE

e A holiday detection test shall be carried out prior to the impact test to identify the defective points and

avoid making the impact at these locations.
The test shall be carried out at a temperature 23°C + 3°C.
The coated pipe or pipe sample shall be placed on a rigid and stable horizontal support.
For each point of impact, the drop-weight testing machine shall be installed perpendicular to the coating
surface so that the loaded punch can fall freely without friction or resistance. Ten impacts shall be carried
out, allowing the weight corresponding to the specified energy to fall from the required height. The points
of impact shall be selected to avoid any protruding welds. Furthermore, the distance from the points of
impact to the end of the pipe shall be at least 1,5D (when testing on pipe) and at least 50mm apart
between the axes of the impacts.
The holiday detection test shall be performed at each impact trace.
The hard steel punch shall be checked every 30 impacts. If damaged, it shall be replaced.

C.4 RESULTS

If no holidays are recorded on any of the ten impacts, the impact results are accepted.

24\
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APPENDIX D
THERMAL ANALYSIS OF EPOXY AND CURED EPOXY COATING FILMS

D.1 SCOPE

The present procedure describes the necessary steps to be followed for thermal analysis, which is used to
characterize the uncured epoxy and the cured coating film.

The test shall be performed using Differential Scanning Calorimetry (DSC), in accordance with SO 21809-1:2011
Annex D.

D.2 EQUIPMENT

a) Differential scanning calorimeter (DSC), with cooling accessory.
b) Balance, accurate to 0,1mg.

¢) Sample-encapsulating press.

d) Aluminum pans, with covers.

e) Nitrogen gas supply, dry, analytical grade.
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Figure 10: Differential scanning calorimeter (DSC)

D.3 PROCEDURE

The test procedure that the operator must follow for evaluation of coating materials shail be as follows:
a) Place a 10 £ 3 mg sample of epoxy powder or coating, into a pre-weighed aluminum pan.

b) Crimp the cover into the place with the encapsulating press.

c) Weigh the sample.

d) Determine the sample mass to an accuracy of 0,1mg.

e) Place the sample and the reference sample in the DSC cell and purge with dry, nitrogen gas.

D.4 MEASUREMENT
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-Run (a): Heat the sample from 25°C + 5°C to 75°C + 5°C (FBE powder) or 110°C + 5°C (cured film) at a rate of
20°C/min and hold for 1,5 minute. Then cool the sample to 25°C + 5°C.

-Run (b): Heat the sample from 25°C + 5°C to 275°C + 5°C at a rate of 20°C/min and then cool the sample to
25°C + 5°C. Hold for 3 minutes at 25°C + 5°C.

-Run (c): Heat the sample from 256°C £ 5°C to Ty + 40°C (typically 150°C) at a rate of 20 °C/min, then cool the
sample to 25 °C £ 5 °C.

For certain epoxies, different heating cycles can be necessary according to the instructions of the epoxy
manufacturer.

D.5 EVALUATION OF TEST RESULTS

D.5.1 Epoxy powder

D.5.1.1 Glass transition temperature

The glass transition temperature, Tq, is calculated at the point of inflection intersection (Figure 11). By evaluating
run (b), the Ty of the uncured powder obtained is equal to Ty1. By evaluating run (c), the T of the cured material
(powder) obtained is equal to Tg2.

D.5.1.2 Heat of reaction of the epoxy

The exothermic heat of reaction, AH, is obtained by integrating the exothermic peak of the DSC scan.

dQ/dt

Key - a2 2
| run (b} -
2  run(c)

t (°C)

Figure 11: Examples of thermal scans on epoxy powder

D.5.2 Cured epoxy film
D.5.2.1 Glass transition temperature

The glass transition temperature, Ty, is calculated in the same way for the epoxy for run (b) an runﬁc)lnFig re
12, where Tgis Ty of run (b) and Tois Ty of run (c), all expressed in degrees Celcius. / N ¥\
For coatings, AT, is determined, which is the change in Ty value by using the equation {1---allnd he Ty v
defined in the first paragraph. \\\

\/. [ /

Yo
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ATg= Tg4‘ Tga (1)
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Key
| run (b)
2  run(c)

dQ/dt

1 (°C)

Figure 12: Examples of thermal scans on cured film

D.5.2.2 Residual heat of reaction of cured film

The exothermic heat of reaction, AH4, shall be obtained by integrating the exothermic peak of the DSC scan run (b)

in Figure 12.

In a fully cured coating film, no residual heat of reaction should be observed.

The degree of conversion, C, expressed as a percentage, can be calculated as given in Equation (3):

C= (AH- AH4) x 100 (3)
AH
Where,

AH is the exothermic heat of reaction of the powder; run (b)
AHy is the exothermic heat of reaction of the cured film; run (b)

D.6 REPORTS

The information recorded to the DSC test report shall be:
a) The batch number of the FBE.

b) The date of testing.
¢) The pipe number.

d) The process sheet number.
e) Temperatures (Tg1 and Tg2, in °C).

f) The enthalpy (AH).

D.7 TECHNICAL DATA OF EQUIPMENT

D.7.1 DSC EQUIPMENT
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Manufacturer: SHIMADZU

Model: DSC-50

Number of devices: 3

Heating rate: (1-50)°C/min

Temperature range: Ambient to 725°C

Atmosphere: Inert gas flow (nitrogen), (20-50) mL/min
Measurement heat flow range: 0,01 to £100,0 mW

D.7.2 PRECISION SCALE
Model: ADP 210L

Scale: (0-200)g
Precision: £0.001g

Calibration certificate: Issued by Metrocal Calibration Laboratory in accordance with ISO/IEC 17025.

2145




CORINTH PIPEWORKS MANUFACTURING PROCEDURE g:a'sTgN g"PS—mJS—PE
SPECIFICATION — 3LPE COATNG
PAGE 10/33
APPENDIX E

INDENTATION RESISTANCE TEST

E.1 SCOPE

The present procedure describes the necessary steps to be followed for measuring the indentation of a punch load
into the coating under fixed conditions of temperature and load. The test shall be performed in accordance with

SO 21808-1:2011 Annex F.

E.2 EQUIPMENT

a) Chamber, inside ventilated or a circulated bath, thermostatically controlled to + 2°C

b) Penetrometer (Figure 13), comprised of

b.1) A cylindrical indenter with a diameter of 1,8 mm + 0,05 mm, with a cross-sectional area of 2,5 mm2, on the top
of which is mounted a weight. The assembly (indenter plus weight) shall produce a force of 25 + 0,5 N

b.2) A dial gauge
b.3) Another measurement system accurate to + 0,01 mm.

216

. Additional Weight

Support Plate
Bsplacement
Gauge Hand Wheel
Bath Lid
- /
-
Support for Meas-
uring Head
Cooler Switch
Drain Outlet

. Thermoslat
-

~ Healer On/Off Switc

Cooler

Figure 13: Penetrometer

E.3 PROCEDURE

The test shall be performed three times on a coupon cut from the pipe or on strips on polyolefin removed from the

pipe surface.

The bath can be filled with deionized water by opening of the measuring head. The water levelshould be

approximately 3cm below the top cover. The test specimen shall be held within the penetromet ,aswmlﬂﬁﬁn,the

thermostatically controlled chamber and set to the set temperature.

When the testing temperature on the thermostat is reached, the operator places the three s é[nents of the cogiffd
pipe under the holder of the measuring head with the penetrators in up position. The segm l\?t may' ot-éxcee a

\

total height of 11mm and must not overhang the base plate. Then, the penetrators of the qLeq ead: arg
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lowered carefully and left for 1 hour the measuring head containing the samples into the chamber. After 1h, the
readings on the dial gauge shall be recorded by the operator.

The measuring head (indenter) shall be loaded with the mass of 2.5 kg in total into the equipment. A test duration
of 24h shall be used, unless otherwise specified. After this testing period, the readings of the dial gauge shall be
recorded by the operator.

E.4 PENETRATOR ADJUSTMENT

Before each test due to possibly different testing temperature ranges, the thermometer measurements must be
checked out and adjusted if needed.

For the adjustment of the temperature for each test, the operator shall follow the steps below:

a) With a calibrated thermometer (+0,5°C) measure the temperature in the water bath.

b) Calculate the difference between the thermometer and the thermostat readings.

(The temperature difference is negative, if the thermometer's reading is greater than apparatus and positive in the
opposite case)

¢} After pressing the menu button 3 a justified “C”’ appears on the display (5), (Figure 14)

Using the knobs (7) [(¥) or (1)] insert the value of the calculated difference (positive or negative — step b).

d) By pressing of the button (8) set the calculated value in the calculator memory.

The adjustment of the "C"- set temperature must be prepared before using of another test temperature. The new
value is not saved until the Enter (8) button has been pressed, because the calculator continues to use the old set
value.

E.5 ADJUSTING THE MICROMETERS

The micrometers must be checked every six months by relevant standard micrometers.

& G I
(P AlaTAlY | 'll;) 5
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E.6 REPORTS

The information recorded to the CPW-T-C-180.3.0.1 test report shall be:
a) The organic coating batch number and thickness.

b) Applied weight (g).

c) The date of testing.

d) The indentation depth (mm).

e) The testing temperature (°C).

f) The testing period (hours, h).

— — N~

E.7 TECHNICAL DATA OF EQUIPMENT
E.7.1 PENETRATION RESISTANCE UNIT

Manufacturer. COESFELD

Number of devices: 3

Temperature range: Ambient up to 120°C

Additional information: 3 positions per unit for simultaneous testing

Calibration certificate: Issued by Metrocal Calibration Laboratory in accordance with ISO/IEC 17025.
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APPENDIX F

CATHODIC DISBONDMENT TEST

F.1 SCOPE

The present procedure, prepared in accordance with ISO 21809-1:2011 Annex H, describes the necessary steps
to be followed for assessing the resistance to disbondment of damage to the coating of pipes when exposed to
cathodic polarization. The test shall be performed on test specimens taken from the coated components previously
subjected to holiday detection, in which an artificial defect of a defined size has been drilled.

F.2 EQUIPMENT

a) Rectified d.c. power supply (COESFELD), with controlled voltage output.

b) Oven (THERMAWATT), controllable to within 3°C.
c) Calomel reference electrode (SCHOTT).

d) Wire electrode, platinum, 0,8 mmto 1,0 mm,

e) Plastic cylinder, 75 mm + 3 mm internal diameter.
f) Sodium chloride solution, 3% in distilled water.

g) Utility knife (STANLEY FatMax).

h) Drill bit, 6 mm.

249

Figure 16: Rectified dc power supply (left) / Oven (right)
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Figure 17: Calomel reference electrode and Platinum wire

F.3 SPECIMENS
Test specimens from pipe rings shall be approximately 100mm x 100mm x the pipe wall thickness.
F.4 PROCEDURE

Only test specimens that are confirmed to be holiday free with a holiday detector set at a minimum of 1800V shall
be used.

A 6 mm diameter holiday is drilled in the centre of the test specimen through the coating to expose the steel
substrate (Figure 18).

Centre the plastic cylinder over the holiday and apply a sealant to form a water—resistant seal.

Figure 18: 6mm diameter holiday in the centre of the test specimen
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The cylinder (with minimum ID 75mm) shall be filled to a height of at least 70 mm with the solution preheated to
testing temperature. The solution level shall be marked on the cylinder. Then, the electrode inserted into the
solution is connected to the positive wire from the dc power supply. The negative wire from the dc power supply is
attached to a bare spot prepared on the test specimen (Figure 17). Voltage calibration of Metrix AX 502 and
Wenking MCP 2 d.c power supply devices is performed with the use of Transmation Madel 1045 standard
instrument.

Voltage (negative with respect to the calomel reference electrode) is applied to the test specimen and constant
temperature is maintained under the test conditions specified to the relevant ITP.

Maintain the solution level by the addition of distilled water as required. The operator shall record, at least once in a
shift, the current, pH, voltage, temperature and the solution level in order to maintain the testing conditions
constant. The above mentioned shall be recorded to the cathodic disbondment test conditions record CPW-T-C-
180.8.2.

Upon test completion, the test cell is dismantled, the specimen air cooled to 20+3°C, and the cathodic
disbondment characteristics of the test specimen evaluated within 1h of removal of heat.

Using a special utility knife, make 6 to 12 radial cuts through the coating to the substrate. Such cuts shall extend at
least 20 mm from the center of the holiday.

The tip of the blade of the utility knife is inserted under the coating at the holiday. Using a levering action, chip off
the coating. Continue until the coating demonstrates a definite resistance to the levering action.

The disbonded distance from the edge of the original holiday is measured along each radial cut and the average of
the measured values is calculated. The results are denoted at CPW-T-C-180.8.1 test report. Disbondment radius is
recorded when it is greater than 1 mm. Otherwise, disbondment radius is recorded as <1mm.

F.5 REPORTS

The information recorded to the CPW-T-C-180.8.1 form shall be:
a) The epoxy powder batch number

b) The date of testing

¢) The average disbondment value in millimeters

d) The test condition

e) The testing standard

F.6 TECHNICAL DATA OF EQUIPMENT
F.6.1 DC POWER SUPPLY DEVICES

a) Manufacturer: COESFELD

Type: MPC4

Number of devices: 5

Max Voltage: 2.0V (4 devices) and 3.5V (1 device) e
Total simuitaneous testing equipment: 4x4=16 (up to 1.5V) and 1x3=3 (up to 3.5V) 7'- )R K (;
Calibration certificate: Issued by Metrocal Calibration Laboratory in accordance with ISO/IEC 17025 /g/\\

b) Type: Metrix AX 502 e\ X~/ J/
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Number of devices: 1

Max Voltage: 3.5V

Total simultaneous testing equipment: 2

Calibration certificate: Issued by Metrocal Calibration Laboratory in accordance with ISO/IEC 17025.

F.6.2 OVENS

a) Manufacturer: THERMAWATT

Model: TG210L

Number of ovens: 2

Temperature range: 50-350°C

Calibration certificate: Issued by Metrocal Calibration Laboratory in accordance with ISO/IEC 17025.

b) Manufacturer: THERMAWATT

Model: TG104

Number of ovens: 1

Temperature range: 50-250°C

Calibration certificate: Issued by Metrocal Calibration Laboratory in accordance with ISO/IEC 17025.

F.6.3 UTILITY KNIFE

Manufacturer; STANLEY
Model: FatMax
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G.1 SCOPE

The present procedure describes the necessary steps to be followed for assessing the flexibility of three-layer
polyolefin coatings, applied to a bare steel substrate. The test shall be performed in accordance with ISO 21809-

1:2011 Annex |.
G.2 EQUIPMENT

a) A hydraulic press

APPENDIX G

FLEXIBILITY TEST

b) Bending mandrels with fixed radii

c) A freezer

d) Electric timing device, capable of measuring 0,1s intervals

e) Thermometer

223

Figure 20: Freezer
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G.3 SPECIMENS

Test specimens are cold cut from a pipe ring with @ minimum length of 200mm parallel to the axis of the pipe. The

width shall be approximately 25mm.

G.4 PROCEDURE

The coating on the edge of the test sample shall be smoothed to remove any potential stress risers.

The test specimen is then placed in the freezer, cooled to -2°C and 0°C (or any other temperature specified), and

held at that temperature for a minimum of 1h.

The effective sample thickness, d, which includes the actual sample thickness and any curvature, shall be
determined by placing the specimen on a flat surface and measuring the effective thickness shown in Figure 21.

Dimensions in millimetres

Key
I pipe wall thickness

2  coating
25

Figure 21: Flexibility Test specimen’s Thickness determination

The mandrel radius, r, expressed in millimeters, which corresponds to an angle of deflection of 2° per pipe

diameter length, are determined by using the Equation shown below:
r=2815xd

where d is the effective sample thickness, expressed in millimeters.

The test sample shall be bent over a mandrel whose radius is not larger than that determined in accordance with

Equation shown above.

Also, the test specimen shall be bent such that the operation lasts no longer than 10 s and is completed within 30 s

of the test samples having been removed of the freezer.
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Figure 22; Bend test procedure

The bent test sample shall be warmed to 23°C + 3°C, and held within the this temperature range for a minimum of
2h. Within the next hour, the bent sample is visually inspected for the presence of cracks.

G.5 REPORTS

The information recorded to the CPW-T-C-180.7.0.1 test report shall be:
a) The epoxy powder batch number.

b) The date of testing.

c) The specified angle of deflection,

d) The test temperature.

e) The testing method used.

f) Cracking, if any.

G.6 TECHNICAL DATA OF EQUIPMENT

G.6.1 HYDRAULIC PRESS

Manufacturer: TINIUS OLSEN
Additional information; Various mandrel sizes depending on bend radius required
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G.6.2 SPECIMEN COOLING CHAMBER

Manufacturer: INSTRON

Model: SFL

Temperature range: -78°C to 350°C
Furnace dimensions: (30x30x30) cm?

Calibration certificate: Issued by Metrocal Calibration Laboratory in accordance with ISO/IEC 17025.
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APPENDIX H
Elongation at Break

H.1 Scope
Elongation at break shall be tested in accordance with EN ISO 527-1 to EN ISO 527-3,

H.2 Apparatus

The test shall be carried out using a tensile testing machine with which the force and
displacement can be recorded. Tensile testing machine INSTRON 4411.

H.3 Procedure
H.3.1 Sample preparation

Carry out the test on coating samples that are free from adhesive residue. For testing, the
polyethylene layer may be applied without adhesive to make sampling easier. After sampling,
the underside of the samples (surface which was previously in contact with the steel
substrate) may be mechanically smoothed. Specimens with visible flaws on their surfaces and
at the edges are not tested.

H.3.2 Measurement

Carry out testing at a temperature of 23 °C + 2 °C using type 1B, 5A or 5B test specimens
(see EN ISO 527-2:1996-07, Figure 1 and Figure A.2). Elongation is measured between two
gauge marks within the test area.

The following test speeds apply:

Table F.1 — Test speeds
Test specimen type as in
DIN EN ISO 527-2

Test speed as in DIN EN
ISO 527-1 mm/min

1B 50
5A 25
5B 10

H.3.3 Evaluation

The elongation at break A0 in % shall be determined using the following equation:

L1-L10

Elongation = -------—--- X100, %

LO
where

AOQ is the elongation at break in %;
LO is the initial distance between the gauge marks;

L1 is the distance between the gauge marks at break.
The arithmetic mean of five results shall be determined.

H.4 Results
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The following information must be reported in the polymer tensile test report:

e The organic coating batch number and thickness
e Speed of testing (mm/s)

e The date of testing

e The specimen’s size

e Specimen orientation

e Number of specimens

e Average of the test results

e The testing Temperature
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In process degradation of PE
1.1 In process degradation of PE

The present procedure describes the necessary steps to be followed for assessing the In
progress degradation of PE. The test shall be performed in accordance with ISO 1133.

1.2 Equipment
Melt flow index tester Meltflixer LT,

1.3 Procedure

During the preheating time the operating Temperature is indicated on both thermostats
controllers (red lid is indicated). If the measurement cylinder has approximately reached the
set temperature (set temperature = actual temperature value) the die must be put in the
measurement cylinder and after 15min start the test. The Temperature of both controllers

must be constant

The cylinder is charged with 3g to 4g of the sample according to the anticipated melt flow rate
(see for example Table1).During the charging , compress the material with the packing rod ,
using hand pressure and ensure a charge as free from air as possible.

Mapss of test Extrudate
Melit Now rate portion In cut-off
cylinder!) time-intarval
9/10 min ] ]
0,1 t0 0,5 Jos 2402
>05to 1 4105 120
>11035 4105 60
>A5to 10 @tlo8 30
> 10 8lo8 510 15%

1) When the densily of the matarlal is grealer than
1.0 g/em?, it may be neceesary to increaso lhe mass
of the test portion.

2) Il is recommended thal melt Now ratle should not
be measured if Ihe'value obtained in thia test is less
than 0.1 g/10 min or preater then 100 g/10 min

3) To achi d. rep bility when testing
materlals having an MFR greater than 25 g/10 mim, i\
may be necessary either to conirol and measure cut-
offl inlervals automatically lo lass than 0.1 & or o use
procedure B.

Table 1

The selected shall be loaded on the piston. Depending on the actual viscosity of the material
allow the piston to descent under gravity or push it down faster using hand pressure, until a
bubble — free filament is extruded. The extrudate shall be cut off with cutting tool and discard.
Then the loaded piston shall be allowed to descent under gravity. When the lower reference
mark has reached the top edge of the cylinder, start the stopwatch and simultaneously cut off
the extruded portion with the cutting tool and again discard.

Successive cut-offs shall be collected in order to measure the extrusion rate /atiiti'rh'é"f-i'iﬁ'iéﬁal@
, depending on the melt flow rate, so chosen that the length of a single cut -6ff is'not less than,
10mm and preferably between 10mm and 20mm .The cut-off time interllr'\'!als are giveryir

Table1 as a guide.

\AE. o
When the upper reference mark has reached the top edge of the cylinder the‘«_t_qst," is finished:/
Cut off the last portion. The rest material shall be pushed down faster using hand pressure:



2%0

SPECIFICATION - 3LPE COATNG

l EOJ CORINTH PIPEWORKS MANUFACTURING PROCEDURE

DOC. NO MPS_01_18_PE
REVISION 0
PAGE 33/33

Any cut-off containing visible air bubbles shall be discarded. The remaining cut-offs shall be

weighed to the nearest 1mg and calculate their average mass.

The melt mass-flow rate (MFR),expressed in grams per 10min,is given by the equation

tref . m
MFR (6, m nom) =
t
where

o - is the test temperature, °C

m nom - is the nominal load, kg

tref - is the reference time 600 sec.

m - is the average mass of cut-offs, g

t - is the cut —off time interval, s
1.4 Results

The following information must be reported:
e The organic coating batch number

e The date of testing

e The load used in the test (kg)

e Duration of the test (min)

e The testing Temperature (°C)

e The Melt flow rate (g/10min)
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1. SCOPE

The present Manufacturing Procedure Specification (MPS) describes the basic manufacturing steps as well as
quality control activities which are involved with the production and inspection of Factory Applied Internal Flow
coating for the “Interconnector Greece-Bulgaria” Project of NOBLE ENERGY, in accordance to Project
Specification 10760-SPC-CP-P0-003 Rev.4. All inspection details such as testing frequency and acceptance limits
are analytically described in the relevant project specific Inspection and Test Plan (ITP)latest revision.

Figure 1 presents a process flow chart of the lining plant:

LINING MILL TLPS6 FLOWY CHART
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2. COATING MATERIALS
2.1 Composition/requirements of the coating system
The coating material is composed of two packs: base and hardener.

The coating material shall not contain any substances that will be released from the paint film after it is cured and
are proven to be detrimental to the operations of the pipeline.

The applied and cured paint film shall be smooth to obtain a reduction in the friction.

All materials to be used are selected from acknowledged and approved by Corinth Pipeworks suppliers. Materials
to be used shall be according to the specific project requirements.

The technical data sheet and qualification report of the proposed materials shall be submitted fo the customer for
review and approval.

2.2 Batch certificates

The manufacturer of the coating material shall provide batch certificates and technical data sheets that contains
test methods and acceptance criteria.

Coating materials to be delivered to CPW are accompanied by the relevant batch certificates issued by the coating
materials manufacturer. The Quality Control Manager of the Coating mill reviews the material batch certificates and
considering the results of the receiving inspection, verifies that the material properties are in accordance with the
project requirements.

2.3 Storage and handling of coating materials

Upon delivery, storage and handling of coating materials shall be as per manufacturer's recommendations. The
personnel responsible for receiving inspection shall check the following:

e The packing is in good condition.
The material bears a label with the code name of the material, supplier's name, batch number and other
data, which help identify the material.

e The liquid epoxy materials shall be stored under controlled condition according to the instruction of the
technical data sheets.

Samples from the delivered materials shall be taken by Quality Control personnel to perform the relevant receiving
inspection tests.

In case where during receiving inspection one of the above requirements is not met, the materials with the
identified problem shall be marked and unloaded at a designated area. The Coating Quality Control manager shall
be notified accordingly to assess whether a Non-Conformance should be issued. ;
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3. APPLICATION OF THE COATING SYSTEM
3.1Preliminary inspection

At the entry of the lining mill the pipes are internally high pressure water washed and then fed onto the skids of the
internal shot blaster section, where the following preliminary pipe inspections and actions take place:

e Pipe number preservation.
Barcode reading (Appendix A).
Pipe surface visual inspection for dents, laps, defective bevels and any other defects. Defective pipe shall
be marked for future identification and damage report shall be sent for client notification.

e The internal pipe surface is visually checked for contamination with oil or grease. If contaminated pipes
are detected they are send for cleaning according to SSPC SP-1 standard.

e Ambient conditions (air temperature, refative humidity) and the steel surface temperature are measured
and compared with the Dew Point. Pipe temperature before blasting shall be 3°C higher than Dew Point.
The relative humidity shall be less than 85%. In case that moisture is present on the internal pipe surface
or the pipe temperature is too low, LPG burners are used for moisture removal and pre-heating of the pipe
before blasting.

3.2 Surface preparation / inspection
The interior pipe surface is subjected to abrasive cleaning using dry blasting techniques.

The following inspections are taking place after blasting in accordance to relevant Inspection and ITP latest
revision and Project Specification 10760-SPC-CP-P0-003 Rev.4:

e The conductivity of abrasive material shall be less than 60mS/cm according to ASTM D4940.

The height of the surface profile attained shall be within 30um and 60um, as measured in accordance
with the requirements of ISO 8503-4 (Stylus method).

e Before coating, the pipe surface is cleaned from dust, residues of abrasive process and foreign matter
using clean dry compressed air free of oil. The blasted surface is checked according to 1ISO 8502-3 for
dust contamination (size and quantity) with class 2 or better. If contamination or dust is observed, the pipe
shall be reprocessed.

e The cleanliness of the surface of each pipe shall be a minimum of SA 2  (near-white metal) according to
ISO 8501-1.

e The salt contamination level is checked using SCM400 salt contamination meter and shall be less than
20mg/m?.

o Systematic visual inspection of the clean surface is also performed. Slight surface imperfections (e.g.
slivers, laminations, scratches etc), can be removed by superficial grinding provided that the final surface
has a smooth contour and the remaining wall thickness is within the acceptable tolerances. Treated areas
greater than 10cm? shall be prepared to provide a profile with the above specified roughness. If the
grinding area required exceeds these limits, the pipe shall be re-blasted.

Following surface preparation, the surface being coated shall not be exposed for a Iength Qt tima that qan result in
flash rust and under no circumstance shall the time be more than 4 h. < NN
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3.3 Internal coating application

After blasting, pipes are internally coated through the nozzles that are mounted at the end of a long arm. The
nozzles are stable and spraying the paint onto the internal pipe surface as the pipe travels and rotates along the
arm. The cured film thickness (DFT) shall be minimum 75um.

Full traceability of the batch numbers of the materials used is maintained as the batch number of each material fed
for consumption is recorded together with the time of feeding on the “Materials Consumption Sheet’ issued every
shift (Appendix A). Viscosity test is performed on the mixed paint at each new mix and at lining interruptions.

3.4 Accelerated curing

The internal coated pipes are transported immediately in the curing room where warm air is entering to them and
removes the volatiles. The pipes are remaining in the curing room for about 30 minutes at a temperature 25-50°C.
During initial accelerating curing the air temperature shall not exceed 100°C.

3.5Internal cut-back preparation

Lining material is removed from both pipe ends with the use of masking tapes, allowing for a cut-back area with a
clear finish. Cut-back length shall be 20£5mm.

4, INSPECTION AND TESTING
4.1 General

Inspection and testing shall be carried out in accordance with this MPS, and relevant project specific ITP latest
revision, and meet the requirements of Project Specification 10760-SPC-CP-P0-003 Rev.4.

4.2Visual inspection

Each lined pipe is visually inspected for the detection of any surface defects such as irregularities, sags, runs,
blisters, pinholes, etc. Coating should be uniform without any surface defects or damages.

4.3 Thickness Measurement

The dry film thickness of the coating is measured using non-destructive methods according to Project Specification
10760-SPC-CP-P0-003 Rev.4. Thickness, measurements are taken at both pipe ends (as a minimum 8 readings).
Thickness, measurements are taken at both pipe ends (as a minimum 8 readings). The infected areas shall be
repaired.

Dry fim thickness measurements are performed with an electronic device based on the magnetic induction
principle (+3 % instrument accuracy). At the beginning of every shift the thickness measurement device is
calibrated using standard steel plates of similar thickness to the pipe wall by means of plastic shims of the same
thickness as the nominal coating thickness.

NOTE: The instrument shall be zeroed on a smooth, flat surface and adjusted. A series of reading shall be
taken on the unpainted abrasive blast cleaned surface to determine the correction factor: tin"taklng readings
of the painted surface. The readings obtained shall be reduced by the correction factor tc give “the-trl reading of
paint above the peaks. Ay %

(8 L))
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Wet film thickness is measured using appropriate thickness combs. The wet film thickness shall be adequate to
achieve the required DFT to produce the required dry film thickness and according to raw material supplier's
recommendations.

4.4Internal coating tests
The following tests are performed inside the internal coating mill or at the in-house laboratory:

Cross Cut Adhesion Test (test on panels)

Pinhole test (test on wet and dry paint films / glass slides)

Bend test - Conical Mandrel (test on panels)

Cure test (test on panels)

Buchholz Hardness test (test on panels): API RP 52 Table 3.5)
Surface roughness of internal coating (test on pipes)

The exact number, type and frequency of tests as well as acceptance criteria shall be according to the relevant
project specific ITP latest revision.

4.5Retesting

I failures are recorded during production control tests, the coated components produced from the last positive test
shall be deemed defective.

In such cases further appropriate testing shall be proposed and carried out with the approval of the customer.
5. REPAIR/REWORK

Pipes with unsatisfactory coating or excessive coating damages are sent for rework (stripping and re-coating). The
maximum total area for repair shall be limited to 1% of the total pipe surface.

There shall be no paint stains or drops on pipe bevels or cut-backs

Repair material to be used shall be compatible with the original coating and it shall be applied according to
supplier's recommendations and procedures.

Each repair is recorded on the relevant repair report issued every shift.

6. MARKING

All pipes, which have successfully passed all inspections and controls, are marked according to the requirements
of the relevant project specific TP latest revision.

7. HANDLING / STORING

Coated pipe shall be handled in a manner that avoids damage to the pipe, pipe ends and coating. At the exit of the
mill, pipes are lifted by cranes using nylon belts; they are loaded on tracks and transported fo.the storage area.
Alternative the pipes can be handled by forklifts with protected forks. 1 R

Any pipe that is damaged during handling shall be repaired in accordance with §5.

8. FINAL DOCUMENTATION

\\
For the final product shall be issued a mill test certificate in accordance to EN 10204 / 3"\1'_
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APPENDIX A
TRACEABILITY OF PIPES AND COATING MATERIALS

A.1. SCOPE

The scope of this chapter is to describe the tracking system that is used by Corinth Pipeworks to ensure full
traceability of pipes and coating materials during coating activities of ICGB project. Traceability of test specimens
for coating is also mentioned.

A.2. PIPE IDENTIFICATION PRIOR TO COATING

After quality control inspection of produced bare pipes, their information including pipe number, OD, wall thickness,
grade, length, weight and heat number is entered to the SAP system of Corinth Pipeworks. Thereafter, for each
pipe a magnetic barcode label with pipe number information is printed for better handling and tracking purposes.
This label is placed on the internal surface of one pipe end of each pipe by the quality control personnel of the pipe
mill.

A.3. TRACEABILITY SYSTEM AT COATING MILL

A.3.1 COATING ENTRANCE

Each pipe that it is entering in the coating mill is barcode scanned by the pipe handling operator. This operation is
managed by a special level || software named Pipecoating that communicates directly with SAP ERP (Figure 5).

At the SAP the status of pipes that have been entered in the coating plan changes to Coating In Progress. The
operator is also checking that the pipe number is legibly written in the internal surface of the pipes.
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A.3.2 EXTERNAL PIPE BLASTING

Pipes that pass the external blasting operation are transferred to the bare inspection station for quality control
inspections according to relevant ITP. Pipes with acceptable inspection results are again barcode scanned by the
quality control inspector and are released for coating. The barcode label is removed from pipes to be coated. Pipes
that do not meet the inspection requirements are returned to coating entrance in order to be re-processed.

A.3.3 INDUCTION HEATING

After external blasting the pipes’ sequence is recorded by barcode reading. With the use of a pipe sensor prior to
pipe temperature monitoring, is also achieved the real time correlation of measuring temperature to each individual
pipe. The pipe pre-heating temperature is continuous monitored by two optical pyrometers before and after FBE
application. Corinth Pipeworks S.A. has developed a special temperature control program in order to manage the
data of both pyrometers and induction coil(s), keeping separate records for each pipe (Figure 6).

Figure 6: Barcode reading and temperature control program for optical pyrometers

A.3.4 COATING

A.3.4.1 IDENTIFICATION OF COATING MATERIALS

During coating material receipt the quality control of the yard is controlling the identification marking of each
package according to §2.3. The packages with missing or incorrect information are marked and transferred at a
separate designated area for further investigation.

Coating material information including material type, batch number and weight is entered to SAP ERP system by
warehouse manager. 7S _S. \\

A.3.4.2 CONSUMPTION OF COATING MATERIALS

The operator that feeds the coating materials in the silos for consumption keeps records of .I' m (ha ) in, tﬁe,f
Consumption Report of Coating Materials, issued per shift. The records include the type f cons matenal
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batch number, weight, time and date of consumption. This information is also electronically recorded in the
Pipecoating software (Figure 7).

The correlation of consumed coating materials to each individual pipe is performed using the same system that is
used for tracking the pre-heating temperature of pipes but taking in to consideration a time delay equal to the time
that is needed for each coating material to travel from the silo to the pipe.
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Figure 7: Coating material consumption screen of Pipecoating software

A.3.4.3 IDENTIFICATION AND TRACKING OF SAMPLES FOR COATING TESTING

Each sample that is extracted from a coated pipe for testing is identification marked by quality control personnel.
The marking on samples includes as a minimum the pipe number, coating process sheet number, shift and date of
coating (Figure 8). Quality control inspector keeps full hard records of testing information in the Coating Inspection
and Test Report that is issued per shift. Sampling information is also entered to Pipecoating software in order to
maintain tracking of samples during testing.

The coated pipes are released for shipment per production shift according to the test results. When all tests are
completed with acceptable results (according to the relevant ITP) and the respective testing per production shift
are released, the quality status of coated pipes in the SAP system changes to Accepted by the quality control
manager.
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Figure 8: Sample’s marking on coated pipe for destructive testing

A.3.4.4 TRACKING OF PIPES THAT NEEDS COATING REPAIR OR STRIPPING

The pipes that have to be repaired or stripped are recorded in the Coating Repair/Rework Report and also in the
Pipecoating software. Coated pipes that need repair or stripping are transferred and temporarily stored at separate

designated areas.

A.3.5 COATING EXIT

The pipes before leaving the coating plant shall bear all the required external identification marking (according to
the relevant ITP) and at least the pipe ID in order to maintain the traceability during the internal coating operations.
At the exit of the coating plant the operator keeps hard records of the pipes that leaving and also enters them to
the Pipecoating software. New magnetic barcode label is also printed and placed in the internal surface of each

pipe (one pipe end).
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