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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.
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Anyf trade name used in this document is information given for the convenience of users ar
conktitute an endorsement.

For|an explanation of the voluntary nature of standards, the meaning of ISO specific
expressions related to conformity assessmentlas well as information about ISO's ad
the| World Trade Organization (WTO) principles in the Technical Barriers to Trade
www.iso.org/iso/foreword.html.

procedures used to develop this document and those intended for its further maint
cribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteriamee
brent types of ISO document should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

draws attention to the possibility that the implementation of this document may invo
ent rights in respect thereof. As of the date of publication of this document, ISO had n

Fioned that this may not represent the latest information, which n1ay be obtained from
hbase available at www.iso.org/patents. ISO shall not be held reésponsible for identifyin
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12736:2014.
main changesare as follows:
clearer delineation between commercial projects and validation;

introduction of material classes;

h) patent(s). ISO takes no position concerning the evidence, validity or,dpplicability of a

5 document was prepared by Technical Committee ISO/TC 67, Oil and gas industries incli
on energy, Subcommittee SC 2, Pipeline transportation systems, in collaboration with th¢
mittee for Standardization (CEN) Technical Committee CEN/TC 12, Oil and gas industri
br carbon energy, in accordance with the Agreement on technical cooperation between I

5 first edition of ISO[ 12736-2, together with ISO 12736-1 and ISO 12736-3, cancels af

bnance are
ded for the
e with the

ve the use
Iny claimed
bt received

ce of (a) patent(s) which may be required to implement this document. However, implenenters are

the patent
b any or all
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terms and
herence to
[TBT), see

iding lower
e European
bs including
0 and CEN

d replaces

elimination of system specific qualification testing tables;
introduction of detailed thermal conductivity testing requirements;

introduction of project specific functional tests;

addition of Annexes A and B with guidelines for using this document and design of systems.

Alist of all parts in the ISO 12736 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Oil and gas industries including lower carbon energy —
Wet thermal insulation systems for pipelines and subsea
equipment —

Part 2:
Qualificati ¢ — l Heatton

priocedures

1 [Scope

This document specifies requirements for project specific product and process qualification of wet
thermal insulation systems applied to pipelines in a factory setting and subsea equipment in|the oil and
gaslindustries.

Thif document is not applicable to:

— |pre-fabricated insulation;

— |thermal insulation in the annulus of a steel pipe-in-pipe system;

— |maintenance works on existing installed wet thiermal insulation systems;

— |project qualification of anticorrosion coatings or the requirements for application therepf.

2 |Normative references

The following documents are referred to in the text in such a way that some or all of their content
conptitutes requirements of thissdocument. For dated references, only the edition cited dpplies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

[SO| 48-4, Rubber, vulcanized or thermoplastic — Determination of hardness — Part 4: |ndentation
harglness by durometer“method (Shore hardness)

ISO|868, Plastics-aud ebonite — Determination of indentation hardness by means of a duromieter (Shore
harglness)

[SO|1133-1;-Plastics — Determination of the melt mass-flow rate (MFR) and melt volume-flow |rate (MVR)
of thermoplastics — Part 1: Standard method

[SOU33-2Plastics—Determination-of-the-melt-mass-Hovwrate-{MER)-anrd-meltvolume-flowrate (MVR)

TTOO=Z= T 0o TtICy =

of thermoplastics — Part 2: Method for materials sensitive to time-temperature history and/or moisture

ISO 1183-1, Plastics — Methods for determining the density of non-cellular plastics — Part 1: Immersion
method, liquid pycnometer method and titration method

[SO 1183-3, Plastics — Methods for determining the density of non-cellular plastics — Part 3: Gas
pyknometer method

ISO 2781, Rubber, vulcanized or thermoplastic — Determination of density

[SO 2884-2, Paints and varnishes — Determination of viscosity using rotary viscometers — Part 2: Disc or
ball viscometer operated at a specified speed

©1S0 2023 - All rights reserved 1
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ISO 3104, Petroleum products — Transparent and opaque liquids — Determination of kinematic viscosity
and calculation of dynamic viscosity

ISO 3219 (all parts), Rheology

ISO 3451-1:

2019, Plastics — Determination of ash — Part 1: General methods

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

ISO 8502-3, Preparatlon of steel substrates before appllcatlon of pamts and related products — Tests for

the assessn
(pressure-s|

[SO 8502-4
assessment
prior to pa

[SO 10474,

ISO 12736
lines, equip

ISO 80000

3 Terms and definitions

For the pu
apply.

ISO and IEC

1 I 2. A £ L =y
Cllb Uj JMIJMDC CICUIIIIricoo ‘. ur L Ja ﬂJJCJJIIlCIlL UJ MMJL uUTl OLCCI JMI_IMLCO IJI CIJMI cu JUI lJMlll

bnsitive tape method)

Preparation of steel substrates before application of paints and related products — Tests for
of surface cleanliness — Part 4: Guidance on the estimation of the probability of condensa
nt application

Steel and steel products — Inspection documents

1, Petroleum and natural gas industries — Wet thermal insulationsystems for pipelines, |
Iment and subsea structures — Part 1: Validation of materials and insulation systems

1, Quantities and units — Part 1: General

Fposes of this document, the terms and definitighs given in ISO 12736-1 and the follow

maintain terminology databases for usein'standardization at the following addresses:

ing

the
fion

[low

ing

end

nt,

— ISO Online browsing platform: available atittps://www.iso.org/obp

— IEC Elgctropedia: available at https://Wwww.electropedia.org/

31

agreed

specified iI the purchase order

Note 1 to enptry: To be discussed by the system provider (3.44) and system purchaser (3.45) with input from
user (3.11) 4s required.

3.2

application procedure specification

APS

quality spdcifieation document, or group of specifications, describing procedures, method, equip
tools, etc. ysed for system (3.44) application

3.3

batch

quantity of material (3.25) produced in a continuous manufacturing operation using raw materials of
the same source or grade

3.4
bend

permanently curved or angled section of tubular pipe

3.5

blown foam
insulation material (3.25) formed by incorporating a gas phase into a polymer matrix

© IS0 2023 - All rights reserved
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3.6

certificate of analysis

document provided by the manufacturer that indicates results of specific tests or analysis, including
test methodology, performed on a specified lot of the manufacturer’s product and corresponding
conformity ranges

3.7
chamfer
exposed pre-shaped termination of a system (3.43) to be interfaced with

Note 1 to entry: Chamfer geometry (e.g. angle, shape) and tolerances are project specific.

construction joint
interface (3.19) where both systems (3.43) are identical

3.9
cool down time
timpg taken for a fluid contained within a pipeline (3.27) or subsea equipment (3.41) to rgach a pre-
det¢rmined temperature from specific start temperatures (internal and'external) when flow is stopped

3.13

field joint
uncpated area that results when two pipe sections, or a pipe section and a fitting (3.14), with cutbacks
(3.10) are assembled by welding or other methods

3.14
fitting

rec¢ptacle on a piece of subsea equipment (3.41), which interfaces to a pipeline (3.27)
3.15
high molecular weight precursor thermoset

material.(3.25), which is a polymeric compound that remains malleable until application df sufficient
heammmmmﬂmw i

EXAMPLE Butyl rubber.

3.16
inorganic syntactic foam
insulation material (3.25) formed by dispersing inorganic hollow particles within a polymer matrix

3.17

inspection and test plan

ITP

document providing an overview of the sequence of inspections and tests, including appropriate
resources and procedures

©1S0 2023 - All rights reserved 3


https://standardsiso.com/api/?name=41893feed50af4079466942a60af33db

IS0 12736-2:2023(E)

3.18

inspection document
document issued by the system provider (3.44) and attesting that the supplied system (3.43) is in
conformity with the requirement given in the purchase order

Note 1 to entry: See also ISO 10474.

3.19
interface

location where two systems (3.43) meet and affect each other

Noteltoe
Note2toe

3.20
J-lay
method off
insulated
onboard a

Note 1 to e
touching th

Note 2 to enjtry: This method is used mainly for deep water.

3.21
jumper
short secti

3.22

liquid pre
material (3
that is pro
and which

EXAMPLE

3.23

liquid pre
material (3
that is pro
and which

EXAMPLE

3.24
mainline

I

i

Ty: Ajleld joint (3.13) System (3.43) as two INtertaces.

ry: In the case of multilayer systems (3.43), interfaces can be made up of multiple sub-inteffaces

pipeline (3.27) installation in which pipelines are assembled by welding together
ipes with subsequent application of a field joint (3.13) system (3.43) in & vertical posit
installation vessel with a tower

ntry: The pipeline is lowered into the water vertically and creates‘a characteristic J-shape w
P seabed.

bn of pipeline (3.27) that transfers fluid betweentwo pieces of subsea equipment (3.41)

Cursor elastomeric thermoset
.25), which is a polymeric compound Wwith its glass transition below ambient temperat

bre-
ion,

hen

Lire,

Huced via combination of one or mete components that can be pumped and flow as liqliids

react to create a crosslinked polymer that does not flow upon reheating

Liquid precursor silicone rubbér.

Cursor non-elastomersic thermoset
.25), which is a pglymeric compound with its glass transition above ambient temperat

Lire,

Huced via combination of one or more components that can be pumped and flow as liqhiids

react to creatéa/crosslinked polymer that does not flow upon reheating

Liquidepoxy.

portion of :

3.25
material

Deline(3.27) that i ieldjoint {343

polymeric compound applied to the substrate (3.42) to be protected/insulated in units of discrete
thickness (layers) to build up a system (3.43)

3.26

material manufacturer
entity responsible for the manufacture of one or more materials (3.25) utilized in a system (3.43)

© IS0 2023 - All rights rese
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3.27

pipeline

flowline

tubular piping used to convey fluids

Note 1 to entry: Pipeline includes jumpers (3.21), risers (3.34) and field joints (3.13).

3.28

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 micrometres

3.2

pretrfabricated insulation
section of stand-alone insulation, which is factory manufactured into its final form arid‘then |nstalled in
thelfield by mechanically fastening or bonding to a corrosion protected structure

3.3
prerproduction trial
PP
series of tests performed immediately before the start of production,designed to demonstrjte that the
reqpirements of the validated (3.49) system (3.43), the procedure qualification trial (3.31) ¢r both are
achjeved

Notg 1 to entry: Requirements for PPT are as outlined in this docufment and as agreed (3.1).

3.31
prTedure qualification trial

PQ
series of tests designed to demonstrate that thegmaterials (3.25), system provider (3.44), equipment and
profedures can produce the system (3.43) in“accordance with the validation dossier (3.50) and meet
sperific project (3.32) requirements

Note 1 to entry: Requirements for PQT aré.as outlined in this document and as agreed (3.1).

3.32

praject
scope of work agreed uponcantractually between system purchaser (3.45) and system provider (3.44)

3.38
R-13y
reel-lay
method of pipeline(3.27) installation in which long stalks (3.40) of pre-insulated pipes are pretassembled
by yvelding and application of field joint (3.13) system (3.43) onshore before being spooled|onto large
reels onboard the installation vessel, which then lays the pipes by unspooling the reel offshgre

3.3
ris’fr
vertical portion of a pipeline (3.27), including the bottom bend, arriving on or departing from an
offshore surface installation

3.35

safety data sheet

SDS

DEPRECATED: material safety data sheet

document intended to provide workers and emergency personnel with procedures for handling and
working with a material (3.25) utilized in the manufacture of the system (3.43) in a safe manner
including physical data, first aid, etc.

Note 1 to entry: Physical data can include flash point and toxicity.

© IS0 2023 - All rights reserved 5
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3.36

service life

specified p
3.37

eriod of use for a system (3.43) in service

rough coat
modification of the outermost layer of the system (3.43) for increased roughness

3.38
S-lay
method of pipeline (3.27) installation in which pipelines are assembled by welding together pre-
insulated gipes, with subsequent application of a field joint (3.13) system (3.43), onboard an installafion

vessel in a
Noteltoe
Note2toe

3.39

insulation

3.40
stalk
continuouq

|

solid/solid filled

horizontal orientation

®

ry: The pipeline curvature created from the vessel down to the seabed is a characteristic'S-sha]

ry: This method is used mainly for low to medium water depths.

material (3.25) which systematically does not contain voids or hollow particles

string of welded and field joint (3.13) coated pipe, whi€h is prepared in readiness for pipe

spooling
Noteltoe

3.41
subsea eq
component

to control hydrocarbons, not including pipelines (3:27)

EXAMPLE

3.42
substrate
surface to

3.43
system
all of the
corrosion,
substrate (|

3.44
system pr

olto a R-lay (3.33) barge

ry: A number of stalks will normally be required to.make up a pipeline (3.27).

hipment

s from a subsea production system, including subsea processing items and structures, mgant

Valve, connector, manifold, chriStinas tree, flowline end termination.

which a material (3.25) is/applied or will be applied

nti-
ring

various materials (3.25) and the combination thereof, which can include layers of 4
nsulation,‘adhesive, and protective materials, as defined by cross-section to the underly
B.42) at-asingle point, which function together to act as a wet thermal insulation (3.51)

pvider

entity that

3.45

1s selling the applied system (3.43)

system purchaser

entity that

3.46

is purchasing the applied system (3.43)

thermal conductivity

k-value

heat flow through a unit length of material (3.25) under the influence of a thermal gradient

Note 1 to entry: Thermal conductivity is expressed in W-m1-K-1.

© IS0 2023 - All rights reserved
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3.47

thermoplastic
material (3.25), which is a polymeric compound that solidifies upon cooling and can flow and be
reformed upon reheating

EXAMPLE Polypropylene.

3.48

U-value

overall heat transfer coefficient

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

Not

3.4
val

b 1 to entry: U-value is expressed in W-m=2-K'1,

D
dation

denponstration of material (3.25) and system (3.43) performance during storageshandling and

wit

3.5
val
coll
pro
whi

Not

3.5
wel
syst
con

hin a specified envelope of use, as determined by the system provider (3.44)

D
dation dossier

pction of documentation and test reports, prepared in accordancé with specific requirem
vides detailed information on the proposed system (3.43), method of application, the mate
ch form said system (3.43), and demonstration of system (3.43) performance

b 1 to entry: Specific requirements are found in ISO 12736-1:2023, 7.6

|
thermal insulation

em (3.43) that provides external corrosion protection and thermal insulation, and that
fact with surrounding seawater

operation,

bnts, which
rials (3.25)

is in direct

4 (Symbols and abbreviated tefms

4.1] Symbols

Co specificheat capacity, expressed in joules per kilograms kelvin

k thiermal conductivity, expressed in watts per meter kelvin

M mass, expressed in grams

M, mass of inorganic microspheres in the inorganic syntactic foam materfial sample,
expressed in grams

M| mass of the inorganic syntactic foam material sample, expressed in grams

Qave average value of heat flux transducers signals, expressed in microvolts

QLower lower plate heat flux transducer signal, expressed in microvolts

QLower,Average average lower plate heat flux transducer signal, expressed in microvolts

QRef Mat ave average value of heat flux transducers signals for reference material sample, ex-
pressed in watts per microvolts

QRef Mat ave,i average value of heat flux transducers signals for reference material sample i, where
i=1or2,and 1 is typically the thinner sample, expressed in watts per microvolts

©1S0 2023 - All rights reserved 7
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QUpper

QUpper,Average

SCall

SCalZ

upper plate heat flux transducer signal, expressed in microvolts
average upper plate heat flux transducer signal, expressed in microvolts

single-thickness calibration factor, proportional factor between the electrical signal
and heat flow, expressed in watts per microvolts

two-thickness calibration factor, proportional factor between the electrical signal
and heat flow, expressed in watts per microvolts

lower plate calibration factor, expressed in watts per microvolts

SCal,Lower
SCal,Upper
R

cal

ZRCal,Lower

2 RCal'Upper

AT

Ty

TLower
TUpper

ash

%

polymer

Vtotal

%

void

w.

ash

w.

polymer

upper plate calibration factor, expressed in watts per microvolts
calibration contact resistance, expressed in metre square degrees kelyin"per watt

lower plate calibration contact resistance, expressed in metre square degrees kelvin
per watt

upper plate calibration contact resistance, expressed in metre'square degrees kelvin
per watt

average temperature difference across the sample(s), expressed in degrees Celpius
glass transition temperature, expressed in degrees Celsius
lower plate temperature, expressed in degrees Celsius
upper plate temperature, expressed in‘degrees Celsius

volume of inorganic microspherés'in the inorganic syntactic foam material saniple,
expressed in cubic centimetr€és

volume of polymer in the\inorganic syntactic foam material sample, expressed in
cubic centimetres

volume of the inotganic syntactic foam material sample, based on the measyred
M,,q and p GireXxpressed in cubic centimetres

volume of entrapped air in the inorganic syntactic foam material sample, expregsed
in cubic.céntimetres

massratio of inorganic microspheres in the inorganic syntactic foam material sample
as per Formula (E.1), dimensionless

mass ratio of polymer in the inorganic syntactic foam material sample, calculgted
as per Formula (E.4), dimensionless

Xave

XRef Mat ave

XRef Mat ave,i

ARef Mat

AsampleBl

average measured thickness of the sample, expressed in metres
average thickness of the reference material sample, expressed in metres

average thickness of reference material sample i, where i = 1 or 2, and 1 is typically
the thinner sample, expressed in metres

thermal conductivity of the calibration reference material, expressed in watts per
metre kelvin

single thickness sample thermal conductivity, Test Type B1, expressed in watts per
metre kelvin

© IS0 2023 - All rights reserved
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AsampleB2 single thickness sample thermal conductivity, Test Type B2, expressed in watts per
metre kelvin

p material density, expressed in kilograms per cubic metre
Pash density of the inorganic microspheres, measured in grams per cubic centimetre
Ppolymer density of the polymer in the inorganic syntactic foam material sample, expressed

in grams per cubic centimetre

Ptheores heoretical density of the inorganic syntactic foam material sample assuming no
voids, expressed in grams per cubic centimetres, as per Formula (E.3)

Prothl den_sity of_the inorganic syntactic foam material sample, expressed in|grams per
cubic centimetres

Pyold air entrapment volume ratio, dimensionless

y thermal diffusivity of the material, expressed in metres squared per sefond

4.2| Abbreviated terms

AC( anti-corrosion coating

DMA dynamic mechanical analysis
EHTC external heat transfer coefficient
HSH health, safety and the environment
MFR melt flow rate

oD outer diameter

OHTC overall heat transfer coefficient

QC quality control

uv ultraviolet

5 |Conformanee

5.1 Rounding

Unlpss otherwise stated in this document, observed or calculated values shall be rounded to the nearest

unitin‘the last righf-hnnr‘] p]ar‘n of Fignrnc used-in expressing the limih'ng value in accordlance with

[SO 80000-1.

NOTE For the purpose of this provision, the rounding method of ASTM E29 is equivalent to ISO 80000-1:2022,
Annex B, Rule A.

5.2 Conformity to requirement

Systems for quality and environmental management, and the competence of testing and calibration
laboratories, should be used.

NOTE The following documents can be used:

— 1S0 29001 gives sector-specific requirements with guidance for the use of quality management systems;

©1S0 2023 - All rights reserved 9
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— IS0 14001 gives requirements with guidance for the use of environmental management systems;
— ISO/IEC 17025 gives general requirements for the competence of testing and calibration laboratories.

The system provider shall be responsible for conforming with all the applicable requirements

for

the application of this document. The system purchaser shall be allowed to make any investigation
necessary to ensure conformity by the system provider and to reject any material and/or system that

does not conform with this document.

6 Material classes

The wet t}lermal insulation systems covered by this document are based on materials classifie
Table 1. Eagh material used to make up the system shall have been classified into the appropriate c
by the systiem provider as part of the validation dossier in accordance with ISO 12736-1.

Table 1 — Material classes

l in
[ass

Solid/solid filled Blown foam Inorganic syntactic fopam
Thermoplastics 1A 1B 1C
Liquid pregursor non-elas- 2A 2B 2
tomeriq thermosets
Liquid I_)r(_cursor elasto- 3A 3B 3C
meric fhermosets
High molecular weight 4A 4B 4C
precursqr thermosets

NOTE Reproduced from ISO 12736-1:2023, Table 1.

7 Projéect specific qualification processes-for production and application
procedures

7.1 Genegral requirements

The follow|ng requirements apply forproject specific qualification and QC activities:

a) All materials and systems shall be previously validated in conformity with the requirement
ISO 12[736-1 by the systenrprovider.

b) The vdlidation dossieref the materials and system shall be given by the system provider to
systen} purchaser for-approval.

c) Ifthe ACC selected by the system purchaser is different from the one used by the system prov

for validation, both parties shall agree upon a test program to ensure that ACC and insulaf

materials’are compatible for the project requirements.

s of

the

der
on

—

d) The preparation of a project specific APS and related ITP is required and shall be approved by
system purchaser.

the

e) Ifrequested by the system purchaser, a PQT can be performed for qualification of the approved APS

(or part of it) and performed according to an approved ITP.

f) Before production starts, a PPT shall be performed according to a dedicated ITP. By agreement,
PPT and the PQT can be executed at the same time, i.e. the PQT and the PPT can be merged.

the

g) Those parts of the project specific qualification process that are waived by the system purchaser,

shall be clearly stated and identified in the contract.

h) During the production, an inspection system shall be implemented by the system provider to

monitor and execute all the inspection activities reported in the approved ITP for production.
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i) Inspection and testing shall be carried out during production in accordance with the approved ITP.
j) Test procedures references, testing frequencies, acceptance criteria shall be specified in the ITP.

k) If other materials than those classified in Table 1 are used, the system provider shall have
identified the class that most closely represents the material and shall provide a gap analysis to the
requirements for that class to be included in the validation dossier.

1) Damaged areas created by testing shall be removed and repaired in accordance with Clause 9.

m) The system provider shall prepare a set of samples or pipe sections according to the dimensions and
isties-approvedby-the—systempurehasertorder o-performanyrequtred—gestructive

tests on the applied insulation system.

n) |All data collected during inspections and tests shall be recorded in a proper form and shall be
delivered to the system purchaser as required in the ITP.

7.2| Purchase order requirements

7.2]1 General information

The purchase order, and optionally the request for quotation,if(khown, shall include th¢ following
infdrmation:

a) |reference to this document (i.e. [ISO 12736-2:2023);
b) |wet thermal insulation system to be utilized;

c) |project conditions (e.g. water depth, operating temperature and design temperature, installation
method);

d) |thermal performance requirements;

e) |identification and description of itém to be insulated (e.g. item quantity, outside diameter, external
geometry, wall thickness, nomihal length, grade of steel);

f) |identification of the ACC. selected by system purchaser or already applied to the items to be
insulated;

g) |cutback configuration; ends finish, at least cutback length and chamfer angle, length of visible ACC,
temporary protection;

h) |presence andréquirements for rough coat;
i) |requirement for execution of any PQT;

j) |type‘of inspection document, in accordance with ISO 10474, and frequency in which signed copies
shall be transmitted to the system purchaser;

k) number of pipes or items required for PPT and optional PQT.

7.2.2 Additional information

The purchase order, and the request for quotation if known, should specify which of the following
provisions apply for the specific item ordered:

a) special requirements relative to supply of materials (e.g. manufacturer-specific products and
certification);

b) tracking and traceability of items to be insulated to material batches;

c) inspection of incoming items;

©1S0 2023 - All rights reserved 11
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d) holiday inspection of ACC before application of insulation, including responsibility for repair of

ACC;

e) inspection and testing plan and/or daily log;

f) required modifications to PQT, if applicable, PPT or production ITP requirements with respect to
the requirements of this document;

g) additional PQT test requirement (e.g. functional testing);

h) marking of insulated item and any colour coding requirement at external surface;

i) permis
locatig

j) entity
k) handli
1) protec

m) docum

7.3 Production qualification process

7.3.1 Pr

The produ

— PQT, i
approv

sible number of repairs on applied insulation, maximum area of repair and accept
ns of repairs;

responsible for performing insulation repairs;
hg and storage procedures;
tion against adverse ambient conditions during storage;

entation and schedule for supply of documentation.

pcess description
‘tion qualification process consists of:

requested by the system purchaser, whichishall be performed in conformance with
ed APS and its related ITP (see 7.3.3, 7.4.1 and 7.4.2, respectively);

hble

an

— PPT, which shall be performed in conformancewith an approved APS and its related ITP (see 7|3.4

74.1a

— inspec
ITP (s4

If requeste]
before pro

Itis allowe

7.3.2 Pr

Functional
conditions

nd 7.4.2);

tion during production (see 7.3.5);which shall be performed in conformance with an appro
e 74.2).

d and agreed per 7.2.2, item f), the PQT and the PPT may be performed at the same time,
Juction start. In thiscase, the PQT and PPT tests can be merged.

d to issue only ofre APS and one ITP grouping the PPT and production activity.

pject specifie qualification considerations

tests.may be requested by the system purchaser per 7.2.2, item g) if the specific prg
aré.outside the test parameter ranges, reported in the validation dossier, or to proj

ved

just

ject
ride

additional

nformation to support the specific project requirements (e.g. cyclic loading for steel caten

ary

risers).

Examples of system tests which can be customized as project specific functional tests can be found in
ISO 12736-1:2023, Table 3, such as:

— installation tests:

— simulated bending test (see ISO 12736-1:2023, Annex D).

— in-service tests:

— impact (see ISO 12736-1:2023, Annex F);

— simulated service test (see ISO 12736-1:2023, Annex G);

12
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— hydrostatic collapse (see ISO 12736-1:2023, Annex C).

Typically, functional tests are performed during the PQT to allow for availability of results and
identification of risks in advance of production.

The system purchaser may request additional pipe to be coated during the PQT to facilitate specialist
installation tests by a third party or the installation contractor (e.g. tensioner, clamp and roller box
tests).

Careful consideration should be given to include a field joint system in the test arrangement where it
is known that differences in system properties or integrity of interface adhesion between the mainline

an

7.3

Ifr

acc
spe

The

ski

per
the
wit

reld joint systems (see ISU 14/56-5) Can altect the outcome oI the test.

3 Procedure qualification trial

dgquired by the system purchaser per 7.2.1, item i), the APS shall be validated by-a PQT. Tes
eptance criteria and frequencies for the PQT shall be in accordance with Zables 2 to 9 a

rified in the ITP.

main purpose of the PQT is to demonstrate that the APS, ITP-equipment and per§
Is relevant to their tasks) are able to apply the selected insulation system to achieve
formance of the system in accordance with the validation dessier. It is not intended
selection of the system for a project. However, the APS andd TP used in the PQT can bd
n the APS and ITP used for the system application duringsystem validation and, if applig

|

anallysis can be carried out.

For
wit
per
Rep

sha
and|

projects with specific requirements outside the envelope of testing and historical datg
hin the validation dossier, the PQT may also be\utilized to test and demonstrate proje
formance at the system purchaser’s request.

air procedures shall be established for each system in accordance with Clause 9. Repair |
l include repair down to steel in accordance with an appropriate ACC standard. Repair |
performance shall be tested at the PQT stage.

Evalluation of the removal of deteriorated/damaged system and repair of it shall be part of th

t methods,

nhd shall be

onnel (e.g.
the stated
to validate
compared
able, a gap

contained
bct specific

brocedures
brocedures

e PQT. The

seldcted methods shall be risk assessed to ensure there is no damage to the metallic subgtrate. HSE
risKs associated with removal of the insulation shall be assessed before the PQT.

Theg PQT should be carrigd, out in the presence of the system purchaser (or their representatjve), unless
otherwise agreed in the'purchase order.

The system provider may request the material manufacturer to assist during the PQT to fensure the
corfect processing and application of the material(s) and to train the system provider’s perspnnel.
Quglification“tests shall be carried out on representative pipes or subsea components. The shape of

the

vol
str

workpiece shall simulate stress raisers present on the actual piece(s) to be coated. The

length and

me, of insulation on the workpiece shall be representative. A feature representing a we1<ll cap in the

! 1 4 4 1 111 - Lo 4] 4 4 -
CIOUIUtiurc SIiidiln uT IMILIUUTU TIT LITT LTS T PITLT,

The application process parameters during the PQT shall reflect the anticipated application parameters
during the actual project. If heating of the area to be coated is specified in the APS, parameters shall be
optimized to minimize detrimental effects to any existing system.

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

The system provider shall submit a complete report of the qualification test results to the system
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 the system
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provider, system purchaser and/or end user, and included in the APS and ITP. If these parameters fall
outside the required ranges, additional testing shall be performed to demonstrate equal or better
performance when compared to PQT and PPT.

7.3.4 Pre-production trial

A PPT shall be performed at start of production to verify the PQT or any previous qualification or
historical data.

If agreed by the purchase order and if a PQT is performed just before production start, the PPT can be

considere

Test methd
dedicated

asincluded in the PQT itself with no need fora repetition

ds, acceptance criteria and frequencies for the PPT shall be specified for the systeni
TP.

The PPT shall be carried out in the presence of the system purchaser (or their represéntative) at

start of op
shall be pe
or structuf

The syste
obtained i

7.3.5 Pr

The systen
ITP to veri

The ITP sh
to the star
the relevar

7.4 App

brations when equipment and personnel are mobilized on site or the layingvessel. The

e which is representative of the project requirements in length, volume and shape.

provider shall submit a complete report of the tests containing the-values and other res
the PPT.

pduction testing

 provider shall perform inspection and testing duking production in accordance with
'y the substrate preparation, raw materials and sy§tem application.

b1l be prepared by the system provider and shall be approved by the system purchaser p
L of production. The ITP shall identify all inspection activities and tests, their frequency
tinspection authorities.

lication procedures

7.4.1 Application procedure specification

The APS s
dossier, ST}
shall be ap
written au

The respo
described.

The APS sh

hall be prepared by the system provider based upon their experience and the valida
S and application instructions. Before use and before the start of the PQT/PPT, the
proved by the systefi purchaser. Once approved, the APS shall not be changed without p
thorization fronithe system purchaser.

hsibilities and interactions between each party involved in the process shall be cle

allbe¢specific to the system being applied.

na

the
PPT

formed on the first length of pipe or component to be coated or, if agreéd, on a dummy pipe

ults

the

rior
and

fion
APS
rior

hrly

The APS s

11 1l iatad i+l Lt + 1 dafs Ao o 'S 2|
dIICUVUCI dI1'ILUIIIO doovUutlldiltuUu vviIlil \.1uaul,_y CUIILI UL do UlITIIICU 111 L1ilIo vt uIilnicliit d1idu Clll)’ Clsl

options for the specific system.

All application work, testing and inspection shall be carried out according to the APS.

The APS shall address the following as a minimum, where applicable to the system:

a) material(s) identification;

b) tools, consumables, and equipment required to apply the system;

<)

equipment set up and calibration;

d) approved solvents or other cleaning agents to be used to clean substrates;

14
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inspection of existing ACC (e.g. cutback, bevel, holiday detection, repairs and precautionary
measures, when necessary);

preparation of substrates and substrate’s contamination mitigation;

preheating methods, for existing system and repair material;

substrate temperature range for surface preparation;

ambient conditions considering dew point temperature at the substrate to be coated;

material preparation requirements (e g_drying mixing pot life and thinning procedures, vacuum,

7.4

A d

extrusion parameters, pre-heats);
system thickness range;
system application method and critical equipment range settings;

material/system curing or cooling schedule and conditions, including limitations such a minimum
time before mould removal and minimum time before movement of item;

overcoat time, if applicable;

repair methods, considering the range of possible repair scenarios from substrate [damage to
damage down to steel, and repairs performed in the fabri¢ation location and remote locations;

remedial actions;
removal procedure;
time to inspection;

handling and storage requirements for raw materials, insulated pipes and equipment, prjotection of
cutbacks, including the following, as applicable:

1) temperature limitations (e.g:freezing, excessive heat);

2) humidity;

3) protection from the-elements (e.g. snow, rain, sunlight);

4) protection from'contaminants (e.g. dust, water, chemicals);
5) expiration-date;

6) protection from physical damage.

2 _Inspection and test plan

I ITP shall repar h m provider for h of the pr (PQT, PPT,

production). The contents of the ITP shall reflect all the process items, the items to be inspected and
tested including the frequency thereof, and the acceptance criteria.

The following shall be listed at the minimum:

a)
b)
‘)
d)
e)

selected system;

identification of the item to be coated and substrate;
description of the activities;

inspection points for each of the activities;

applicable reference documents including procedures and methods;
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applicable instruments and tools;

ance criteria;

ncy of the checks;

type of report;

persons/parties required to be present at the inspections/intervention points.

All reporting and logs (e.g. traveller sheets, job cards) shall at least include all the requirements of the

f)
g) accept
h) freque
i)
j)
ITP.
74.3 Qu
7.4.3.1 (
The operat

qualificatign via a specific training scheme may be verified by demonstration.at PQT (if any), du
[ing supervised participation in production. The specific training-seheme is established by

PPT, or du
the system

The systen
technical al

Proof of su
Inspectors

The inspec
provider a
the system

7.4.3.2 K

The system provider shall be responsible for ensuring that the operators are trained and qualified

their speci

alification of operators

feneral

ors shall be qualified to undertake the system application procedure and, repair work.

provider, subject to approval by the system purchaser and/or enduuser.

h provider may request the material manufacturer(s) and €quipment suppliers to proy
ssistance to the operators, if necessary.

ccessful qualification shall be documented.
carrying out the QC activities and inspections shalVbe trained and qualified.

tor competency may be demonstrated by attested experience, specific training by the sys

purchaser.

lequirements

fic activity prior to the startof work by:

ing test samples in aeceordance with the approved APS;

a) prepat
b) evalu
c) evalu

Test samples shallkbe made of pipe or components that approximate, as closely as practicable, to
situations and cenditions that will be found during construction or repair.

The syste

ing test sampleg-agdinst acceptance criteria;

ing generalcompetency under criteria described in this subclause.

The
ing

ride

fem

nd/or by the certification body in conformatice with the certification schemes approved by

for

the

purchaser may witness and/or audit any or all aspects of the operator training

and

qualification testing process or may specify a third party to follow the training process.

The training shall cover the appropriate APS for the applicable systems and shall include at least:

a)
b)
‘)
d)
e)
f)

16

check of environmental conditions;

substrate cleanliness and profile;

preheating methods, if required;

substrate preparation (including ACC) and application procedures;
correct use of tools and operation of equipment;

inspection methods;
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system removal and repair methods.

Involvement of the material manufacturer in system application training is recommended.

Upon successful completion of the operator qualification testing, the system provider or a third-party
training body shall provide a certificate of operator qualification that states the following:

a)
b)

name of system provider’s operatives;

system or systems for which the operator is qualified;

‘)
d)
e)

For

7.4

Competency shall be determined by:

a)

b)

The
the

8

8.1

Thd
con
rep

equipment which the operator is qualified to aperate;
APS used to qualify the operator;
date of qualification testing.

traceability, the documentary evidence shall provide a unique identifier for‘éach qualifie

3.3 Competency determination

reviewing the system provider's certificates of operator gualification for appropriaten
system and the version of the APS to be applied, in which.the operator shall have:

1) applied the selected system using the approved APS, including substrate preparatio
2) applied the selected system within the previeds year;
witnessing the coating operator in order to verify:

1) applying the selected system to the piece in accordance with the APS, including
preparation;

2) meeting the acceptance criteria for the selected sample(s).

system purchaser may waive'the requirements of item b), if the system provider demong
certificate of qualification, training and experience are sufficient to ensure competency.

Production testing and inspection

General

system,~in addition to the materials that make up said system, shall have been v

d operator.

ess for the

I substrate

trates that

hlidated in

formance with the requirements of ISO 12736-1. The resulting validation dossier anyl PQT/PPT

brtsshall provide the baseline data required for quality control during production.

8.2

Material tests and inspection

Subsea wet thermal insulation systems are typically built-up as a single or multiple layers applied over
a substrate, which may already be coated with an appropriate ACC.

Application and testing of ACCs shall be performed in accordance with the relevant standard as agreed.

Raw materials and material application shall meet the requirements of Table 2 to Table 6, dependent on

clas

©IS

sification of the material in question.

02023 - All rights reserved
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8.3 System tests and inspection

The applied system shall meet the requirements of Table 7 to Table 9, dependent on classification of
materials which make up the system, as per Table 1.

8.4 Inspection documents and traceability

the

The inspection documents are released by the system provider and shall be in accordance with

ISO 10474.
The system_purchaser shall specify in the purchase order the required 1SO 10474 designation of

inspection|document and any specific requirements for the format and content of the document,

Records shiall be maintained on a shift and daily basis and shall be available for inspection by the’sys
purchaser [or their representative).

The inspedtion documents signed by the system provider shall be transmitted to thesystem purch:
at a frequephcy specified in the purchase order.

8.5 Guidance in generating an ITP

The inspedtion and test plan for the system shall be based upon Table 2'to Table 9. In each table,
property to be tested, the test method, the requirement for acceptaneesand the frequency of testing
identified. [The properties indicated with a check mark in the appropriate column are required for €
material clpss as per Table 1.

A system dan be made up of either a single material layer 0r’multiple material layers of the sam

the

fem

iSer

the
are
ach

e Or

different classes. For each applied layer, the appropriate properties for the class of material shall be

tested.
The follow|ng requirements shall be included in the\ITP, where appropriate:
a) Raw naterial testing in Table 2 shall be applicable for each material used in the system.

b) Substrpte preparation and inspection“in Table 3 shall be applicable for a layer applied dire
to a steel substrate. In case a reference standard is not available, ISO 21809-3 can be adopte
reference for substrate preparation requirements.

c) Polymeric substrate preparation and inspection in Table 4 shall be applicable for any layer whic
to be dpplied on top of a.polymeric substrate (not onto steel). This polymeric substrate may b
anti-cqrrosion layer orpreviously applied insulation layer.

d) If a liquid adhesion promoter is required between the insulation layer to be applied and
substrpte, the ifispection of Table 5 shall be applicable.

e) Inspedtion parameters in Table 6 shall be applicable for the application of each insulation layer.

ctly
1 as

his
b an

the

g) For each layer that is not the final outer layer of the system, intermediate inspection in Table 8
shall be applicable. If multiple layers are being applied concurrently in the same pass, intermediate
inspection in Table 8 shall be relevant only for the outermost layer.

h) For the final layer applied, which is the outermost layer of the system, final inspection in Table 9
shall be applicable.
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9 Factory repair

9.1 General

Defects or damage in the applied system and applied systems that have been subjected to destructive
testing shall be repaired.

NOTE Defects or damage can be caused by the application process, transportation, handling and storage at
the system provider’s yard or in the related storage area.

The_party responsible for carrying out the repairs to the factory applied or fabrication yard applied
system shall be clearly identified.

A de¢tailed repair procedure, equipment and materials for repair shall be established and’qualified prior
to the commencement of the application of the system at the PQT stage in accordance with 7|3.3.

Repair materials shall have been previously validated in accordance with ISOA2736-1:2023,(7.4.

Defgcts or damage on the system shall be repaired and inspected using materials and prdcedures in
accprdance with the approved APS and ITP. The APS and ITP shall include/at least:

a) [repair type and classification;

b) |damage sizing;

c) |requirements for removal, if required;
d) |repair materials;

e) |application procedures;

f) |inspections.

9.2 Damage/defect characterization
Therepair procedure shall detail minimum / maximum areas for which each type of repair is pcceptable.
Repair procedures for damage to the system can be categorized as:
— |minor damage to insulation materials not penetrating to the ACC;
— |minor damage peiietrating to the steel;

— |major damadge-greater than a specified surface area.

The requiréments for each type of repair shall be documented in the APS.

9.3| CTesting

The system that has been repaired in accordance with the agreed repair procedure shall be tested in
accordance with the requirements as agreed to demonstrate that the repair does not have a detrimental
effect on pipeline or subsea equipment performance.

Test requirements and acceptance criteria shall be agreed prior to the commencement of the PQT and
documented in the ITP.

10 Final documentation

The system provider shall provide the final project documentation that at least contains:

a) technical validation dossier in accordance with ISO 12736-1;
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b) APSincluding repairs and system removal procedures;
c) ITP;
d) PPT and/or PQT test report and records in accordance with 8.3;

e) manufacturing inspection report, process parameter records and records in accordance with this
document;

f) raw material data sheet and SDS;

g) raw material certificates of analysis;

h) tally récords and/or finished goods reports.

11 Handlling, storage and transportation

11.1 Hangdling, storage and transportation at coating yard

If any of th¢ raw materials are subject to specific transport and storage conditions, the party respongdible
for the delivery shall provide a full log of measurements verifying that the$e conditions have been met.
This log shall cover the entire duration between departure from the premises of the delivering party
and arrival at the system provider’s work site.

In order to preserve the integrity of the system after its application, specifically during transportfand
installatiom, the system purchaser requires the system provider’s-expertise on the as-applied materjals.
The system provider shall provide an assessment of the vulnerabilities of the applied system agajnst
exposures|to UV, high and low temperatures, humidity;-'atmospheric precipitation, condensation,
particulatd contamination, movement of the steelwork during transportation, expansion/contraction
of the undprlying steelwork due to temperature flugtuations, and procedures for protection agajnst
said vulnerabilities as necessary.

If the itemis to be insulated are pipes, the systém provider shall provide the system purchaser yith
a recommendation for the stacking of coeated pipes. This recommendation shall be supported by
documentdd calculations demonstrating that the system will not be damaged due to the stacking lopds.

The above[is applicable for the system’between passes (where applicable) as well as for the complg¢ted
system.

11.2 Hangdling, storage @nd transportation at site

—

In order t¢ preservethe integrity of the insulation system after its application, specifically during
transport find instdllation, the system purchaser requires the system provider’s expertise on the as-
applied materialss

The syste and
shall advis the
insulation system and its adhesion to the structure, item or component. This review shall include
an assessment of the scheduled time between application of the insulation system and movement,
transportation or installation of the structure, item or component.

provider shall review the system purchaser’s transport and installation procedures

In the event that the system provider cannot evaluate the acceptability of the transport and installation
procedures, the system provider shall advise the system purchaser of the maximum loads, local
and global, as well as maximum torsional and bending moment that the insulation system is able to
withstand without incurring bulk damage or disbondment.

36 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=41893feed50af4079466942a60af33db

ISO 12736-2:2023(E)
Annex A
(informative)

Guidelines for using this document

A.1 General
J—=enelrat

The intention of this annex is to provide guidelines for using this document.

The relation between this document and ISO 12736-1 and ISO 12736-3 is represented-‘in Figyire A.1.
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Material class

IS0 12736-1, Validation of materials and insulation systems

identification
Material System
validation validation
Supplementary data Validation Supplementary data

dosSTET

and application procedures

PROJECT A/B/C ..

Validation Project
dossier specific design
considerations,

Application
procedure
specification

Inspection
and test plan

Procedure
ualification trial
(optional)

!

Pre-production
trial

!

Production
testing

ISO 12736-2, Qualification processes for production

[SO 12736-3, Interfaces between systems, field joint
systems, field repairs and prefabricated-ifisulation

PROJECT A/B/€ \.

Validation
dossier

Project
specific design
considerations

Application
procedure
specification

Inspection
and test plan

Procedure
qualification trial

(optional)

!

Pre-production

trial

!

Production

testing

ISO 12736-1 focuses onrequirements for validation of the material(s)and the wet thermal insulation system.

deliverable from ISO 1¥2736-1 is a validation dossier for the wet thermal insulation system.

ISO 12736- focuses*on the requirements for the project specific qualification, production, and repair of
thermal inspilation(systems applied to pipelines in a factory and subsea equipment. The input for ISO 12736
the validatigrnCdossier from ISO 12736-1. The results of the PQT, PPT and production testing are fed back intd

The

wet
2 is
the

validation dbsster:

ISO 12736-3 focuses on the requirements for the project specific qualification and production of the interfaces
between wet thermal insulation systems and field repairs. The input for ISO 12736-3 is the validation dossier from
ISO 12736-1. The results of the PQT, PPT and production testing are fed back into the validation dossier.

Figure A.1 — Relation between this document, ISO 12736-1 and ISO 12736-3

A.2 Material classes

Wet thermal insulation is provided by materials that are applied to the steel surface of pipes or subsea
equipment. These materials may be applied in discrete layers which make up a system. In Table 1, the

38
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known classes of materials are identified. All materials presently used for wet thermal insulation are
defined by this class system.

The performance of new innovative materials and technologies, when developed at an industrial level,
should be compared to the current technologies and defined in accordance with the classes presented
in Table 1.

For systems with known track record, any deviations from required testing per ISO 12736-1 should
be identified via a gap analysis and should be agreed between the system provider and the system
purchaser. These deviations should be noted in the PO.

A 1
pre

aterial In a system IS validated to the material maXimum rated temperature and maximnum rated

Esure as specified by the system provider and as detailed in [SO 12736-1.

Thd
pre
for

rature and
Esier either

system purchaser, on the basis of the validation dossier, can determine their own tempsg
bsure limits for usage, which do not necessarily match to those given in the validation do
materials and/or system.

A3

Des
the

Design considerations

ign considerations for wet thermal insulation systems on pipes and subsea equipmen{ as well as

r interfaces are addressed in Annex B.

Des
avo
and|

in order to
hd thermal

ign considerations can be seen as advice for design of the stéel structures to be insulated
d premature degradation of the insulation system or the structure itself by corrosion, a
mechanical design considerations for the thermal infsulation system.

A4

Thi
the

Qualification for production and application procedures

5 document is dedicated to the qualifieation and quality control of the actual production of wet

'mal insulation systems for a project.

For

of t
spe
tot

Thd
use

project specific qualification, a fihal APS and ITP are in place. The APS and ITP used for
he wet thermal insulation system during the system validation are the basis of the fi
Cific APS and ITP. An explanation of any changes made from the validation phase should bg
he system purchaser.

minimum inspectjon and testing requirements to be included in the ITP for each class
H in the system are described in Clause 8.

In order to qualify'@’system for a project, a PPT and optionally a PQT are required, which are

in g
per

Thd

ccordance‘with the approved APS and ITP. If agreed with the system purchaser, the
formed immediately prior to production, in which case the PPT is included in the PQT.

requirements for PQT, PPT and production are described in 7.3.3, 7.3.4, 7.3.5, and Cl

hpplication
hal project
presented

pf material

conducted
QT can be

huse 8. For

ap

Foject with specific requirements outside the envelope of data contained within the

validation

dossier, the PQT can also be utilized to test and demonstrate project specific performance at the system
purchaser’s request as per 7.3.2. Examples of such project specific functional tests are simulated
bending tests, impact tests, simulated service, cyclic loading or hydrostatic collapse.

For pipelines, a simulated tensioner or friction clamp tests are considered appropriate for installation
by R-lay, S-lay or J-lay methods. However, the parameters and thus results for these tests are specific to
the installation vessel to be used. This testing is typically performed by the operator of the installation
vessel. The system supplier can be requested to produce and provide additional specimens during PQT
to facilitate such testing or other specialist installation tests.

The multiple data points outputted from the clamp and tensioner tests are unique to the equipment type
and are used to determine the equipment settings for a specific set of commercial project conditions
(top tension and temperature). It is therefore considered that standardizing a test in the context of
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system validation will not yield meaningful results that can be used to characterize the system for
installation using any design of tensioner and clamp equipment. Performance can only be confirmed at
the project stage.

The pipe axial load (top tension) is transferred to the equipment through the insulation system. A
compressive squeeze load is applied through pads to the outside of the insulation to resist slippage
between the pad and the insulation, with the insulation supporting the shear load.

In order for a system to be considered suitable for handling using the tensioner and clamp, small scale
test results available as part of the validation dossier can help with the engineering assessment prior
to commercial projects. The mechanical properties of the materials making up the system as well as

the system
known per
the system

— hardng
compr
tensile

tear st

DMA.

For projec
accordancg
also the inf

Typical pra

install

—

S

in-sery

mulated bending test (see ISO 1273621:2023, Annex D);

shear capacity can be used to compare with an existing wet thermal insulation system y
formance. The following small scale tests listed in ISO 12736-1:2023, Table 2 in additio
shear adhesion strength testing as per ISO 12736-1:2023, 7.3.3.2 are useful:

PSS;
bssive strength;
strength;

rength;

[ specific functional tests for pipelines, preferably a field joint and a field joint systen
with ISO 12736-3, should be included in the test piece to evaluate not only the system,
erface with the field joint system.

ject specific functional tests can be found in ISO 12736-1:2023, Table 3, such as:

htion tests:

rice tests:

i

— si

— hy

The testin
insulation

rrli)act (see ISO 12736-1:2023;Annex F);

ulated service test (seetSO 12736-1:2023, Annex G);
drostatic collapse\(See ISO 12736-1:2023, Annex C).

b program te, be performed by the system provider in order to qualify the wet ther
system for @-project is usually specified by:

vith
h to

1 in
but

mal

the type of component to be insulated (e.g. pipes, jumpers, risers, subsea equipment);

the prjoject specific operating envelope (e.g. external pressure, operating temperature ra
cooldowrrT cquil cuu:utb),

hge,

the project specific conditions (e.g. water depth, conditions at sea bottom, impact risk, service life);

the project specific potential installation methods (]J-lay, S-lay, R-lay, lay barge technical features).

In case the EHTC has a significant impact on the U-value, to be quantified by the system purchaser,
the water management system should include agitation/circulation device to ensure a consistent EHTC
throughout the test period. For such configuration, additional redundant sensors to measure the bulk
ambient temperature (i.e. not located on the external surface of the system) should be considered.

The system provider is responsible for identifying the applicable tests as listed in Table 2 to Table 9.
Additional testing can be requested by the system purchaser or specimens for testing by the operator
of the installation vessel.
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For systems applied to field joints and other interfaces, the test program for qualification is specified in

ISO

12736-3.

In addition to qualification of the application process of the system, the application operatives should
also be qualified. The requirements for qualification of the operatives are presented in 7.4.3.

A.5 Factory repair

In the event of damage to the thermal insulation system, repair procedures are required, which are
compatible with each material in the system or for the complete system.

Thd
req

A.6

Itis
cre

definition and characterization of repair type, damage sizing, requirements for system
1ired), repair materials and application procedures are presented in:

Clause 9 for factory applied/fabrication site applied thermal insulation systems;
[SO 12736-3:2023, Clause 9 for thermal insulation repaired in field and fon field joint sy
[SO 12736-1:2023, 7.4 for validation of repair materials.

Interfaces

possible that systems must interface. Interfaces between-systems utilizing dissimilar mg
hte challenges, for example with substrate preparationequirements, application temper

at ap early phase in order that suitable application progedures and acceptance criteria can b

tes
use

Afi
bee

Thd
ISO
ISO
A.

The

~1

joinlt system are presented in Clause 10 and ISO 12736-3:2023, Clause 10, respectively.

A.8
Add

adl:Fsion. An insulation system map can be used to identify interfaces between different mat

ed and mutually agreed with all parties (i.e. material manufacturer, applicator, purchas
F) in accordance with ISO 12736-3.

bld joint system is defined as the coating applied after two pipe sections with coating cut
h assembled, by welding, in the field or*on a fabrication site.

requirements for field joint,system and field joint system qualification are de
12736-3:2023, Clause 7. Field ‘joint system production testing requirements are dg
12736-3:2023, Clause 8.

Final documentation

requirements férifinal documentation for factory applied/fabrication site applied syste

Handling, storage and transportation

ittonal handling, storage and transportation requirements can be applicable for therma

removal (if

tems;

terials can
atures and
erial types
e specified,
er and end

backs have

scribed in
scribed in

m and field

insulation

sys

£ 1 +f. H lotodd . 4 H 4+ 1 . RpRn R ) £ 4] 4 1
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s properly

cured. The requirements of the system should also be identified by the system provider to the system
purchaser atan early stage so that these can be incorporated in the handling, storage and transportation
schedules.
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Annex B
(informative)

Guidelines on the design of wet thermal insulation systems on a

B.1 Genleral

Design of ;
and mechahical requirements during application, storage, installation and operation. Expected effi
over the operational lifetime of the system which can affect thermal performance sheuld also be taken

into account in the initial start-of-life design, so that performance over the entire lifetime will meet

requireme

B.2 Des

B.2.1 Ge

Design of
operation)
have been
thickness.

With respe

time is dri
material p
water ingr

project basis

h wet thermal insulation system on a project basis should take into account both” ther

nts.

jgning for thermal performance

neral

system for thermal performance is driven eitherddby the OHTC or U-Value (steady-s
or the specified cool down time (transient operation) requirements. In cases where 1
specified, the design is driven by whichever<requirement results in the higher sys

ven by thermal conductivity (k-value);\density and specific heat capacity (C,). All of t}
Foperties are themselves dependent;on temperature, time, pressure and the potential
PSS,

mal
bets

the

fate
oth
fem

ct to material properties, U-value is driven by thermal conductivity only, while cool dgwn

ese
for

During initial service, the material (properties will vary through the insulation depth due fo a

temperatu
sea water.
pressure a
gradient a
of interest
properties

Change in
crystalliza
reduction

informatio

e gradient caused by thé Inner heat from the pipe/structure contents and the outer

As time progresses, the.change and rate of change in these properties due to temperat
hd water absorption will also vary through the insulation depth due to both the temperat
nd water absorptien/beginning from the outer layers and moving inwards. Therefore,

to break down-the insulation system in elementary layers, each one having its own se
at a given timhe-of operation, which will be called for design calculations.

properties and geometry over time can occur due to thermal effects (e.g. matg
[ion eradditional cross-linking), water absorption or densification of the material
invoid space), which should be taken into account in the initial design. The follow

rold
Lire,
ure
it is
t of

rial
(i.e.
fing

h should be considered:

with ISO 12736-1:2023, 7.2.2.3 and 7.2.2.4;

testing in accordance with ISO 12736-1:2023, 7.2.2.2;

with [SO 12736-1:2023, Annex C or appropriately instrumented simulated service testing.

information on thermal effects can be obtained from the 12-month exposure testing in accordance

information on the potential for water absorption can be obtained from the 12-month exposure

information on material densification can be obtained from tri-axial creep testing in accordance

Thermal effects, water absorption or densification of the material can result in increased material
k-value and will reduce the insulative performance of the system over the product lifetime. The
consequence of any thermal effects requires direct measurement of k-value. Direct measurement of
k-value after long-term exposure testing can be problematic due to potential surface roughening and
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distortion of samples, which requires removal of the outer material most affected by the exposure
before testing. In addition, k-value testing above ambient temperature will be inaccurate due to the loss
of any absorbed water during sample conditioning and establishment of steady-state conditions. The
effect of water absorption and material densification on material k-values can be calculated utilizing
Maxwell’s or Bruggemann’s theorieslel,

The consequence of any thermal effects on C,, or density requires direct measurement. C, testing of
water saturated samples exposed to long-term hot wet exposures will be inaccurate due to the loss
of any absorbed water during sample heating. C, is normalized by weight and is thus unaffected by

mas
be ¢
den

stimated by using predicted mass change and volume change over the life span to cale
sity value.

Ini
Sys
exa
in a
will
des
sery

B.2

In designing for U-value, the relevant material property is:thermal conductivity (k-value).

Thd
tob

Thd
of U
of s

B.2

Ind
co
can
hea

=

The

For
the
thu

hterpreting the results from this testing, the effects during operation should be considg
em perspective rather than a material perspective to avoid over-conservatism in the
ple, while a small specimen of a single material can demonstrate high lévels of water
short time-span in water absorption testing in service, water absorptieniever the syst
be rate limited due to outer solid barrier layers or colder surrounding material.

Fice in their initial design.

.2 Steady-state operation

e insulated.

oretical equations for heat transfer and nuniterical tools (e.g. FEA software) allow for the
-value, considering temperature and time dependencies as well as complex geometries,
fructures. An iterative design process is‘performed until all criteria are met.

.3 Transient operation

esigning for heat-up or cookdown time of the system, the relevant material properties 4
uctivity (k-value), spegifie’heat capacity (C,) and material density (p). These properti
be expressed as thethermal diffusivity of the material (¥), which is the ratio of heat
I storage as showed:in‘formula (B.1):

_k
Cp-p

rmal diffirsivity of the material can be thought of as a measure of the thermal inertia of

bd

this'type of design, the properties of the pipe/structure contents should also be clearly s

red from a
lesign. For
hbsorption
s lifetime

e
jl;le system
gner should adequately justify and demonstrate consideration ofthese expected changes during

U-value can be specified in reference to either thélinternal surface or external surface ¢f the piece

evaluation
in the case

re thermal
s together
transfer to

(B.1)

material.

pecified by

svustom Y\ll?‘!‘]‘\')cﬂ“ ba K fhﬂi]‘ r\rnr\nr‘finc Can Q]CI’\ I’IQ"D SNl \L Ci(Th"Fif‘an DFFDI"" on f‘f\f\] I']I'\‘AY
J r r F J o

s the required system thickness.

h time, and

As with other material properties discussed in B.2.1, the thermal diffusivity of the material is dependent
on both temperature and possible effects during operation. The design should take these dependencies
into consideration.

As per steady-state operation, theoretical equations and numerical tools (e.g. FEA software) allow for
the evaluation of the cool down time, taking into consideration temperature and time dependencies, as
well as complex geometries, in an iterative design process.
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B.3 Designing for mechanical performance

B.3.1 General

Design of the system for mechanical performance is mainly driven by requirements for installation, but
considerations for storage, transport and operation are also of importance. The size and weight of the
piece to be coated has a significant effect on the magnitude of mechanical forces that the system will

observe.

B.3.2 Storage and transport

Loads due
clearly no
thermal in

Thermal s
between s
limitation§

The mech:
be sufficie
and transp
sufficient t
(i.e. sharp

i

o handling and stacking should be appropriately accounted for in the design, or limitat
d in product documentation. Loads can cause local deformation or collapse of the
bulation system. Handling can also result in bending of the system, which can causelcrack

[resses due to temperature fluctuations and mismatch of thermal expansioh coefficic
ystem and steel can also result in disbondment and/or crack formation. Temperat
in storage should be clearly identified.

inical strength and toughness of the applied system, includingCinterlayer bonds, shg
ht to withstand these forces at the temperatures, which can he“observed during stof
ortation. In addition, geometrical design of the applied system should be done to proj
hermal performance in operation and to avoid areas whichyean act as stress concentra
hingles) or areas which are easily damaged (i.e. thin protfusions).

The system should be appropriately designed for outdoor exposure (i.e. protection from water ing

and weath¢
specified s

System en

by applyin,
system apy

For materi
surface du

bring), which can affect mechanical performance, This can be circumvented through prop
forage procedures.

b a temporary protection. System ends-should also be designed to facilitate the field j
lication on site.

als that are sensitive to tear, additional precautions should be taken to protect the o
[ing storage and installation as well as during operation.

B.3.3 Pipeline/Structure installation

B.3.3.1 G

Significant]
especially

thicker ste
the installz

eneral

for installations occurring in deep waters in which the components are heavier due to
b] requiréd to resist hydrostatic forces and, in the case of pipelines, the very long length
tion yéssel is required to support from the surface to the seabed.

B.3.3.2

ons
wet

ing.

bnts
ure

uld
age
ride
fors

ress
erly

s and any uninsulated cut backs as necessary should be properly protected, for example

bint

iter

loads can bg incurred on the insulation system during installation due to handling,

the
that

Piipelines

In the case of pipelines, installation can happen via tow-in, J-lay, S-lay or R-lay. System selection, both
factory applied and field joint systems, should be done with the installation method in mind as each
installation method has varying levels of requirements. The system’s mechanical properties should be
sufficient to withstand gripping forces due to tensioner clamps, bending due to reeling, and potential
impacts due to unexpected occurrences, such as dropped pipe or planned impacts due to burial, as

specified b

y the project.

A non-exhaustive list of loads encountered for the three main installation methods is given below:

a) R-lay:
— be

44

nding loads created when the pipeline is reeled onto the vessel drum;
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— local loads/strains at the area between joints generated by stiffness mismatches between

mainline and field joint system;
— tensioner squeeze and shear loads (back tension).
S-lay:
— roller loads (fire line and roller boxes on stinger), especially for field joint systems;

— tensioner squeeze and shear loads;

Majs
Sys

The
grif
rou

Axi
resi
and

Gedmetrically, the system should be designed with a continuous surface with no sudden lar
D resulting in edges that can cause disruption to pipe handling systems (e.g. tensioners and/or

in (
fric

hending loads (in extreme cases)

J-lay:

— clamp squeeze and shear loads;

— accidental clash with bottom/guarding rollers.

kfimum OD, pipe weight and gripping with tensioners/friction clamps. should be con
ems applied to pipeline.

friction of the system surface with any tensioner pads is alsg<important to allow the
ped securely. In some cases, application of a suitable outer““rough coat” with high
bhness/coefficient of friction might be necessary.

hl shear stress resistance between and within system layers should be sufficient tq
stance to the pipe slipping in relation to the outer layer during vertical handling of sin
or quad-joints as necessary.

Lion clamps during feeding of the pipe string). This is especially applicable at the location

joi
Si
kin
Thd
cap

B.3

Lift
ford

In 3
havi

glltificant mismatches in system stiffness along the length of the pipe for thick systems ca

system.

king of the pipe string during bending operations, which should be considered.

full-scale tests described.in ISO 12736-1:2023, Annexes D, E, and F can be used to evalug
hcity, shear resistance and impact resistance of the systems.

3.3 Jumpers/Subsea equipment

es on the-applied insulation if lifting points and jigs have not been appropriately designe

ddition; dependent on the geometry of the piece, the structure or portions of the stry

bidered for

pipe to be
er surface

allow for
ble, double,

oe changes

of the field

n result in

te bending

ing of subséa“equipment during transport and installation can result in significant c¢mpressive

d.

ctures can
especially

whe

e a mechamcal response durmg transportatlon (i.e. bendmg movements) and installation|

med taking

into account the movements of the steel durlng transportatlon the 1nstallat10n of the structure onto

the

B.3

B.3

seabed and the associated load cases.

4 Operation

4.1 Pipelines

In operation, mechanical requirements are generally low. Pipelines installed with burial or rock-
dumping are well-protected from impacts. Pipelines installed exposed on the seabed can be exposed
to trawls in areas with high fishing traffic. Impact resistance of the system over the lifespan of the
pipeline should be considered. Fatigue resistance of the system can be a concern if significant wave
action on the seabed is expected or in cases of pipeline spans. Fatigue is also a concern for risers,
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although typically, fatigue of the steel pipe is the limitation, not the wet thermal insulation system. The
full-scale test described in Annex C can be used to evaluate for fatigue resistance.

Axial shear stresses can occur due to thermal expansion of the pipe and vertical sections, such as
risers. While these forces can be quite high, the stresses are generally low due to the large surface
area of the pipe string. Axial shear testing of the system, as per ISO 12736-1:2023, Annex E, at elevated

temperatures expected during service is necessary to gauge this risk.

B.3.4.2 Jumpers/Subsea equipment/Subsea structures

subsea equ

During op

changes, which can result in rupture due to potentially complex geometries. These aspgcts should

be conside

B.4 Fiel

Field joint
coating th
requireme
limits the ¢

Compatibility of the field joint system and application process to the system coating the pipe/sul

equipment
requireme
strong adh|
In cases w
should be ¢

In the cas
and thus d
maintain aj
or decreas
to the requ
limit temp

B.5 Des

Compatibility and @dhesion of the insulation to the ACC should be considered. The insulation mater
ition method for the insulation materials should not interfere with the proper functionirnlg of

and applic:
the ACC. A

if in contact with the seabed) or induced vibrations (e.g. by slugging). Typically, in sé€ry

psion between the field joint and pipe/subse&’equipment systems to minimize water ing

ifferent thermal performance from the main pipe section insulation because of the nee

ipment and their insulation are isolated from impacts by protective subsea structures:

red in design.

d joint system design

systems should be designed to maintain the properties as clgse as possible to the sys
b pipe/subsea equipment, but are often limited by the field conditions and installa

omplexity of the field joint system design and the application process.

is necessary. The field joint system should also.nieet the pipeline mechanical performd
hts as described in Clause B.3 or appropriate mitigations put in place. It is desired to ach

nere this is not possible, the effect of potential water ingress on both the insulation and
onsidered.

b of pipelines/flowlines/risers, (field joint coatings can have differing thermal proper
similar thickness (see B.3.3:2). For steady-state operation, this results in slightly increa
ng (typically increasing) the overall thickness to maintain the U-value of the full pipe st

ired value. For transient-operation, the potential for a field joint area to reach the cool-d
brature first should-be-considered.

jgning foranticorrosion compatibility

minimum, sufficient bonding or interaction to withstand the required mechanical load

as
ice,

pration, due to temperature and/or water ingress, the system can experience vol@ime

hlso

fem
fion

hts. Fast application cycle times are required to ensure acceptable project economics, which

sea
nce
eve
ess.
ACC

ties
d to
bing
ring

dPwn

ials

s is

necessary

sdescribed in Clause B.3.

B.6 Designing for system application

The overall geometrical design should be planned to facilitate the application of the system without lack
of continuity. Application of insulation sections should be designed in order to facilitate the application
of any adjoining sections. Care should be taken for the sealing of any exposed faces.

In general, designs should be simple and excessive complexity should be avoided where possible (e.g.
interfaces between dissimilar materials). If dissimilar materials coupling is not avoidable by design, the
requirement for adhesion between the material should be considered during the design phase and the
potential effect (or not) on cool down time or water ingress.
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