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1.  INTRODUCTION

This specification has been prepared for use in the works carried out by the General
Directorate of State Hydraulic Works.

This specification defines the manufacturing, technical characteristics, inspection and testing
methods, installation conditions, storage, and transportation requirements of spiral, longitudinally
welded, or seamless circular-section steel pipes and fittings, which are to be coated or uncoated on
internal and external surfaces in accordance with the relevant standards, whether buried or laid
exposed, for use by the General Directorate of State Hydraulic Works.

2.  TERMS AND DESCRIPTIONS

Nominal diameter (DN) : The symbol consisting of letters and numbers, expressed in mm,
representing the diameter and used for reference purposes, to define the diameter of a steel pipe/fitting
between its inner and outer diameters.

Anode : The electrode (metal) that donates electrons to the pipeline in the corrosion mechanism,
where the oxidation reaction occurs.

Fitting : A special-shaped water conveyance component such as elbow, 90° double branch (tee),
flange (see Water Control Elements General Technical Specification, clause 4.1.8), 90° triple branch
(cross), reducer, branch fittings, dismantling piece, expansion joints, transition piece, etc.

Steel pipe : A circular-section water conveyance element manufactured as spiral, longitudinally
welded, or seamless, either coated or uncoated on internal and external surfaces in accordance with
the relevant standards, to be laid either buried or exposed, as specified in the special technical
specification.

External coating : The protective material applied to the external surface of a steel pipe/fitting to
prevent corrosion and mass loss.

Welded pipe : A pipe produced using one of the EW, HFW, or SAW welding methods.

Seamless pipe (S) : A pipe manufactured through a hot-working process that produces a circular
product without weld seams.

Electric arc welding (EW) : A manufacturing process where heat is generated by resistance to
electric current, producing a joint by resistance or induction welding.

Internal coating : The protective material applied to the internal surface of a steel pipe/fitting to
prevent corrosion and mass loss.

Cathodic protection : An electrochemical method used to prevent or control the corrosion of metallic
structures buried in soil or partially/fully immersed in liquid.



Corrosion: The adverse change in physical, chemical, and mechanical properties of metals and
alloys due to chemical and electrochemical reactions with their environment.
Sample analysis: The chemical analysis of the plate used in the manufacture of a pipe/fitting.

Special manufacturing: The production of steel pipes/fittings of any thickness and diameter that
cannot be manufactured/transported at the production facilities of at least three manufacturers
certified by the General Directorate of State Hydraulic Works, provided that such inability is
declared by the manufacturers and approved by the Administration.

Reference electrode: An electrode made by immersing pure copper metal into a saturated copper
sulfate solution (CuSOs), with a potential of —0,316 V against a standard hydrogen electrode, whose
potential does not change when current passes between the metal and the electrolyte.

Submerged arc longitudinal welding (SAWL): A manufacturing process in which the
longitudinal weld seam is made using the submerged arc welding method.

Submerged arc welding (SAW) : An electric arc welding method carried out under a protective
flux.

Submerged arc spiral welding (SAWH): A manufacturing process in which the spiral weld seam
is made using the submerged arc welding method.

Product certification: A document, prepared and signed by the steel manufacturer, containing the
physical and chemical test results of the product.

High frequence welding (HFW): An EW process specially produced using a welding current
frequency equal to or greater than 100 kHz.

Soil: The medium consisting of natural formations such as rock, gravel, sand, and soil in the earth’s
crust, including the liquids within them.
These terms refers to the definitions above.



3. GENERAL PROVISIONS

Steel pipes/fittings shall be manufactured in accordance with the principles specified in this
specification and its annexes.

The pipe manufacturer shall possess:

A valid TS EN 10217-1/3 or TS EN 10216-1/3 Certificate of Conformity covering the pipe
diameters to be supplied,

TS EN ISO 21809-1 Standard Certificate of Conformity for PE external coating,

TS EN 10339 Standard Certificate of Conformity for internal epoxy coating,

TS EN 10289 Standard Certificate of Conformity for external epoxy coating,

TS EN 10290 Standard Certificate of Conformity for polyurethane coating,

TS 11348 EN 10240 or TS EN ISO 1461 Standard Certificate of Conformity for galvanized
coating,

Accreditation by a national/international accreditation body for laboratories authorized to
determine the performance of pipes and coating applications, TS EN ISO/IEC 17025 Accreditation
Certificate for the required tests during production and inspection stages,

For non-metallic materials in contact with water, a Certificate of Conformity from an
internationally accredited institution or a test report obtained from TUBITAK Marmara Research
Center, showing suitability for potable water at 23 & 2 °C in accordance with BS 6920 or equivalent
standards,

TS EN ISO 9001 Quality Management System Certificate,

TS EN ISO 14001 Environmental Management System Certificate,

TS 1SO 45001 Occupational Health and Safety Management System Certificate.

The fitting manufacturer shall possess:

A valid TS 2649, TS 9341 EN 10224, TS EN 10253-1/2, or AWWA C 208 Certificate of
Conformity covering the diameters of the fittings to be supplied,

TS EN 10339 Standard Certificate of Conformity for internal epoxy coating,

TS EN 10289 Standard Certificate of Conformity for external epoxy coating,

TS EN 10290 Standard Certificate of Conformity for polyurethane coating,

For non-metallic materials in contact with water, a Certificate of Conformity from an
internationally accredited institution or a test report obtained from TUBITAK Marmara Research
Center, showing suitability for potable water at 23 + 2 °C in accordance with BS 6920 or equivalent
standards,

TS EN ISO 9001 Quality Management System Certificate,

TS EN ISO 14001 Environmental Management System Certificate,

TS 1SO 45001 Occupational Health and Safety Management System Certificate.

The special manufacturing producer shall possess:

TS EN 10339 Standard Certificate of Conformity for internal epoxy coating,

TS EN 10289 Standard Certificate of Conformity for external epoxy coating,

TS EN 10290 Standard Certificate of Conformity for polyurethane coating,

For non-metallic materials in contact with water, a Certificate of Conformity from an
internationally accredited institution or a test report obtained from TUBITAK Marmara Research
Center, showing suitability for potable water at 23 £ 2 °C in accordance with BS 6920 or equivalent
standards,



TS EN ISO 9001 Quality Management System Certificate,
TS EN ISO 14001 Environmental Management System Certificate,
TS 1SO 45001 Occupational Health and Safety Management System Certificate.

These certificates shall be obtained from the Turkish Standards Institute or from an accredited
institution.

Calibration of measuring devices shall be carried out at least once a year.

If specified in the special technical specification, the requirement for suitability of the coating
material for potable water shall not be sought.

In case of any contradiction between various standards and the provisions of this specification,
the provisions of this specification shall prevail.

Each production line of the pipe manufacturer shall be equipped with portable or fixed
technology-based thickness measuring devices in order to measure the wall thickness after pipe
cutting at least at two opposite points along the circumference in each pitch. The measured values
shall be recorded in the control form by linking them with the pipe register.

The special manufacturing producer shall possess at least one portable calibrated ultrasonic
measuring device for thickness measurement and at least one optical emission spectrometer device
for chemical analysis. These devices shall be calibrated at least twice a year.

The pipe/fitting/special manufacturing producer shall submit to the Administration type 3.1
Inspection Certificates, prepared in accordance with TS EN 10204 standard, declaring that the
pipes/fittings, steel sheets, and coating processes conform to the requirements specified in the
specification.

The pipe/fitting/special manufacturing producer shall prepare a quality plan based on the
product certificate provided by the steel sheet manufacturer and in accordance with TS EN 10217-1
or the relevant standard, and shall confirm with inspections that the production has been carried out
in compliance with this quality plan.

The production shall be traceable retrospectively. This traceability process shall include the
material batch number, material incoming quality control document, product certificate, production
records (work order, production, quality control stages, production machine, production date, etc.),
and process control test records.

Each pipe/fitting shall be assigned a unique register number. For each pipe/fitting, a register
shall be kept, showing the manufacturer’s name, production date, register number, and the results and
reference values of all tests conducted on the pipe/fitting itself and/or on samples representing the
group of pipes/fittings. These registers shall be filed and one copy shall be submitted to the
Administration along with the progress payment statement on which payment will be made.

The construction audit organization shall record the coordinates describing the location of
each installed pipe/fitting or special fabrication together with its register number.

The manufacturer shall notify the Administration of the planned production start and
completion dates before commencing manufacture. The Administration may carry out inspections at
the manufacturer’s facilities at any stage of the production without prior notice.



In the Test Reports prepared by accredited laboratories, if the measurement results are outside
the reference value range specified in the specification, the related measurement shall be highlighted
in the Test Report with a different font/color/shape.

The Administration may, if necessary, have the entire production checked by independent
inspection companies or by assigning a technical staff member permanently at the production facility.

The pipe/fitting manufacturer shall procure flat steels (sheets) together with their certificate,
which shall at minimum include: the manufacturer’s name and address information, lot number or
heat number or product-identifying information ensuring traceability of the production batch, the
numbers of the international and national standards applied to the production batch, the number of
the inspection or test report belonging to the production batch, the physical and chemical properties
specified in the relevant standard regarding the product’s manufacture and the inspection results
meeting the required values for these properties, the product certificate identification code, date of
issuance, and approval by the authorized personnel.

The pipe manufacturer shall have the following manufacturing, inspection, and testing
systems:
Plate straightening machine,
Continuously operating ultrasonic lamination inspection system during production,
Continuously operating beveling machine during production,
Continuously operating ultrasonic weld seam inspection system during production,
Digital radiographic weld seam inspection system,
Automatic systems for heat treatments specified in the standard, if required by the Special
Technical Specification,

7. Testing system for performing the hydrostatic test of each pipe diameter in accordance
with the standard,

8. Sandblasting unit for surface preparation,

9. Internal/external coating systems,

10. Laboratory accredited with TS EN ISO/IEC 17025 for inspections and tests, 11.

11. Calibrated weight measurement system,

12. Calibrated instruments and hand tools used in pipe and coating inspection and testing.

ogakrwdE

The fitting manufacturer shall have the following manufacturing, inspection, and testing
systems:
1. Ultrasonic lamination testing system,
2. Beveling machine,
3. Non-destructive weld seam inspection system:
3.1. Ultrasonic testing
3.2. Radiographic testing
3.3. Liquid penetrant testing
3.4. Magnetic particle testing
3.5. Eddy current method
4. Automatic systems for heat treatments specified in the standard, if required by the Special
Technical Specification,
Testing system for performing the hydrostatic test,
Sandblasting unit for surface preparation,
Internal/external coating systems,
Calibrated weight measurement system,
Calibrated instruments and hand tools used in pipe and coating inspection and testing.

©wWooN U



The laboratory shall be equipped with the following measuring devices:

ONoGa~WONE

Tensile/compression/bending testing device,

Impact test device,

Hardness testing device,

Portable ultrasonic wall thickness measuring device,

Portable ultrasonic weld seam inspection device,

Circumferential diameter and ovality measurement device (lasermeter)
Coating test device (depending on coating type: adhesion, peel, holiday, etc.),
Spectrometer device.

The pipe and fitting manufacturer shall submit to the Inspection and Testing/Acceptance
Commission the following:

1.

wmn

2

Coating Material Technical Data Sheet (APS), including the technical properties of all
types of coating and primer materials, storage conditions, surface preparation method,
and coating application,

Document indicating the expiry date of the coating material,

Coating Material Safety Data Sheet,

Coating Application Instruction, prepared based on the Coating Material Technical Data
Sheet and the relevant standard, including all stages of the application, method, and
equipment,

Procedure Qualification Test (PQT), prepared for verifying before production that the
necessary devices, equipment, and personnel are sufficient to produce a coating of the
specified properties, and for applying the coating and later examining and testing its
properties,

All initial type (performance) and production qualification test documents performed
according to the relevant standard and obtained from the coating manufacturer,
Inspection and Test Plan (ITP), covering valid standards or implementation procedures,
test frequency, inspection and testing activities, acceptance criteria, and procedures to be
followed in case of nonconformities,

Document showing that the internal coating is compliant with potability requirements

If UV resistance is required for external coating in the Special Technical Specification,
test documents demonstrating UV resistance.

The pipe/fitting manufacturer shall prepare and deliver to the contractor, unless otherwise
specified in the Special Technical Specification, the coating material required for coating the joints
after the field assembly, together with the pipe/fitting, in accordance with storage conditions.

10



4. MATERIAL PROPERTIES

In steel pipe manufacturing, coil or plate steel in grades P235 TR1, P265 TR1, P235 TR2,
P265 TR2 according to TS EN 10217-1 or grade P355N according to TS EN 10217-3 shall be used
depending on the manufacturing method. For fittings or special manufacturing, plate steel of the same
“P” grade shall be used.

The chemical composition and mechanical properties as well as inspection and testing of non-
alloy and alloyed seamless pipes shall be carried out according to TS EN 10216-1/3.

The wall thickness tolerance of plate steel used for steel pipe, fittings and special fabrication
shall be within the limits specified in Table 4 according to TS EN 10051.

The chemical composition of the steel to be used shall comply with Table 1, and the
mechanical properties shall comply with Table 2 and Table 3. The steel manufacturer shall take all
measures to prevent the addition of undesirable elements originating from other materials or scrap
used in production.

Table 1 : Chemical composition of steel (by mass (%))

Steel grade C Si Mn P S Nb Ti V | Nb+Ti+
Steel name/ Number | max | max | max | max | max | max | max | max max
P235TR1 1.0254 | 0,16 | 0,35 | 1,20 0,025 | 0,02 | 0,01 | 0,04 | 0,02 0,07
P235TR2 1.0255 | 0,16 | 0,35 | 1,20 0,025 | 0,02 | 0,01 | 0,04 | 0,02 0,07
P265TR1 1.0258 | 0,20 | 0,40 | 1,40 0,025 | 0,02 | 0,01 | 0,04 | 0,02 0,07
P265TR2 1.0259 | 0,20 | 0,40 | 1,40 0,025 | 0,02 | 0,01 | 0,04 | 0,02 0,07
P355N 1.0562 | 0,20 | 0,50 | 1,70 |0,025 | 0,02 | 0,05 | 0,03 | 0,10 0,12

Steel grade Cr Cu Mo Ni |Cr+Cu+Mo+Ni Altotal
Steel name/ Number | max |max max | max max min
P235TR1 1.0254 | 0,30 | 0,30 | 0,08 | 0,30 0,70 -
P235TR2 1.0255 | 0,30 | 0,30 | 0,08 | 0,30 0,70 0,02
P265TR1 1.0258 | 0,30 | 0,30 | 0,08 | 0,30 0,70 -
P265TR2 1.0259 | 0,30 | 0,30 | 0,08 | 0,30 0,70 0,02
P355N 1.0562 | 0,30 | 0,50 | 0,02 | 0,50 1,32 0,02

Table 2 : Mechanical properties of steel — 1

Steel grade
Upper yield strength (ReH) (MPa) Tensile strength

Steel name/ Number wall thickness <16 | 16 <wall thickness <40 (MPa)

P235TR1 1.0254 235 225 360 ~ 500
P235TR2 1.0255 235 225 360 ~ 500
P265TR1 1.0258 265 255 410 ~ 570
P265TR2 1.0259 265 255 410 ~ 570
P355N 1.0562 355 345 490 ~ 630

1 MPa =1 N/mm?=1.000 kPa = 1.000 kN/m? = 10 bar = 9,81 kgf/cm?

11



Table 3 : Mechanical properties of steel — 2

Steel grade Minimum elongation (%) Minimum average absorbed energy (kVJ)
Steel name/ Number |longitudinal | horizontal | 0 °C (longitudinal) |-10 °C (longitudinal) | 0 °C (horizontal)
P235TR1 1.0254 25 23 - - -
P235TR2 1.0255 25 23 40 28 27
P265TR1 1.0258 21 19 - - -
P265TR2 1.0259 21 19 40 28 27
P355N 1.0562 22 20 47 31 35

In locations where the monthly average seasonal temperature is below -10 °C, TR2 grade
steel shall be used for non-buried pipe/fitting.

The manufacturer shall keep on record the certificate of the steel plate to be used, and this
certificate shall be included as an annex to the minutes to be prepared by the inspection committees.

The Administration may control the production at every stage and may have the material tests
repeated when deemed necessary. If the difference between the values declared in the certificate of
the plate and the values found as a result of the test exceeds that specified in the specification, the
plate manufacturer shall be subjected to monitoring. Steel pipe/fitting manufacturers shall not procure
material for a period of 3 years from plate manufacturers who have been subjected to monitoring for
being defective three times. During inspection and acceptance procedures, if it is determined that the
manufacturer used this product, the manufacturer’s certificate of conformity shall be revoked. The
manufacturer shall be responsible for all consequences arising from this situation.

The steel pipe/fitting manufacturer shall submit the lamination measurement results of the
steel plate used to the inspection and acceptance committees.

12



5. MANUFACTURING
5.1. General

Pipe/fitting ends; with bevel angle (o) 30° -0+5°, root face (c¢) 2 = 0,4 mm; for wall thickness
t <20 mm (TSE ISO 9692-1 Table 1-R1.3) in accordance with Figure 1, shall be produced with

bevel only on the outer surface, and for wall thickness t > 20 mm (TSE ISO 9692-1 Table 2-R2.4)
in accordance with Figure 2, shall be produced with bevel on both surfaces.

Figure 1 Figure 2

In case it is specified in the special technical specification, different bevel shapes may be
applied for special production pipe/fitting according to TSE 1SO 9692-1.

The ends of the pipe/fitting shall be delivered cut perpendicular to the pipe axis and beveled,
and no burrs shall be present at the ends. Unless otherwise specified in the special technical
specification; pipe/fittings with DN200 and smaller diameters may be produced with flanges at the
manufacturer’s plant.

The surface of the pipe/fitting shall be smooth and clean, and shall not have scratches, scale,
cracks, dents, scars, burrs, laminations, pitting, etc. surface defects.

The pipe/fitting bevel ends shall be protected with a tight-fit sheet shield; and all outlet ends
of the pipe/fitting up to DN700 (inclusive) shall be delivered with plugs installed. The shield and
plugs shall not be removed until installation in the trench. This material shall be removed from the
construction site by the contractor after the installation is completed.

In galvanized threaded pipes, one end of the pipe shall be delivered with a coupling installed
and the other end with a plug.

The manufacturer shall take necessary measures during the transportation of the pipe/fitting
to prevent ovalization without damaging the coating (by using wood, steel, plastic spacers, etc.).

The outer diameter and wall thickness of the pipe/fitting shall be delivered in accordance
with Table 4.

13



Table 4: Outside diameter and wall thickness tolerances

Outside diameter | Manufacturing Outside diameter (D) tolerance
(mm) method (mm)
<219,1 EW and HFW (£1%; + 0,50 mm) whichever is bigger
>219,1 EW and HFW (£0,75%; + 6,00 mm) whichever is smaller
All diameters SAW (£0,75%; + 6,00 mm) whichever is smaller

Wall thickness (t) tolerance (mm)

Plate width (w) w <1200 1200 < w < 1500 < w < w > 1800
(mm) 1500 1800
e | 22 s 22 22
==| & |==| & |=Z=| & |==| @&
o o o o A o ot o o o A
= o = =% = b = e,
Wall thickness (t) AR - ‘o o o
(mm) S NS g A g A
t<2,00 +0,17 | £0,20 | £0,19 | £0,22 | £0,21 | +£0,24 - -

2,00 <t<2,50 +0,18 | +0,21 | £0,21 | +0,24 | £0,23 | £0,26 =0,25 | +0,29

2,50 <t<3,00 +0,20 | +0,23 | £+0,22 | +0,25 | £+0,24 | £0,28 0,26 | +0,30

3,00 <t<4,00 +0,22 | +0,25 | £0,24 | +0,28 | £0,26 | £0,30 =0,27 | +0,31

4,00<t<5,00 +0,24 | +0,28 | £0,26 | +0,30 | £0,28 | £0,32 =0,29 | +0,33

5,00 <t<6,00 +0,26 | +0,30 | £0,28 | +0,32 | £0,29 | £0,33 =0,31 | +0,36

6,00 <t<8,00 +029 | +033 |+030 | 0,35 | +£0,31 | +0,36 0,35 | £0,40

8,00<t<10,00 +0,32 | +0,37 | £+0,33 | +0,38 | £0,34 | +£0,39 £ 0,40 | +0,46

10,00 <t < 12,50 +0,35 | +040 | +0,36 | +0,41 | £+0,37 | £0,43 =0,43 | +0,49

12,50 <t <15,00 +0,37 | £0,43 | £0,38 | £+0,44 | £0,40 | £0,46 |+ 0,46 + 0,53

15,00 <t < 25,00 +040 | +046 | +042 | +048 | £0,45 | £0,52 =0,50 | +0,58

The reduction/increase in wall thickness caused by surface defects shall be within the
tolerance of the wall thickness of the pipe/fitting.

The tightness of the pipe/fitting shall be verified by hydrostatic test.

In case the material is supplied by the Administration and delivered to the manufacturer; in
the calculations to be made by the Administration, a total of 4% by weight loss shall be taken into
account for adjusting the dimensions of the material coil, straightening the ends, and preparing the
welding edge. The loss shall be delivered to the Administration at the time of delivery of the pipes.
The weight of the welding filler material of uncoated steel pipe shall be taken as 2% of the net
weight of spiral welded pipe, and 1% of the net weight of longitudinal welded pipe in the
calculations.

For the detection of planar defects (laminations) of the pipes, continuous defect detection
shall be carried out on at least 40% of the pipe surface area. Automatic ultrasonic testing of seamless
and welded pipes/fittings shall be carried out according to TS EN I1SO 10893-8, and automatic
ultrasonic testing for the detection of planar defects in strips/plates used in the production of welded
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steel pipes shall be carried out according to TS EN I1SO 10893-9. Lamination defects shall not
exceed 15 mm in transverse direction and 60 mm in longitudinal direction.

The out-of-roundness “O”, outside diameter “D” (mm), wall thickness “t” (mm), maximum
outside diameter measured in the same plane “Db” (mm) and minimum outside diameter “Dk”
(mm), shall be determined by the equation “O = 100 . (Db — Dk) / D”. Out-of-roundness shall be
within diameter tolerance limits for pipes with outside diameter D < 406,4 mm, and for pipes with
outside diameter D > 406,4 mm, it shall not exceed 2% of the outside diameter for D/t < 100, and
3% of the outside diameter for D/t > 100.

The difference between the axes of the pipe/fitting ends to be joined in vertical and horizontal
direction shall not exceed 2 mm.

The pipe/fitting shall be manufactured to have a minimum service life of 50 years.

The manufacturer/contractor shall take additional measures approved by the Administration
for the manufacture of pipe/fitting at ambient temperatures below 5 °C.

5.2. Steel pipe manufacturing

Steel pipes shall be manufactured in accordance with TS EN 10217-1 and TS EN 10217-3,
suitable for butt welding.

Unless otherwise specified, seamless non-alloy and alloy steel pipes within the scope of the
specification shall be manufactured, inspected and tested in accordance with TS EN 10216-1 and
TS EN 10216-3.

Steel pipes shall be manufactured as longitudinal, radial or spiral welded or seamless (S),
by electric welding (EW), high-frequency welding (HFW) or submerged arc welding (SAW)
methods.

Pipes between DN20 (inclusive) and DN200 (exclusive) shall be electric-welded,

Pipes between DN20 (inclusive) and DN300 (inclusive) shall be seamless,

Pipes between DN200 (inclusive) and DN4000 (inclusive) shall be spiral submerged arc
welded (SAW); they shall be manufactured in the producer’s facilities in accordance with TS EN
10217-1/3 and TS EN 10216-1/3.

Pipes with diameters larger than DN4000 shall be manufactured at site or at producer’s
facilities with radial and longitudinal electric welded seams, depending on a design project.

Pipes manufactured with SAW shall have at least one pass of welding inside and outside.

In pipes manufactured spirally as SAWH, the plate used shall have a width of at least 0,8
times the pipe outside diameter for pipes smaller than DN1800 (inclusive).
For pipes larger than DN1800, coil/plate width of at least 1500 mm shall be used.

In seamless pipes to be manufactured in accordance with TS EN 10216-1/3, no
internal/external surface defects detectable by visual inspection shall be present, and
internal/external surface finishing of pipes shall conform to the manufacturing process and, where
applicable, to the type of heat treatment applied. Surface defects shall only be removed by grinding
and machining, provided that the minimum wall thickness specified is not reduced.
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Surface defects that reduce the wall thickness below the specified minimum shall be
considered defects, and such pipes shall be rejected.

Steel pipes shall be manufactured in lengths of 6, 8, 12 or 13,5 m in the manufacturer’s
facilities. Pipe lengths shall not be less than those specified in the specification but may be up to
50 mm longer. Subject to a special design project provided by the Administration, manufacturing
may be carried out in lengths other than these. Up to 10% of the total ordered pipe length may, at
the manufacturer’s option, be of any length between 6 and 13,5 m.

All manufactured pipes shall be subjected to hydrostatic test in the production plant before
coating to verify their tightness. The test pressure to be applied shall be determined in accordance
with clause 6.2.7 of this specification.

All pipes shall have their surface finishing completed, shall be free from visible defects and
their conformity shall be verified by all specified tests.

The straightness deviation of any pipe length (L) shall not exceed 0,0015L, and the
deviation in straightness of any one-meter section of pipe shall not exceed 3 mm.

Except for those used in dam sluice outlets and power station inlet suction parts, in pipes
manufactured as SAWH, plate coils may be joined by welding; these welds and their intersections
shall be subjected to 100% radiographic NDT. In SAWH pipes, coil welds shall never be closer
than 500 mm to the pipe ends.

The mass per unit length of the pipe “M” (kg/m), with outside diameter “D” (mm) and wall
thickness “t” (mm), shall be determined using the equation “M = 0,02466 - (D —t) - t”, provided
that measured values are within tolerance limits, using the outside diameter and wall thickness
corresponding to the nominal diameter.

Steel pipes shall be classified by nominal diameter and wall thickness. The relation between
the nominal diameter and the outside diameter of the pipe shall conform to Table 5.

Table 5 : Relation between nominal diameter and outside diameter

DN D DN D DN D
Nominal Outside Nominal Outside Nominal Outside
diameter |diameter (mm) diameter | diameter (mm) diameter  |diameter (mm)

20 26,90 200 219,10 800 813,00

25 33,70 250 273,00 850 864,00

32 42,40 300 323,90 900 914,00

40 48,30 350 355,60 1000 1.016,00

50 60,30 400 406,40 1050 1.067,00

65 76,10 450 457,00 1100 1.118,00

80 88,90 500 508,00 1200 1.219,00

100 114,30 600 610,00 1300 1.321,00
125 139,70 700 711,00 1400 1.422,00
150 168,30 750 762,00 1500 1.524,00
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Table 5 : Relation between nominal diameter and outside diameter (continued)

D D D
DN Outside DI\.I Outside DI\.I Outside

Nominal . Nominal . Nominal :

. diameter . diameter . diameter
diameter diameter diameter

(mm) (mm) (mm)

1600 1.626,00 2300 2.337,00 3000 3.048,00

1700 1.727,00 2400 2.438,00 3200 3.251,00

1800 1.829,00 2500 2.540,00 3400 3.454.,40

1900 1.930,00 2600 2.642,00 3600 3.657,60

2000 2.032,00 2700 2.743,00 3800 3.860,80

2100 2.134,00 2800 2.845,00 4000 4.064,00

2200 2.235,00 2900 2.946,00

5.3. Fitting manufacturing
5.3.1. General

Fittings with DN4000 and smaller diameters shall be manufactured in the factory of the
pipe/fitting manufacturer.

Non-standard designed and manufactured fittings shall be considered as special-
manufacture fittings.

Special fabrication fittings larger than DN2500 may be manufactured in a workshop to be
established at the site under the conditions specified in this specification. In this case, the
manufacturing process shall begin after the approval by the Administration of the architectural
project of the workshop layout and the painting and sandblasting facilities together with the
equipment layout. All of these manufactures shall be subjected to weld inspection by radiographic
method.

The project, calculation report, and inspection method of the special-manufacture fitting
shall be approved by the Administration before manufacturing begins.

The fitting shall be of the same material grade as the pipe.

In special-manufacture fittings, preparation of the weld bevel shall be carried out in
accordance with TS EN 1SO 9692-1/2.

If the fitting and the pipe are of the same material and diameter, a welded joint shall be
made.
The fitting shall be connected with a flange to the water control element or to pipes made of
different materials. The flange properties shall comply with clause 4.1.8 of the General Technical
Specification of Water Control Equipment.

The fitting may be manufactured from plate, seamless pipe, or pipe produced by EW/SAW
method.

The fitting shall be delivered after stress-relief treatment is performed as specified in the
relevant standard.

17



To prevent collapse of the pipe/fitting due to pressure drop or sudden external loads, a
reinforcement ring—whose dimensions shall be determined by calculation—shall be provided,
fully welded on both sides from the outside of the pipe/fitting. Welding on the pipe/fitting weld
seam shall be carried out leaving a transition clearance of R20 mm. The material of the
reinforcement ring to be used may be in the structural steel grade according to TS EN 10025-1.
Fittings embedded in concrete shall be supported with reinforcement rings.

In shape converters with diameters larger than DN1000 to be embedded in concrete, holes
and plugs for concrete pouring and injection shall be provided, and the holes shall be reinforced
with reinforcement plates.

After concrete and injection works, a circumferential sealing weld shall be made in the area
where the plugs are located, and this weld shall be ground to provide a smooth surface not
disturbing the water flow.

Reducers, angle manifolds, and section converters shall be supported with outer
reinforcement rings and internal stiffeners according to the manufacturing project to prevent
geometric deformations during transport and concreting. After concreting, these stiffeners shall be
removed from inside the fitting.

5.3.2. Elbow

The fitting manufactured in the factory shall comply with TS 2649, TS 9341 EN 10224, TS
EN 10253-1/2, while special-manufacture fittings shall be manufactured in accordance with
AWWA C208.

Fittings with DN300 (inclusive) and wall thickness less than 6,3 mm (inclusive) shall
comply with TS EN 10253-2 and shall be seamless. In these elbows, the bending radius shall not
be less than 1,5 times the elbow diameter (R/D > 1,5). In cases where the bending radius is less
than 2,5 times the elbow diameter (R/D < 2,5), calculation reports of the elbows shall be submitted
at the design stage.

Fittings larger than DN300 shall be manufactured in accordance with TS 9341 EN 10224,
and the bending radius of the elbow shall not be less than 2,5 times the elbow diameter.

The deviation from roundness of the elbow shall not exceed 0,2% of the diameter for
seamless elbows and 0,5% of the diameter for segmented elbows.

Specially manufactured elbows may be fabricated in sections using plate segments as
follows:

at least two segments when the elbow angle is between 0° and 22,5° (inclusive),

at least three segments when the elbow angle is between 22,5° and 45° (inclusive),

at least four segments when the elbow angle is between 45° and 67,5° (inclusive),

at least five segments when the elbow angle is between 67,5° and 90° (inclusive).

The wall thickness of the plate segments forming the elbow shall not be less than the wall
thickness of the steel pipe. All plate segments of the elbow shall be made of the same material as
the pipe.

5.3.3. Reducer

Reducer shall comply with TS 2649, TS EN 10253-1/2.
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The reducer may taper uniformly from large section to small section in all directions, or it
may be designed with one side straight and the other side tapering. If specified in the special
technical specification, it may also be designed eccentrically.

Reducers with DN300 and smaller diameters shall be produced seamless. Reducers with
DN greater than 300 may be manufactured from segments of minimum 0,50 m in length. Reducer
segments shall be manufactured from a single piece of plate. In cases where the wall thickness
exceeds 25,4 mm, reducer segments may be manufactured in pieces with the prior written approval
of the Administration.

The length of the reducer (L) shall not be less than 4 times the difference between inlet (Di)
and outlet (Do) diameters, L > 4. (Di- Do).

5.3.4. Manifold

The tee fitting, where the inlet and outlet diameters are equal or different and the flow
directions form a 90° angle, and the angled manifold, where the angle between flow directions is
different from 90°, shall comply with TS 2649, TS 9341 EN 10224, TS EN 10253-1/2.

Manifolds up to DN300 (inclusive) diameter and 6,3 mm (inclusive) wall thickness shall be
manufactured seamless in the manufacturer’s plant. Manifolds exceeding this diameter and wall
thickness shall be manufactured as special fabrication in accordance with AWWA C208.

Internal/external load calculations of the angled manifold shall be submitted to the
Administration.

The manifold shall be delivered with test covers, and after the testing process, these covers
shall be returned to the manufacturer/contractor.

If the ratio between the inlet and outlet diameters of the manifold is less than 0,6, a transition
piece shall be used to reach the required outlet diameter. In manifolds designed for connection of
an air/release valve, this requirement shall not apply, and a reinforcing plate shall be used at the
connection point.

5.3.5. Shape transition piece
The fitting used to provide the transition between two different geometric sections shall
have approximately the same cross-sectional area at both ends. If the change angle relative to the

pipe axis does not exceed 5°, variation of the cross-sectional area shall be permitted.

The wall thickness of the shape transition piece shall be determined based on strength
calculations considering internal and external loads as well as section and shape changes.

5.3.6. Sealing collar
To extend the leakage path between pipe and concrete passage, the sealing collar shall be
fully welded on both sides to the pipe/fitting, with no transition gap left on the pipe/fitting weld

seam.

The sealing collar shall have a minimum wall thickness of 5 mm and a minimum height of
100 mm, and leakage path calculation shall be submitted to the Administration for approval.
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For DN100 and smaller pipes/fittings used in concrete wall passages of reservoirs, pumping
stations, powerhouse buildings, and drinking water treatment plants, a single sealing collar shall be
used; for other diameters, two sealing collars shall be used.

The number, size, and locations of sealing collars shall be specified in the special technical
specification.

5.3.7. Expansion joint

The expansion joint used to absorb pipe elongation/shortening caused by thermal
expansions in the transmission line shall be manufactured by welding from steel plate. The body
strength shall be calculated considering the hydraulic forces applied to the body.

The expansion joint shall be completely leakproof.
The expansion joint shall be placed between fixed supports.

The sealing element providing tightness between the body and the compression ring shall
be 100% PTFE (teflon)-based linen braid with rectangular cross-section. The number of windings
of the sealing element shall be at least 5 for diameters smaller than DN2000, and at least 7 for other
diameters, depending on the pressure.

The surface on the body of the expansion joint where the sealing element moves shall be
covered with 3 mm thick stainless steel plate (AISI 316L). After the welding process is completed,
the sealing surfaces shall be precisely machined in accordance with TS EN I1SO 21920-1 with a
maximum surface quality of N8 (3,2 um).

Bolts and anchor rods to be used in the pressure plate and for removal of the pressure plate
shall be grade 8.8, nuts and washers shall be grade 8 galvanized steel.

Depending on the design, a part of the pipeline with DN300 and smaller diameters may be
shaped as L, Z, or 2 to manufacture the expansion joint.

If specified in the special technical specification, non-buried pipe/fitting manufacture shall
be covered with suitable insulation material to prevent being affected by temperature differences.

5.3.8. Flange

The dimensions of all flanges shall be documented as compliant with TS EN 1092-1, and
these documents shall be submitted to the Administration.

The gasket material used in flanged connections shall comply with clause 4.1.3 of the

General Technical Specification for Water Control Components; the flange connection bolts, nuts,
and washers shall comply with clause 4.1.7; the steel flange shall comply with clause 4.1.8.
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If stainless steel fastening elements are required in the special technical specification, all
bolts/screws/studs shall comply with clause 4.1.5 of the General Technical Specification for Water
Control Components.

5.3.9. Other fittings

Provided that they are included in the special technical specification and their calculations
are submitted to the Administration, other fittings such as flexible gasket, sliding support, fixed
support, branch connection, drain lines, and manhole shall be manufactured depending on the
design of the Administration and/or manufacturer.

5.4. Welding works
5.4.1. General

The manufacturer shall prepare the Welding Procedure Specification (WPS) in accordance
with TS EN ISO 15607 and TS EN ISO 15609, obtain the Welding Procedure Qualification Record
(WPQR) provided by an accredited organization showing that the test weld has been carried out in
compliance with the standards and the WPS, and that all tests in accordance with TS EN ISO
15614-1 have been performed with satisfactory results, and shall manufacture in accordance with
the WPS.

The WPS shall include: the welding method and consumables (type of filler material,
standard number, dimensions, position; type of covering material, standard number, etc.), details
of the material edge preparation before welding, method of preparation, welding density, voltage,
current and type (AC / DC), speed, number and sequence of passes on inner/outer surfaces,
temperature, process duration, type of equipment (e.g. fusion device), and if applicable, conditions
for pre/post stress relief annealing.

The manufacturer shall submit the WPS and WPQR to the Administration or to the
inspection and acceptance committee whenever requested. These documents shall be renewed
whenever any of the elements specified in the WPS are changed.

All welding operations and inspections shall be performed by personnel (welders) holding
a qualification certificate in accordance with TS EN ISO 9606-1, classified (111, 121 etc.)
according to the welding type specified in the WPS, and obtained from the Vocational
Qualifications Authority, universities, or an accredited body. The welder shall have a certificate in
accordance with TS EN 1SO 9606-1, the welding operator in accordance with TS EN 1SO 14732,
and the welding quality control specialist in accordance with TS EN ISO 9712 with Level 2 or
Level 3 certification. If the manufacturer holds a TS ISO 11484 Certificate of Conformity, Level 1
or Level 2 certificates for welder, welding operator, and welding quality control specialist may be
issued by the manufacturer. The manufacturer/contractor shall submit to the Administration the
qualification certificates of the personnel who will perform and inspect the welding.

Welding quality control may be performed by an inspection company holding a TS ISO
11484 Certificate of Conformity. The welding quality control specialist of this company shall hold
a certificate in accordance with TS EN ISO 9712 with Level 2 or Level 3 certification. The
independent inspection company, which will supervise the welding operations performed on site,
shall commence work after obtaining the approval of the Administration.
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The joining of pipe/fitting ends shall be carried out by means of movable connection rings,
collars, reinforcement elements, tack-welded inner reinforcements, or beveling guides, and the
sections shall always be joined in such a way as not to create stress.

The surfaces to be welded shall be cleaned from coating, rust, dirt, and other foreign
materials at least 50 mm inward from the welding bevel.

The weld seam shall be clean, uniform, and homogeneous, free of cracks, blowholes,
cavities, overlaps, or other defects. The connection of the welding material with the base material
shall be fully penetrated. During bending of the plate, no deformation shall occur near the weld
seam that would impair roundness. Pipes manufactured by longitudinal welding using the HFI
(High Frequency Induction) method shall have their external and internal weld burrs removed.

Full fusion shall be ensured between the welding bevel prepared in accordance with the
principles specified in Clause 5.1 and the welding material, and the weld seams shall be made on
both inner and outer surfaces. The shape and appearance of the weld seams shall comply with the
principles specified in the relevant standards.

If ultrasonic and radiographic NDT (non-destructive testing) methods cannot be applied,
magnetic particle or liquid penetrant testing shall be performed. Non-destructive welding
inspection results shall be recorded together with the serial number of the pipe/fitting and submitted
to the inspection committee upon request.

The welding quality control certificate shall be submitted to the Administration by the
manufacturer at the time of product delivery.

Welding inspection shall be carried out before the coating process begins.

No cracks visible to the naked eye shall be accepted in the weld seam during pipe/fitting
production, and repair shall not be permitted. In special manufacturing pipes, repair may be
permitted with the approval of the Administration.

Weld seams found defective during pipe/fitting production shall be repaired before being
subjected to the hydrostatic test. Weld seams found defective after the hydrostatic test shall be
repaired and, after completion of non-destructive testing, shall be subjected to hydrostatic testing
again.

Repair welding shall not be applied to eliminate surface defects such as holes, cracks,
scratches, laminations, etc. on the plate to be used in pipe/fitting manufacturing.

A defective weld seam shall be cleaned by opening at least 100 mm of the weld bevel, and
if necessary according to the defect condition, the bevel shall be widened and the weld seam
repaired.

The weld seam shall then be inspected by radiographic testing.

The length of a repaired weld seam on a pipe shall be at least 100 mm and at most 600 mm,
and the total length of repaired weld seams on a pipe shall not exceed 5% of the total weld seam
length of the pipe.

No more than three repair welds shall be permitted on a pipe, except for start/stop

conditions. No second repair welding shall be performed in a region where a weld repair has been
carried out.
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pipes

No weld repair shall be permitted within 300 mm of pipe ends.

The manufacturer shall verify that all defects identified during radiographic and ultrasonic
testing have been eliminated. The entire repaired pipe shall be re-inspected by radiographic testing.

The number of pipes subjected to weld repair shall not exceed 25% of the total number of

to be delivered.

The height of external and internal weld seams shall be as given in Table 6.

Table 6 : Weld seam height for EW and HFW pipes

Steel Grade Outside Inside
TR1 Grade 0 (trimmed) <1,50 mm
TR2 Grade /10217-3 0 (trimmed) 0 (trimmed) or
< (0,05t + 0,50 mm)

For EW and HFW pipes, after trimming the outer surface of the weld with radial
misalignment after the welding process, the remaining wall thickness in the weld (1 in Figure 3)
shall not be less than the wall thickness permitted in Table 4.

1#

Figure 3

For SAW pipes, the radial displacement of the plate or strip edges in the weld shall not exceed
the limits in Table 7.

Table 7 : Weld seam height and radial displacement for SAW pipes

Wall Inside/outside Radial displacement
thickness (mm) (mm)
t (mm) |(In Figure 4, 2 and 3)|(In Figure 4, 1 and 4)
<125 <3,00 <1,60
>125 <4,00 <0,125x t

Special care shall be

taken to ensure that the

inside and outside weld seams are aligned on the
same axis (1 in Figure 5).

5.4.2.

Pipe welding works

11 12
i i
e

Figure 4

1

- -

Figure 5

Along each weld seam, 100% ultrasonic and 20% radiographic non-destructive testing (NDT)
shall be performed. Along the repaired weld seams and intersections of weld seams, 100%
radiographic NDT shall be performed.
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Repair of weld seams in EW and HFW pipes shall not be permitted.

In SAW pipes, repair shall only be accepted if carried out with an approved Welding
Procedure Specification.

Pipe welding shall be performed with continuous weld seams.
5.4.3. Fitting welding works

Along each weld seam, 100% ultrasonic testing for preliminary inspection, followed by 100%
radiographic non-destructive testing (NDT) shall be performed.

The fitting shall be subjected to stress-relieving treatment immediately after welding. This
requirement shall not apply to special manufactured fittings.

All welds performed during fitting fabrication shall be EW or gas metal arc welding.

Welds of submerged arc welded pipes, and welds of fittings and fitting components made
from plate or strip, shall provide acceptable results in the weld bend test performed with a mandrel
of 3T or 4T diameter at the weld root and weld surface. No cracks or defects shall be permitted in the
weld metal, fusion line, heat-affected zone, or base metal edges, except for minor early damage.

5.5. Pipe coating
55.1. General

In order to protect the pipe/fitting from corrosion, coating of the type specified in the
specification and in accordance with its standard shall be applied to the internal and external surfaces.

The pipe/fitting manufacturer shall prepare the Coating Application Instruction in accordance
with the Coating Material Data Sheet of the coating manufacturer. This procedure shall include
surface preparation for coating, environmental conditions for coating, application of coating, required
methods and equipment, inspection stages, name of the coating manufacturer, code of the coating
material recommended by the manufacturer, inspection and acceptance tests, test standards, and
occupational health and safety measures. The Coating Manufacturer’s Inspection Specialist and the
pipe/fitting manufacturer’s Coating Application Specialist shall sign the Coating Application
Instruction jointly.

The coating application at the facilities of the pipe/fitting manufacturer or on site shall be
carried out by a Coating Application Specialist certified to Level 1 and shall be inspected by an
Inspection Specialist certified to Level 2. Qualification certificates shall be obtained from an
accredited body (AMPP, etc.) or from the Vocational Qualification Authority.

The Coating Application Specialist shall carry out surface preparation and coating application
in accordance with the Coating Application Instruction to ensure coating performance values. The
Coating Manufacturer’s Inspection Specialist shall inspect the coating process at the end of coating
application in accordance with the Application Specification and shall issue a report with a Coating
Follow-Up Form (Inspection and Test Plan), including confirmation that the selected coating system
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materials have been used, the application has been performed in accordance with the Coating
Application Instruction, the test results are in compliance with the relevant standard, and including
the batch number and expiration date of the coating material used.

On the surfaces to be coated, oil, dirt and similar substances that may adversely affect the
coating shall be removed before the coating process is started. On all surfaces to be coated, abrasive
blasting with a mixture of steel grit and steel shot shall be performed to at least Sa2', grade in
accordance with TS EN 1SO 8501-1.

The surface roughness obtained on blasted surfaces shall be in accordance with the Coating

Material Data Sheet and between 50 pm and 100 pm when measured in accordance with TS 6956 EN
ISO 4287.

Steel grit or steel shot used in blasting shall not contain dirt, oil, etc. foreign matter and relative
humidity shall not exceed 80%.

On blasted surfaces, dust control shall be carried out with transparent tape in accordance with
TS EN ISO 8502-3; dust density shall be maximum “Class 1”” and dust particle size shall be “Class
2”. If particles larger than 100 um are found, cleaning shall be carried out with industrial air blowers.

Blasted and cleaned surfaces shall be freed from dust before primer painting, by blowing
clean, dry air onto the surfaces or by using industrial vacuum cleaners.

On blasted surfaces, to prevent surface oxidation that may hinder adhesion, coating shall be
applied within at most 1 hour, or within at most 4 hours where relative humidity is below 60%.

Whenever rust formation is detected on the surface, the blasting process shall be repeated
completely, restarting the surface preparation process.

The manufacturer/contractor shall have all required test and inspection devices and
comparison gauges available at the factory or construction site before blasting begins.

The quality of compressed air used in blasting and coating operations shall comply with
“Class 6” of TS ISO 8573-1; dust particle size shall be less than 5 um, dew point 10°C, oil content
5~10 mg/m?, and no water shall be present.

Ambient temperature and relative humidity shall be checked before each surface preparation
and each coating application. Ambient temperature shall be in accordance with the values in the
Coating Application Instruction. Relative humidity shall be maximum 65% for polyurethane coating
and maximum 80% for others.

The temperature of the surface to be prepared and coated shall be at least 3°C above the dew
point.

The coating shall cover the entire surface. Any damage that may reduce the effectiveness of
protection provided by the coating or significantly impair its appearance shall be repaired before the
next coating application. The environmental conditions of the coating site and the ambient
temperature shall be in accordance with the Coating Material Data Sheet.
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The amount of material prepared at one time shall not exceed the quantity that can be
consumed within the shelf life determined by the coating manufacturer or more than sufficient for the
surface area to be coated.

The coating material manufacturer shall provide the pipe/fitting manufacturer/contractor with
a test certificate including inspection and test results of the coating material.

The internal coating material shall have a certificate of conformity obtained from an
internationally accredited body or a test report issued by Tiibitak MAM, showing compliance with
BS 6920 or equivalent standards, demonstrating suitability for drinking water at 23 + 2°C.

The uncoated length at pipe/fitting ends, measured from the pipe end to the beginning of the
coating taper, shall be maximum 100 + 10 mm for both internal and external surfaces.

The coating shall be beveled at a maximum 30° angle in the pipe axis direction.

Only the coating types specified in Table 8 shall be applied to the pipe/fitting surfaces
depending on the position of the pipe.

Coating shall not be carried out when the surface is wet, when relative humidity exceeds 80%,
when ambient or component surface temperature is below or above the temperatures specified by the
coating manufacturer, when wind speed exceeds 24 km/h, when the environment is excessively dusty,
when ambient temperature falls below 5°C, or when the surface temperature is not at least 3°C above
the dew point.

Unless otherwise specified in the special technical specification, the external coating of pipes
to be buried underground shall be HDPE.

Table 8 : Permitted coating types

Coating Pipe position
region Exposed Buried in concrete | Buried in soil Underwater
Internal | EP/GLV /PUR EP/PUR EP/PUR EP/PUR
EP/HDPE /PP / . EP/HDPE/PP/ |EP/HDPE/PP/
External GLV / PUR 25 £5 um EP Primer PUR PUR

5.5.2. Epoxy (EP) Coating

Liquid epoxy coating shall be applied to the inner surface of the pipe/fitting in accordance
with TS EN 10339, and to the outer surface in accordance with TS EN 10289.

The epoxy coating thickness shall be at least 600 um on the outer surface and at least 500 pm
on the inner surface, and the coating thickness may be increased if specified in the Coating
Application Instruction.

All coating materials constituting the parts of a system shall be products of the same
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manufacturer. Coating materials with expired shelf life or past expiration date specified on
the packages shall not be used.

The components of the epoxy coating (epoxy resin, accelerator chemical) shall be supplied
in separate containers, each container shall be mixed to homogenize the material before the coating
process, then the components shall be mixed in the ratios specified in the Coating Application
Instruction to obtain a homogeneous material, and this material shall be used within one hour at the
latest.

The coating shall be applied by spraying method in accordance with the Coating Application
Instruction.

The coating thickness shall be measured in accordance with TS EN 1SO 2808.

Under unsuitable weather conditions, coating may be carried out when suitable environmental
conditions are ensured by using protective tent, heater and dehumidifier.

Table 9 : Epoxy internal/external coating properties of steel pipe

Properties Requirements
Han_d touch temperature of 220°C to 60°C
coating
Service temperature range -20°C to 60°C
Dry film thickness of coating
system minimum 500 um (internal) minimum 600 um (external)
Appearance and uniformity Homogeneous color, smooth appearance and free of defects
Porosity/Holiday There shall be no voids allowing current discharge.

At (23 £ 2) °C five times the coating thickness (mm)

At (-5 + 3) °C three times the coating thickness (mm)
The coating shall not separate more than 2 mm from the
Resistance to peeling (X-Cut) surface.

Pull-off strength 11 MPa
Cathodic disbondment Average disbondment radigs < 6 mm Maximum disbondment
radius < 8 mm

Impact resistance (Joule/mm)

Specific electrical insulation At (23 £2) °C after 100 days Rs = 10° ohm.m?
resistance At (60 £ 2) °C after 30 days Rs = 10* ohm.m?
Adhesion resistance after At (60 £ 2) °C after 100 hours the coating shall not separate
immersion in tap water more than 2 mm from the surface.

At (23 £2) °C the indentation shall be less than 0,2 mm.
Indentation depth At (60 £ 2) °C the indentation shall be less than thirty percent

of the initially measured thickness.
At (80 = 2) °C after 100 days no pores allowing current
discharge shall be present.

Thermal aging test

5.5.3. Polyethylene (HDPE) and polypropylene (PP) coating

HDPE polyethylene or polypropylene coating shall be applied in accordance with TS EN ISO
21809-1.

The total coating thickness shall comply with Table 10, In the weld seam area, the coating
thickness may decrease up to 10%.
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Table 10 : Total coating thickness for HDPE and PP coating

DN HDPE PP
Minimum (mm) | Minimum (mm)

<200 1,8 1,7

200 <DN <700 2,0 19

700 < DN < 1500 2,5 2,3

1500 < DN <2000 3,0 2,8

2000 < 3,2 3,0

The coating system shall consist of: first layer epoxy primer, second layer adhesive, third

(top) layer polyethylene/polypropylene.

Each layer of coating material shall meet the requirements of TS EN 1SO 21809-1, and these

The coating shall be applied in accordance with the Coating Application Instruction.

properties shall be verified by tests and reported. The inspection report shall include the results of the
qualification inspections and the necessary data required in the standard.

During the application of coating components, the preheating temperature of the pipe and the

coating temperature shall be monitored and recorded every half hour using an optical pyrometer or
contact thermometer.

The applied coating shall be cooled down to the temperature specified in the Coating

Table 11 : Steel pipe polyethylene and polypropylene coating properties

Properties Class B Class C
Coating material HDPE PP
Service temperature range -40 °C to 80 °C -20°Ct0 110 °C

Minimum epoxy thickness

Wet epoxy: 25 pm, FBE: 125 pm

Minimum adhesive thickness

150 um on pipe

Total coating thickness

According to Table 10

Density (g/cm?) > 0,930 > 0,890
Carbon black content, by mass % 2~3 -
Elongation (%) > 600 > 400

Yield strength (MPa) > 15 > 20
Hardness (Shore D) > 55 > 60
Oxidation Induction Time > 30 minutes at 210 °C | > 30 minutes at 220 °C
Melt flow rate MFR (%) (190 °C/ 2,16 >35 >35

kg)

Appearance and uniformity

Shall be homogeneous color, smooth appearance,
and defect-free coating.

Porosity (holiday)

There shall be no voids allowing current discharge.

Impact resistance at (23 £ 3) °C

>5J/mm

> 10 J/mm

Indentation| at (23 +3) °C

<0,3 mm

<0,1 mm

Application Instruction to prevent possible damage before being removed from the production line.
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Properties Class B \ Class C

At maximum service <0,4 mm
temperature
peeling strength At23°C>10 At 23 °C >25 N/mm
g streng N/mm At 90 °C > 4 N/mm
<5 °C and according to manufacturer’s
Epoxy curing degree (1st layer) specifications
| At23°Cin 28 days —1,5 V =7 mm
Cathodic .
. AT 65 °C in 24 hours
disbondme 35V <7 mm
nt At maximum operating <15 mm
temperature in 28 days —1,5V -

Specific electrical insulation resistance Rs = 10’ ohm.m?

There shall be no cracking at an angle of 2° per
pipe diameter length.

Hot water immersion Adhesion loss shall be maximum 3 mm.

Flexibility

5.5.4. Polyurethane (PUR) coating

Liquid polyurethane coating shall be applied according to TS EN 10290.

The components of the coating shall be supplied in separate containers, the coating
components shall be of different colors to ensure a homogeneous mixture when mixed together,
before the coating process the material in each container shall be stirred to become homogeneous,
after this process the components shall be mixed in the ratios specified in the Coating Application
Instruction to obtain a homogeneous material.

The coating shall be applied according to the provisions specified in the Coating Application
Instruction.

The coating components shall be products of the same manufacturer.
The amount of material prepared at one time shall not exceed the quantity that can be used
within the pot life specified by the coating manufacturer or that required to fully cover the coating

area.

If a second layer is required to reach the specified thickness, the intercoat waiting period
specified in the Coating Application Instruction shall be considered.

Film thickness shall be measured according to EN 1SO 2808.

If the difference between the metal temperature and the dew point temperature is below 3 °C,
or the humidity is above 65%, or the ambient temperature is below 5 °C, coating application shall not
be carried out.

At any point, the dry film thickness of the coating system shall be at least 1.500 um.

Damaged test areas shall be repaired, and the repair material to be used shall conform to the
protection class of the pipe coating.

Repairs other than those caused by destructive tests shall not be permitted.
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Table 12 - Steel pipe polyurethane coating properties

Properties Requirements
Service temperature -20°C to +60°C
Dry film thickness of
coating system
Appearance and uniformity Homogeneous color, smooth appearance and free of defects

Class B, minimum 1500 um

Uncoated ends (150 £20) mm
Porosity/Holiday There shall be no voids allowing current discharge.
Impact resistance At (23 £2) °C five times the coating thickness (mm)
(Joule/mm) At (-5 £ 3) °C three times the coating thickness (mm)
Resistance to peeling (X- | The coating shall not detach from the surface more than 3 mm at
Cut) (23 £ 2) °C, and more than 4 mm at (60 + 2) °C.

12 MPa

Pull-off strength
Cathodic dishondment

Average disbondment radius < 8 mm
Maximum disbondment radius < 10 mm
Specific electrical At (23 +2) °C after 100 days Rs = 107 ohm-m?
insulation resistance At (60 £ 2) °C after 30 days Rs = 10* ohm-m?

At (60 + 2) °C after 100 hours the coating shall not separate more
than 2 mm from the surface.

At (23 + 2) °C the indentation shall be less than 0,2 mm.
Indentation depth At (60 + 2) °C the indentation shall be less than thirty percent of
the initially measured thickness.

At (80 + 2) °C after 100 days no pores allowing current discharge
shall be present.

Adhesion after immersion
in tap water

Thermal aging

23+£2°C 0+£2°C
Flexibility For fitting S = 0,01 For fitting S = 0,005
For pipe S =0,03 For pipe S = 0,02

Elongation > %10

5.5.5. Galvanized (GLV) coating

Pipe/fitting with DN200 and smaller diameter shall be coated by hot-dip galvanizing
according to TS 11348 EN 10240, TS EN ISO 1461, and inspection and tests shall be carried out.

Before galvanizing, surfaces shall be cleaned, oil and grease residues, impurities and any
previously formed corrosion on the surfaces to be coated shall be removed and the surface shall be
made ready for galvanizing coating.

Galvanizing coating shall be applied by carrying out processes such as degreasing, acid
cleaning, rinsing, drying, coating, cooling, etc., and the manufacturer shall have the process to
perform these operations.

There shall be no surface defects such as nodules, blistering, or roughness on the coated
surfaces.

Coating thickness shall be at least 70 um and 505 g/cm? for t > 6 mm, and at least 55 pm and
395 g/cm? for t =3 ~ 6 mm.
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The coating shall be carried out by dipping into a bath containing at least 98,50% molten zinc
by weight. The entire surface shall be coated with zinc of the same thickness, and it shall be immersed
in the copper sulfate solution specified in the Coating Application Instruction.

The coating shall be applied after surface processing, threading of surfaces and welded
jointing, and necessary measures shall be taken to avoid assembly problems in threaded connections
after coating.

On site, all uncoated surfaces after the joining of pipe/fitting shall be coated by spray
galvanizing method.

5.6. Marking

On the pipe/fitting:

On the external surface, the DSI logo, the name of the Administration, the name of the project,
the name of the manufacturer, the marking and number of the production standard (TS EN 10217-1,
TS EN 10253-2 etc.), steel grade (P235TRL1 etc.), registration number, nominal diameter, wall
thickness,

On the internal surface, the length (mm), the outside diameter (mm), the wall thickness (mm),
the steel grade, and the registration number,

In addition, on the internal surface of the fitting, its type, nominal size (mm), angle, bending
radius, inlet/outlet diameter and similar identifying information shall be written.

Markings on inner/outer surfaces shall not be erasable. All markings shall also be affixed to
the outer surface of the pipe/fitting by barcode label.

Markings shall be written at the manufacturer’s plant after coating is completed.

Markings on the outer surface; on both sides of the pipe/fitting, in white color, in Arial Tur
font, in a size corresponding to 0,1.DN, easily readable from one meter away.

The DSI logo, in original (RAL 6026) color, scaled 4 units horizontal and 3 units vertical,
shall be affixed on both sides of the pipe/fitting at a height of 70% of the minimum diameter.

The manufacturer’s name, logo or emblem shall not be larger than the DSI logo.

Normal storage conditions, weather conditions, laying and usage processes shall not affect
the legibility of the markings.

“nn” indicates the region number in Arabic numerals of the DSI Regional Directorate to which
the construction supervision authority responsible for the work is affiliated.

“Project Name” is the name of the project in the contract of the work or in the investment
program,

“a” shall indicate the Administration’s name to be written on the pipe, corresponding to the
purpose of the project, with the letter “I” for drinking water works, “S” for irrigation works, and “E”
for energy works; the project name information shall be written in the format “DSInn — Project Name
a.” (for example: “DSI15 — Mardin Ceylanpmar Ovas1 S.” etc.).

On special manufactured pipe/fitting manufactured on site, only the registration number shall
be written on the inner/outer surface.
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Steel pipe order shall be placed by specifying “nominal diameter x wall thickness”, steel
grade, production standard, external/internal coating type and pipe length (mm) (for example: DN200
x 10 - P265 TR1 - TS EN 10217/1 - PE/EP - 12.000)
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6. SAMPLING, INSPECTIONS, AND TESTS

6.1. General

The manufacturer/contractor shall carry out/have carried out all inspections and tests required
to be performed in accordance with the specification and standards during production and
inspection/acceptance.

The pipe/fitting shall be inspected for compliance with the matters specified in the
specification and project. Visual Inspection (VT) method shall be applied to the entire pipe/fitting.

Outside diameter shall be measured with a circumference tape, wall thickness with an
ultrasonic thickness measuring device; at least 3 locations including the pipe/fitting ends and middle
shall be measured.

Out-of-roundness, pipe/fitting length, diameter, wall thickness, bevel measurement values
shall comply with the tolerances specified in clause 5.1.

It shall be checked that the pipe/fitting complies with clause 5.1, 5.2, 5.3, and that its markings
comply with clause 5.6.

The tests listed in Table 13 shall be performed on the pipe/fitting.

Table 13 : Tests to be performed on pipe (P) / fitting (F)

o) o

£ & 3

2 g S 3

Test Name Sample Type |8 & =

2% | &8

3 g«
1 Chemical analysis of steel P+F \ \
2 16.2.2. |Material tensile test P+F V \
3 [6.2.3. |Weld joint tensile test P + F(10253) \ \
4 6.2.4. |Flattening test EW, HFW P \ \

. P +F (9341,
5 16.2.5. |Weld bend test (internal/external) 10217, 10253/2) v \
6 [6.2.6. |Impact test P+ F (10217/3, V \
10253/2)

7 16.2.7. |Hydrostatic test P + F (9341, 2649) V \
8 16.2.8. |[Electromagnetic test P except SAW \ \
9 16.2.9.1. Visual Inspection (VT) method P+F V V
10 16.2.9.2. |Liquid Penetrant Inspection (PT) method F \ \
11 16.2.9.3. |Magnetic Particle Inspection (MT) method F \ \
12 16.2.9.4. [Ultrasonic Inspection (UT) method P+F \ \
13 16.2.9.5. |Radiographic Inspection (RT) method P+F \ \
14 Dimensional and tolerance inspection and control P+F \ \
15 Hardness F (10253) V \

Test No. 7 shall be performed in the field for specially manufactured pipes/fittings.
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Tests No. 7, 9, 12, and 13 shall be performed during production for each pipe/fitting. In
cases where Test No. 7 cannot be performed for EW and HFW pipe/fitting, Test No. 8 shall be applied
with the approval of the Administration.

In cases where Tests No. 12 and 13 cannot be performed, Tests No. 10 and 11 shall be
performed.

Tests No. 1 ~ 13 shall be performed immediately after the steel pipe/fitting is manufactured,
before coating.

After the inside and outside surfaces of the pipe/fitting are coated, the tests in Table 14 shall
be performed.

Table 14 : Coating Tests

2 | Eq
2|5, e
Test Name Applled lq_) g & %é—
Coating Type 2| 5 & DO
c o0
2 —
1 16.2.11.1 |Visual inspection All \ \
2 16.2.11.2 |Coating thickness test All \ \
3  6.2.11.3 |Hardness test PE, PP \ \
4 16.2.11.4 |Holiday test Except GLV \ \
5 16.2.11.5 |Impact resistance test Except GLV \ \
6 16.2.11.6 |Adhesion test — resistance to peeling EP, PUR \
7 16.2.11.7 |Adhesion test — pull-off method EP, PUR N N
8 [6.2.11.8 |Indentation test EP, PUR v
9 16.2.11.9 |Flexibility test PE, PP \
10 16.2.11.10 [Elongation test PE, PP \
11 ]6.2.11.11 [Peeling strength PE, PP V| A \
12 16.2.11.12 [Other tests (type tests) All \
13 Adhesion test GLV \ \
14 Coating quality test GLV \ \
15 Chemical analysis GLV \ \

The manufacturer shall submit to the inspection/acceptance committee, in a file, the results
of the tests required to be carried out at every stage from the production to the delivery of the
pipe/fitting in accordance with the standards and the Quality Plan, the type test results to be obtained
from the coating manufacturer, and the approved certificate obtained from the material manufacturer.

Every 50 pipes to be delivered or every 5 fittings, independent of their type, shall be accepted
as one lot (test unit). Pipes/fittings fewer than these amounts shall also be considered as one lot.

For large quantity deliveries, regardless of the number of pipes/fittings, no more than 5 lots
shall be determined.
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For large quantity deliveries, pipes/fittings of the same wall thickness, diameter, and coating
type shall be considered in the same lot.

The inspection/acceptance committee shall randomly select a sample from each lot of
pipe/fitting.

For alloyed and non-alloyed steel pipe/fitting, Tests No. 1, 2, 3, 4 (EW, HFW), and 5 in Table
13 shall be carried out; for alloyed steel pipe/fitting, Test No. 6 in Table 13 shall be carried out. From
the lot, a sample pipe shall be cut, and three test pieces shall be prepared; mechanical tests and
chemical analysis shall be performed in accredited laboratories.

At the site delivery of pipes, Tests No. 1 ~ 6 in Table 13 shall also be carried out by sampling
from the site at the DSI TAKK Department laboratories.

Inspection/acceptance and tests of the coating shall be carried out in the manufacturer’s
accredited laboratory or in independent accredited laboratories, except for the type tests specified in
the standard.

Mechanical, chemical, and coating tests to be applied to fittings and specially manufactured
pipes/fittings produced at the manufacturer’s facilities shall be carried out on samples prepared by
the manufacturer, at the manufacturer’s facilities, except for the type tests specified in the standard.

If it is determined that type test reports are older than 5 years, these tests shall be repeated,
and the inspection/acceptance shall be postponed until these tests are completed.

The lot represented by the test pieces that meet the requirements specified in the technical
specification as a result of the inspection and tests carried out on the test piece or pipe/fitting taken
from the lot shall be accepted.

If one test result does not meet the required conditions, the test shall be repeated on the witness
test piece taken from the same sample in the laboratory. If the results of the repeated test do not meet
the required conditions, all products in the tested lot shall be rejected.

If one or more of the pipe/fitting coating inspection and acceptance tests do not meet the
requirements specified in the technical specification, the lot represented by the test pieces shall not
be accepted.

Lots deemed defective in coating shall be prepared again by the manufacturer for re-
inspection and acceptance by removing the coating, surface cleaning, re-coating, and factory testing
in accordance with the standard.

The serial number of the pipes represented by the test piece shall be recorded before the tests
are carried out.

Pipes/fittings and coatings damaged due to testing shall not be dispatched without being
brought into conformity with the specification.

The production quantity shall be determined considering that the amount will be reduced due
to sampling.

Any pipe/fitting not deemed suitable by the inspection/acceptance committee shall not be
dispatched to the site.
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Three sets of minutes regarding the inspection/acceptance status shall be prepared to be
submitted to the manufacturer, the contractor, and the Administration.

6.2. Inspection and tests
6.2.1. General

Steel pipe tests manufactured from non-alloy/alloy material shall be carried out in accordance
with TS EN 10217-1/3,

Seamless steel pipe tests manufactured from non-alloy/alloy material shall be carried out in
accordance with TS EN 10216-1/3.

Fitting inspection and tests shall be carried out in accordance with TS 2649, TS EN 10253-
1/2, TS EN 10224, AWWA C 208.

Internal epoxy coating of the pipe/fitting shall be in accordance with TS EN 10339, external
epoxy coating inspection and tests shall be in accordance with TS EN 10289.

Inspection and tests of external polyethylene and polypropylene coatings shall be in
accordance with TS EN 1SO 21809-1.

Polyurethane coating tests shall be in accordance with TS EN 10290.

In the inspection and test report; the name of the laboratory where the tests were carried out,
the names and signatures of the persons who carried out the tests, the name, duty and profession of
the authorized persons who signed the report, the inspection and test date, the numbers of the
standards applied in the inspection and tests, the measurement results, whether they are in compliance
with the standard, the report date and number shall be included.

6.2.2. Material tensile test

The tensile test shall be carried out at room temperature in accordance with TS EN ISO 6892-
1, the tensile strength, upper yield strength, elongation values shall be measured, and it shall be
verified that they comply with Table 2 and Table 3.

Test pieces for the tensile test shall be prepared in accordance with TS EN ISO 6892-1.
The test piece shall be taken by cutting one strip in the horizontal and longitudinal direction of the
pipe. For outside diameters 219,1 mm and smaller, no horizontal sample shall be taken.

The test piece shall not coincide with the weld zone and shall be taken from the middle of the
distance between the weld seams.

6.2.3. Weld joint tensile test

The test shall be carried out in accordance with TS EN 1SO 6892-1, the tensile strength value
shall be measured and verified to comply with Table 2.

The test piece shall be taken perpendicular to the weld seam so that the weld seam is in the
middle. The weld burr on the test piece shall be removed.

The thickness of the test piece shall not be less than the wall thickness of the pipe, if less it
shall be deemed nonconforming.
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A sample broken from the weld zone during the test shall be deemed nonconforming.
6.2.4. Flattening test

The test shall be applied to EW and HFW pipes with DN600 and smaller diameters and with
wall thickness equal to 0,15D and shall be carried out in accordance with TS EN 1SO 8492.

The distance H (mm) between opposite planes of the pipe cross-section under load shall be
calculated using the formula H = (1 + C) - ¢t/ (C + (¢t / D)), where D is the outside diameter of the
pipe in millimeters, t is the wall thickness in millimeters, and C is the deformation constant. For steel
grades P235 TR1/2 the deformation constant shall be taken as C = 0,09, and for steel grade P265
TR1/2 it shall be taken as C = 0,07.

The test piece shall consist of a complete pipe section with a length of 100 mm in accordance
with TS EN ISO 8492 or TS EN ISO 8493.

The test piece shall be placed between two compression plates with a length 1,6 times the
outside diameter at an ambient temperature of 10 °C ~ 35 °C, with the weld seam facing upward, and
the compression plates shall be moved perpendicular to the axis of the pipe until the “H” value is
reached in the compression/tensile machine.

The movement speed of the compression plates shall not exceed 25 mm/minute.
Subsequently, in the second stage, the compression process shall continue until the inner
surfaces of the flattened test piece come into contact with each other over a length equal to 75% of

the outside diameter.

At the end of both stages of the test, no cracks or defects shall be observed on the test piece
when viewed without a magnifying glass.

6.2.5. Weld bending test
This test shall be applied to SAW pipes and carried out in accordance with TS EN 1SO 5173.
The test piece shall be mechanically cut so as to center the weld seam, with a length depending
on the possibilities of the compression machine, and a width not less than four times the wall thickness

of the pipe/fitting.

The test piece shall be subjected to load by a compression machine with a mandrel tip of
diameter three times the wall thickness until the ends of the test specimen are parallel.

At the end of the test, no cracks or defects shall be observed in the visual inspection.
6.2.6. Impact test

This test shall be performed at 0 °C and —10 °C according to TS EN ISO 148-1 for the test
specimen of steel grade TR2.

The test specimen shall be mechanically cut in three pieces perpendicular and parallel to the
axis of the pipe/fitting so that it remains between weld seams and does not include the weld seam.
Depending on the wall thickness, one of the following sizes shall be selected: 55x10x10 mm,
55x10x7,5 mm, 55x10x5 mm.
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A “V”-shaped notch shall be made in the middle of the test specimen with an angle of 45° + 2°, a
depth of 2 £ 0,025 mm, and a root radius of 0,25 + 0,025 mm.

Taking the width of the test specimen as “W” and the measured impact energy as “KVj,”
the impact energy “KV¢” shall be calculated by the formula: “KVe =10 x KVy/ W™

The test shall be carried out on three separate specimens, and the average of the results shall
be used. The calculated impact energy, KV, shall not be less than the values in Table 3. Individual
values shall not deviate more than 5% of the average value.

6.2.7. Hydrostatic test

The hydrostatic test shall be performed in accordance with the relevant series of standards TS
EN 10216, TS EN 10217, TS 9341 EN 10224, and TS 2649.

With “P” (bar) as the test pressure, “D” (mm) as the outside diameter, “t” (mm) as the wall
thickness, and “S;”” (MPa) as the upper yield strength of the steel grade of the pipe, the test pressure
shall be calculated by the formula: “P = 20 x (0,70 x S;) % t / D”. The test shall be carried out at
whichever is lower: the calculated test pressure or 70 bar.

The test pressure shall be applied for at least 5 s for pipes with outside diameter D <457 mm
and at least 10 s for pipes with D > 457 mm. As a result of the test, there shall be no leakage, seepage,
or visible permanent deformation on the pipe.

6.2.8. Electromagnetic test

With the approval of the Administration, for seamless and welded steel pipes other than
submerged arc welded (SAW), automatic electromagnetic (eddy current and flux leakage) tests shall
be performed in accordance with TS EN 1SO 10893-1 to verify hydraulic tightness.

6.2.9. Non-destructive testing (NDT Methods)

To examine, test, or assess the discontinuities and characteristic differences within the
material without damaging the serviceability of the part or system, the following non-destructive
testing (NDT) methods shall be applied.

6.2.9.1.Visual testing (VT) method

The condition of the surface of the test specimen, its surface defects and discontinuities, and
all indications affecting quality shall be inspected, with or without the use of auxiliary equipment. It
shall be applied continuously before welding, during welding, and after welding, prior to the use of
another non-destructive testing method.

6.2.9.2.Liquid penetrant testing (PT) method
The inspection piece shall be coated with a visible or fluorescent penetrant liquid. Excess
paint on the surface shall be removed and a developer shall be applied. Since the developer acts like

blotting paper, it will draw the penetrant from the defects on the surface. When a visible paint is used,
the bright color contrast between the penetrant and the developer will make the bleed-out visible.
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When a fluorescent paint is used, ultraviolet light will make the bleed-out glow brightly, so
defects will be easily visible.

6.2.9.3.Magnetic particle testing (MT) method

A magnetic flux shall be applied to the inspection surface and depending on the orientation
of the discontinuities on the surface, leakage flux will occur. Ferromagnetic powders shall be
sprinkled on the inspected surface; these powders will be attracted by the leakage flux and accumulate
on the discontinuities, thereby allowing the location of the discontinuities to be detected.

6.2.9.4.Ultrasonic testing (UT) method

For the detection of surface defects in metallic or non-metallic materials; this method shall be
used, which is based on the principle that high-frequency sound waves sent into the material reflect
when they strike an obstacle along the sound path. According to the angle of incidence, the position
of the reflector inside the inspection piece can be calculated, the amplitude of the echo gives an idea
of the size of the reflector, and the shape of the echo gives an idea of the type of reflector.

Ultrasonic inspection shall be carried out by sending longitudinal waves with zero-degree
probes, and shear waves with 45°, 60° and 70° probes for steel materials.

6.2.9.5.Radiographic testing (RT) method

For the detection of volumetric and surface defects in metallic or non-metallic materials; this
method shall be used, which is based on the principle that high-energy electromagnetic radiation
penetrates a certain volume of material and projects the internal structure of the material onto
radiation-sensitive films placed on the opposite side of the material.

From the image formed on the film, voids or thickness/ density variations inside the material
can be detected. X-ray devices and gamma-ray isotopes (Ir-192 and Se-75) shall be used to radiograph
and document all types of welded joints, forged and cast parts.

In radiographic inspection, radioscopic inspection may also be performed by placing a
receiver device instead of a film on the opposite side of the material to be inspected and transferring
the transmitted radiation to an imaging device.

6.2.10. Weld seam inspection

Weld seam inspection hall be carried out using NDT methods in accordance with TS EN ISO
10893 series of standards.

6.2.11. Coating tests

The internal and external coating of the pipe/fitting shall be subjected to the following tests.
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6.2.11.1. Visual inspection

The appearance and continuity of the coating shall be visually examined over all surfaces; the
coating shall be uniform in color and homogeneous in appearance, and there shall be no defects such
as scratches, tears, dents, sags, voids, blistering on the coating surface.

6.2.11.2. Coating thickness test

For EP and PUR, dry film thickness; for HDPE and PP, coating thickness shall be measured
using a magnetic/electromagnetic/ultrasonic measuring device with an accuracy of £1%. The device
shall be calibrated according to the steel to which the coating under test is applied. At least 12
measurements shall be taken on both the internal and external surfaces of each pipe/fitting under test.

The internal and external coating thickness shall not be less than the coating thickness
specified in this specification.

In galvanized coatings, local coating thickness measurement shall be carried out according to
TS 11348 EN 10240 by one of the magnetic, metallographic, or gravimetric methods.

6.2.11.3. Hardness test

Hardness measurement on HDPE, PP coating material shall be carried out in accordance with
TS EN 868 for “Shore D”.

For hardness test, calibrated dial durometers specified in the standard shall be used.

The test specimen shall be placed on a hard, horizontal, and flat surface. The durometer shall
be held in a vertical position, and the indenter tip shall be located at least 12 mm inside from any edge
of the test specimen. The pressure foot shall be brought into contact with the surface of the test
specimen as parallel as possible, without impact and as quickly as possible. Sufficient pressure shall
be applied to ensure full contact between the test specimen and the pressure foot.

The indicator value shall be read 15 + 1 seconds after load application. If an instantaneous
reading is required, the indicator shall be read 1 second after the pressure foot contacts the test
specimen. In this case, this reading shall be the maximum value.

Five separate hardness measurements shall be made at different points at intervals of at least
6 mm on the test specimen, and the arithmetic mean shall be calculated.

The calculated value shall comply with the hardness value in the Coating Application
Instruction.

6.2.11.4. Holiday test

By this test, if there is any pore formation in the coating, it shall be detected using a scanning
electrode energized with high arc voltage.

The pore shall be determined by a sound and light signal from the holiday detector allowing

current discharge together with the arc formed between the steel of the component and the electrode
at the defect.
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In the test, an adjustable high-voltage porosity detector capable of giving audible and light
signals and a scanning electrode in the form of a metal brush or conductive rubber suitable for the
shape of the pipes shall be used.

After confirming that the detector is operational and that the grounding contact is sufficient,
the electrode shall be rubbed on the coated surfaces at a linear speed of approximately 30 cm/s for
inspection. The detector shall have an audible alarm to give a signal in case of detecting a
pore/holiday. In addition, a spark marking the location of the defect visually shall also be created.

During the test, the voltage shall be adjusted to 4 kV/mm of the nominal coating thickness
and shall not exceed 25 kV.

No electrical arc shall be observed on the surface contacted by the brushes, and the device
shall not give audible and light warnings.

6.2.11.5. Impact resistance test

The test shall be carried out according to the coating type in accordance with TS EN ISO
10289, TS EN 10290 and TS EN ISO 21809-1 as described in the standard.

The test shall be performed at 23 + 2 °C by dropping a 500 g steel ball, hardened to 58 — 66
HRC with a 25 mm striking surface, from a height of 1 m.

Drop points shall be at least 1,5D from the pipe end, spaced at least 50 mm apart, not on the
weld seam, and the ball shall be dropped freely from above onto the coating ten times. For the fitting,
the distance to the end shall be determined by the manufacturer.

After the impact test, holiday test in accordance with 6.2.11.4 shall be applied, and no
electrical arc shall be observed.

6.2.11.6. Adhesion test — resistance to peeling (type test)

On the EP coated panel, intersecting cuts 30° angled X-shaped and 30 ~ 50 mm long shall be
made with the help of a sharp knife. The specimen shall be kept in an kiln at 80 °C for 4 hours.

The knife shall be inserted horizontally from the intersection point of the cuts until its tip
touches the metal surface, and the flat face of the knife shall be forced in a single and perpendicular
direction to remove the coating from the metal surface according to the support point.

This test shall be carried out twice: immediately after removal from the kiln, and after the

specimen has been left for 24 hours to reach 23 £ 2 °C. The coating loss shall meet the values in Table
9 and Table 12.
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6.2.11.7. Adhesion test — pull-off method

After the coating system has been dried/cured, the face of the dolly shall be directly bonded
to the coated and cured surface of the pipe/fitting using an adhesive.

After curing the adhesive, the bonded dolly assemblies shall be placed into a suitable pull-off

adhesion tester. The cylindrical fixture assemblies shall be subjected to controlled tensile testing, and
the tensile stress required to separate the coating from the substrate shall be measured.

Support

__ Dolly

Spherical fitting

Coating

Base material (pipe or plate)

Figure 6

As a result of the test, the tensile stress required for the separation of the weakest interface
(adhesion failure) or the weakest component of the coating system (cohesion failure) shall be
determined. Cases where both adhesion (external adhesion) and cohesion (internal adhesion) failures
occur together may also be observed.

The tensile stress shall be applied perpendicular to the top surface of the coated base material
and shall be increased at a constant rate not exceeding 1 MPa/s so that the specimen fails within 90
seconds.

If the adhesion and bonding properties of the adhesive to the base material are higher than
those of the coating, failure shall occur within the coating.

At least six test assemblies shall be used, and the test shall be performed simultaneously.

Unless otherwise specified, environmental conditions shall be (23 + 2) °C temperature and
(50 £ 5) % relative humidity (ISO 3270).

Depending on the mechanical properties of the coating system (such as brittleness), the cured
adhesive and the paint coating shall be cut appropriately down to the base material along the
circumference of the cylindrical fixture used in the test; since this significantly affects the adhesion
value of the coating system, a sharp knife shall be used.

The tensile device shall be hydraulic in nature and shall be a calibrated device directly
indicating the tensile stress in MPa.
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The minimum pull-off adhesion shall be carried out in accordance with TS EN ISO 4624 and
shall provide a minimum strength value of 11 MPa at 23 + 2 °C after 24 hours. There shall be no
adhesive failure in the coating.

6.2.11.8. Indentation test (type test)

The test shall be carried out in accordance with TS EN 10289 by measuring the indentation
depth caused by an indenter in the coating under constant temperature and load conditions.

The test shall be performed three times on a specimen with a coating thickness in the range
of 1000 ~ 1200 pm.

On the specimen conditioned for one hour at 23 £ 2 °C and at the maximum service
temperature = 2 °C, a force of 25 N shall be applied with a cylindrical indenter having a contact tip
diameter of 1,8 mm. At the end of 24 hours, the indentation depth shall be measured with an
instrument with an accuracy of 0,01 mm. The average of the three test results shall comply with Table
9, Table 11, and Table 12.

6.2.11.9. Flexibility test

After curing of the coating applied to two steel plates of 50x300x6 mm dimensions, the test
shall be performed in accordance with TS EN 10290.

The steel plates shall be bent at a speed of 25 mm/min at 23 =2 °C and 0 = 2 °C until full
contact is made with the mandrel surface; immediately afterwards and after 24 hours, a holiday
inspection shall be performed at 23 + 2 °C. As a result of the test, the coating shall not crack, detach,
or form pores on the surface.

6.2.11.10. Elongation test

The elongation of the coating thickness determined in accordance with TS EN ISO 527-3
shall comply with Table 11 and Table 12.

6.2.11.11. Peeling strength

The test shall be carried out in accordance with Annex C of TS EN 1SO 21809-1, measuring
the force required to peel the coating from the steel pipe at a constant pull-off speed.

The test shall be performed using a portable tensile testing machine capable of recording peel
force over a strip length of at least 100 mm and directly fixed onto the pipe, operating at a peeling
speed of 10 mm/min, and a cutting tool (utility knife, etc.).

The test shall be performed at 23 °C and 60 °C for HDPE coating, at 23 °C and 90 °C for PP
coating.

The temperature shall be measured at the root of the peeled strip on the external surface of

the pipe by means of an adjustable probe. The average peeling strength shall be calculated
arithmetically over a length of 200 mm.
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The peel force shall be graphically recorded using the fixed peel rate set to 10 mm/min.

A specimen of at least 160 mm shall be cut circumferentially from the coated pipe. From this
specimen, a coating strip with a width between 20 mm and 50 mm perpendicular to the pipe axis shall
be separated. If the resistance of the coating exceeds the capacity of the device, the width of the coated
material shall be reduced. The coating strip shall be cut into approximately 20 mm lengths.

The average peeling strength shall comply with Table 11, and no single recorded value shall
be less than 30% below the specified value.

6.2.11.12. Other tests

Other tests required for the coating as specified in the standard (such as cathodic disbondment,
electrical insulation resistance, adhesion test after tap water immersion, thermal aging test, infrared
scanning test, etc.) shall be considered type tests, and the results of tests carried out in accredited
laboratories by the coating manufacturer shall be submitted to the Administration.
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7. GENERAL DELIVERY SPEFICATIONS
7.1. Delivery and quality guarantee of pipe/fitting

The manufacturer/contractor shall certify that the material used in the manufacture of the
pipe/fitting and the pipe/fitting itself comply with the required conditions and the relevant standards.
The manufactured pipe/fitting shall meet all the test conditions specified in this specification and the
relevant standards. The delivery location of the pipe/fitting shall be the place designated by the
Administration.

7.2. Loading, transportation, and unloading of pipe/fitting

When loading onto vehicles, transferring from one vehicle to another, transporting, and
unloading, wide-surfaced, non-metallic, braided ropes made of vegetable fibers shall be used; chains,
steel wire ropes, hooks, and ropes made of synthetic fibers shall not be used.
No planks, iron crowbars, etc., which may cause damage, shall be inserted into the coated pipe/fitting.

Loading or unloading shall not be carried out by throwing or rolling.

The pipe/fitting shall be placed on wooden planks bedded perpendicular to the pipe/fitting
axis at 3 m intervals, in accordance with the pipe/fitting form, to prevent rolling, sliding, bending,
and vibration on the vehicle. The plank grooves shall be arranged so that the pipes/fittings do not
touch each other; they shall not have sharp corners, nails, or cause damage to the coating. Instead of
wood, another material that does not damage the coating may also be used. Externally coated
pipe/fitting shall not be loaded together with other loads on the vehicle. During transportation,
welding shall not be applied to prevent the pipe/fitting from slipping apart.

All necessary equipment for loading, transportation to the site or storage place, and unloading
shall be provided by the Contractor.

The pipe/fitting shall be protected against adverse weather conditions (including sunlight) and
contamination during transportation and storage. Contaminated pipe/fitting shall be cleaned before
installation.

Obtaining all necessary permits for the transportation of pipe/fitting and repairing any damage
caused to roads shall be the responsibility of the Contractor.

The Construction Audit Engineer shall inspect the pipes to identify visible defects and
damages; any pipe/fitting damaged during loading, transportation, or unloading shall be returned.

Pipes shall not be transported by nesting them inside one another. Pipe ends shall be fitted
with protective caps.

During transportation, the pipe/fitting or its packaging shall bear the DSI logo, applied as a

sticker in RAL6026 color, in a grid scale of 4 units horizontal and 3 units vertical, with a height of at
least 70% of the pipe diameter, placed on both sides of the pipe/fitting.
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7.3. Storage of pipe/fitting

The pipe/fitting shall be stored in such a way as to prevent entry of soil, mud, wastewater, or
other contaminants. The pipe/fitting or its coating shall not come into contact with any harmful
substances. In stacked pipes, bedding and stack height shall be arranged to prevent damage,
permanent deformation, rolling, damage to the coating, and point contact.

The pipe/fitting shall not be placed directly on vegetative soil, as plant shoots may damage
the coating; instead, it shall be placed on planks as shown in Figure 7, with a maximum spacing of 5
m, using at least three planks. The stacking height shall not exceed 3,5 m in total. The pipe/fitting
shall be covered with a dark-colored protective sheet against the adverse effects of sunlight.

Table 14A : Number of pipes that can be stacked on top of each other

DN Number of pipes that can be

stacked on top of each other
DN <250 10
300 < DN <400 8
450 < DN <500 6
600 < DN <850 4
900 <DN <1100 3
1200 < DN <1500 2
DN > 1600 1

Pipes shall not be stored by nesting them inside one another.

Protective caps shall not be removed from pipe ends until the pipe is installed, and they shall
be stored in the same manner as transported.

Wedge ;
QO Steel
AA—A Pipe — m e
Plank T—a
iSm
Steel ASAS AN A p— | -
0000 . 5
R\ \ A A | ' — |
["""'"""""""""'"""""_;__'_""""'"' srare "'I: H
I
Soil Soil

Figure 7: Field stacking of pipes (schematic)

The contractor shall be responsible for providing all necessary equipment, tools, and labor for
loading, transportation, unloading, storage, and implementation of safety measures.

Any pipe/fitting with damaged coating shall be returned.
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8. INSTALLATION OF PIPE/FITTING
8.1. General

The pipeline route shall be determined with benchmark stakes and marked on the site together
with the curves on the plan. A sufficient number of stakes shall be driven to determine the turning
points. Application works shall be carried out in accordance with the General Technical Specification
for Mapping and Map Data Production of the General Directorate of State Hydraulic Works (DSI).

8.2. Excavation works

Excavation works shall be carried out as described in the DSI Technical Specification for
Excavation Works.

The pipeline route shall be cleared of trees, roots, bushes, weeds, dirt, and other harmful
materials. Unless otherwise specified by the Administration, the materials resulting from the clearing
operations shall not be given to the Contractor. These materials shall be removed from the site before
the completion date of the contract or disposed of as required by the Construction Audit Engineer.

In cases where the natural ground elevation and/or land transverse slope is high along the
pipeline route, levelling excavation shall be carried out between the natural ground level and the
platform levels. The section between the natural ground level or, if applicable, the platform level and
the pipe bottom level shall be considered as the trench; the trench widths shall be as given in Table
15.

Table 15: Trench widths

Nominal diameter Trench width (B) (mm)
(mm) B=D +2A
DN <1000 D + 2 x 500
1000 < DN < 2800 D + 2 x 600
DN > 2800 D +2x700

Under any soil condition, the trench width shall not be less than the value of B given in Table
15 and shall not exceed 1,1 times B. Necessary soil support measures (sheet piles, shoring, etc.) shall
be taken during excavation and, unless otherwise specified, the pipeline trench shall be excavated
vertically (Figure 8).

In weak zones where the safe bearing capacity of the natural ground at the trench bottom is
less than 65 kPa, the trench may be excavated up to a width of 3 times the nominal diameter to ensure
sufficient lean on strength.

The trench depth shall be calculated taking into account frost depth, traffic loads, topographic
conditions, and hydraulic conditions; it shall leave a minimum cover of 1,00 m above the pipe top
elevation, and at elevations above 1.000 m, a minimum cover of 1,20 m shall be provided.

At the joints of pipes/fittings, the trench shall be excavated deeper and wider in the lower
parts close to the ground to ensure proper welding and external coating works. For the welding zone
of pipes/fittings, the minimum distance between the pipe side surface and the trench side surface shall
be 0,60 m, and a welding pit with a minimum depth of 0,40 m below the pipe invert shall be prepared.
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The section of trench excavated along the pipeline route shall be at most 500 m ahead of the
section where pipe installation is carried out.

Natural Ground

Supporting member

Soil supporting measures
L (Steel sheet piles, shoring etc.)

Trench depth (H)

Additional jacking depth calculated in the
________________ feomesms design

Trench width (B)

Figure 8 : Excavation cross-section

In locations where the sidewalls of the trench have weak self-supporting capacity, the
excavated material shall not be stored parallel to or near the trench, and where necessary, the trench
edges shall be protected by shoring. Damage to the surrounding land and structures during excavation
shall be prevented.

Explosives shall be used with care during excavation. A special storage facility shall be
provided for explosive materials in accordance with laws and local regulations. During blasting, all
necessary safety measures shall be taken against loss of life and property, and against possible damage
to buildings under construction or completed. After blasting, the trench width shall remain within the
permitted limits.

Water inside the trench shall be drained to a level below the trench bottom elevation.

If the excavated material has suitable properties for use as backfill, it shall be stored in an
appropriate place for later use in backfilling.

8.3. Backfilling works
The trench backfilling of pipes shall consist of bedding, haunching, initial and upper layer.
If the trench bottom is not stable, loose, decayed, etc. and a uniform surface cannot be
obtained, foundation improvement shall be carried out in weak areas where the allowable bearing
stress of the natural soil is less than 65 kPa. If there is groundwater at the trench bottom, after
removing the water, a trench foundation shall be formed under the bedding layer by laying crushed
stone, rock or rock fines with a thickness of not less than 20 cm.

At least 15 cm height bedding shall be placed on the trench bottom. On the bedding layer, a
haunching layer up to a height of 0,15 times the pipe diameter shall be constructed to provide 90°
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support from the pipe bottom. An initial layer shall be constructed up to 30 cm above the top elevation
of the pipe. Above the initial backfill, the final layer backfill shall be placed up to the natural ground
level.

The bedding and haunching layers shall be made of sand with less than 5% passing through
No0.200 sieve and with a relative density of at least 70%. The bedding and haunching layer thickness
shall comply with Table 16.

Table 16 : Bedding and haunching layer height

Nominal Diameter Bedding (Y) + Haunching layer
(mm) Height
(mm)
DN <650 150 + 0,15 DN
650 <DN <1000 150 + 0,15 DN
1000 <DN <1500 200 + 0,15 DN
1500 < DN <2000 200 + 0,15 DN
2000 < DN <2500 250 + 0,15 DN
2500 < DN <3000 250 + 0,15 DN

The initial layer shall consist of gravel-sand containing silt/clay or crushed stone. The
maximum particle size shall not exceed 38 mm, and the content of this particle size shall not exceed
5% by weight.

To prevent alternate loads or displacements on the pipe, the backfill material shall be placed
on both sides of the pipe simultaneously at the same level, in layers of 15 cm for DN < 600 mm and
30 cm for DN > 600 mm and compacted to 95% Proctor density. This control shall be carried out
every 250 m along the line and in each compaction layer throughout the trench depth.

Before placing the upper backfill layer, along the route, a polyamide-based safety tape, 200
mm wide and 40 micron thick, with the repeated statement “DIKKAT SU BORUSU” together with
DSI logo of 400 point size on white background, shall be placed parallel to the axis of the trench to
be covered. In DN > 2000 pipelines, the safety tape shall be placed in double rows with at least 50
cm spacing.

Taking soil settlement into account, the final backfill layer, from 30 cm above the top
elevation of the pipe up to the natural ground level shall be placed using suitable backfill material
that is free of rubble and stones or rock fragments larger than 20 cm, as well as roots and clods, which
could damage the external coating of the pipe. Material exceeding the soil settlement allowance shall
not be placed on the final layer backfill.
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Figure 9 : Typical trench section for steel pipes

In case of crossing pipelines, the backfill height (E) between two pipes shall be at least 0,60
m and half of the sum of the diameters of the two pipes (Figure 10). This value shall be rounded to
the nearest upper integer.

In case of crossing pipelines, between steel-steel or steel-ductile iron pipes, an insulating mat
in compliance with TS EN 61111, 2 mm thick, with dielectric strength up to 1 kV, shall be placed
with 10 cm overlap, located at the mid-height of the backfill between two pipes, covering a surface
that creates at least 2 m free clearance in both directions of the pipe projection.
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Figure 10 : Typical trench section for crossing steel pipelines
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In case of parallel pipelines installed within the same trench, the spacing (C) between two
steel pipes shall be at least 0,60 m and half of the sum of the pipe diameters (Figure 11). This value
shall be rounded to the nearest upper integer.

PANIN
- 4 Upper Layer (non-compacted backfill, except for road
- crossings and areas under traffic load)

Initial Layer (compacted backfill)

Haunching Layer (compacted backfill)

Hendek derinligi (H)

Bedding Layer (compacted backfill)

Trench Foundation (compacted backfill)

(If the soil is loose or weak; crushed stone, rock, or
rock fines)

Trench width (B)

Figure 11 : Typical trench section for parallel steel pipelines

In sections under traffic load, the material modulus of the backfill zone shall be at least 6,9
MPa, and the upper backfill layer thickness shall not be less than the values given in Table 17. For
road crossings and pipeline routes under traffic load, the upper backfill shall be compacted with the
same quality material as the initial backfill.

Table 17 : Minimum backfill height over the pipe under traffic load (wheel load)

Type of load
Wheel load (KN) Backfill height over pipe (m)
AASHTO H 20 (20) 72 1,00
Cooper E 80 Railway 3,00

For soils where groundwater is present, buoyancy and deflection calculations shall be carried
out and the backfill heights over the pipe shall be determined. For soils where groundwater is present,
after dewatering and ensuring the necessary technical requirements, backfilling and compaction shall
be started.

In case of expansive soil along the pipeline route, the backfill height above the pipe shall be
designed so that the trench depth resists the expanding pressure of the soil.

In cases where the groundwater level is high or the allowable bearing stress of the natural soil
at the trench bottom is less than 65 kPa, the bedding, haunching and initial backfill layers shall be
wrapped with geotextile (Figure 12). Geotextile shall be made of non-woven polypropylene material
with a weight of 250 g/m?, in accordance with the General Technical Specification for Geosynthetic
Barriers. The overlap length shall be 50 cm in both directions.
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Figure 12 : Typical trench section for steel pipes in weak soil
8.4. Installation of pipes
Pipes shall be installed from upstream to downstream.

Pipes and fittings shall be inspected before being lowered into the trench, cleaned inside and
outside, and it shall be determined whether the coating and pipes have been damaged during transport,
loading and unloading. If any defect is detected in the internal and external coating, the damaged
parts shall be repaired in accordance with the relevant coating standard and Coating Application
Instruction before the pipes are lowered into the trench, the dry film thickness/coating thickness shall
be measured and the holiday inspection shall be performed.

The equipment and tools to be used for lowering the pipes into the trench shall be selected to
allow lowering the pipe in a balanced and horizontal manner, preventing impacts to the sides and
trench walls.

Pipes and fittings shall be inspected again after installation and before backfilling, to check
whether the coating layer has been damaged. Damaged areas shall be repaired in accordance with the
relevant coating standard and Coating Application Instruction.

Steel pipes lowered into the trench on the bedding backfill shall be placed so that the spiral
weld seams are staggered at the joints.

The joining of pipes shall be carried out by means of suitable capacity rope slings attached to
the pipe body or by attaching hold-down apparatus to the clamps, and the pipe shall be pushed inside
the trench with the help of pullers. The hold-down apparatus and clamps shall be removed in
sequence, and the undersides and sides of the pipe shall be supported with haunching material to form
proper haunching. The haunching backfill material shall be compacted by rodding with a wooden
stick (e.g. shovel handle) to ensure that no voids remain.

For installed and completely covered pipes, the maximum deflection value shall not exceed
5% of the pipe diameter for all soil types.
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Based on the pipe axial elevations, for slopes exceeding ten percent, pipe installation shall be
carried out from the lower slope upwards. Where the pipeline slope exceeds thirty percent, backfill
retaining structures shall be constructed in order to prevent the flow of backfill material. The
contractor shall take the necessary occupational safety measures to prevent material flow during
installation.

Backfill retaining structures shall be constructed in accordance with Figure 13, with a base
width of at least 70 cm and a top width of at least 50 cm, extending 20 cm above the ground
surface from the trench bottom. The spacing between backfill retainers and their burial depth at the
trench bottom shall be calculated by the contractor depending on the backfill material and slope, and
shall be at intervals not exceeding 30 m. Backfill retainers shall be embedded into the ground at both
sides at a distance equal to one third of the trench width, and the voids shall be filled and compacted
with initial backfill material. Backfill retaining structures shall be constructed of concrete or by using
two-component polyurethane-based spray chemicals that expand at least 25 times. Necessary
precautions shall be taken to divert water outside the alignment between two backfill retaining walls.

Figure 13 : Layout of backfill retaining wall

Based on the pipe axial elevations, in slopes of ten percent and less, for pipes installed from
the higher point to the lower point, necessary preventive measures shall be taken during backfilling
to prevent the pipe sections from sliding downward.

The upper backfill shall not be constructed before the compaction of all pipes and other
installations and other backfills within the trench has been inspected by the Administration.

No angular deviation shall be allowed on the pipeline except at horizontal and vertical bends. At
locations where the pipeline changes direction horizontally or vertically, bends in accordance with
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Clause 5.3.2 shall be used, and where necessary, concrete thrust blocks shall be constructed to resist
static and dynamic forces.

The pipe/fitting embedded in concrete or exposed shall be secured with fixed and sliding
supports, and measures shall be taken to prevent displacement of the pipe/fitting during concrete
pouring.

After concrete pouring, it shall be checked whether all metal parts embedded in or in contact
with concrete are at the center and on the axis.

The installation of the pipe/fitting shall be carried out in accordance with the principles given
in this specification and its annexes, and during installation, the pipe/fitting shall be protected against
the harmful effects of soil and groundwater.

The record of the installed pipes, showing which line and kilometer, they were installed
according to the pipe registry documents, shall be documented in a report.

8.5. Butt welding of pipes
8.5.1. General
Pipe/fitting with factory-prepared bevel shall be joined by butt welding at the site.

If it is necessary to cut the pipe in the field, the pipe shall be cut perpendicular to its axis.
Irregularities on the cut surfaces shall be removed. Cutting shall be performed with appropriate
equipment (oxy-acetylene, laser, water jet, angle grinder, etc.), impact cutters shall not be used.
From the pipe ends; the internal and external coating shall be stripped up to a distance of 100 + 10
mm, and the internal and external coatings in these areas shall be renewed in accordance with the
relevant standards. The bevel shall be prepared by applying high temperature manually, by
machining, or by machining with high temperature in accordance with the dimensions specified in
the relevant pipe/fitting standard, this specification, or the Welding Specification. If the bevel is
prepared manually by applying high temperature, at least 1 mm of metal shall be removed from the
surface by grinding or other mechanical tools. Before starting welding, dirt, rust, paint, oil, moisture,
and other foreign materials that may adversely affect the welding quality shall be removed from the
beveled surface and from an area at least 50 mm away from the bevel.

Welding works of pipes/fittings outside and inside the trench shall be carried out according
to TS 8414 EN 14163. Welding of alloyed steel pipes shall be performed in accordance with API
1104.

The Contractor shall submit the Welding Procedure Specification (WPS) prepared by the
Manufacturer in accordance with TS EN ISO 15607 and TS EN ISO 15614 standards, to the
Administration; upon approval by the Administration, the manufacturing shall be carried out in
accordance with this Welding Specification and in accordance with the technical requirements
specified in the construction project.

All welding works and inspections shall be carried out by personnel (welders) certified
according to TS EN ISO 9606-1 (111, 121, etc.) and possessing qualification certificates for the type
of welding specified in the Welding Specification, issued by the VVocational Qualification Authority,
a University, or an accredited organization. The welder shall be in accordance with TS EN ISO 9606-
1, the welding operator with TS EN 1SO 14732, and the welding quality control specialist shall have
Level 2 or Level 3 certification in accordance with TS EN ISO 9712. The manufacturer/contractor
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shall submit to the Administration the qualification certificates of the personnel who will perform and
inspect the welding.

The welder who will carry out welding works of pipes/fittings in the field shall have at least
three years of experience in pipe/fitting welding works.

The welding performed shall be subjected to non-destructive inspection (NDT) by Level 2
NDT personnel certified according to TS EN ISO 9712 or equivalent standards. The welding quality
control certificate shall be submitted to the Administration by the Contractor.

The sections where weld seams from pipe manufacturing intersect with the weld seams of the
joints shall be subjected entirely to radiographic inspection.

For wall thickness t > 8 mm: 100% ultrasonic, 20% radiographic.

For wall thickness t < 8 mm: 100% liquid penetrant, 20% radiographic inspection.

Calibrated equipment shall be used in NDT measurements.
8.5.2. Manual butt welding
No inserts shall be placed in the welding gap between pipes.

All welds, including spot welds for temporary support, shall be performed by certified welders
and welding operators in accordance with the approved Welding Specification.

The welding machine shall have adequate capacity and type, adjusted to allow proper weld
production, process continuity, and personnel safety.

Arc welding machines shall operate within the current and voltage ranges specified in the
approved Welding Specification.

If welding is performed on the ground or on a load-bearing, except in rotating welds, the
working clearance around the pipe shall not be less than 0,60 m.

If welding is carried out inside the trench, the welding pit shall be large enough to allow the
welder or welding operator to reach the pipes and provide working clearance for welding. Before
starting welding, any accumulated water in the welding pit shall be drained.

If moisture forms on the pipe and the ambient temperature falls below +5 °C, the welding
areas shall be heated to 50 °C or higher. Welding shall continue under protection against adverse
weather conditions. The construction audit engineer shall postpone welding if weather conditions
may adversely affect the weld quality.

During welding, until the root pass and second pass (filler pass) are completed, the pipe/fitting
shall not be moved.
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The longitudinal and/or spiral weld seams of adjacent pipes/fittings shall not coincide at the
butt welding and shall be offset by at least 50 mm. Longitudinal weld seams shall be located on the
upper half of the pipe.

The axial misalignment of the weld ends of butt-joined pipes/fittings shall be minimized
through rotation of the pipe/fitting until the optimal position is achieved. The pipe/fitting shall not be
hammered or heated to correct axial misalignment.

The gap between the bevel ends shall be measured, and the measured values shall comply
with those specified in the Welding Specification.

The butt-joining of pipe/fitting ends shall be carried out with hydraulic pullers, movable
clamping rings, bands, reinforcing elements, spot-welded internal stiffeners, or alignment guides,
ensuring that the pipes or fittings are always joined without inducing stress. These devices shall not
be removed before completion of the root pass. Priority shall be given to the use of internal clamping
devices, but if their use is not possible, external clamping devices shall be used. Precautions shall be
taken to ensure that the bevel condition and span do not change during welding. The root pass shall
not be removed before it is fully distributed across the bevel. The clamping device shall be designed
so as not to damage the pipe and coatings.

Tack welds shall not be applied in the gaps where the root pass is to be performed. If tack
welding is required for root pass welding, it shall be carried out in accordance with the method
specified in the Welding Specification.

Tack welds to be incorporated into the production weld shall be ground with an appropriate
slope at the start/stop locations to ensure proper fusion with the root pass, and the ground area shall
be inspected by magnetic particle or liquid penetrant methods.

The chassis cable of the welding machine shall be of sufficient thickness to prevent current
concentration on the cable and shall be securely fastened to prevent arc burns.

If testing of the welding filler material (electrodes, etc.) is required by the Administration, the
manufacturer shall provide test results demonstrating compliance with AWS A5.01 and TS ISO
10474.

The tensile strength of electrodes, filler wires, and wire/electrode combinations to be used
shall be at least equal to the minimum tensile strength of the steel. In case for welding pipes/fittings
of different steel grades, the tensile strength of the welding filler material shall be higher than the
tensile strength of the steels being joined.

Welding filler materials shall be stored separately by class, brand, and batch, at the
temperature and humidity as recommended by the manufacturers. Precautions shall be taken during
handling, unloading, and storage to prevent damage and moisture absorption of these materials.
Damaged or deteriorated filler materials shall not be used.

Electrodes shall be heated in an oven at 300 °C for 2 hours and kept at 150 °C in heated
containers during use.
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In cases where gas-shielded welding is used; the moisture content of the shielding gases shall
be lower than the amount of water carried by air at a dew point of -30°C at atmospheric pressure.
Additional properties such as oxygen content of the shielding gases shall not deviate more than 10%
from the values specified in the Welding Specification. Shielding gases shall be kept in their supply
containers, stored away from excessive heat.

If required by the Welding Specification, preheating shall be carried out at the welding area
before welding. Preheating shall be performed with gas or electric equipment to ensure and maintain
proper temperature distribution and to prevent adverse effects on the welding process and damage to
coatings. The preheating temperature shall not be lower than that specified in the Welding
Specification. The application area of the preheating temperature shall include the entire
circumference of the pipe or joined part and at least 75 mm on both sides of the weld. When the
preheating temperature reaches given temperature, it shall be determined by thermocouples or
pyrometers.

Whenever possible, the temperature shall be measured on the opposite side of the heated
surface. If this is not possible, the heat source shall be removed and the temperature shall be measured
on the heated surface once equilibrium is reached. The time between removing the heat source and
measuring the temperature shall be approximately 2 minutes for wall thickness up to 25 mm
(inclusive), with 1 minute added for every additional 12 mm thickness above 25 mm.

Immediately before welding, temperatures shall be re-measured at several points around the
joint,

Permanent clamping devices shall not be allowed; temporary clamping devices shall be
applied only if specified in the Welding Specification.

The internal weld seam shall be made in accordance with the Welding Specification.

During welding and inspection works inside the pipe/fitting, the Contractor shall take
necessary safety measures and provide ventilation equipment.

The completed weld shall have a smooth transition to the base material, uniform appearance
around the pipe circumference, and consistent width. The weld bead width shall not exceed that
specified in the Welding Specification.

During welding of pipes/fittings with a diameter greater than 325 mm, at least two welders
shall work simultaneously, one on each side of the pipe. Welder A and welder B shall perform the
root pass welding as shown in Figure 14 for D < 600 mm, and as shown in Figure 15 (1, 2, 3, 4) for
larger diameters.
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The first welder (A) and the second welder (B) shall perform the filler welding according to Figure
16, while only the first welder (A) shall perform the subsequent layer welds according to Figure 17.
The first welder (A) shall perform the final cap pass according to Figure 18.

20 mm

Figure 17

Figure 18

Filler welding temperatures shall be measured and shall remain within the ranges specified in
the Welding Specification. Filler welding temperatures shall not exceed the maximum temperature
recorded during the welding of sample products carried out for the approval of the Welding
Specification.

Weld starts and terminations shall not overlap or coincide.

The areas of the pipe/fitting material around the parts of the clamping device elements that
were cut and removed by grinding shall be subjected to ultrasonic test for damage check.
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Slag on the surface shall be removed manually or with power tools before the next welding
layer is deposited. Surface porosity clusters, starts, stops, and protrusions shall be removed by
grinding.

Surface slag, welding defects, and visible imperfections (cracks, cavities, and other filler
defects) shall not be accepted.

The cleanliness of the fusion line between the welding filler material and the melted surface
shall be checked by visual inspection before the next weld pass is applied.

Welds shall not be left partially completed. The joints shall be welded in a single operation.
If required due to manufacturing conditions, welding may be interrupted after depositing the
minimum number of layers specified in the Welding Specification, provided that the welding process
continues afterwards.

As soon as welding is interrupted, the weld shall be protected to cool slowly and evenly by
wrapping it with a dry, heat-resistant, waterproof reinforced insulation material. Before restarting
welding, the weld area shall be reheated to the filler welding temperature range specified in the
Welding Specification.

Welding shall not be interrupted until at least three layers have been completed.

If specified in the relevant standard and the Welding Procedure Specification (WPS), the weld
area shall be subjected to circumferential heat treatment after welding, without causing overheating.

8.5.3. Butt welding by automatic welding machine

For joining of bevel ends by automatic welding machine, the provisions stated in Clause 8.5.2
shall also be taken into account, and all requirements specified in the relevant standard for automatic
welding shall be taken into consideration.

Considering the duration of the work and the amount of pipe to be installed, the required
number of tent-type shelters necessary for automatic welding shall be provided before the
commencement of welding operations. No delay in the work shall be allowed for this preparation.
Where casings to be placed, the trench edges shall be widened if necessary.

For works exceeding a total length of 30.000 m with pipe/fitting diameters larger than
DN1000, welding operations shall be carried out with an automatic welding machine.

8.5.4. Coating processes of butt weld areas

At site, after surface cleaning and establishing the necessary coating conditions, the internal
and external surfaces of the weld area shall be coated with additional coating material of the same
type as the existing coating of the pipe/fitting: internal surface according to TS EN 10339, external
surface according to TS EN I1SO 21809-3.

The coating shall be applied in accordance with the Coating Application Instruction.
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Before external coating of the pipes, the surfaces to be coated shall be cleaned with a cup
brush and sandpaper to St3 quality, and the surface roughness shall be within 50-100 pm.

After heating the surface to be coated on the pipe to the preheating temperature specified in
the Coating Application Instruction which shall be between 60 °C and 70 °C, the coating shall be
applied, ensuring that the coating temperature does not exceed 120 °C for polyethylene coatings and
110 °C for polypropylene coatings.

During coating application, the preheating temperature of the pipe shall be measured and
recorded using a contact thermometer.

Polyethylene and polypropylene coatings shall be applied by the two-layer hot wrap (heat
shrinkable) method, in accordance with TS EN 1SO 21809-3, as specified in Table 17A: for DN <
1500: at least 50 mm overlap onto the existing coating and at least 100 mm onto the wrap, for DN >
1500: at least 75 mm overlap onto the existing coating and at least 150 mm onto the wrap. At the
location where the wrap overlaps over itself around the circumference of the pipe, a closure patch of
the same material and thickness shall be centered over the exposed edge: for DN < 1500: minimum
dimensions 300 x 200 mm, for DN > 1500: minimum dimensions 350 X 250 mm.

Table 17A: Properties of PE and PP hot wrap coatings

Properties PE PP
Type 14A-3 (Tmax< 120 °C)| Type 14D-1 (Tmax <110 °C)
Holiday test (5 KV/mm + 5 kV) No voids allowing current discharge
Impact resistance (23 °C) > 7 J/mm > 10 J/mm
Indentation pressure At 23 °C: 10 N/mm? At 23 °C: 10 N/mm?
At Tmax: 1 N/mm2
Residual indentation thickness At23°C:>1,0mm At23°C:<0,6 mm
At Tmax: Z 1,0 mm
Cathodic disbondment (28 days) At23°C: <15 mm At23°C: <5 mm
Al Tax: <20 mm At Tmax: £ 10 mm
Peeling strength At 23 °C: >3 N/mm At 23 °C: > 4 N/mm
At Tmaxi > 0,2 N/mm At Tmax: > 2 N/mm

Hot water immersion test (100

days at Tmax) (P100/Po) At 23 °C:>0,75 mm

Overlap shear resistance (10 At 23 °C: > 0,5 N/mm? At 23 °C: > 5 N/mm?
mm/min) At Tmax: > 0,1 N/mm? At Tmax: = 1 N/mm?
Elongation at break (E100/Eo) > 0,75 (E100/E0) > 0,75
(100 and 70 days at Tmax) (E100/E70) > 0,80 (E100/E70) > 0,75

After completion of the coating process, the coating thickness measured at the weld seam
after two hours shall be in accordance with Table 17B.
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Table 17B : Coating thickness of PE and PP applied by wrapping method

DN PE PP
Minimum (mm) | Minimum (mm)

<700 1,6 1,6

700 < DN < 1500 1,7 1,6

1500 < DN <2000 2,0 19

2000 < 2,2 2,0

The external coating application of the fitting shall be started only when the ambient
temperature is below 50 °C, the surface to be coated shall be cleaned of dirt, rust, oil and dust, surface
cleaning at St2 grade shall be performed, and the surface roughness shall be within 25 ~ 75 pm. After
the cleaning process, the surface shall be washed with solvent, and the coating process shall be started
within 2 hours. The surface to be coated shall first be coated with epoxy primer with a thickness of
65 ~ 75 um, and a maximum drying time of 30 minutes shall be allowed.

Polyethylene and polypropylene coatings shall be applied in accordance with TS EN 1SO
21809-3 using a two-layer cold wrapping method according to Table 17C. The width of the wrapping
material shall be selected between 50 ~ 250 mm according to the type of fitting, narrower in those
with sharp angled bends and variable cross-sections, and the thickness shall be within 0,6 ~ 0,9 mm.
If there is an existing coating, wrapping shall start with at least 50 mm overlap on the existing coating
by circumferential wrapping, and wrapping shall be completed using wrapping/tensioning equipment
with spiral 50% overlap and at least 3 turns, or with as many turns as required to reach the thickness
specified in Table 17B. During the wrapping process, staggered wrapping shall be carried out so that
the overlap joints do not coincide.

Table 17C: Properties of PE and PP cold wrap coating

Properties PE / PP

Type 12-1 (Tmax <50 OC)
Holiday test (5 kV/mm + 5 kV) No voids allowing current discharge
Impact resistance (23 °C) >4 J/mm
Indentation pressure (at 23 °C and Tmax) 10 N/mm?
Residual indentation thickness (at 23 °C and Tmax) > 0,6 mm

At 23 °C: <15 mm
At Tmax: <20 mm
At23°C:>1,5N/mm
At Tmax: > 0,2 N/mm
(P100/Po) > 0,75 mm

Cathodic disbondment (28 days)

Peeling strength

Hot water immersion test (100 and 70 days at Tmax) (P100/P70) > 0,80 mm
2
Overlap strength (10 mm/min) (at 23 °C and Tmax) 20,05 N/mm
Elongation at break (E100/E0) > 0,75
(100 and 70 days at Tmax) (E100/E70) > 0,80

After coating, holiday insulation test shall be carried.
The coating material shall meet the requirements of TS EN 1SO 21809-3 and these properties

shall be verified by inspection and reported. The inspection report shall include the results of the
qualification inspections, and the necessary data required in the standard.
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For the internal coating of the pipe/fitting; for diameters DN700 and above, necessary safety
and ventilation measures shall be taken and access shall be provided into the pipe; instead of blasting,
rough cleaning of the weld area shall be carried out manually or with an electric wire brush, washed
with detergent water, rinsed, and dried with a natural fiber cloth that absorbs water. Then coating
shall be applied in accordance with the Coating Specification.

For diameters below DN700, internal coating shall be applied by a machine capable of
moving inside the pipe/fitting with remote control and imaging feature.

8.5.5. Pressure test of pipelines

The pressure test of pipelines shall be carried out under the supervision of the Administration
when the ambient temperature is between 10 ~ 30 °C.

The length of the section to be subjected to internal pressure inspection of the pipes placed in
the trench shall be maximum 2.000 m, provided that the wall thickness is the same. This distance may
be increased if specified in the special technical specification. In the section to be tested, no water
control elements other than air valve and discharge valve shall be installed, blind flanges shall be
installed to the incomplete connections, and the inspection shall be carried out.

The pipeline shall be subjected to testing as a whole or, where necessary, divided into several
test sections. Test sections shall be defined as pipeline sections where the test pressure can be reached
at the lowest point of the line, the maximum operating pressure can be reached at the highest point,
the required water for testing can be pumped in, and can be easily discharged. Any kind of deposit
and foreign matter inside the pipeline shall be removed before testing, and then the line shall be filled
with water.

The pressure pump, graduated pressure gauge, non-return valve, shut-off valve, ventilation
system for inspection equipment and thermometer shall be ready before testing.

For occupational health and safety purposes, no other work shall be carried out inside the
trench during testing.

The installed pipeline shall be filled with water at a flow rate of maximum 1/10 of the line
flow rate. While filling the pipeline with water, the operation of the air valve shall be checked to
ensure that all the air inside the line is expelled; if a malfunctioning air valve is detected, water filling
shall be stopped until it is made operational, and then water filling shall continue. Since trapped air
in the pipe will cause the applied pressure during testing to be read differently from the actual
pressure, the testing shall not be started until all air is expelled.

Before the pressure testing, the backfilling of the pipes shall be completed, except for joints
and main pipe discharge connections. Permanent supports or fixings shall be constructed so as to
withstand the pressure test. Concrete thrust blocks shall have sufficient strength before the test begins.
It shall be ensured that plugs or other temporary blind connections are adequately fixed with loads
distributed according to the supporting capacity of the soil.

62



The temperature of the testing water and air shall be measured at the start and end of the
testing. The measurement results and other necessary information shall be documented into the test
report immediately.

If it is not possible to place the test equipment at the lowest point of the tested section, the test
pressure shall be the pressure calculated by subtracting the height difference from the lowest point of
the test section.

Pressure readings shall be taken at the lowest point of the test section using two separate
manometers for comparative purposes. The second manometer shall be a recording manometer. The
manometers connected to measure the applied pressure during the test shall have a precision sufficient
to read pressure increments of 0,1 bar.

After the section to be tested is filled with water, pressure shall be applied to the pipeline by
pumping water with a pump, and the pressure increase shall not exceed 1 bar per minute.

To prepare the line for testing, before the main test, in order to allow for pressure-related
increase in the volume of flexible pipes; the pressure of the pipeline in the test section shall be raised
up to the pressure corresponding to the water column in meters between the pipe bottom elevation
and the highest water surface level at the water source. This increase shall be carried out in 3 stages,
waiting 10 minutes each time. The line shall be kept at this pressure level for one hour. At the end of
this period, there shall be no pressure change in the manometers. Otherwise, the test shall be restarted.

For all pipelines, the test pressure shall be 1,50 times the pressure corresponding to the water
column in meters between the pipe bottom elevation and the highest water surface level at the water
source.

The pressure in the pipe shall be raised step by step up to the test pressure level. The pipeline
shall be kept under test pressure for at least 2 hours.

The joints of the pipeline shall be inspected by hand and visually, the tested section shall be
checked, if any part of the pipeline shows unacceptable positional change and/or leakages are
observed, the pipeline shall be depressurized, defects shall be repaired, and any pipe/fitting subject to
plastic deformation shall be replaced. In this case, the inspection shall be restarted.

At the end of the second hour, the pressure loss measured in the manometers shall not exceed
0,1 bar. Otherwise, the test shall be restarted.

After the pipeline successfully passes the test, the increased pressure shall be released
stepwise to the operating pressure level via the pressurization valve, waiting 10 minutes at each of 3
stages.

8.5.6. System test

In cases where the pipeline is divided into two or more sections for the pressure test and all
sections have successfully completed their leakage tests; the entire system shall be kept at operating
pressure for at least 2 hours. During this period, the line shall be visually inspected for leaks and
pressure variations. If there is no pressure drop, the entire system shall be deemed successful.
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The Contractor shall not request provisional acceptance from the Administration until the
system test is successfully completed.

8.5.7. Cleaning of pipelines

After the work is partially or fully completed, and before the Contractor submits the
provisional acceptance proposal, the pipelines shall be cleaned with water introduced into the pipe.
For the cleaning of the lines, the water to be used shall be disinfected by mixing it with a chemical
that has no adverse effect on human health and has no corrosive properties. The water used in these
processes shall be completely discharged before the line is put into operation.
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9. CATHODIC PROTECTION OF PIPELINES
9.1. General

Steel pipelines buried in the ground or located under water shall be protected against corrosion
by “galvanic (sacrificial) anode” or “external current” cathodic protection systems, the characteristics
of which are described in this specification.

The cathodic protection system shall be designed so that for at least 20 years the pipe-to-soil
voltage difference measured against the reference electrode when the pipeline is under current shall
be at least -850 mV and at most -1.200 mV (+10%, -0) at every point along the pipeline.

For each case, design reports for both sacrificial anode and external current cathodic
protection systems shall be prepared and submitted for the Administration’s approval. According to
the system selected by the Administration, the projects shall be prepared and submitted for approval.

Sacrificial anode system shall be preferred:
When it is economically more feasible,

When steel pipes are used for casing / guiding / auxiliary purposes in existing infrastructure
crossings,

Under conditions where operation and maintenance processes are limited due to maintenance
personnel, seasonal or field conditions,

When uninterrupted power supply for the cathodic protection system cannot be provided,

In regions with a high density of buried metal structures due to electrical interaction of the
pipelines with surrounding metal structures.

External current system shall be preferred:

When it is economically more feasible,

When the operating authority/institution has a written request for this system to be preferred,
When the pipeline passes through densely populated areas.

Unless otherwise specified in the special technical specification, cathodic protection shall not
be applied to the steel pipes located in hydraulic structures on pipelines other than steel pipelines, or
to steel pipelines not exceeding 20 meters in length.

For steel pipelines that have been installed for more than six months during the construction
phase, temporary protection shall be provided with sacrificial anodes regardless of soil resistivity and
cathodic protection system. This period shall be considered as:

three months in soils with resistivity between 2.000 ~ 10.000 ohm.cm,
1 one month in soils with resistivity less than 000 ohm.cm.

The reliability of temporary cathodic protection shall be monitored by measurements every
fifteen days, ensuring that the pipe-to-soil voltage difference is between -850 mV and -1.200 mV.
These findings shall be documented.

When a new pipeline is installed close and parallel to an existing pipeline, interaction between
the two pipelines depending on the corrosive characteristics of the soil may rapidly cause corrosion;
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therefore, there shall be at least 2,00 m spacing between the outer walls of steel pipelines. In cases
where two pipelines are installed together, cathodic protection shall be designed taking this
interaction into account, and the distance between the pipes shall be at least 0,60 m.

In the event of electrical interaction between steel pipelines subject to cathodic protection
and other buried metal structures, application shall be carried out in accordance with TS EN 14505.

Personnel who shall design, implement and test the cathodic protection system shall have
professional competence certification in accordance with TS EN 1SO 15257.

The Contractor shall provide one day of training to two Administration personnel involved
in the operation of the system, covering the functioning of the cathodic protection system and the
tests to be carried out in the field.

The Contractor shall prepare and submit to the Administration, the construction and as-built
drawings covering all general and detailed layouts, in which the locations and coordinates of all
anodes, test stations, and T/R units are recorded by means of a GPS device and plotted on scaled
maps, including the overall layout of the cathodic protection system together with the electrical and
mechanical drawings of the T/R units.

The Contractor shall prepare an operation and maintenance manual including the final test
results and submit it to the Administration for approval. The approved operation and maintenance
manual shall also be added to the Facility’s Operation and Maintenance Books.

Before the provisional acceptance of the cathodic protection system, one portable reference
electrode and one digital multimeter with high input resistance shall be delivered to the
Administration.

9.2. Design

The Contractor shall carry out a field survey along the pipeline to be used as the basis of
cathodic protection design.

Physical and chemical properties of importance in corrosion such as soil resistivity, pH value,
reduction potential, pipe/soil potential, salinity, groundwater level, aeration and compaction
properties shall be taken as the basis for the design.

Measurements taken in the field shall be recorded together with DSI personnel in a Field
Measurement Report. The report shall include: distance from the starting point, coordinates of
measurement points, measurements taken along the pipeline route for determination of soil resistivity
in accordance with TS EN 12954 and TS 4363, pH measurements along the pipeline route to
determine where soil characteristics change, potential measurements for reduction potential.
Calibration certificates of measuring instruments shall be attached to the report.

Based on the field measurements, a report regarding the cathodic protection system shall be
prepared, designed, and submitted for the Administration’s approval.

This report shall include: pipeline details (pipe type, length, diameter, wall thickness, coating
type, coating resistance, attenuation constant, concrete-coated pipe sections, etc.), field measurement
report, topographic details and soil structure, presence of voltage lines of 1 kVV and above, their
positions relative to the pipeline and operating voltages, distances of poles to the pipeline and
intersections of overhead transmission lines with the pipeline, foreign pipelines and power cables
within 200 m of the pipeline (those with cathodic protection systems shall be specifically indicated),
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locations of aboveground structures on the pipeline, crossings and lengths of canals, streams,
highways, railways, bridges, etc., the expected protection current requirement at the beginning and at
the end of the design life, locations of insulating flanges, soil resistivity at the site of the anode bed,
design type and physical dimensions of the anode bed, location of the energy source where the T/R
unit shall be installed (solar energy — a detailed project regarding this energy source shall be prepared
—, grid line, etc.), energy supply route, anode bed cabling and the route of the (-) cable through which
the current is injected, total resistance of the cathodic protection system, anode material, anode current
density and anode lifetime, list showing the locations and types of proposed measurement boxes,
cross-section calculation of all cables, and all calculation details.

After the design of the cathodic protection system, approvals from the relevant public
institutions/organizations shall be obtained for the additions required on pipelines owned by those
institutions/organizations.

The anode bed layout, general view of the cathodic protection system, and welding detail
drawings of the connections of measurement boxes and anodes to the pipeline shall be prepared. The
report to be submitted as a project annex shall also include cost analyses.

To ensure electrical isolation at both ends of the section of the pipeline where cathodic
protection shall be applied, an insulating separation element (insulating flange) consisting of a
perforated insulating gasket made of neoprene or klingrit material, an insulating washer made of
bakelite material, and a bushing shall be installed (Figure 19). In order to determine the locations of
this element, electrical continuity shall be investigated along the pipeline. Insulating flanges shall be
used at the inlet and outlet of major hydraulic structures such as pumping stations, dam sluice outlet
valve chambers, chambers, reservoirs, etc.
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Figure 19 : Insulating flange

Electrical continuity shall be ensured along the pipeline. To ensure continuity of electrical
current at flanged connection points, electrical current bypass jumpers shall be used from one steel
pipe flange to the other steel pipe flange.

In case the cathodically protected pipe intersects with other metallic structures, the necessary
insulation shall be provided by applying one of the appropriate methods such as increasing the coating
thickness in the intersecting region, using a bond resistance between the two pipelines, or providing
additional protection current.

During the design, voltage values shall be determined in accordance with TS EN 12954,
based on soil resistivity and ambient temperature.
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If there are electrically conductive structures such as rail transit systems, high-voltage lines,
and transformer stations within the ground traversed by the pipeline, an external current alternating
current filter shall be installed to ground the alternating current.

9.2.1. Calculation of required protection current

The protection current requirement shall be calculated using the total steel pipe surface area
between two insulating flanges.

The current density shall be calculated separately based on soil resistivity and coating.
9.2.1.1.Calculation of protection current density based on soil resistivity

Soil resistivity of the soil shall be measured in accordance with TS 4363 using the Wenner
4- Electrode Method at intervals not exceeding 1.000 meters, by recording the geographical
coordinates of each measurement point along the pipeline. In this method, electrodes with a diameter
of 12~16 mm and a length of 40~60 cm, manufactured from galvanized steel, shall be placed at equal
intervals in a straight line. Measurements shall be taken at five different spacings: a/4, a/2, a, 3a/2,
2a and the arithmetic average of the values obtained shall be used in the calculation.

The average soil resistivity shall be calculated using the following formula:

Pa\/ —_— max+ min
g = Yp.- p_z_p_

n-1

Pay - average soil resistivity (ohm.cm)

pi  calculated soil resistivitys (ohm.cm)

Pm - Maximum calculated soil resistivity (ohm.cm)
pan - Minimum calculated soil resistivity (ohm.cm)
n  :number of measurements (units)

5
21

Pi== ) 4GR;
J=1
aj : distance between electrodes (cm)
Rj : resistance measured with Megger device (ohm)

=3 200
a=30

D : outside diameter of pipe (mm)

Unit-area protection current density shall be calculated using the following equation derived
from the Kalman Curve for uncoated pipe, corresponding to the average soil resistivity.
The protection current density calculated based on average soil resistivity shall be multiplied by the
coating factor (k) taken from Table 18.
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Table 18 : Coating factor (k) according to pipe coating type

Pipe Coating Type Coating Factor (k)
Uncoated 1
Previously installed 3

EP coated 0,01
HDPE, PP and PUR coated 0,005

I, = k.1480. pavg™®

I1 : protection current density according to average soil resistivity (mA/m?)
k :coating factor

9.2.1.2.Calculation of protection current density based on coating

The coating resistance of the steel pipe to be subjected to cathodic protection shall be
determined by test method. Along the pipeline, measurements shall be taken once from the body and
once from the weld joint every 1.000 meters, and the coating resistance shall be calculated by
arithmetic mean, and the design shall be made according to this value. Coating classification
according to pipe coating resistance shall be made in accordance with Table 19.

Table 19 : Coating quality according to coating resistance

Coating quality Average czgr;l]trlnn?]1 g;)_?ductivity average ((:(?1?21”31 2r)esistance
Very good <10* >10.000
Good 10%~5,10* 2.000 ~ 10.000
Medium 5,104~ 103 1.000 ~ 2.000
Poor >10% < 1.000
Uncoated 0,04 ~0,2 5~25

(Prepared for 1.000 ohm.cm soil resistivity and shall be reduced according to soil values.)

In cases where determination by testing is not possible, the average coating resistance shall
be taken as 10.000 ohm-m? for all EP, HDPE, PP, PUR coatings manufactured in accordance with
this specification, and design shall be made accordingly.

According to TS EN 12954, the protection voltage of the steel pipe shall be at least -850 mV,
and the uncoated steel pipe — soil potential shall be taken as -550 mV.

The protection current density according to coating shall be calculated as follows.
[, = |E:D — En'
2 Rk

|2 : Protection current density according to coating (mA/m?)
Ep : required protection potential (mV)
En : uncoated pipe — soil potential (mV)
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Rk : average coating resistance (ohm-m?)
9.2.1.3.Calculation of total required protection current

For steel pipelines passing through water, the protection current density requirement shall be
taken as 10 mA/m?.

The protection current requirement shall be determined by taking the greater of the protection
current density calculated according to average soil resistivity (I1) and the one calculated according
to coating (l2), defined as (1).

Ip = ITIZ(DLLJ

lo  :total protection current requirement between two insulating flanges (mA)

I. selected protection current density (mA/m?)

Di :each diameter along the pipeline between two insulating flanges (m)

Li  : pipe length corresponding to each diameter along the pipeline between two insulating
flanges (m)

In cases where valves, dismantling pieces, drain pipes, etc. water control elements are located
between two insulating flanges, these elements shall be considered as pipe and included in L;
calculations.

9.2.2. Calculation of required reduction potential

For determining the acidity/alkalinity characteristics of the soil, pH measurement shall be
made with a pH meter at locations where the soil varies.

The reduction potential shall be calculated using the measured potential between a platinum
electrode immersed in the soil and the reference electrode, together with the soil pH value. The degree
of corrosivity shall be determined according to reduction potential values.

The potential of the copper/copper sulfate reference electrode with respect to the standard
hydrogen electrode shall be taken as 316 mV.

The reduction potential shall be calculated using the following formula:

E; = Ey; + 316 + 60(pH; — 7)

E; :all calculated reduction potential values (mV)
Epi : potential measured between the platinum electrode and the reference electrode (mV)
pHi : soil acidity/alkalinity level

Each measurement point shall be evaluated according to Table 20 for corrosivity depending
on soil resistivity and reduction potential.
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Table 20 : Corrosivity status of the soil

Reduction Potential . . Soil Resistivity Vo_Itage
) Soil Corrosivity ) Requirement
(Ei) (mV) (pi) (ohm.cm) (Eacd) (MV)
<100 strong <1.000 50
100 ~ 200 normal 1.000 ~ 3.000 30
200 ~ 400 medium 3.000 ~ 10.000 10
> 400 low > 10.000 0

For each measurement point, the arithmetic average of potential requirement values (+mV)
separately obtained from Table 20 depending on soil resistivity or reduction potential shall be added
to the potential difference between anode and pipe (—mV), and the new anode—pipe potential
difference (—mV) shall be used in calculations.

If the arithmetic mean of potential requirement values is “0”, cathodic protection shall not be

applied.
9.2.3. Sacrificial anode system

The sacrificial anode cathodic protection system is the process of turning the pipe into a
cathode by creating a galvanic cell through connecting an anode of a metal more electronegative than
iron, such as magnesium, zinc, or aluminum, to the pipe.

The manufacturer’s certificate of conformity, together with the test report of magnesium
anode and backfill material carried out at the DSI TAKK Department or at an accredited laboratory,
and the certificate containing the chemical and electrical properties of the magnesium anode shall be
submitted to the Administration.

Unless otherwise specified in the special technical specification, normal type AZ 63 or high
potential magnesium anodes, whose dimensions and weight are given in Table 21 according to TS
9234 and whose chemical composition is given in Table 22, shall be used. Scrap material shall never
be used in the manufacturing of magnesium anodes.

Table 21 : Physical properties of magnesium anode and bag

Anode Anode Anode Weight Bag Bag Backfill |Bag Weight
Type Dimensions (Wanode) Dimensions |  Weight (kg) (kg)
BxBxL (mm) (kg) dxL (mm)

Tolerance +3% +5% +3% +5% +3%
M-1 30x30x970 1,6 130x1100 11,0 12,6
M-2 60x60x470 3,0 160x550 9,0 12,0
M-3 100x100x300 5,0 200x400 9,5 14,5
M-4 100x100x460 8,0 200x550 11,4 19,5
M-5 100x100x570 10,0 200x650 14,0 24,0
M-6 130x130x500 15,0 225x600 17,0 32,0
M-7 130x130x580 17,0 225x700 19,0 36,0
M-8 130x130x700 20,0 225x800 21,0 41,0
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Table 22 : Chemical composition of magnesium anodes (%)

Alloy Component |By Weight Ratio
Copper max 0,02%
Aluminum max 0,05%
Silicon max 0,05%

Iron max 0,03%
Manganese max 0,5% ~ 1,5%
Nickel max 0,002%
Zinc max 0,03%
Magnesium remaining

Magnesium anodes shall be delivered in bags wrapped with backfill material.
The backfill material shall conform to TS 9234 in terms of properties and alloy composition and
shall be manufactured in accordance with Table 23 as Type A for soils with average specific
resistivity values up to 3.000 ohm.cm, and as Type B for soils above 3.000 ohm.cm.

Table 23 : Properties of the backfill material

Unit Type A Type B

Specific electrical resistivity ohm.cm | 50~ 100 25 ~ 50
Gypsum (CaS04.2H20) % 70~75 25~30

Mixture [Bentonite % 20~ 25 40 ~ 50
Sodium Sulfate (Na2SOa) % 5~10 25~ 30

In projects designed according to the sacrificial anode system, the number of anodes shall be
calculated so that the system life is at least 20 years.

Theoretical current capacity of the anode is 2.200 A.hour/kg (3,94 kg/A.year), current
efficiency is 70%, reference electrode potential (relative to Cu/CuSO4) is 1,75 V, density is 1,74
g/cm?, and potential difference between anode and pipe (circuit voltage) shall be -850 m

4Lgnode | _ 4Lpag\ _
Pbackfill (l“( danode ) 1) Psoil (ln( dba ) 1) L
R - i g Fp cable
anode ZnLanode anbag copper 4

cable

Ranode : resistance of the anode (ohm)

poackiill : specific electrical resistivity of the backfill material (ohm.cm
psoil : average soil specific resistivity (ohm.mm?/m)

peopper - Tesistivity of copper cable (0,017 ohm.mm?/m)

Lanode : length of magnesium anode (cm)

danode  : diameter of the magnesium anode (cm) (danode = 4B/ 7)

Lbag  : length of anode bag (cm)

dbag : diameter of anode bag (cm)

Lcanle  : length of anode connection cable (m)

Acable  : cross-sectional area of anode connection cable (mm?)

The magnesium anode bag shall be placed vertically in the anode bed.
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A single anode output current shall be calculated with the following formula:

_ |E N Eadd'

anode —

R

anode

lanode : anode output current (mA)
E : voltage difference between anode and pipe (-mV)
Eadd : additional voltage requirement (+mV)

Total number of anodes between two insulating flanges:

n _ b
current — I

anode

Necurrent  : total number of anodes (pieces)
lp : total protection current requirement between two insulating flanges (mA)

Total number of anodes between two insulating flanges according to design life:

Tli eIpCth

nli e = W
anode 77anodefe

niite : total number of anodes (pieces)

Tiite - design life of cathodic system (years)

Wanode : Anode weight (kg)

nanode : anode efficiency (%)

fe : reduction factor (0,85)

Cw : theoretical current capacity of the anode (kg/A.year)

The greater of the ncurrent and niire Values calculated between two insulating flanges shall be
taken as the total number of anodes.

By dividing the length between two insulating flanges by this total number of anodes, one
anode connection shall be made at each distance (m) thus obtained.

The axis of the anode pit shall be created 2 meters away from the side surface of the pipeline
trench and at a depth of 2 meters, and one anode shall be placed in each pit. If the above-mentioned
distance (m) is less than 500 meters, up to four anodes may be placed in one pit.

The filling material of the pit shall be of the same specification as the pipe backfill material.

The location of the anode pits along the pipeline route shall be documented in a report.

The measurement box shall not be installed on the filled soil.
In case the above-mentioned distance (m) is less than 125 meters, an external current

cathodic protection system shall be preferred if it is economically feasible compared to the total
protection current requirement.
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9.2.4. External current system

The cathodic protection system with an external current source shall be formed by connecting
the negative (-) terminal of an external direct current source to the pipe, and the positive (+) terminal
to auxiliary anodes, thereby making the pipe the cathode.

On the pipeline to be cathodically protected, the following calculation method shall be used
between two insulating flanges. If both sides of the insulating flange are bridged with a cable, a single
calculation shall be made for the entire pipeline.

In cases where the coating resistance is high, uniformly distributed, independent of the
voltage drop along the pipeline, and where the anode bed is far from the pipeline:

_ 4.pg.D
“= |R.[D?= (D - 20)7]

a :attenuation constant (1/m)

pB : specific resistivity of the pipe (steel) (0,18*10° ohm.m)
D : pipe diameter (m)

t  : pipe wall thickness (m)

Rs : pipe coating resistance (ohm.m?)

Maximum protection length:

(Estart)
arccosh| ——
I= Eend

o
L . protection length (m)
Estart : Voltage difference between pipe and soil at the start of the pipeline (mV)
Eend : Voltage difference between pipe and soil at the end of the pipeline (mV)
I nE,,qsinh(aL)
end —
pBRs
D*-D(D-21)’

lend : current requirement of the pipeline (A)

Based on the total length of the pipeline to be protected, the required number of cathodic
protection stations shall be determined by dividing the line length by the protection length. If the
maximum protection length is shorter than the total length of the pipeline to be protected, additional
cathodic protection stations shall be installed.
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Figure — 20 : Cathodic protection stations along the pipeline

In interrupted cathodic protection applications, after the number of protection stations and
their protection lengths are determined, the average soil resistivity of the sections corresponding to
the protection lengths shall be recalculated according to soil specific resistivities (R = E / I).
According to the protection current density obtained for this value, the cathodic protection current
requirement of each cathodic protection station shall again be checked by calculating the maximum
protection length.

In this system, a controlled electric current shall be applied to the pipeline with a special T/R
system, ensuring that electrons causing corrosion, which leave the pipeline at the anode, are supplied
externally to the pipeline, thus preventing corrosion.

A transformer/rectifier (T/R) unit shall be installed, which converts the alternating current
supplied from a current source into direct current and allows the adjustment of the output potential.
The T/R unit shall comply with TS EN IEC 61439-1/AC.

The T/R unit shall be supplied by an AC power source and shall include:

A single-phase step-down transformer (220 VV AC, 50 Hz supply),

A rectifier made of silicon diodes connected in full-wave bridge,

Certified reference electrodes of fixed type with a service life of 20 years,

A dustproof casing box suitable for outdoor installation,

Digital and analog indicators for measuring current and voltage levels,

An air-cooling system,

Capability to transfer fault and measurement values to the SCADA system via a 4-20 mA
converter and/or communication protocols,

Protective devices to ground AC voltage interference from various sources on the pipeline
and grounding of the T/R casing system,

Automatic/manual operation capability,

The ability to continue operating in manual mode in case of any issue in automatic operation,

An additional capacity of 25% according to the required design power.

In case of problems with power supply, an external current cathodic protection system
powered by solar energy shall be considered. If an external current cathodic protection system
operating with solar energy is to be preferred, products guaranteed by the manufacturer for trouble-
free operation of the solar collector and batteries shall be selected.
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In the SCADA system, the T/R unit shall transmit the following data: instantaneous value of
the reference electrode, minimum, maximum and average values of the reference electrode (10-
minute, hourly, daily), current density between anode and pipe, minimum, maximum and average
values of the anode—pipe current (10-minute, hourly, daily), overvoltage or other warning information
on the unit (reference electrode failure condition, output current level, anode—pipe connection fault,
high anode bed resistance, reference electrode being outside the operating limit, high temperature,
high/low supply voltage, device failure condition), and operating status (automatic/manual).

It shall be possible via SCADA to enter voltage or other information on the T/R unit and/or
changed through communication protocols.

Measures shall be taken to prevent unauthorized access to the area where the T/R unit is
located, and electrical hazard warning signs shall be installed.

The T/R unit shall operate in three different modes:

Automatic operation: A condition in which, according to the entered output voltage and
current values, the system is monitored, and the T/R unit automatically provides continuous
protection current.

Manual operation — 1: A condition in which the T/R unit provides continuous protection
current according to the entered output current value.

Manual operation — 2: A condition in which the T/R unit provides continuous protection
current according to the entered output voltage value.

The necessary electrical components to adapt the input voltage to the output current and
output voltage shall be included within the T/R unit.

An isolation transformer shall be provided inside the T/R unit.

The output voltage of the T/R unit shall be between 0 ~ 60 V and the output current shall be
between 0 ~ 50 A.

The T/R unit shall have over-heating protection; if the temperature exceeds the limit value it
shall switch off, and when the temperature returns to normal it shall re-engage automatically without
intervention.

In case of a short circuit between anode and pipe, the T/R unit shall cut the output current to
prevent any damage, check the current three times at five-minute intervals, re-engage if the short
circuit is cleared, or completely shut off the output if not.

The T/R unit shall have an input for a backup reference electrode.

The enclosure box of the T/R unit shall be 1P54 protection class for indoor installation, IP65
protection class for outdoor installation, its body shall be made of minimum 1,5 mm DKP sheet, the
mounting plate of minimum 2 mm, and the main load-bearing frame of minimum 2,5 mm. The covers
and the surface shall first be coated with zinc phosphate and then painted with RAL 7032 electrostatic
paint. The dry film thickness of the paint shall be minimum 90 um. The T/R unit shall consist of two
covers, one inner and one outer, secured with suitable locking equipment, and equipped with a special
filtered ventilation grille. The outer cover shall be only for protection and shall not contain any
electrical component. On the inner cover, digital and analog Indicators, an operating mode change
switch, and warning lights shall be placed. The enclosure box shall be designed so that all circuit
elements are mounted on the panel behind the inner cover.
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The T/R unit shall be mounted on a concrete pedestal at least 30 cm in height with M10
galvanized bolts and nuts and surrounded by a galvanized wire fence installed at least 1 m above the
concrete pedestal. The wire fence shall be installed 60 cm away from the open enclosure covers, and
on the side of the enclosure cover it shall have an outward-opening gate, allowing entry and
comfortable working.

The T/R unit shall be manufactured with its own grounding system. The body of the T/R unit
shall be grounded by using a 50 mm2? NY'Y cable/copper rod grounding system or a hot-dip galvanized
rod/plate of suitable cross-section, ensuring a maximum grounding resistance of 1 ohm.

The 220 V AC supply line of the T/R unit shall be constructed with 2x6 mm? NY'Y cable. The
supply line power cables shall be properly placed inside a duct and covered.

The system shall be designed to operate continuously at maximum output power in an ambient
temperature of -20 °C to +60 °C. The enclosure box shall have sufficient free volume to allow
adequate air circulation.

The calibration report and calibration instructions of the T/R unit, the user manual, and all
technical drawings and information shall be filed and submitted to the Administration.

Cables shall be correctly and clearly identified and labeled in the terminal block of the T/R
unit. All cable lines shall be identified with cable marking plates at 50 m intervals and at turning
points. The cable outlet shall be inside a galvanized steel pipe. AC and DC current cables shall be
placed inside separate pipes.

The cables shall be laid in trenches dug at least 50 cm underground, covered with at least 5
cm of sand or sieved soil, with a warning tape placed on top, and then backfilled.

The T/R unit shall have a minimum warranty of two years, and all failures occurring within
this period shall be rectified by the contractor.

It shall be investigated along the pipeline whether there is interaction with another electrical
current source, and whether there are roads, bridges, streams, swamps, foreign metallic structures,
etc., in order to determine the most suitable area for the anode bed.

The anode bed shall be located in the soil with the lowest resistance, as a deep-well or shallow-
well type, and at least 100 meters away from any underground metallic structures if present.

Where a deep-well anode bed is to be installed, soil resistivity shall be measured using the
Wenner 4-Electrode Method at a =5 m, 10 m, 15 m, and 20 m; where a horizontal anode bed is to be
installed, soil resistivity shall be measured ata=1,5mand 2 m.

The location, number, position, and distribution of the anodes shall be designed considering
uniform current distribution, sufficient distance from power sources, prevention of electrical
interference and possible future mechanical damage, selection of a low-resistivity environment,
protection from superficial meteorological factors, and avoidance of damage from excavation and
construction activities.
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The dimensions of the anode bed shall be designed to provide a circuit resistance not
exceeding 2 ohms, with a cable resistance not exceeding 0,2 ohms, and a consumption rate of 0,35
kg/A.year, ensuring a 20-year design life at the nominal current output of the T/R unit, with a
utilization factor of 0,75.

The deep-well anode bed shall be drilled with a borehole of 22 cm diameter and at least 40 m
depth using a drilling machine, and the borehole shall be washed with clean water before the anodes
are lowered inside. The washing process shall be performed while the drilling bit of the drilling
machine is inside the borehole. As a result of this process, it shall be determined whether the borehole
can support itself.

After preparation, a casing pipe shall be placed inside the borehole to prevent physical damage
and avoid gas accumulation. The first 5 meters of the anode bed shall be the anode-free zone, and a
standard closed casing pipe shall be used. The remaining at least 35 meters shall be the anode
placement zone, where a perforated casing pipe with a total perforation area of less than 30% of the
surface area shall be used.

After the borehole is cleaned, the anode chain, ventilation pipe, and centralizing elements,
with a steel cylindrical weight attached to the end of the chain, shall be lowered into the borehole. By
tensioning the chain, the anode string shall be centered properly inside the borehole.

A perforated PVC ventilation pipe of 2-3 cm diameter shall be installed in the deep-well
anode beds to allow gas discharge. The chain of anodes shall be attached to the pipe with a plastic
clamp, and the anodes shall be lowered into the borehole together with the ventilation pipe, centered
in the borehole. The first 5 meters of the ventilation pipe shall be without perforations, and the
remaining at least 35 meters shall be perforated, with perforations spaced 15 mm apart.

Metallurgical coke powder carbon backfill material shall be placed around the centered
anodes. In the deep-well anode bed, the coke powder shall be placed around the centered anodes; in
the shallow-well anode bed, it shall be placed above the anodes. The coke powder shall contain at
least 75% carbon, with a maximum moisture content of 5%, a maximum electrical resistivity of 50
ohm.cm, and a density of 650—750 kg/m?. The maximum grain size shall be 16 mm, with 90% passing
through a 8 mm sieve, and 30% passing through a 4 mm sieve. It shall be supplied in waterproof bags
of 50 £ 1 kg, and its certificate shall be submitted to the Administration.

The boundaries of the shallow-well anode bed shall be marked on the ground with markers.
The anode bed shall consist of anode pits each of 40x40x150 cm, with the pit bottoms 2 m below
ground level, spaced 4,5 m center-to-center, and located in an excavated area of 2 m depth and 1 m
width. All anode pits shall be filled with coke powder, and the area above shall be backfilled with fill
material.

The anode bed shall consist of titanium anodes.

The titanium anode shall be made of titanium coated with a mixture of the oxide of at least
one noble metal group and the oxide of one base metal.

A soil-type anode with a current value of 100 A/m? shall be used, with a minimum design life

of 20 years, a density of 6-12 g/cm?, and a specific resistivity of 0,00001 ohm.cm. A certificate
showing these technical specifications shall be submitted to the Administration.
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Titanium anodes, in deep-well applications, shall be used as seamless, first-class tube chains
manufactured either as 16,0 mm diameter with 0,9 mm thickness, or 25,4 mm diameter with 1,1 mm
thickness. The anodes shall be connected with flexible neoprene-insulated EPR/CSPE type cable, of
a length sufficient to be pulled from the anode tube to outside the well and up to the T/R unit. The
surfaces of the anodes on the chain shall be protected with a special sheath from the factory until the
installation site.

Titanium anodes, in shallow-well applications, shall be used either as titanium strips with 20
mm width, 3 mm thickness, and at least 750 mm length, or as tubes with 16,0 mm diameter and 500
mm length. Since the outer surfaces of the titanium strip anodes are coated with a metal oxide layer,
this layer shall not be damaged during head fabrication or installation.

Anode connections shall be made using bolt connections and standard cable splice sleeves,
separator Kits shall be of plastic type and filled with thermo-setting resin.

9.2.5. Components of cathodic protection system

For the cathodic protection system and all auxiliary materials, an Equipment Supply Form
shall be prepared and submitted for approval by the Administration, and along with this form the
following documents shall be provided:

Technical brochures and catalogues for the cathodic protection system and all auxiliary
materials to be used,

Standard Certificates of Conformity for all materials and equipment (cable, backfill material,
measurement boxes and equipment, thermit welding, etc.) used in the cathodic protection system,

Manufacturer’s standard Certificates of Conformity,

Certificate showing the protection class of the T/R unit panel for the external current system.

Cathodic protection systems shall basically consist of connection cables, measurement boxes,
T/R unit, and anode bed.

9.2.5.1. Connection cables

Connections shall be made using PVC-insulated, PVC-sheathed, multi-stranded flexible
copper cables.

Cables shall be without joints, at the lengths determined in the project.

The cross-section of the cables shall be minimum: 10 mm? for voltage mitigation and anode
connections, 16 mm? for negative and positive circuits, 25 mm? NYY for current measurement,
equipotential and bypass connections, and 16 mm? EPR/CSPE for grounding connections.

The electrical resistance of the negative and positive circuits shall not be higher than 0,2 ohm.

The connection cable shall be welded to the newly laid pipe by thermite welding at the
uninsulated pipe weld zone, in accordance with TS EN 1SO 3834-5.

In cases where it is necessary to weld the connection cable to the pipe under backfill; after the

backfill is excavated to reach the pipe, the pipe coating shall be stripped to the dimensions of the weld
mold, either 75x75 mm or @75, and the welding surface shall be cleaned by sanding.
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In both cases, the sheath of the connection cable shall be stripped 50 mm, the strands shall be
flattened to increase the contact surface, the welding mold shall be placed, covered fully with mold
paste, and the thermit welding shall be ignited with the special igniter. After completion of the
welding process, the weld area and the stripped cable strands shall be fully covered with pipe coating
material of minimum 250x250 mm dimensions, using the same material as the pipe coating. The
repair area shall be subjected to holiday testing.

Cables shall be buried at least 100 cm into the soil. At the bottom of the cable trench, 10 cm
of sand shall be laid, the cable shall be placed over it, then covered with 10 cm of sand, and above it
a warning tape shall be placed, and finally the trench shall be backfilled.

9.2.5.2. Measurement boxes

In the cathodic protection system, sufficient number of measurement boxes shall be placed
along the pipeline to measure during operation whether the protection currents applied to the pipeline
are effective.

Measurement boxes shall be placed at intervals of minimum 500 meters and maximum 1.000
meters, taking into account the beginning and end points of the pipeline and the terrain conditions
along the route.

Measurement boxes shall be distributed along the pipeline at locations where the soil
resistivity is low; at areas where the pipe is sleeved; at both ends of river crossings; at points where
the pipeline intersects or runs parallel with other pipelines; at electrical isolation points; at points
where it intersects or runs parallel with high-voltage transmission lines; and at locations where
preventive measures against stray currents are required in crossings with foreign pipes, railways, or
similar metallic structures.

The measurement box and the anode pit shall be constructed at the same location.

The dimensions of the measurement boxes shall comply with the values given in the annex of
this specification, and easily accessible points shall be preferred for measurements. Measurement
boxes shall be manufactured from steel sheets with minimum 3 mm thickness, hot-dip galvanized
with minimum 70 pm thickness, or from PE or composite material.

The cover part of the measurement boxes shall be of screw or embedded triangular-head
lockable type, preventing entry of moisture and dust. Readings shall be taken from the side surface
of the measurement box, and the side surface shall bear an embossed electrical hazard warning sign
and an identification aluminum label. The identification label shall include the distance from the start
point and the measurement box number.

Measurement boxes shall be installed on a 50x50x50 cm concrete foundation, with 30 cm
remaining underground, and placed at least 2 m away from the road on sidewalks in urban areas.

For each measurement box, a fixed reference electrode of copper/copper sulfate (Cu/CuSOs)
type shall be used. The reference electrode shall be buried in a separate pit located 2 meters away
from the measurement box, not in the same pit with the anode.

All cables entering the measurement box shall be connected to the corresponding slots on the

CTP or PE plate inside the measurement box, with the name labeled. The cables shall also be labeled
with identification tags.
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Pipes and reference electrode cables shall be pulled to the measurement points inside the
measurement box. In cases of sleeve pipe, insulating flange, or another pipeline crossing parallel or
intersecting with the cathodic protection system, cables shall be spanned from the other steel structure
or pipeline to the measurement box, in order to measure and/or prevent interference.

For pipelines passing close to high-voltage transmission lines, cables shall also be laid to the
measurement box for monitoring additional structural measures (such as current filter, etc.) designed
by the contractor to eliminate interference.

9.2.5.3. Zinc anodes

For the discharge of sudden potential loads to the ground, an alternating current filter (Solid-
State Polarization Cell or Kirk Cell) shall be installed. The measurement box shall be covered with
thermal insulation material to protect the potassium hydroxide solution inside the alternating current
filter from being affected by heat and cold, and the box shall be of suitable dimensions to allow
inspection of the device. One end of the alternating current filter shall be connected by cable to the
pipe, and the other end by cable to the grounding system. After the installation, the pipe—soil potential,
the alternating current discharged by the grounding system, and the alternating voltage shall be
measured, and the operation of the system shall be verified.

Zinc anodes shall be used to ground the AC voltage generated on the pipe due to high-voltage
transmission lines.

Zinc anodes shall be manufactured in accordance with TS 9234 standard. They shall be packed
in cloth bags filled with a mixture of 25% gypsum, 50% bentonite, and 25% sodium sulfate.

The theoretical current capacity of the anode shall be 820 A-hour/kg (11,5 kg/A-year), with a
current efficiency of 90%, a reference electrode potential of 1,10 V (relative to Cu/CuSQOs), a density
of 1,74 g/cm?, and a potential difference (circuit voltage) between anode and pipe of -500 mV.

Unless otherwise specified in the special technical specification, the dimensions and weights
of the anodes shall be in accordance with Table 24 of TS 9234.

Table 24 : Physical properties of the zinc anode

Anode Anode Anode Weight
Type Dimensions (Wanode) Net Zinc Weight in
BxBxL (mm) (kg) the Anode (kQg)
Tolerance +3% +5% +5%
ZA-1 35x35x1020 9 8
ZA -2 35x35x1520 13 12
ZA -3 51x51x1220 22 20
ZA -4 60x60x1220 32 30
ZA -5 | 102x102x915 67 65
ZA -6 10x118 Strip, 0,35 kg/m
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9.2.5.4. Permanent reference electrode

In the cathodic protection system, a reference electrode shall be used to measure the potential
difference between pipe—soil, casing—soil, foreign pipe—soil, and anode—soil, and also to ensure
current-controlled operation of the T/R unit.

The reference electrode shall be of copper / saturated copper sulfate (Cu/CuSQOa) type, placed
in a special ceramic housing, pre-packaged in a bag, immersed in a bentonite—water mixture, and
shall have a service life of at least 20 years.

9.3. Inspection of cathodic protection system

The equipment belonging to the cathodic protection system shall be inspected at the
construction site under the supervision of the Inspection and Acceptance Committee, depending on
whether it is sacrificial anode type or impressed current type.

It shall be determined that the cathodic protection components and installation have been
constructed in accordance with this specification, possess suitable insulation and safety features, and
do not pose a hazard to workers, people, or the environment.

All results of inspections, tests, and examinations shall be reported and submitted to the
Administration by the contractor.

Without imposing any cost on the Administration, the contractor shall provide at the site, in
working condition, a copper/copper sulfate reference electrode, a voltmeter/potentiometer with at
least 1 Mohm resistance per volt, a zero-balanced Megger device, a microvoltmeter, and all tools,
equipment, and workforce necessary for measurement and inspection. At least one technical staff
member of the contractor shall be present during the inspection.

Before the cathodic protection system is put into initial operation, the controls and tests
specified below shall be carried out.

In all tests and measurements, it shall be verified that the values specified in the specification
are achieved.

9.3.1. Inspection of sacrificial anode system
All manufactured materials shall be visually inspected; the presence of anode cables and the
adequacy of the cable cross-section, the integrity of the bags of the packaged anodes, and the dryness

of the anode bed backfill shall be examined.

Anode dimensions shall be measured, weight shall be checked, and conformity with the
provisions of the specification shall be verified.

From each type of anode, five samples shall be selected, and approximately 30 g of material
shall be subjected to chemical analysis to verify compliance with the provisions of the specification.

The core resistance of the anode shall not exceed 0,01 ohm.
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To determine anode current capacity, a cylindrical anode specimen of 10 mm diameter and
30 mm length shall be tested for 24 hours, and the theoretical current capacity of the anode shall meet
the values of this specification.

The potential measured in synthetic seawater with respect to the reference electrode shall be
at least 1,2 V with the anode in circuit, and at least 1,5 V with the anode leads open.

The anode potential at the measurement points shall be verified to be between —1500 and —
1750 mV with the anode cable disconnected from the pipe cable; after the connection between pipe
and anode is made, it shall be verified to be between —850 and —1200 mV.

The current value flowing from anodes to the pipe shall be measured and verified against the
design value.

The same measurements shall be repeated after 2 days and after 15 days.

The Administration shall select five samples from each type of anode and carry out the above
determinations.

If any test result fails to conform to the provisions of the specification, the entire material shall
be rejected.

9.3.2. Inspection of external current system

The T/R unit, auxiliary anodes, cables, and other auxiliary equipment shall be visually
inspected, and there shall be no deformation, cracks, fractures, dents, or broken parts on the materials.
During this observation, the suitability of the front cover gasket, transformer power, bridge diode
current, fuses, switches, and other panel equipment shall be checked for current and voltage values.

The thickness of the sheet metal and paint of the T/R panel shall be measured, and the paint
shall be tested in accordance with TS EN 61439.

It shall be verified that there are no loose or missing bolts and nuts, and no accessories fixed
or clamped in an unsafe manner.

The tightness of all cable connections shall be checked.

It shall be verified that transformer and rectifier units operate simultaneously when energized.

Before powering the T/R unit, the pipe—soil potential shall be measured at all measurement
points along the line.

The insulation resistance to ground shall be measured using a 500 V Megger device and
verified to be at least 10 Mohm at 30 °C.

With the T/R unit output set to —1,5 V, 120% of the calculated cathodic protection current
shall be a drawn from resistive load for 20 minutes, and the system operation shall be monitored.

The current shall be increased step by step over 48 hours until it reaches the maximum value.

Functionality shall be demonstrated in both automatic and manual modes by performing
intermittent and continuous operations, ensuring proper operation under all conditions.
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The central software shall be temporarily installed, or a computer on which this program is
running shall be provided by the contractor, in order to demonstrate data transfers.

Warning and fault signals of the T/R unit shall be checked.

Tests shall be carried out at the manufacturer’s plant based on projects approved by the
Administration, covering their manufacturing, power, control, and mechanical details.

It shall be verified at the anode bed:

- that the boundaries of the anode bed have been constructed in accordance with installation
details,

- the tightness of the cable connections of the anode bed measurement boxes,

- and that current and voltage measurements taken from the connection point or terminal to
which the anode cable leading to the T/R unit is connected are within the required values.

The anode bed resistance value shall be measured to confirm that it meets the design
requirements and is less than 2 ohms.

Insulation equipment shall be checked with a voltmeter and a reference electrode. If a bypass
element (shunt) exists at insulation points, it shall be opened and these checks performed.

The insulation of the cables shall be checked with a 500 V Megger device,

the accuracy of cable labeling,

compliance of the cale cross-sections and characteristics with the specifications shall be
verified.

The same measurements shall be repeated and recorded after 15 days of polarization. If the
set value of the T/R unit or voltage levels differ from those determined during design, appropriate
readjustment shall be made.

The interaction of the cathodic protection system with other underground facilities/utilities
(water pipes, subway rails, power lines, etc.) shall be measured. Interaction tests shall be performed
in accordance with BS 7361. It shall be verified through measurements at test points that no
interaction exists.

Before interaction tests, the contractor shall prepare properly scaled maps and drawings
showing the locations of all affected structures, the current at which the T/R unit shall be operated
during interaction tests, and a report of pipe—soil potential measurements before and after energizing
the T/R unit.

In the interaction tests, pipe—soil and foreign structure—soil potential measurements shall be
taken at least 3 times with the T/R unit both de-energized and energized. The maximum positive
potential shift caused by interaction at any point on the foreign structure shall not exceed 20 mV. If
it does, additional anodes or insulating mats shall be installed to eliminate the interaction.
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10. REFERENCED STANDARDS AND/OR DOCUMENTS

In this technical specification, references are made to other standards and/or documents. These references
are indicated at the appropriate places in the text and listed below. For dated references, only the edition cited
applies. For undated documents, the latest edition of the referenced document (including all amendments) shall

apply.

Standard number

Turkish Name

English Name

uygulama kurallari

97/23/AT Basingli Ekipmanlar Yonetmeligi Pressure equipment
] Council Directive on the quality of
98/83/EC AB Igmesuyu Direktifi water intended for human
consumption

Metalik olmayan tiriinlerin, suyun Suitability of non-metallic

kalitesi tizerindeki etkileri materials and products for use in
BS 6920 bakimindan, insan tiiketimi amacli contact with water intended for

su ile temas halinde kullanima human consumption with regard to

uygunlugunun degerlendirilmesi their effect on the quality of the

ve raporlanmasi water

Katodik koruma - Boliim 1: Kara Cathodic protection - Part 1: Code
BS 7361 ve deniz uygulamalarma yonelik of practice for land and marine

applications

TS 11348 EN 10240

Celik borular- I¢ ve/veya dis
koruyucu kaplamalar- Otomatik
tesislerde uygulanan sicak
daldirma galvanizli kaplamalar
icin Ozellikler

Internal and/or external protective
coatings for steel tubes-
Specification for hot dip
galvanized coatings applied in
automatic plants.

Dogal Zeminlerin Elektrik Ozgiil

Field Measurement of Soil

(shore sertligi)

TS 4363 Direnglerinin Sahada Tayini - Resistivity Using the Wenner
'Wenner Dort Elektrot Metodu Ile Four-Electrode Method
TS 6956 Yiizey piriizlaligi-Terimler- Surface Roughness - Terms -
EN ISO 4287 Yiizey ve yiizey parametreleri i¢in Surface and Its Parameters
Petrol ve dogal gaz sanayileri - Petroleum and natural gas
TS 8414 . . . . . L .
EN 14163 Boru hatt1 ile tasima sistemleri - industries — Plpgllne trapsp(_)rtatlon
boru hatlarinin kaynak yapilmasi systems — Welding of pipelines
Katodik Koruma — Galvanik Cathodic Protection- Galvanic
TS 9234
Anotlar Anodes
Su ve diger sulu akiskanlarin Non-alloy steel tubes and fittings
TS 9341 tasinmasinda kullanilan alagimsiz for conveyance of aqueous liquids
EN 10224 celik borular ve baglanti including water for human
elemanlari consumption
F - Water supply- Requirements for
Su temini - Bina dis1 bilesenler ve .
TS EN 805 sistemler icin 6zellikler systems and components outside
buildings
Plastikler ve ebonit- Batma Plastics and ebonite -
TS EN 868 sertliginin durometre ile tayini Determination of indentation

hardness by means of a durometer

(Shore hardness)
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Standard number

Turkish Name

English Name

TS EN 1092-1

Flanglar ve baglantilari - Borular,
vanalar, baglant1 parcalari ve
aksesuarlari igin dairesel flanglar

Flanges and their joints - Circular
flanges for pipes, valves, fittings
and accessories

TS EN 10025-1

Sicak haddelenmis yap1 celikleri

Hot rolled products of structural
steels

Siirekli sicak haddelenmis,
kaplanmamis ¢elik levha/sac ve

Continuously hot-rolled strip and
plate/sheet cut from wide strip of

TS EN 10051 genis seritlerden kesilmis alasimsiz non-alloy and alloy steels -
ve alagimli ¢elik - Boyut ve sekil Tolerances on dimensions and
toleranslari shape

TS EN 10204 Metalik mamuller - Muayene Metallic products - Types of

dokiimanlarinin tipleri

inspection documents

TS EN 10216-1

Celik borular - Dikigsiz, basing
amagclari i¢in - Teknik teslim
sartlari

Seamless steel tubes for pressure
purposes - Technical delivery
conditions

TS EN 10216-3

Basing amaglari i¢in dikissiz ¢elik
borular-Teknik teslim sartlari-
Boliim 3: Alasimli ince taneli ¢elik
borular

Seamless steel tubes for pressure
purposes - Technical delivery
conditions - Part 3: Alloy fine
grain steel tubes

TS EN 10217-1

Celik borular-Kaynakli-Basing
amaglar1 i¢in-Teknik teslim sartlari

Welded steel tubes for pressure
purposes-Technical delivery
conditions

TS EN 10217-3

Celik borular-Kaynakli-Basing
amagclar1 i¢in-Teknik teslim sartlar1

Welded steel tubes for pressure
purposes-Technical delivery
conditions

TS EN 10253-1

Boru baglanti elemanlari- Alin
kaynakli

Butt-welding pipe fittings

TS EN 10253-2

Celik boru ekleme parcalar1 - Alin
kaynakli

Butt-welding pipe fittings

Kiyida ve kiyidan uzaktaki boru
hatlarinda kullanilan ¢elik borular

Steel tubes and fittings for onshore
and offshore pipelines - External

TS EN 10288 Ve baglanti pargalari- Dis yiizeyi two-layer extruded polyethylene
iki tabakal1 olarak ekstriizyona tabi based coatings
tutulan polietilen esasli kaplamalar
hKl}Ilda ‘(’16 1;(1}’111(1”11 uzaktlf?lljibbmll Steel tubes and fittings for onshore
atlarinda kullanilan ¢elik borular and offshore pipelines - External
TS EN 10289 ve baglanti pargalari - Haricen s1vi liquid appliedpe%oxy and epoxy -
epoksi ve degisime ugramis epoksi modified coatings
kaplamalar
Kll}_’ll(\l/)e acllk denti)z bloru fllaﬂi'ﬂ igin Isteel tubes and fittings for onshore
cl1 orular ve baglantilar-Harici i i -
TS EN 10290 ¢ g and offshore pipelines - External

s1vi uygulanmis poliiiretan ve
poliiiretanla iglem gérmiis

kaplamalar

liquid applied polyurethane and
polyurethane-modified coatings
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Standard number

Turkish Name

English Name

Celik borular - Karada ve denizde
dosenen boru hatlarinda kullanilan

Steel tubes for onshore and
offshore water pipelines - Internal

TS EN 10339 - Korozyondan koruma i9__in> S1vl liquid applied epoxy linings for
uygulanan epoksi ile i¢ yiizey corrosion protection
kaplamasi
Katodik Koruma - Gémiilii veya Cathodic protection of buried or
TS EN 12954 suya daldirilmis metalik yapilar immersed metallic structures-
icin - Boru hatlar1 i¢in genel General principles and application
prensipler ve uygulama for pipelines
TS EN 14505 Karmagik yapilarin katodik Cathodic protection of complex
korumast structures
Metalik materyellerin etkisi - igme Influence of metallic materials on
T ve kullanma sularinda - Paslanmaz water mte_nded for human
S EN 16056 celiklerin pasif davranist - consumption - Method to evaluate
Degerlendirme yontemleri the passive behaviour of stainless
steels
TSEN 61111 Gerilim altinda calisma - Live working - Electrical

Elektriksel yalitim kaplamasi

insulating matting

TS EN IEC 61439-
1/AC

Algak gerilim anahtarlama diizeni
ve kontrol diizeni panolar1 - B6lim
1: Genel kurallar

Low-voltage switchgear and
control gear assemblies - Part 1:
General rules

TS EN ISO 10893-1

Celik borularin tahribatsiz

Non-destructive testing of steel

muayenesi tubes

TS EN 1SO 10893-8 Celik borularin tahribatsiz Non-destructive testing of steel
muayenesi tubes

TS EN 1SO 10893-9 Celik borularin tahribatsiz Non-destructive testing of steel
muayenesi tubes

TS EN 1SO 14001

Cevre yonetim sistemleri — Sartlar
ve kullanim kilavuzu

Environmental Management
Systems — Requirements With
Guidance For Use

TS EN 1SO 1461

Demir ve ¢elikten imal edilmis
malzemeler iizerine sicak
daldirmayla yapilan galvaniz
kaplamalar - Ozellikler ve deney
metotlart

Hot dip galvanized coatings on
fabricated iron and steel articles -
specification and test methods

TS EN 1SO 14731

Kaynak koordinasyonu -Gorevler
ve sorumluluklar.

Welding coordination - Tasks and
responsibilities

TS EN 1SO 14732

Kaynak personeli-Metalik
malzemelerin tam mekanize ve
otomatik ergitme kaynagi igin
kaynak operatorlerinin ve kaynak
ayarcilarinin yeterlilik sinavi

Welding personnel - Qualification
testing of welding operators and
weld setters for mechanized and
automatic welding of metallic
materials

TS EN 1SO 148-1

Metalik malzemeler-Charpy vurma
deneyi

Metallic materials - Charpy
pendulum impact test

TS EN 1SO 148-1

Metalik malzemeler-Charpy vurma
deneyi- Bolim 1: Deney metodu

Metallic materials - Charpy
pendulum impact test - Part 1: Test
method
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Standard number

Turkish Name

English Name

TS EN ISO 15257

Katodik koruma — Katodik koruma
personelinin uzmanlik seviyeleri
ve belgelendirilmesi

Cathodic protection — Competence
levels of cathodic protection
persons — Basis for certification
scheme

TS EN ISO 15607

Metalik malzemeler i¢in kaynak
prosediirii sartnamesi ve
vasiflandirilmasi

Specification and qualification of
welding procedures for metallic
materials

TS EN ISO 15609-1

Metalik malzemeler i¢in kaynak
prosediirlerinin sartnamesi ve
vasiflandirilmasi

Specification and qualification of
welding procedures for metallic
materials

TS EN ISO 15609-2

Metal malzemeler icin kaynak
prosediirleri sartnamesi ve
siniflandirmasi

Specification and qualification of
welding procedures for metallic
materials

TS EN 1SO 21809-1

Petrol ve dogal gaz endiistrileri -
Boru hatt1 ulastirma sistemlerinde
kullanilan gomiilmiis veya
sualtindaki boru hatlar i¢in dig
kaplamalar

Petroleum and natural gas
industries — External coatings for
buried or submerged pipelines
used in pipeline transportation
systems

TS EN 1SO 21809-3

Petrol ve dogalgaz endiistrileri —
Boru hatt1 iletim sistemlerinde
kullanilan gdmiilmiis veya
daldirilmig borular igin dis
kaplamalar — boliim 3: saha
birlesim kaplamalari

Petroleum and natural gas
industries — External coatings for
buried or submerged pipelines
used in pipeline transportation
systems — Part 3: Field joint
coatings

TS EN ISO 21920-1

Geometrik {irtin 6zellikleri (GPS) -
Yiizey yapist: Profil — Bolim 1:
Yiizey yapisinin gdsterimi

Geometrical product specifications
(GPS) — Surface texture: Profile -
Part 1: Indication of surface
texture

TS EN ISO 2808

Sert metaller — Sert metaller i¢in
asinma testleri

Hardmetals — Abrasion tests for
hardmetals

TS EN 1SO 4624

Boyalar ve vernikler- Yapigma igin
cekme deneyi

Paints and varnishes — Pull-off test
for adhesion (1SO 4624:2016)

TS EN ISO 5173

Metalik malzemelerde kaynak
dikisleri {izerinde tahribatli
muayeneler — Egme deneyleri -
Tadil 1

Destructive tests on welds in
metallic materials — Bend tests -
Amendment 1

TS EN ISO 527-3

Plastikler — Cekme mukavemetinin
tayini — Boliim 3: Film ve levhalar
icin deney sartlari

Plastics — Determination of tensile
properties — Part 3: Test conditions
for films and sheets

TS EN ISO 6892-1

Metalik malzemeler — Cekme
deneyi

Metallic materials — Tensile testing

TS EN ISO 8492

Metal malzemeler — Boru -
Yassiltma deneyi

Metallic materials — Tube -
Flattening test

TS EN ISO 8493

Metal malzemeler — Boru — Agiz

genisletme deneyi

Metallic materials — Tube — Drift-

expanding test
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Standard number

Turkish Name

English Name

TS EN ISO 8501-1

Celik yiizeylerin hazirlanmasi -
Boya ve ilgili malzemelerin
uygulanmasindan dnce-yiizey
temizliginin gdzle muayenesi
Boliim 1: Kaplanmamis gelik alt
yiizeylerin 6nceki kaplamanin
tamamen kaldirilmasindan sonraki
as ve hazirlanma dereceleri

Preparation of steel substrates
before application of paints and
related products -Visual
assessment of surface cleanliness
Part 1: Rust grades and preparation
grades of uncoated steel substrates
after overall removal of previous
coatings

TS EN ISO 8502-3

Celik yiizeylerin hazirlanmasi-
Boya ve ilgili malzemelerin
uygulanmasindan once yiizey
temizligi degerlendirme deneyleri-
Boliim 3: Boyamak i¢in
hazirlanmis ¢elik yiizeyler
iizerindeki tozun degerlendirilmesi
(basinca duyarli bant metodu)

Preparation of steel substrates
before application of paints and
related products - Tests for the
assessment of surface cleanliness -
Part 3: Assessment of dust on steel
surfaces prepared for painting
(pressure-sensitive tape method)

TS EN ISO 9001

Kalite yonetim sistemleri — Sartlar

Quality Management Systems-
Requirements

TS EN 1SO 9606-1

Kaynakgeilarin yeterlilik sinavi -
Ergitme kaynagi

Qualification testing of welders -
Fusion welding

TS EN 1SO 9692-1

Kaynak ve benzer islemler -
Kaynak agzi hazirligi i¢in
tavsiyeler

Welding and allied processes -
Types of joint preparation

TS EN ISO 9692-2

Kaynak ve benzer islemler -
Kaynak agzi hazirlign

Welding and allied processes

TS EN I1SO 9712

Tahribatsiz muayene - Tahribatsiz
muayene personelinin
vasiflandirilmasi ve
belgelendirilmesi

Non-destructive testing -
Qualification and certification of
NDT personnel

Deney ve kalibrasyon

General requirements for the

TS EN ISO/IEC o '
17025 laboratuvarlarinin yetkinligi i¢in competence of testing and
genel gereklilikler calibration laboratories
TS 10474 Celik ve gelik iirtinler - Muayene Steel and steel products -
dokiimant Inspection documents
Celik mamuller - Tahribatsiz Steel products - Employer’s
TS 11484 muayene personeli i¢in isverenin qualification system for non-
vasiflandirma sistemi destructive testing (NDT)
personnel
. L _ Occupational health and safety
TS 45001 IS sagllgl Ve guvenllgl sistemleri - management systems -

Sartlar ve kullanim kilavuzu

Requirements with guidance for
use

TS EN ISO 8573-1

Sikistirilmig hava

Compressed air
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11. ANNEXES

11.1. Pipeline test report

LEAK-TIGHTNESS TEST REPORT

Report number

Name of the Administration

Name of the Contractor

Name of the Work

For the section where the test is carried out;

Name of the Line

Start, km

End, km

Length (m)

Pipe material

Name of the pipe manufacturer

Nominal diameter of the pipe

Nominal pressure of the pipe: PN

Test pressure value

Welding type of the pipes

Number of pipe joints

Type and number of water control elements

Type and number of fittings

Location of manometers (distance from start), km

Location of the lowest point (distance from start), km

Km-

Km:

»
»

Sketch of the pipeline section where the internal pressure test shall be applied
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Duration

Date
Time
Ambient
Temperature
°C)
Water
Temperature
°C)
Measured
Pressure
bar/kPa
Differential
Pressure
bar/kPa
Suitable
Not Suitable
Test Repeat

1- PRE-TEST (Waiting time: 1 hour)

2- MAIN PRESSURE TEST (Waiting time: 2 hour)

3- SYSTEM TEST (Entire pipeline) (At operating pressure, minimum 2 hours)

NAME SURNAME TITLE SIGNATURE
Contractor Representative

Administration

Administration

1 bar = 100 kPa, 1 N/mm? = 1.000 kPa = 1.000 N/m? = 1 MPa = 0,10 bar = 0,098 kg/cm?



11.2. Table of air temperature,

relative humidity and dew point

Relative Humidity, RH %

20 | 25 [ 30 [ 35| 40| 45| 50| 55 | 60 | 65 | 70 | 75 | 80 | 85 | 90 | 95 | 100

0 0,0

2,5 44| 34| 24 -15]-06] 02| 1,0 | 1,8 | 25

5 91| -74|-59 45 -33|-21]-11] 00 10 19| 27 | 35| 43 |50
75 | -140-11,0] -89 | 69| 52| 36| 22| 09| 03 | 1.4 | 24 | 34 | 43 | 51| 60 | 68 | 75
10 [-120] 91 67| 47| -29|-13/ 01 14 | 26|37 48 58| 67| 76 84 | 92 100
13 | 98| 69 45| -25|-07| 09 24|37 |50|01 72 82 92|101 109 11,7 125
ol 1577 48 -24][-03[ 1532 47 61 73|85 96 106 116 125|134 142 150
°-| 18| 56|27 02 19| 38|55 70 84| 97109 120 130 140|150/ 158 167 |17,5
S| 20| -36]-06] 19 416077 93107 10132 144 154 164|174 183 192 200
Sl 2315 15| 41 | 63 | 82 | 100 11,6 130 | 144 | 156 | 168 | 17,8 18,9 | 199 | 208 | 217 | 22,5
€1 25 [ 05| 36 62 85| 105|123 139 153 16,7 | 180 191 203 213 22,3 232 241|250
E 28 | 26 | 58| 85 107|128 146 162 17,7 | 191|204 21,6 22,7 238|248 257 | 26,6 27,5
S| 30 | 47 | 79 106 130|150 168 185 200 | 21,4 | 228 240 251 262|272 282 291 300
21 33| 67 100 128 151|172 191|208 224 | 238 | 251 26,4 | 27,5 286|297 30,7 316 325
<[ 735 | 88 | 121 149 173 195 21,4 | 231 | 24,7 | 26,1 | 27,5 288 299 | 311 321 | 331 34,1 350
38 | 10,8 | 14,2 17,1 195| 21,7 | 236 | 254 | 270 | 285|299 | 31,1 | 324 335 34,6 | 356 36,6 | 37,5

40 | 129 163] 192 21,7 239|259 27,7 293 30,8 | 32,2 335 348 359 | 37,0 381 39,1400

43 | 149 | 184 214 | 239|262 282|300 316/ 332|346 359 372 383|395 405 415 425

45 | 17,0 | 205 235 26,1 | 28,4 | 30,4 | 32,3 339|355 36,9 | 383 39,6 408|419 430 44,0 450

48 | 19,0 | 22,6 257 | 283|306 32,7 | 345 363 | 37,8| 39,3 40,7 420 432|444 455 465 475

50 | 21,0 | 247 | 27,8 305|328 | 349 | 368 386 | 40,2 | 41,7 43,1 | 444 456 | 468 47,9 | 49,0 50,0
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11.3. Sample form of welding procedure specification (WPS)

WELDING PROCEDURE SPECIFICATION

Ref.N.WPS:

| Prepared by:

Checked by:

| Date:

Base metal:

Thickness/diameter:

Weld preparation:

Pass location:

Machining and/or plasma or flame cutting

Preparation method
Pass Wire no. | Welding Wire Nominal NOV";:P:JQNC Nominal
position current speed
Sizemm | Conn. | Brief notation | Polarity | Flux A \Y Mm/s
Heat input® Preheating °C min
Heat treatment Stress relief Normalization Interpass temperature | °C max

Heating rate

NDT

Holding temperature

Holding time

Cooling rate

Tensile temperature

Notes

2 when required
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11.4. Welding procedure qualification record (WPQR)

Welding Procedure Qualification — Test Certificate

Manufacturer’s WPQR Inspection personnel
No or inspection body
Manufacturer Reference No
Address

Specification /

Test standard

Date of welding

Scope of qualification

Welding
process/processes

Type of joint
and welding

Base material group/groups and
subgroup/subgroups

Base material thickness (mm)

Weld metal thickness (mm)

Weld thickness (mm)

Single pass / multi pass

Pipe outside diameter (mm)

Filler material designation

Filler material manufacture

Filler material size

Shielding gas/flux designation

Backing gas designation

Welding current type and polarity

Metal transfer mode

Heat input

Welding positions

Preheating temperature

Interpass temperature

Post heating

Post-weld heat treatment

Other information

This form certifies that the test welds have been prepared, welded, and tested in
accordance with the above-specified instruction/test standard requirements.

Location Date of issue

Inspection personnel or inspection
body

Name, date, and signature
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11.5. Welding test record

Location Inspection personnel or
inspection body

Manufacturer’s WPS Preparation and

No cleaning method

Manufacturer’s WPQR Base metal specification

Manufacturer Material thickness

(mm)

Name of the welder

Pipe outside diameter

Metal transfer mode

Welding position

Type of joint and

Details of welding

welding preparation (scheme)
Joint design Welding sequence
Welding details
Pass |Welding | Filler |Current | Voltage Current Wire | Progress | Heat
process | metal A \Y type/polarity | feed speed | input
size speed

Filler metal designation and manufacturing:

Other information:

Any special baking or drying:

Weaving (max. width of run/pass):

Gas/flux: a) Shielding b) Backing

Weaving (amplitude, frequency, total time):

Gas flow rate: a) Shielding b) Backing

Pulse welding details:

Tungsten electrode type/size:

Distance contact tube/workpiece:

Details of back gouging/backing:

Plasma welding details:

Preheating temperature:

Torch angle:

Interpass temperature:

Post heating :

Post-weld heat treatment and/or
Aging :

Duration, temperature, method, heating
and cooling rates™ :

Manufacturer

Inspection personnel
or inspection body

Name, date, and signature

Name, date, and signature
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11.6. Welding test results

Manufacturer’s WPQR No : Inspection personnel or inspection body:
Visual inspection : Reference No:
Penetrant/Magnetic particle: Radiography
Tensile tests Temperature (°C)
Type / No Re Rm A% Z% Fracture Notes
(N/mm?) (N/mm?) location
Bend tests Mandrel diameter Results
Type/No | Bending angle Elongation

Macroscopic inspection:

Impact test Type Size Condition
Notch Location /| Temperature °C | Values Average Notes
Direction 1 2 3
Hardness tests * Type/load Measurement locations (Sketch*)
Base metal :
HAZ :

Weld metal : Other

tests*: Notes:

Conditions under which the tests were carried out :

Laboratory report reference no:

Test results acceptable / not acceptable (strike out as applicable)
In whose presence the test was carried out:

If required

Inspection personnel or inspection body
Name, date, and signature

1 N/mm? = 1.000 kPa = 1.000 kN/m?= 1 MPa = 0,10 bar = 0,098 kg/cm?
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11.7. Test Results Form

TEST RESULTS FORM

Manufacturer Inspector or inspection body

Welding method Reference no.

Reference no.

Visual inspection  Pass/Fail Radiographic test* Pass/Fail
Ultrasonic test?

Penetrant/magnetic particle test Pass/Fail Temperature °C

Tensile tests

Type/No Rm Fracture location  [Notes
(MPa)
Properties
Bend tests Macro examination

Previous diameter
Type/No Bending angle|Results

Impact test?
Type Size Properties

Notch J
VValues J
Location/direction Temperature °C |1 2 3

|Average

Notes

Hardness test?

Type/load

HA.Z:

Weld metal

Base metal

Other tests

Notes

Properties in accordance with which the tests were carried out

Inspector or inspection body

Laboratory report reference, etc.

Test results accepted / not accepted (delete as applicable)

Under whose supervision the test was carried out

Name Signature

Date

@ where applicable

1 N/mm?=1.000 kPa = 1.000 kN/m?= 1 MPa = 0,10 bar = 0,098 kg/cm?
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11.8. Pipe test forms

STEEL PIPE INSPECTION AND TESTS (TS EN 10217-1)
NAME OF LOCATION OF WORK DATE
WORK
STEEL STEEL WALL MATERIAL WELDER NDT EXPERT | 3.1 CERTIFICATE | WELDING HEAT
MANUFACTURING -
GRADE STANDARD METHOD 'NLiT_N(:A(;‘A'ET)I(JgR THICKNESS DI%L,\’ATEETRER CERTIFICATE CERTIFICATE | CERTIFICATE PLAN TREATMENT QUANTITY
CERTIFICATE
Transverse [Transverse IMPACT Welding X FLATTENING/DRIFT
Tensile Test | Tensile TEST NDT LEAK-TIGHTNESS TEST EXPANDING TEST
On Weld For| TestOn > %
i I < <
o _ _ product|  wall Base Tubesth Weld For Weld Bend ) > g . . . For D 600andT/]?,0,15but RESULT
Z | Pipe |Casting | Metal Outside Tubes 8 Visual | < | T Dimensional | 70 bar Test Pressure or P=20xSxT/D T<40 — Flattening Test (ACCEPTABLE/
- > |Analysis| Thickness . 1 ; Test (SAW) =N I . xlx |- . .
< | No [|Analysis (TR2) |Measureme Tensile Diameter With 2 ss Inspection 8 é % ~ Inspection shall be calculated For D<150 and T<10 Drift NOT
5 nt Test (D) >508 Outside ? a § % 8 = g Minimum 10 Seconds (Whichever is | Expanding Test (for EW and ACCEPTABLE)
@ Diameter f S5 2|5 = lower) HFW)
< - < < (@]
219,1< ' S | <>
g < 5T
(D) <508 = ©
w
1
2
3
4
5
6
7
3
9
10
11
12
13
14
15
16
All dimensions are in mm
CHAIRMAN MEMBER MEMBER CONTRACTOR MANUFACTURER
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ALLOYED FINE-GRAINED STEEL PIPES INSPECTION AND TESTS (TS EN 10217-3))

NAME OF LOCATION OF DATE
WORK WORK
STEEL STEEL MANUFACTUR- INTERNAL/ WALL OUTER MATERIAL WELDER 31 NDT EXPERT |WELDING PLAN [HEAT TREATMENT | PIPE QUANTITY
GRADE STANDARD ING METHOD EXTERNAL THICKNESS | DIAMETER CERTIFICATE |CERTIFICATE CER'_II::EFICA CERTIFICATE CERTIFICATE
COATING
EW/HFW/SAW
IMPACT WELD HFW SAW LEAK-TIGHTNESS
For D <150 TEST NDT NDI NDT o TEST
For D> 600 and T<10 — = =1 = £
. . dT/D< e — = c gda 2 < | 5 (70 bar Test pressure or P = 20
% Product Wall | Base High- Weld tensile Oalns andT_< Drift expanding S|l Weld | 5| g S g% | e § % XSXT/DShallbe calculated RESULT
3:' Pine No Material |Castin anal Sisthickness metal | temperature | test D> 508 ’ 40 — ~ | testor,forD | & £ | bend E 2 5 8|8l -% =| & |At least 10 Seconds (Whichever (ACCEPTABLE/NO
z P descriptio| g (O)Fl>) measure |tensile| tensile test (SAW,HFW) Flattening test <1143 gl = test | T g' S & & ‘:" = Sl 2 is lower) T ACCEPTABLE)
el n analysi menton | test rfng>150 andT<I25 | & I | (SAW) '(% %’ 5 972 2|e c_% ‘g_ g
s body O Y= % HEW > Ring | 2| £ =385 922|284l 5|82
HFW — Ring . 5| © »|a|2 488 ElEls|Z|2
. expanding test < S 9 a3|S ol Q| &
tensile test 5 HEEEEEREER:
TIaY-|Slala] EIS|E
1
2
3
4
5
6
7
8
9
10
11
12
13
16
NDT PERSONNEL COATING HEAT INTERNAL/EXTERNAL COATING FACTORY
INSPECTION STEEL COATING CERTIFICATE TEST TREATMENT|  NDT COATING TEST SPECIALIST |TEST REPORTS QUALITY PLAN
CERTIFICATE|CERTIFICATE |CERTIFICATE REPORTS
REPORTS REPORT REPORTS CERTIFICATE
CHAIRMAN MEMBER MEMBER MANUFACTURER CONTRACTOR
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STEEL PIPE INSPECTION AND TESTS (TS EN 10217-1)

NAME OF WORK LOCATION OF WORK DATE
PIPE TYPE OF INTERNAL
STEEL NAME STEEL STANDARD | oo cturiNG | WALL THICKNESS () - |OUTER DIAMETER (D)) oot o on e AMBIENT DEVICE CALIBRATIONS | PIPE QUANTITY
METHOD TEMPERATURE
OUTER DIAMETER WALL THICKNESS WELD SEAM HEIGHT RAD. PIPE LENGTH PIPE OVALITY PIPE END| MASS
D= 1552191 ALL DIA- TRL TR2 SAW L L L L |D<| po 406.4 STRAI _
2191 METERS 6000 {8000 (12000 |13500 |406,4 GHTN £ =
t< [ t> ESS 2 'S by
2| < =)
125 125 S| g =
o EW/ EW/ =) o D/t D/t 2 S <
z SAW 3 S EW/HFW t<125 | t>125 D < 406,4 - c | = S |+
S |HFW | HFW o ke & ° 00 <100 | >100 o | 2 S |3
< 5] VI VI = 3 §=3 g vﬁi N
— -
i v s = n  |out| IN|out| IN | IN|ouT IN|OUT +50-0 =8|~ 8] 3 |B
@ L1 %or z o = z S| € e
+0,25% [ +£0,25% S S Max =
+0,5 8 ] D > 406,4 <| -
. or£3 or+3 . L 0,02 | Max
whichev . . ° o |Trimmed 0,1251] !
. whichever|whichever 4 < ! D |0,03x | 1 300
eris | . E| 15| E |0or05| 3| 3|4 4| 16 |m x > 2,0-
is smaller | is smaller £ £ (Max) D vl E
smaller £ £ | +oost +50-0 S| E*5-104 | (ko)
3| |0 |+04
Min
Max
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
INOTE: Values are in mm.
CHAIRMAN MEMBER MEMBER CONTRACTOR MANUFACTURER
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11.9. Coating test forms

STEEL PIPE EXTERNAL EPOXY COATING TESTS (TS EN 10289)
NAME OF WORK LOCATION OF WORK DATE
COATING BRAND COATING APPLICATION |COATING TECHNICAL | FACTORY TEST TYPE TEST INSPECTION EXPERT COATING COATING
INSTRUCTION DATA SHEET REPORTS REPORTS CERTIFICATE COMPONENTS COLOR
C_oating Appearance, Uncoated . Adhesion | Adhesion |Cathodic E Iectri_cal 22?2?‘12? Indentation
SERI| Pipe th.lc!<ness Shore continuity, length atends | Holiday ImpaCt test Pull- | test X-Cut |disbond |nsylat|on tap water | resistance The.rmal Infrar.ed RESULT
AL | No rrglg(;rr::;n hardness marking 150 £20 mm test resistance Off ment test resistance exposure test aging scanning
NO
ANNEX-A| 10289 10289 10289 ANNEX-B | ANNEX-C | 11 MPa | ANNEX-D |ANNEX-E ANNEX -F|ANNEX-G| ANNEX-H| ANNEX -J 10289 X/
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
NOTE: ANNEX-D, E, F, G, H, Jand INFRARED SCANNING TESTS ARE TYPE TESTS AND ACCREDITED LABORATORY RESULTS SHALL BE TAKEN INTO ACCOUNT.
CHAIRMAN MEMBER MEMBER CONTRACTOR MANUFACTURER
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STEEL PIPE INTERNAL EPOXY COATING TESTS (TS EN 10339)

NAME OF WORK LOCATION OF WORK DATE
COATING BRAND COATING TECHNICA COATING APPLICATION COATING CERTIFICATE OF |INSPECTION EXPERT | TYPE TEST [ FACTORY TEST
DATA SHEET INSTRUCTION COMPONENTS CONFORMITY FOR CERTIFICATE REPORTS REPORTS
POTABLE WATER
Appearance Coating Uncoated . Adhesion test Pull- Adhesion test X-Cut
. o . . length at ends Porosity test Hardness measurement .
SLEﬁlc,)A P’\T;e angfccc)on;:ir;]L;;ty thlc?ggssnl\l/lm. 10010 mm | (Holiday test) Off 11 MPa with Buchholz Marking RESULT
indentation test
TSEN 10339 | TSEN 10339 | Specification | TS EN 10339 Specification TS EN 10339 TS EN 10339 Specification X/
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
CHAIRMAN MEMBER MEMBER CONTRACTOR MANUFACTURER




STEEL PIPE POLYETHYLENE (HDPE) AND POLYPROPYLENE (PP) COATING TESTS (TS EN ISO 21809-1)

NAME OF WORK LOCATION OF WORK DATE
COATING BRAND COATING TECHNICAL COATING APPLICATION COATING COMPONENTS FACTORY TEST | COATING INSPECTION EXPERT TYPE TEST REPORTS COATING
DATA SHEET INSTRUCTION REPORTS CERTIFICATE COLOR
TESTS ON COATING TESTS ON HDPE/PP MATERIAL
Appearance, . ) Yield S Elongati . uv
A Coating Indentation . Melt flow| . | Hardness Oxidation Density ;
continuity, A resistance
; markin thickness ) Peel Impact scratch | Cathodic Flexibility Hotwater | \ipg Fiongation (Shore D) strength L duction time | O™ St Jem? RESULT
Pipe no 9, ification | Holid disbond- test % MP % g and melt
SERI ol | pipeengs [SPecification | FONCAY ooy | registance | depthtest | 1SDON test | 'MMErSION | gy S lHpPe PP 2 (minutes) >

AL | Serial Table 9 test ment test test HDPE PP Hope |HDPE PP flow rate

No |(15020) 0

NO PP MFR %

21809-1 | ANNEX-A | ANNEX -| ANNEX -C| ANNEX -E| ANNEX-F| ANNEX -H| ANNEX-I| ANNEX-M| =35 | 600 |2 |Z13= >130 2600 120,930 | 1 X/
B 60 20 >400 0,890

1
2
3
4
5
6
7
8
9
10
12
13
14
15

NOTE: ANNEX-D, G, J, K, N and ANNEX-C, F, H, |, M ARE TYPE TESTS AND RESULTS OF HDPE AND PP MATERIAL TESTS FROM ACCREDITED LABORATORIES SHALL BE TAKEN INTO ACCOUNT.

CHAIRMAN

MEMBER

MEMBER

CONTRACTOR

MANUFACTURER
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STEEL PIPE POLYURETHANE COATING TESTS (TS EN 10290)

NAME OF WORK LOCATION OF DATE
WORK
Coating A Uncoated Adhesion | Adhesion test . . Adhesion .

Pipe no| thickness Shore c‘;f]?nrjint;?’ ends 150+ | Holiday Impact test X-Cut Pull-Off C'athodu_: .Electn.(:al test after |Indentatio Thermal Flexibility |Elongation Infrared
SERI Serial | Min. 1500 hardness marking 20/100 < 10 test resistance disbond |nsg|at|on tap water .n aging test test test scanning test RESULT
AL No um D mm test ment test | resistance |exposure |resistance
NO test test

ANNEX-A | 10290 10290 10290 ANNEX-B [ ANNEX-C| ANNEX-D 12 MPa  |ANNEX-E| ANNEX-F |ANNEX-G ANNEX-H | ANNEX-J | ANNEX-K | min. 10% 10290 X/
1
2
3
4
5
6
7
8
9
10
12
13
14
15
16
17

NOTE: ANNEX-D, E, F, G, H, J, K, ELONGATION, and INFRARED SCANNING TEST

S SHALL BE PERFORMED AND CERTIFIED BY INDEPENDENT AC

CREDITED LABORATORIES.

CHAIRMAN

MEMBER

MEMBER

CONTRACTOR

MANUFACTURER




STEEL PIPE INTERNAL/EXTERNAL GALVANIZED COATING TESTS (TS 11348 EN 10240)

NAME OF WORK LOCATION OF DATE
WORK
COATING BRAND COATING COATING APPLICATION COATING CERTIFICATE OF INSPECTION TYPE TEST FACTORY TEST
TECHNICAL DATA INSTRUCTION COMPONENTS CONFORMITY FOR EXPERT REPORTS REPORTS
SHEET POTABLE WATER CERTIFICATE
Visuaél: gztSi?]ZCtion' Coating quality, Local coating thickness Adhesion test
SERI | Pipe | appearance and Intier::s(lecstlij(r)l;ace “ﬁgﬂiﬂc Gr:;gt?s(tjric Metallographic method Flattening test Bending test Chemical analysis Marking RESULT
AL | No continuity
NO
ptcan | SUHSEL [ i [TSIEN [T | roupsenione | SUSSEN [ToIEEr |
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
CHAIRMAN MEMBER MEMBER CONTRACTOR MANUFACTURER




11.10. Fitting test forms

STEEL PIPE FITTINGS INSPECTION AND TESTS (TS 2649)
NAME OF LOCATION OF DATE
WORK WORK
WELDER
STEEL STANDARD|MANUFACTURI INTERNAL/ WALL OUTER DIAMETER CERTIFICS'l CERTIFICATH NDT EXPERT HEAT QUANTITY
GRADE NG METHOD | EXTERNAL | THICKNESS ATE CERTIFICATE | TREATMENT
COATING REPORT
CONNECTION)  BEVELED CONNECTION OUTER |WALL THICKNESS
TYPE DIAMETER
Flange Al & ) —
o = |+ g 5 dimension| 2 = § i £ %h RESULT
P Flttlng e > _8 g E’ E’ S| Q P - s and < E = = =) S ? HydI’OStalnternal, ACCEPTABLE
3 serial no Fitting type 2 g O|F|F|E|lg|S 3 § Tensil VISUET| Dimen- 3 Ll 4 g" SE 1T E| tictest |External Marking ( /
< B2 E|xs || w|T|3| 3| X|&|eTest |Inspection | . tolerances| T o | T | T | [|& c .
& 225152 3 gl &l ele sional 1151750-1| € §| & | 1] =F| E o|L5PFA|coating NoT
o =2 BlE|e £ EEEEE Inspectiol tsen | W ElA | T to|o o tests IACCEPTABLE)
al 5|5 A E-1R= 1R n z 8lz | g| ES| T
LS >'T>3%o 1092-1 ATl A g o + A
S ; sloluw w O w= n = =
o £ =] - [2 -
i B ©
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
CHAIRMAN MEMBER MEMBER CONTRACTOR MANUFACTURER
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STEEL PIPE FITTINGS — INSPECTION AND TESTS (TS 9341 EN 10224)

NAME OF WORK LOCATION OF DATE
WORK
STEEL STEEL WALL OUTER INTERNAL/ WELDER 3.1 NDT EXPERT | HEAT TREATMENT
GRADE | STANDARD MAN&E'.A‘FETO%R'NG THICKNESS | DIAMETER | o r-pnalL |CERTIFICATE |CERTIFICA | CERTIFICATE REPORT QUANTITY
COATING TE
T Connecti Welding .
Elbow Fitting on NDT Seamless Fitting

o o i
@) D D An o o &
= VT Visual 3 3|5 . Part Base Weld |Dimensional | Dimensional s § § Q| Hydrostatic | Internal, RESULT
= . |=1=2|=|2| 8| < |Casting .| Metal . 3 = g ~ . (ACCEPTABL
< |Batch no|Inspection| el T7lsl 2 - lanalysis - Bend | Inspection | Tolerances ) o I test External | Marking
o 2wl 2|lw| g 2 |Analysis Tensile = N sl e AEH|IEO . E/NOT
] Tl a|l8(a| TS Test O | x|a=2D2(xql 15PFA coating
® E|E|E|lE| 8| Test = = R R tests ACCEPTABL

£ £| @ ] e - B E)

5% o 2 @ n

%] & = =
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

CHAIRMAN MEMBER MEMBER CONTRACTOR MANUFACTURER
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NON-ALLOYED FITTINGS INSPECTION AND TESTS (TS EN 10253-1)

NAME OF LOCATION DATE
WORK OF WORK
gTEEL s STEEL MANUFACTURING Vé/:ALLSS OUTER INTERNAL/ CWELDER NDT EXPERT c 3.1C HEAT TREATMENT QUANTITY
RADE TANDARD METHOD THICKNE DIAMETER EXTERNAL |CERTIFICAT CERTIFICATE ERTIFICAT REPORT
COATING E E
MANUFACTURING| FITTING STARTING
METHOD TYPE MATERIAL
% VT Castin Tensile Hardness D'Imens':'onal WELD InItEertn - a?d ACICQ:EISDL'I{;;LE/
= | BatchNo| Visual |2 O ~ 9 test ISpection 1 Nt Xemal | parking L (
< ) = e O | & | Analysis D<114.3 (Dimension, Coating e o5 9
x Inspection | = s =z z 2 D>114,3 (Welded) . 7 o |x g =
W o =z A= IL—) Tolerances) Inspection rt O o Z = ACCEPTABLE)
@ Q Q D EI> and Tests Sa A EERX
3 5 wiE g <8 4592 2
o 9 o = = o
I
8]
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
CHAIRMAN MEMBER MEMBER MANUFACTURER CONTRACTOR
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NON-ALLOY AND ALLOY STEEL FITTINGS — SPECIAL INSPECTION AND TESTS (TS EN 10253-2)

NAME OF LOCATION OF WORK DATE
WORK
NDT EXPERT UANTITY
STEEL | STEEL STANDARD |MANUFACTURING,  WALL ouTer | INTERNAL/EXTERNAL WELDER CERTIFICATE |31 CERTIFICATE__ MEAT <
NAME TVPE THICKNESS | DIAMETER COATING TYPE CERTIFICATE TREATMENT
REPORT
IMPACT TS EN 10253-2 WELDNDT | OPTIONAL F-BOW| STARTING
TEST TYPE | MATERIAL
Type of -
@) L . Weld = s = zw ol
Z fitting Mat.erlfﬂ _ Material | Tensile |tensile Weld Hardnes Internal and _ 8 _ |5 _ 3 3lalw & = RESULT
:(l Batch (elbow, | description Casting analysis test test bend s test External Visual =] £ %é High-| Heat | 9 a % a| »|g |(ACCEPTABLE/
x no | T-fitting, | (Alloy | analysis D>1143D>e;19 test |y a3 T | Coating Dimensions| inspection and .9.% ES S tempe| affected | U} W D 252 NOT
& reduction, |  steels) - o y i §| Inspection Tests and marking § s Eg§ rature| zone | &| & 3‘ 2 ww g O| ACCEPTABLE)
) > |8 tolerances S/ 3 HZ  ensile| impact | F| | < E <3
R = = o < &l i3
3 O] 2 test test a o)
M 3 2 s
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
CHAIRMAN MEMBER MEMBER MANUFACTURER CONTRACTOR
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11.11. Cathodic protection field measurement report

CATHODIC PROTECTION FIELD MEASUREMENT REPORT

Contractor Representative

Administration

Administration

Report date
Report number
Name of the
Name of the
Name of the Work
Subject of the report | Cathodic protection field measurements along the pipeline ...
Measur | Distance to Measurement Resistance (Ri) [ Measured pH |Platinum Electrode Description
ement | Start Point | Coordinate (X ;Y) measured with Value Voltage
No | (km:0+000) Meger (ohms) Measurement (Epi)
(mV)
1
2
3
4
NAME SURNAME TITLE SIGNATURE
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11.12. Wenner 4 electrode measurement method

Measurement of soil resistivity shall be carried out in accordance with TS 4363 by the Wenner 4-Electrode
Method, which is based on the principle of measuring the potential difference and current.

In the system, four electrodes placed at equal intervals along a line are used, where the two outer ones (A, B,
according to Figure-3) serve as current electrodes, and the two inner ones (M, N, according to Figure-3) serve as

potential electrodes.
With the symmetry axis being the pipe axis, the electrodes shall be driven into the ground to a depth of at least

20 cm and in a direction perpendicular to the laying axis, at an interval distance (a).
The measured potential difference provides information about the soil up to a depth equal to 0,75 times the

value of (a).

I

L

! | |
I

SURFACE

Symmétry axis

Figure-E.1: Electrode placement according to Wenner 4 method

After these connections are made, the resistance value (R) shall be read directly from the Megger device.
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11.13. Dimensions of cathodic protection measurement box

150

200

G50

1 100

300

200

19501

| 130

200

1450
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11.14. Cathodic Protection Basic Connection Details

DETAIL-B
Filler Mastic
Thenmite Welding  Cable Insulzmon Matenal

3#15 cm Polyethylene Cover Sheat

Fixed Type Cu/CuSO4 Reference Electrode

DETAIL-A
— Mastic Paste
— Cotton Bag . )
X PVC Plate
— Filler Powder
Cu/CuSO4 Crystals = skl
Spiral Wound Copper Wire [@— | | Shunt
2
Anode
cable L1 Cathode
— Ceramic Housing Cable

Cable Joint Sleeve =
4

Az

/.
% . S
v--é -A:_ 3 T
> A 5 R
3 P N “
171b Hp 3 il
Mg —
Anode
113

Group connection



11.15. Connection types of cathodic protection measurement box

Standard Test Point (STP) Connection

gLl

COVER DETAIL

Equipotential Test Point (ETP) Connection (Parallel)

& Water line . %

!

f

& Foreign Metallic Pipe g

Equipotential Test Point (ETP) Connection (Crossed)

& Waterline

™

Insulating Mat

114



Cased Pipe Crossing Test Point (CTP) Connection

P

=
,’ 1x05 mm2 NYY cable ~ [° \ J ,
T — i

100

COVER DETALL
Steel Casing Pipe
Isolating Joint Test Point (S1J) Connection
‘ 1x25 mm? NYY cable
isolating joint element Jj

f 1m ; E 1m ;
High Voltage Transmission Line Crossing (HVAC) Connection

1x25 mm? NYY cable
Grounding Cable |

ul
Grounding Rod
) Water Pipe
l 4m \
N /

115



11.16. Cathodic protection application plan of deep well anode

W e

T/R Unit

Anode bal Anode bed

box box

45,8 mt

10.0m
Inactive depth

ce: 3

dis

Center to center

3,0

54,6 mt

°| 1x16mm? EPR/CSPE Cable

Ventilation
pipe

Ixl6mm?
EPR/CSPE

Gravel fill

ji Mlﬁ—i

X 10 NYY IXIONYY

1x25 NYY
1x25 NYY

Grounding

Cable

Backfill Material
(Coke Powder TS-

5141)

g mt
Active depth

0.30m

1. Anode Chain
ST 1,6/50

Titanium Tube
Anode (12 pes)

Pipeline to be protected

CP-xx

1,6/50 ST MMO C Titanium Tube Anode

12 pcs.

1x16 mm? EPR/CSPE Cable

54,6 mt.

Distance between Titanium Tube Anodes

3,0 mt.

Total depth of anode bed

45,8 mt.

I/Anode bed borehole diameter

300 mm.

Weight of metallurgical coke powder

2.278 kg.
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Installation of static electricity discharge electrode

11.17.
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11.18. Test and inspection report
TEST and INSPECTION REPORT

Name of the Work

Administration

Name of the Contractor

Manufacturer

Report Number

Report Date

Report Subject : Steel pipe/fitting inspection and testing

Within the scope of the contract signed between the General Directorate of State Hydraulic

Works and ... (contractor), the steel pipe/fitting manufactured at ... (manufacturer’s name)/...

(province) plant, as part of “... (project name)”, one of the water control elements, has been subjected
to the tests specified in the specification.

As a result of the inspections and tests carried out under the supervision of DSI, contractor,
and manufacturer representatives, it has been confirmed that the following steel pipe/fitting has been
manufactured in compliance with the project and technical specifications, and its transportation from
the factory to the site has been deemed appropriate.

Serial number Material Type Technical specifications Length/Weight
1 (Number on the label)  (P235 TR1) (DN1000, t=21 (12 m /5.000 kg)
mm)
2
3
4

This report has been drawn up and signed in 3 (three) copieson .../.../....

ANNEX-1: Factory test reports (... pages)
ANNEX-2: Inspection charts (... pages)

DSI Inspection Committee

Chairman Member Member

Contractor’s Representative Manufacturer
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