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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation on the meaning of ISO specific terms and expressions related to conformity
assessment, as well as information about ISO’s adherence to the WTO principles in the Technical Barriers
to Trade (TBT) see the following URL: Foreword - Supplementary information

The committee responsible for this document is Technical Committee ISO/TC 67, Materials, equipment
and offshore structures for petroleum, petrochemical and natural gas industries, Subcommittee SC 2,
Pipeline transportation systems.
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Introduction

Users of this International Standard are advised that further or differing requirements can be required
for individual applications.
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INTERNATIONAL STANDARD IS0 12736:2014(E)

Petroleum and natural gas industries — Wet thermal
insulation coatings for pipelines, flow lines, equipment and
subsea structures

1 Scope

This International Standard defines the minimum requirements for qualification, application, testing,
handling, storage and transportation of new and existing wet thermal insulation systems for pipelines,
flowlines, equipment and subsea structures in the petroleum and natural gas industries. The purpose of
these systems is to provide external corrosion protection and thermal insulation.

This International Standard is applicable to wet thermal insulation systems submerged in seawater.

This International Standard is not applicable to thermal insulation in the annulus of a steel pipe-in-pipe
system.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO 34 (all parts), Rubber, vulcanized or thermoplastic — Determination of tear strength

ISO 37, Rubber, vulcanized or thermoplastic — Determination of tensile stress-strain properties
ISO 62, Plastics — Determination of water absorption

ISO 178, Plastics — Determination of flexural properties

[SO 527 (all parts), Plastics — Determination of tensile properties

ISO 813, Rubber, vulcanized or thermoplastic — Determination of adhesion to a rigid substrate — 90
degree peel method

[SO 844, Rigid cellular plastics — Determination of compression properties
ISO 868, Plastics and ebonite — Determination of indentation hardness by means of a durometer (Shore hardness)

ISO 1133 (all parts), Plastics — Determination of the melt mass-flow rate (MFR) and the melt volume-flow
rate (MVR) of thermoplastics

ISO 1172:1996, Textile-glass-reinforced plastics — Prepregs, moulding compounds and laminates —
Determination of the textile-glass and mineral-filler content — Calcination methods

ISO 1183 (all parts), Plastics — Methods for determining the density of non-cellular plastics
ISO 1817, Rubber, vulcanized or thermoplastic — Determination of the effect of liquids

[SO 2781, Rubber, vulcanized or thermoplastic — Determination of density

ISO 2808:2007, Paints and varnishes — Determination of film thickness

ISO 2811-1, Paints and varnishes — Determination of density — Part 1: Pyknometer method

ISO 2884 (all parts), Paints and varnishes — Determination of viscosity using rotary viscometers
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ISO 3104, Petroleum products — Transparent and opaque liquids — Determination of kinematic viscosity
and calculation of dynamic viscosity

ISO 3219, Plastics — Polymers/resins in the liquid state or as emulsions or dispersions — Determination of
viscosity using a rotational viscometer with defined shear rate

ISO 4590, Rigid cellular plastics — Determination of the volume percentage of open cells and of closed cells
ISO 4624, Paint and varnishes — Pull-off test for adhesion

ISO 4649, Rubber, vulcanized or thermoplastic — Determination of abrasion resistance using a rotating
cylindrical drum device

ISO 4897, Cellular plastics — Determination of the coefficient of linear thermal expansion of rigid materials
at sub-ambient temperatures

ISO 6502, Rubber — Guide to the use of curemeters

ISO 7619-1, Rubber, vulcanized or thermoplastic — Determination of indentation hardness — Part 1:
Durometer method (Shore hardness)

ISO 7822:1990, Textile glass reinforced plastics — Determination of void content — Loss on ignition,
mechanical disintegration and statistical counting methods

IS0 8301, Thermal insulation — Determination of steady-state thermal resistance and related properties —
Heat flow meter apparatus

ISO 8501-1, 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
and of steel substrates after overall removal of previous coatings

ISO 8502-3, 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)

ISO 8502-4, Preparation of steel substrates before application of paints and related products — Tests for the
assessment of surface cleanliness — Part 4: Guidance on the estimation of the probability of condensation
prior to paint application

ISO 8503-1, Preparation of steel substrates before application of paints and related products — Surface
roughness characteristics of blast-cleaned steel substrates — Part 1: Specifications and definitions for 1SO
surface profile comparators for the assessment of abrasive blast-cleaned surfaces

ISO 11357 (all parts), Plastics — Differential scanning calorimetry (DSC)
ISO 14896, Plastics — Polyurethane raw materials — Determination of isocyanate content

ISO 15711, Paints and varnishes — Determination of resistance to cathodic disbonding of coatings
exposed to sea water

ISO 21809-1:2011, Petroleum and natural gas industries — External coatings for buried or submerged
pipelines used in pipeline transportation systems — Part 1: Polyolefin coatings (3-layer PE and 3-layer PP)

[SO 21809-3:2008, Petroleum and natural gas industries — External coatings for buried or submerged
pipelines used in pipeline transportation systems — Part 3: Field joint coatings

EN 253, District heating pipes — Preinsulated bonded pipe systems for directly buried hot water networks —
Pipe assembly of steel service pipe

ASTM D4060, Standard test method for abrasion resistance of organic coatings by the taber abraser
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3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

3.1

applicator

company which undertakes the coating application in accordance with the provisions of this
International Standard

3.2
certificate of analysis
batch certificate issued by the manufacturer

Note 1 to entry: It is a document that contains the results of tests performed by the manufacturer.

3.3
conformity certificate
certificate of conformity issued by the manufacturer

3.4

cool down time

time taken for a fluid contained within a pipeline to reach a pre-determined temperature from specific
start temperatures (internal and external) when fluid flow is stopped

3.5

cutback

uncoated area defined in terms of length at the ends of each pipe which is required to prevent damage
to the coating system when the pipe sections are welded together

3.6
end of life
condition of parameter of interest at the end of the service life

3.7
end user
company that owns and/or operates the production system

3.8

equipment

components other than pipelines and flowlines through which fluid flows from the well to the
processing facility

EXAMPLE Valve, manifold, christmas tree.

3.9

field joint

uncoated area that results when two pipe sections, or a pipe section and a fitting with coating cutbacks,
are assembled by welding

3.10

field joint coating

coating applied after two pipe sections with coating cutbacks have been assembled, by welding, in the
field or a fabrication site

3.11
field joint designer
company that proposes the field joint system for qualification in accordance with this International Standard

3.12
flowline
pipe that transfers fluid from an oil or gas well to the riser foot of a processing facilit
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3.13

heat transfer coefficient

U-value

rate of heat transfer from a reference surface under the influence of a thermal gradient

Note 1 to entry: Expressed in W.m-2.K-1,

3.14

insulation system

specific combination of pre-treatment, anti-corrosion coating, insulation and protective outer sheath to
achieve the corrosion protection and insulation properties as described in this International Standard

3.15
layer
materials applied to the surface to be insulated in units of discrete thickness to build up the insulation system

3.16
manufacturer
company responsible for the manufacture of coating materials

3.17

material data sheet

form containing data regarding the physical and mechanical properties of a particular material used in
the coating process including guidelines and recommendations for its processing and use

3.18

material safety data sheet

form intended to provide workers and emergency personnel with procedures for handling and working
with the material in a safe manner including physical data such as flash point, toxicity, first aid

3.19
maximum rated pressure
external pressure for which the insulation layers are designed, according to the system supplier

3.20
maximum and minimum rated temperature
conditions for which the insulation layers are designed, according to the system supplier

3.21

pipeline

pipe that transfers fluid from a processing or storage facility to another location be it another processing
facility, refinery, chemical plant or end user

3.22

PI tape

precision vernier periphery tape that allows the direct and accurate measurement of the diameter of
tubular objects without the need for callipers or micrometers

3.23

pre-production test

PPT

series of tests performed immediately before the start of production, designed to demonstrate that the
requirements of a previously qualified coating system are achieved, as outlined in this International
Standard and as outlined by the purchaser

3.24

procedure qualification test

PQT

series of tests designed to demonstrate that the coating materials, coating applicator, coating equipment
and coating procedure can meet the requirements as outlined in this International Standard and as

outlined by the purchaser Documents
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3.25
purchaser
company responsible for providing the product order requirements

3.26
service life
specified period of use of the insulation coating in service

3.27

stalk

continuous string of welded and field joint coated pipe, which is prepared in readiness for pipe spooling
onto a reel lay barge

Note 1 to entry: A number of stalks will normally be required to make up a flowline or pipeline.

3.28
stalk tie-in
weld connection followed by field joint coating, which is completed between stalks during pipe spooling

3.29

subsea structure

structural foundation or template for the positioning, support and protection of various items of
production equipment

EXAMPLE Manifolds, trees.

3.30
syntactic foam
insulation material formed by dispersing hollow particles within a polymer matrix

Note 1 to entry: Polyurethane, epoxy, phenolic and PP, silicone are examples of polymers.

3.31
system supplier
company that proposes the insulation system for qualification in accordance with this International Standard

3.32

thermal conductivity

k-value

ability of a material to conduct heat, generally quantified in terms of the heat flow through a unit length
of material under the influence of a standardized temperature difference

Note 1 to entry: Expressed in W.m-1,K-1,

3.33

unit of production

quantity of three layer polypropylene coated pipes, at the same stage in the coating sequence, where the
final insulation thickness is built up by multiple application of the constituent layers

Note 1 to entry: The constituent layers are the insulation layers and the top coat.
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4 Abbreviated terms

3LPP
ALPP
APS
CD
CcP
DMA
DSC
FBE
FJC
GSPP
GSPU
HDPE
ID
ITP
MFR
oD
PE
PP
PU
RH
SPU
uv

5 General recommendations and requirements

three layer polypropylene
four layer polypropylene
application procedure specification
cathodic disbondment
cathodic protection

dynamic mechanical analysis
differential scanning calorimetry
fusion bonded epoxy

field joint coating

glass syntactic polypropylene
glass syntactic polyurethane
high density polyethylene
internal diameter

inspection and test plan

melt flow rate

outer diameter

polyethylene

polypropylene

polyurethane

relative humidity

syntactic PU

ultraviolet

A quality management system and an environmental management system should be applied to assist

compliance with the requirements of this International Standard.

NOTE

ISO/TS 29001 gives sector-specific guidance on quality management systems and ISO 14001 gives
guidance on the selection and use of an environmental management system.

The applicator shall be responsible for complying with all of the applicable requirements of this
International Standard. It shall be permissible for the purchaser to make any investigation necessary in
order to have assurance of compliance by the applicator and to reject any material and/or coating that

does not comply.
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6 Qualification dossier

6.1 General

A qualification dossier of the proposed insulation system in accordance with this clause shall be
presented by the system supplier for review, when requested by purchaser. The requirements of this
clause shall apply to all layers present in the insulation system. The content of such a dossier shall be in
accordance with 6.2 and 6.3.

Historical data may be included in this qualification dossier and will be subject to review and approval
by purchaser.

6.2 Content of qualification dossier

The system supplier shall provide qualification documentation which shall include the following as a
minimum.

a) System summary:
1) description of the insulation system tested;
2) maximum rated temperature and pressure;

3) minimum and maximum temperature guidelines for storage, handling, installation and
corresponding recommendations.

b) Insulation system materials:
1) material or layer technical data sheet and material safety data sheet;
2) recommended shelf life and storage instructions;

3) material, or layer when applicable, conformity certificate and material certificate of analysis
from the manufacturer with the following information:

i) product name and manufacturer;
ii) manufacturing plant;
iii) date of manufacture;
iv) batch number;
v) properties to be tested with every batch and corresponding conformity ranges;
vi) date of issue;
vii) signature of authorized personnel (with name and function);
4) testdata for each individual layer, in accordance with Clause 7.
c) Asapplied coating: qualification data for the application process, in accordance with Clause 9.

d) Full scale testing: test data for the complete system as applied, in accordance with Clause 8.

6.3 Anti-corrosion coating documentation

The purpose of this International Standard is not to define a proper qualification program for anti-
corrosion coating. The wet insulation system supplier can select any anti-corrosion coating suitable
for the maximum rated temperature of its insulation system and with which the system will pass the
qualification requirements of this International Standard.
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Ifthe anti-corrosion coating selected by the end user is different from the one used by the system supplier
for qualification, both parties shall agree on a test program to ensure that anti-corrosion coating and
wet insulation are compatible up to the maximum rated temperature of the insulation system.

7 Layer test requirements

7.1 General

Each layer of the insulation system or each insulation material shall be tested as specified in this clause.

Table 1 specifies general properties to be tested for each layer where applicable.

Table 2 specifies properties to be tested on a case by case basis by agreement with the purchaser.

Each property measurement shall be documented along with the acceptance criteria for use in Clause 9.

Requirements for the qualification of repair materials shall be by agreement.

Table 1 — General properties

Layer property Test specification Testztseor(rzll*).ezr‘?cture Maximum rated | Minimum rated
+ temperature temperature
Thermal conductivity 1SO 8301 v v
Specific heat capacity 1SO 11357 v v
Hydrostatic compressive behaviour Annex A 4 4
Water absorption 1SO 62,1S0 18172 v v
Density 1SO 1183 v
Tensile properties 1SO 527,1S0 37b v v v
Hardness 1SO 868 v
DSC IS0 11357-2 Temperature range
DMA N/A Temperature range
a IS0 1817 for elastomers.
b SO 37 for elastomers.

Table 2 — Specific properties

Material propert Test specification Test temperature | Maximum rated Minimum rated
property p 23°C*2°C temperature temperature

Compressive strength 1SO 844 v v v
Abrasion resistance ASTM D 4060 /ISO 4649 a 4
Coefficient of linear thermal 1SO 4897 v v
expansion
UV resistance See 7.2.5
a IS0 4649 for elastomers

7.2 Ageing tests

7.2.1 General

The purpose of the ageing tests is to estimate the thermal, chemical and mechanical stability for the

material’s service life. The tests shall account for:
— all expected ageing phenomena, (including thermal and chemical ageing);

— the failure mechanism of the insulation material,
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— any water absorption and pressure effects.

For certain materials, physical changes can produce results in tensile testing that are not indicative of
chemical change. In such cases additional testing may be performed in order to explain and to understand
the extent and criticality of these physical changes. This may include the use of general and material
specific analysis techniques that lie outside of this specification. The results of such investigative work
shall be included in the test dossier.

End oflife properties should be determined and considered based onrelevantapplication specificacceptance
criteria. These shall be defined and explained by the system supplier with the ageing test results.

For each individual layer (or material) available in a range of density, the ageing tests are required only
for one density, provided the data in Table 1 are documented for the relevant range of density.

In order to estimate the potential degradation of an insulation system due to wet ageing, two tests shall
be performed:

— determination of the water absorption kinetic of each layer in the insulation system (7.2.2);

— determination of the degradation of the thermo-mechanical properties of each layer due to water
ageing (7.2.3).

Ageing tests are not required for anti-corrosion and adhesive layers.

An optional full insulation system ageing test may be carried out in accordance with 7.2.4 to verify the
long term behaviour.

7.2.2 Water absorption kinetic test
The objective shall be the determination of the end of life, through thickness, water profile.

Ageing media shall be either fresh water or seawater. Artificial seawater, if used, shall be prepared in
accordance with ISO 15711.

The test shall be performed as follows:
— four temperatures:

— 4°C;

— maximum rated temperature minus 30°C;

— maximum rated temperature minus 15°C;

— maximum rated temperature (as defined in 6.2);
— duration: 1 year;
— pressure: maximum rated pressure (as defined in 6.2);
— 5 samples of each size per ageing temperature;

— sample sizes for ageing tests shall be (50 x 50 x 4) mm and (50 x 50 x 8) mm. Moulded samples
should be used whenever possible;

— weighing intervals: 1, 2 weeks and 1, 3, 6 and 12 months. After removal from water, samples shall
be dried with a clean dry cloth or filter paper and weighed. These six data points shall be reported
on a graph and the absorption kinetic (diffusion coefficient and saturation) of the material(s) shall
be determined. The test media shall be replaced at each sampling interval.

NOTE1  Using the classical diffusion law (Fick), these data allow (knowing the through thickness temperature
profile) an estimation of the end of life through thickness water profile of the structure (see detailed guidance as

information in Annex K). Documents
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NOTE 2  Inthe case of non-Fickian diffusion (Langmuir, loss of weight), more complex analysis can be performed
in order to estimate the through thickness long term behaviour of the insulation system (see Annex K).

7.2.3 Wet heat ageing behaviour

The potential degradation shall be verified by testing of tensile properties at 23°C + 2°C. Flexural testing
may be carried out in place of tensile testing for brittle materials.

Sample preparation shall be fully described.

Tensile tests shall be performed in accordance with ISO 527 for thermoplastics or ISO 37 Type 1 for
elastomers. Flexural testing for brittle materials shall be performed in accordance with ISO 178.

Ageing media shall be either fresh water or seawater. Artificial seawater, if used, shall be prepared in
accordance with ISO 15711.

The ageing test shall be performed as follows:
— three temperatures:

— maximum rated temperature minus 30°C;

— maximum rated temperature minus 15°C;

— maximum rated temperature (as defined in 6.2).
— duration: 1 year;
— pressure: maximum rated pressure (as defined in 6.2);
— 5 samples per ageing temperature and sampling step;
— sampling intervals: 1, 3, 6 and 12 months.

Before mechanical testing, samples shall be kept in water (identical to the one used for the ageing test)
at 23°C + 2°C for a period of 24 h minimum, and tested immediately after being taken out of water.

At sampling intervals, samples shall be dried after removal from water with a clean dry cloth or filter
paper, weighed and tested in accordance with relevant standard without any reconditioning (no drying
of samples). The test media shall be replaced at each sampling interval.

7.2.4 Full insulation system ageing test (optional)

An approximately 1 m long tube, minimum 25 mm in diameter and coated with approximately 50 mm of
the full insulation system (see Figure 1 for details), shall be used for the full insulation system ageing test.

Ageing media shall be either fresh water or seawater. Artificial seawater, if used, shall be prepared in
accordance with ISO 15711.

The ageing test shall be performed as follows:

— internal temperature: maximum rated temperature (as defined in 6.2);

— external temperature: 20°C * 3°C;
— duration: 1 month to 6 months;
— pressure: atmospheric pressure (or under pressure if necessary);

— in case of seawater, CP will be provided with a sacrificial anode.
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Key

notch depth: half of the thickness through thickness

notch depth: full thickness down to the anticorrosion layer
water temperature = + 20°C + 3°C

end closure

steel tube

fluid at maximum rated temperature

4 mm width cracks

X N O U A WN

insulation system
Figure 1 — Schematic of the full insulation system ageing test

After ageing, any visible degradation (e.g. crack, indication of local hydrolysis) shall be assessed.
Additional physical and chemical testing can be performed and the results provided within the
qualification dossier.

7.2.5 Weathering and UV resistance

Data shall be provided by the insulation system supplier to demonstrate that the system can resist UV
exposure. Alternatively, specific storage conditions or protection from atmospheric exposure shall be
detailed by the insulation system supplier.

NOTE Weatheringand UV resistance isa concern during storage of components or pipes and for parts exposed

to atmospheric conditions. This effect is mainly superficial and concerns the outer layers of the insulation system.

8 Insulation system test requirements

8.1 General

In this clause, the properties that shall be tested for the complete insulation system are defined.

A detailed test program shall be prepared by the system supplier in accordance with Table 3 to define
the design basis of the insulation system in terms of pressure and temperature D%mﬁﬁ
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constraints and thermal performance. This design basis shall then be used for comparison with the
specific conditions for which the system is planned to be used. If specific conditions are outside the design
basis then purchaser or end user may decide to test specific properties following the guidelines of 8.2.

The parameters for the tests in Table 3 shall be defined by the insulation system supplier (pressure,
temperature etc.).

Testing shall be carried out on the complete system applied in accordance with Clause 9.

If applicable, testing shall include a field joint applied in accordance with the requirements of Clause 10.
8.2 Full scale test program

8.2.1 Test summary

The test program for flowlines, risers, jumpers and subsea equipment shall include, but shall not be
limited to, the tests shown in Table 3 and described in 8.2.2 to 8.2.7.

Table 3 — Full scale tests

Flowlines Risers Jumpers Subsﬁ;f‘?mp' Field joint
Baseline tests (optional)
Cathodic disbondment test v v v v v
(8.2.2)
Adhesion test (8.2.2) v v v v v
Installation requirements
Bend test (8.2.3) v v v b v c
?érzlile)lt&cll)geglrf;cl))ner test v v v
In-service requirements
Simulated cyclic bend test v v v v
(8.2.4)2
Impact test (8.2.6) v v v 4 v
Temperature/pressure simulated service tests
Factory applied (8.2.7) v
Field joints (8.2.8) v v v v v
Subsea equipment (8.2.9)
a  Ifrelevant for flowlines due to vortex induced vibrations in free spans or pipe movements on seabed.
b Optional test.
¢ Asper the flowline, riser, jumper, subsea requirement.

8.2.2 Baseline tests (optional)

If required by the purchaser, the following tests shall be carried out on the complete insulation system
prior to any simulated installation or in-service tests in order to establish the baseline:

— CD test at 23°C for 28 days, or as specified by the purchaser, in accordance with the relevant
International Standard for the anti-corrosion coating;

— adhesion testing to be detailed by the system designer to include any/all of:
— peel test as per ISO 21809-1:2011, Annex C, or ISO 813;
— pull off test as per ISO 4624;

— ring shear test as per Annex I. Documents
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NOTE The objective is to test before and after some of the simulated tests listed in this clause, in order to
compare the values and check for any possible degradation. The corresponding acceptance criteria are material
and application dependant.

8.2.3 Simulated bend test

The objective of the test is to determine if the factory applied and field joint coating systems display any
visible or audible signs of distress, for example, cracking, disbondment, stress whitening, deformation,
blistering, separations between layers or tearing as deemed detrimental to the product when subjected
to bending during spooling or installation operations. In addition, there should be no disbondment of the
insulation system and/or anti-corrosion coating from the steel substrate. These visible or audible signs
of distress shall be recorded.

Where appropriate, the test string should comprise a field joint coated girth weld positioned such that it
experiences the maximum strain during bend test.

The test procedure should be as defined in Annex B. The parameters needed to perform the test shall be
defined by the insulation system supplier.

Aftersectioningalongthe maximum as-bentstrainaxes, the coating systems shall notdisplay any through
thickness cracking, or through thickness separation between the line pipe and the field joint. Cracking
around anode pad brackets shall be assessed on a case by case basis. Effects such as disbondment, stress
whitening, deformation, blistering, separations between layers or tearing as deemed detrimental to the
product shall be recorded.

Optionally, adhesion test and CD test (8.2.2) may be carried out for comparison with baseline tests.

8.2.4 Cyclic (fatigue) bend test

The objective of the test is to determine if the factory applied and field joint coating systems display any
visible or audible signs of distress, for example, cracking, disbondment, stress whitening, deformation,
blistering, separations between layers or tearing as deemed detrimental to the product when subjected
to cyclic bending. In addition, there should be no disbondment of the insulation system and/or anti-
corrosion coating from the steel substrate. These visible or audible signs of distress shall be recorded.

The test procedure shall be as described in Annex C. The parameters needed to perform the test shall be
defined by the insulation system supplier.

During execution of the test, the variations in the axial strains and temperatures in the test pipe shall
be reviewed for anomalies.

After sectioning along four positions (3, 6, 9 and 12 o’clock), the coating systems shall not display
any through thickness cracking or through thickness separation between the line pipe and the field
joint. Cracking around anode pad brackets shall be assessed on a case by case basis. Effects such as
disbondment, stress whitening, deformation, blistering, separations between layers or tearing as
deemed detrimental to the product shall be recorded.

8.2.5 Simulated tensioner test (optional)

The objective of the test is to determine the coefficients of friction between the tensioner pads and the
coating system for a range of temperatures and compressive/squeeze loadings. In addition, the objective
is to determine if slippage occurs between the tensioner pads and the field joint coating system when
subjected to the required axial and compressive/squeeze loadings.

The test procedure shall be as described in Annex D. The parameters needed to perform the test shall be
defined by agreement between the insulation system supplier and the pipelay vessel owner.

There shall be no cracking or damage to design thickness of coating systems, including field joint coating
systems, that is detrimental to the thermal performance and corrosion protection of the system.
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Coefficients of friction between the tensioner pads and the coating system shall be determined for a
range of temperatures and compressive/squeeze loadings.

8.2.6 Impact test

The objective of the test is to confirm that the coating system will not display any visible or audible signs
of distress, for example, cracking, disbondment, stress whitening, deformation, blistering, separations
between layers or tearing as deemed detrimental to the product when subjected to impact test. In
addition, there should be no disbondment of the insulation system and/or anti-corrosion coating from
the steel substrate. These visible or audible signs of distress (if any) shall be recorded.

The test procedure shall be as described in Annex E. The parameters needed to perform the test shall
be defined by the insulation system supplier. If trawl board testing is required, the test procedure as
described in DNV RP F111 should be used.

There shall be no cracking or damage to design thickness of coating systems, including field joint coating
systems, that is detrimental to the thermal performance and corrosion protection of the system.

8.2.7 Simulated service test (factory applied coating)
The objectives of the test are to:

— confirm that the U-value of the insulation system is in accordance with the expected design basis
as defined by the insulation system supplier in 8.1 when subjected to the specified temperature
gradient through its thickness and hydrostatic pressure under short term conditions (typically a
minimum of 7 days after thermal stability has been established);

— optionally, confirm that the cool down time of the insulation system is in accordance with the
expected design basis as defined by the insulation system supplier in 8.1;

— demonstrate that the hydrostatic compressive properties of the insulated system are in accordance
with the design basis as defined by the insulation system supplier in 8.1.

The test procedure shall be as described in Annex F.

Measured U-value, and cool down time if determined, of the insulation system shall be in accordance
with the design basis as defined by the insulation system supplier in 8.1.

Measured radial compression of the insulation system shall be in accordance with the design basis as
defined by the insulation system supplier in 8.1.

Optionally, the test piece may be sectioned after completion of the test. After sectioning, the coating
systems shall not display any visible signs of distress, for example, cracking, disbondment, stress
whitening, deformation, blistering, separations between layers or tearing, as deemed detrimental to
the product. In addition, there should be no disbondment of the insulation system and/or anti-corrosion
coating from the steel substrate. These visible or audible signs of distress shall be recorded.

8.2.8 Simulated service test (field joint)
The objectives of the test are to:

— identify potential hot water degradation mechanisms within insulation system, especially at the
interface with the parent coating (coating on both sides of the field joint, at the cutback areas);

— optionally, confirm that the cool down time and the U-value of the insulation system when subjected
to a temperature gradient through its thickness and hydrostatic pressure under short term real time
conditions are in accordance with design basis as defined by the insulation system supplier in 8.1;

— demonstrate that the hydrostatic compressive properties of the insulated system are in accordance
with the design basis in accordance with 8.1.
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The test procedure shall be as described in Annex G.

Hot water degradation mechanisms within insulation system, especially at the interface with the parent
coating (coating on both sides of the field joint, at the cutback areas), shall be identified and reported.

If measured, cool down time and U-value shall be within the design basis as defined by the insulation
system supplier in 8.1.

Measured radial compression of the coating system shall be in accordance with the design basis as
defined by the insulation system supplier in 8.1.

Optionally, the test piece may be sectioned after completion of the test. After sectioning, the coating
systems shall not display any visible signs of distress, for example; cracking, disbondment, stress
whitening, deformation, blistering, separations between layers or tearing as deemed detrimental to the
product. In addition, there should be no disbondment of the insulation system and/or anti-corrosion
coating from the steel substrate.

8.2.9 Simulated service test (subsea equipment) (optional)
The objectives of the test are to:

— identify potential mechanical and/or structural failure mechanisms of the insulation system due to
geometrical/dimensional section changes in the structure of trees, manifolds, etc.;

— demonstrate that the compressive properties of the insulated system are in accordance with the
design basis as defined by the insulation system supplier in 8.1;

— optionally, confirm that the cool down time and U-value of the insulation system when subjected to
a temperature gradient through its thickness and hydrostatic pressure under short term real time
conditions are in accordance with design basis as defined by the insulation system supplier in 8.1.

The test procedure shall be as described in Annex H.

The coating systems shall not display any through thickness cracking or through thickness separation
along the construction joint. Effects such as disbondment, stress whitening, deformation, blistering,
separations between layers or tearing as deemed detrimental to the product shall be recorded.

Measured radial compression of the insulation system shall be in accordance with the design basis as
defined by the insulation system supplier in 8.1.

After sectioning, the coating systems shall not display any visible signs of distress, for example, cracking,
disbondment, stress whitening, deformation, blistering, separations between layers or tearing as
deemed detrimental to the product. In addition, there should be no disbondment of the insulation system
and/or anti-corrosion coating from the steel substrate. These visible signs of distress shall be recorded.

If measured, the U-value and cool down time of the insulation system shall be in accordance with the
design basis as defined by the insulation system supplier in 8.1.

Optionally, adhesion test or peel test (8.2.2) may be carried out for comparison with baseline tests.

If specified, samples of the insulation material shall be taken from the test piece after completion of the
simulated service testing and subjected to the material property testing described in 7.1.

9 Application process and quality control

9.1 General

This clause defines the requirements for control of the application of insulation systems. The generic
types of systems listed here are the ones which are already well known in the industry. For each type
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of system, the corresponding tables shall be used as minimum requirements to be followed by the
applicator during application.

If other system types are used, this clause should be used as guidance for the development of specific
application process and quality control requirements.

9.2 Qualification of operators

Personnel involved in the coating operation shall be trained and qualified in accordance with applicator
training programs and quality assurance systems.

The qualification training program and training records for personnel shall be available to the end user
and purchaser for review.

Alternatively, the qualification of coating personnel may be obtained via a certification organization, by
demonstration at a PQT or during PPT as agreed with end user or as defined in ISO 21809-3. The system
supplier ofthe insulation materialsand equipment may provide technical assistance to the coating personnel.

9.3 Application procedure specification (APS)

The thermal insulation system application shall be performed in accordance with an APS.
The APS shall document the following:

a) statement of applicable scope;

b) step by step description of the application;

c) critical process parameters which convert or affect material properties;

d) procedures for special processes not covered by items b) and c);

e) inspection and test plan;

f) references to specifications (if applicable) and materials used in the application of the wet
insulation system;

g) coating repair procedures.

EXAMPLE A special process which would require its own detailed procedure [see item d) above] could be a
subsea structure where, due to complex geometry, the application technique requires the use of moulds.

9.4 Procedure qualification test (PQT)

If requested by the end user or purchaser, the APS shall be qualified by a PQT. Test methods, acceptance
criteria and frequencies for PQT shall be specified in the ITP.

The PQT should be carried out in presence of the end user and/or purchaser (or their representative)
if requested.

The applicator may request the material manufacturer or system supplier to assist during the PQT to
ensure the correct use of the coating material(s) and to train applicator’s personnel.

Qualification tests shall be carried out on representative pipes or subsea components.

All tools and equipment (e.g. for induction heating, abrasive blasting, coating application and inspection)
to be used for PQT shall be of the same type as those to be used for the actual coating.

The applicator shall submita complete report of the qualification testresults to the purchaser for approval.

Relevant parameters for the application process recorded during PQT shall be implemented during PPT
and production. The allowable ranges for these parameters should be agreed between apphcat
P s b s PPdeiliients
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purchaser. If these parameters fall outside the agreed ranges, additional testing may be agreed between
purchaser and applicator demonstrating equal or better performance when compared to PQT and PPT.

9.5 Pre-production test (PPT)

If required by the end user or purchaser, a PPT shall be performed at start of production to verify the
PQT or any previous qualification or historical data.

Tests methods, acceptance criteria and frequencies for PPT shall be specified in a dedicated ITP.

The PPT shall be carried out in presence of the end user and/or purchaser (or their representative) at the
start of operations when equipment and personnel are mobilised on site.

9.6 Production tests

9.6.1 General

The applicator shall perform inspection and testing during production in accordance with an ITP to
verify the surface preparation, raw materials and coating application.

The ITP shall be prepared by the applicator and shall be approved by the purchaser and end user prior to
the start of production, and prior to the start of any PQT and/or PPT. The ITP shall identify all inspection
activities and tests, their frequency and the relevant inspection authorities.

A repair procedure shall be established for each insulation system and tested at PQT stage.
9.6.2 Polypropylene insulation system

9.6.2.1 General

A multi-layer polypropylene insulation system is typically a combination of an anti-corrosion coating,
an insulation layer(s) of syntactic/foam/solid polypropylene, and a solid polypropylene top coat.

For each of these layers, the minimum requirements in 9.6.2.2 to 9.6.2.5 shall apply.

9.6.2.2 Three layer polypropylene
The 3LPP coating, applied over the grit blasted steel, shall be in conformance with ISO 21809-1:2011.

9.6.2.3 Four layer polypropylene
A 4LPP consists of FBE primer, adhesive, PP foam and solid PP top coat.

If a 4LPP coating is applied over the grit blasted steel, the FBE and adhesive shall be in accordance with
IS0 21809-1:2011, Clause 10, and the appropriate inspection tests of ISO 21809-1:2011, Clause 11, for the
surface preparation, FBE and adhesive layers.

9.6.2.4 Polypropylene insulation material

The insulation material shall meet the requirements of Table 4.

Table 4 — Minimum inspection and testing for PP insulation layer application

Frequency
Property Units Test method Requirements
PQT PPT Production
Raw material testing (Manufacturer’s data)
Density kg/m3 1SO 1183 Within the manufacturer’s Each batch | Each batch Each batch
certificate of conformity NAaniirmantoe
HUGUITICTIU
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Table 4 (continued)
Frequency
Property Units Test method Requirements
PQT PPT Production
MFR grams per 1SO 1133 Within the manufacturer’s cer- | Each batch | Each batch Each batch
10 min tificate of conformity range
Density (glass micro- g/cm3 Manufacturer | Within the manufacturer’s cer- | Each batch | Each batch Each batch
spheres) tificate of conformity range
Crush strength (glass MPa Manufacturer | Within the manufacturer’s cer- | Each batch | Each batch Each batch
microspheres) tificate of conformity range
Substrate preparation
Environmental con- °C ISO 8502-4 Minimum 3°C above dew point Each pipe Each pipe Start of each
ditions and substrate shift
temperature
Visual inspection of pre- - Visual Inspec- | Pipe surface shall be free from Each pipe Each pipe Each pipe
viously coated surface tion moisture and contamination
(if applicable)
Heating of previous °C Infrared Acceptable range to be estab- Each pipe Each pipe All pipes
coated surface (if appli- pyrometer or lished during PQT checked with
cable) equivalent infrared
pyrometer and
recorded once
per hour
Laboratory testing
Interlayer adhesion MPa IS0 527 Cohesive break within layers Each pipe 2 pipes Once per day
test between insulation after tensile tests.
1 if applicable -
ayers.(l app_cable —on Alternatively, shear tests
full thickness) e
acceptable if thickness allows
(testin accordance with
Annex1)
Density control (GSPP) kg/m3 [SO 1183 Nominal density + 10 kg Each pipe 2 pipes Once per day
Density control (PP kg/m3 1SO 1183 Nominal density * 40 kg Each pipe 2 pipes Once per day
foam)
Mass ratio of glass % As per Annex Acceptable range to be estab- Each pipe 2 pipes Once per day
microspheres (GSPP) lished during PQT
Glass microspheres % As per Annex Acceptable range to be estab- Each pipe 2 Pipes Once per day
density after processing lished during PQT
(GSPP)
Entrapped air ratio % Asper Annex] | Acceptable range to be estab- Each pipe 2 Pipes Once per day
(GSPP) lished during PQT
Thermal conductivity W/(m.K) 1S0 8301 In accordance with Table 1 at One test N/A N/A
23°C+2°C
Compressive Strength MPa ISO 844 In accordance with Table 1 at Each pipe N/A N/A
23°C+2°C
Tensile strength and MPa ISO 527 In accordance with Table 1 at One test N/A N/A
elongation at break 23°C+2°C
%
Hydrostatic test (GSPP) % Annex A In accordance with Table 1 at One test N/A N/A
23°C+2°C
Final inspection
Coated pipe surface Measurement <80°C Each pipe Each pipe Three times
temperature control with contact per shift
after cooling thermocouple
Thickness control Measurement As specified Each pipe on | Each pipe on| Each pipe on
with PI tape 5locations | 5locations 5 locations
or electronic along the along the along the pipe
equipment. pipe pipe

9.6.2.5 Polypropylene top coat

The top coat shall meet the requirements of Table 5.
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Table 5 — Minimum inspection and testing for PP top coat layer application

IS0 12736:2014(E)

Frequency
Property Units Test method Requirements
PQT PPT Production
Raw material testing (Manufacturer’s data)
Density kg/m3 1SO 1183 Within the manufacturer’s Each batch Each batch Each batch
certificate of conformity
range
MFR grams per IS0 1133 Within the manufacturer’s Each batch Each batch Each batch
10 min certificate of conformity
range
Substrate preparation
Environmental con- . o
ditions and substrate °C 1SO 8502-4 Minimum 3 C above dew Each pipe Each pipe Start O.f each
point shift
temperature
. Pipe surface shall be free
Control of previous isual i £ .
coated surface (if - Visua Inspec- | from moisture and contam- Each pipe Each pipe Each pipe
applicable) tion ination. No flat spots, dents,
PP air bubbles.
All pipes
checked with
Heating of previous Infrared Acceptable range to be infrared
coated surface (if °C pyrometer or 5 g Each pipe Each pipe pyrometer
: . established during PQT
applicable) equivalent and recorded
once per
hour
Top coat application
Top coat coating mm Measurement As specified Each pipe (5 Each pipe (5 1st pipe then
thickness with PI tape locations along locations along every 20th
or electronic the pipe) the pipe) pipe
equipment
Laboratory testing
Adhesion between - Visual inspec- | No delamination between Each pipe Each pipe Each pipe
layers tion at pipe layers
ends (cutback)
Elongation at break % 1SO 527 =400 Two test (on 3 test | Two test (on 3 test | Each batch of
pieces) pieces) PP (on 3 test
pieces)
Final inspection
Total coating thick- mm Measurement As specified Each pipe (5 Each pipe (5 Each pipe on
ness with Pl tape locations along locations along 5 locations
or electronic the pipe) the pipe) along the
equipment pipe
Ovality % Calliper and PI (ODmax-ODmin)/OD pg Each pipe Each pipe 1st pipe then
tape tape < 2 % every 20th
pipe
Concentricity Straight +10 % of nominal thickness |Each pipe, 8 meas- | Each pipe, 8 meas-| Once every
edge ruler urements urements 20 pipes
or electronic
equipment at
cutback area
Hardness Shore D ISO 868 260 Two test One test Once per
shift
Cutback mm measurement By agreement Each pipe Each pipe Each pipe
9.6.3 Polyurethane insulation systems

9.6.3.1 Polyurethane applied in liquid form

Polyurethane is applied inliquid form using suitable dispensing equipment. It can be either in solid/foam

or syntactic form.

The insulation should be applied over a suitable anti-corrosion coating.
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