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FOREWORD

The Iranian Petroleum Standards (IPS) reflect the
views of the Iranian Ministry of Petroleum and are
intended for use in the oil and gas production
facilities, oil  refineries, chemical and
petrochemical plants, gas handling and processing
installations and other such facilities.

IPS is based on internationally acceptable
standards and includes selections from the items
stipulated in the referenced standards. They are
also supplemented by additional requirements
and/or modifications based on the experience
acquired by the Iranian Petroleum Industry and the
local market availability. The options which are
not specified in the text of the standards are
itemized in data sheet/s, so that, the user can select
his appropriate preferences therein.

The IPS standards are therefore expected to be
sufficiently flexible so that the users can adapt
these standards to their requirements. However,
they may not cover every requirement of each
project. For such cases, an addendum to IPS
Standard shall be prepared by the user which
elaborates the particular requirements of the user.
This addendum together with the relevant IPS
shall form the job specification for the specific
project or work.

The IPS is reviewed and up-dated approximately
every five years. Each standards are subject to
amendment or withdrawal, if required, thus the
latest edition of IPS shall be applicable

The users of IPS are therefore requested to send
their views and comments, including any
addendum prepared for particular cases to the
following address. These comments and
recommendations will be reviewed by the relevant
technical committee and in case of approval will
be incorporated in the next revision of the
standard.

Standards and Research department
No.19, Street14, North kheradmand

Karimkhan Avenue, Tehran, Iran .
Postal Code- 1585886851

Tel: 88810459-60 & 66153055
Fax: 88810462

Email: Standards@nioc.org
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GENERAL DEFINITIONS:

Throughout this Standard the following definitions
shall apply.

COMPANY:

Refers to one of the related and/or affiliated
companies of the Iranian Ministry of Petroleum
such as National Iranian Oil Company, National
Iranian Gas Company, National Petrochemical
Company and National Iranian Oil Refinery And
Distribution Company.

PURCHASER:

Means the "Company" where this standard is a
part of direct purchaser order by the "Company",
and the "Contractor" where this Standard is a part
of contract document

VENDOR AND SUPPLIER:

Refers to firm or person who will supply and/or
fabricate the equipment or material.
CONTRACTOR:

Refers to the persons, firm or company whose
tender has been accepted by the company.

EXECUTOR:

Executor is the party which carries out all or part
of construction and/or commissioning for the
project.

INSPECTOR:

The Inspector referred to in this Standard is a
person/persons or a body appointed in writing by
the company for the inspection of fabrication and
installation work

SHALL:

Is used where a provision is mandatory.

SHOULD:

Is used where a provision is advisory only.

WILL:

Is normally used in connection with the action by
the “Company” rather than by a contractor,
supplier or vendor.

MAY:

Is used where a provision is completely
discretionary.
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0. INTRODUCTION

The main task of protective coatings is to prevent
or control external corrosion of buried or
submerged steel structures. The coating isolates
metal  from  contact  with  surrounding
environments. Since a perfect coating cannot be
assured, cathodic protection is used in conjunction
with the coating system to provide the first line of
defense against corrosion. And since a properly
selected and applied coating should provide 99%
of the protection required, it is of utmost
importance to know the advantages and
disadvantages of available coatings. The right
coating material properly used will make all other
aspects of corrosion control relatively easy. The
number of coating systems available necessitates
careful analysis of the many desired properties for
an effective pipe coating. Therefore optimum
selection and proper application of protective
coatings is of engineering importance.

During extended period of time a protective
coating deteriorates as a result of contact with
moisture, oxygen, chemicals fluctuating
temperatures, abrasion, pressure and many other
possible factors proper and timely maintenance is
required to get the optimum performance from a
protective coating.

Meanwhile, selection and application of
maintenance coating is more complicated than for
initial construction.

Climatic conditions, chemical exposure, available
time, budget, health and safety, grade of surface
preparation have serious influence on the planning
of optimum design coating. To select the best
coating system to fit the environment or oil
condition. Knowledge of operating and installation
conditions is the beginning of the process. Steel
source and job location may limit the coatings
available to each project. Selection of a quality
applicator is the most important consideration and
frequently is the most neglected. Following
coating and applicator selection, inspection at the
coating mill and especially on the job site during
construction will go far in assuring that a high
quality pipe coating system has been installed.
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1. SCOPE

1.1 This Engineering Standard covers the
minimum requirements for the design and
selection of coating systems for external protection
of pipes, storage tanks and piling systems to be
buried or submerged in water.

1.2 The contents of this Standard define the
essential requirements for surface preparation,
selection of coating systems and repair of coating
defects.

1.3 The standard is intended for corrosion
protection of steel structures of oil and gas and
petrochemical industries including refineries,
chemical and petrochemical plants, gas plants, oil
exploration and production units.

1.4 It does not cover pipelines requiring thermal
insulation and casing protection.

1.5 Coating of stainless steel, galvanized steel and
non-ferrous alloys under external corrosive
condition is subject to approval of company design
engineer.

1.6 In addition, the internal protection of piping
systems for water supply and internal protection of
water or chemical storage-tanks are excluded from
this standard, and the reference is made to
IPS-E-TP-350.

1.7 This Engineering Standard does not supersede
cathodic protection application for piping systems
and steel structures at burial or submersible
conditions.

1.8 Detailed instructions for applying a specific
coating are not included, since they are furnished
by IPS-C-TP-274.

1.9 Although this Engineering Standard shall
submit proper guidelines for selection of proper
materials, but decisions on coatings shall not be
left to the casual attention of inexperienced
personnel.

Note 1:

This standard specification is reviewed and
updated by the relevant technical committee on
May 2004, as amendment No. 1 by circular No.
232.
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Note 2:

This bilingual standard is a revised version of the
standard specification by the relevant technical
committee on (March 2009), which is issued as
revision  (1). Revision (0) of the said standard
specification is withdrawn.

Note 3:

In case of conflict between Farsi and English
languages, English language shall govern.

2. REFERENCES

Throughout this Standard the following dated and
undated standards/codes are referred to. These
referenced documents shall, to the extent specified
herein, form a part of this standard. For dated
references, the edition cited applies, the
applicability of changes in dated references that
occur after the cited date shall be mutually agreed
upon by the Company and the Vendor. For
undated references, the latest edition of the
referenced documents (including any supplements
and amendments) applies.

ASTM  (AMERICAN SOCIETY FOR
TESTING AND MATERIALS)

ASTM D5 "Test Method for Penetration
of Bituminous Materials"
ASTM D149 "Standard Test Method for
Dialer Break Down Voltage
and  Dielectric  Strength
Materials Commercial Power
Frequencies"

ASTM D257 "Standard Test Method for
DC Resistance or
Conductance of Insulating
Materials"

ASTM D427 "Test Method for Shrinkage
Factors of Soils by the
Mercury Method"

ASTM D785 "Test Method for Rockwell
Hardness of Plastic and
Electrical Insulating"

ASTM D2240  "Test Method for Rubber
Property-Durometer
Hardness"
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ASTM G8&

ASTM G13

ASTM G19

AWWA

"Test Method for Cathodic
Disbonding  of  Pipeline
Coatings"

"Test Method for Impact
Resistance  of  Pipeline
Coating (Limestone Drop
Test)"

"Test Method for Disbonding
Characteristics of Pipeline
Coatings by Direct Soil
Burial"

(AMERICAN WATER WORKS

ASSOCIATION)

AWWA C 203

AWWA C205

AWWA C213

AWWA C215

AWWA C 217

AWWA C 222

"Coal-tar Protective Coatings
and Linings for Steel Water
Pipelines-Enamel and Tape-
Hot-Applied"

"Cement-Mortar  Protective
Lining and Coating for Steel
Water Pipe 4 Inch and
Larger-Shop Applied"

"Fusion-Bonded Epoxy
Coating for the Interior and
Exterior of Steel Water
Pipelines"

"Extruded Polyolefin
Coatings for the Exterior of
Steel Water Pipelines"”

"Petrolatum and Petroleum
Wax Tape Coating for the
Exterior of Connections and
Fitting for Steel Water
Pipelines"

"Polyurethane Coatings for
the Interior and Exterior of
Steel Water Pipe and
Fittings"

BSI (BRITISH STANDARDS INSTITUTION)

BS EN 1426

"Methods of Test for
Petroleum and its Products"
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BSI 4147

DIN (DEUTSCHES

"Bitumen-Based Hot-
Applied Coating Materials
for Protecting Iron and Steel,
Including Suitable Primers
Where Required"

INSTITUTE FUR

NORMUNG)

DIN 30670

DIN 30672

"Polyethylene Coatings for
Steel Pipes and Fittings"

"Tape and Shrinkable
Materials the Production of
Buried or wunder Water
Pipelines without Cathodic
Protection for Use at
Operating Temperatures up
to 50 °C"

EN (EUROPEAN STANDARD)

En 10300

"Steel Tubes and Fittings for
Onshore and  Offshore
Pipelines Bituminous hot
Applied Materials for
External Coating"

IPS (IRANIAN PETROLEUM STANDARDS)

IPS-E-GN-100

IPS-E-TP-350

IPS-E-TP-820

IPS-C-TP-101

IPS-C-TP-274

IPS-G-TP-335

IPS-M-TP-105

"Engineering Standard for
Units"

"Engineering Standard for
Linings"

"Engineering Standard for
Cathodic Protection"

"Construction standard for
Surface Preparation”

"Construction Standard for
Protective Coatings"

"Material and Construction
Standard for Three Layer
Polyethylene Coating
Systems"

"Material and Equipment
Standard for Asphalt
Mastic (Cold Applied)"
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IPS-M-TP-275

IPS-M-TP-280

IPS-M-TP-285

IPS-M-TP-290

IPS-M-TP-295

IPS-M-TP-300

IPS-M-TP-305

IPS-M-TP-306

IPS-M-TP-310

IPS-M-TP-311

"Material and Equipment
Standard for Fast Drying
Synthetic Primer for Use
with Hot Applied Coal Tar
or  Bitumen (Asphalt)
Enamels"

"Material and Equipment
Standard for Coal Tar
Primer (Cold Applied) for
Use with Hot Applied Coal
Tar Enamel (IPS-M-TP-
290)"

"Material and Equipment
Standard  for  Bitumen
Primer (Cold Applied) for
Use with Hot Applied
Bitumen Enamel (IPS-M-
TP-295)"

"Material and Equipment
Standard for Coal Tar

Enamel (Hot Applied)"
"Material ~ Standard  for
Bitumen  Enamel  (Hot
Applied)"

"Material and Equipment
Standard for Glass Fiber
Mat for Inner Wrap"

"Material and Equipment
Standard for Coal Tar
Impregnated Glass Fiber
Mat for Outer Wrap"

"Material and Equipment
Standard  for  Bitumen
Impregnated Glass Fiber
Mat for Outer Wrap"

"Material Standard for Cold
Applied Laminated Plastic
Tape as Inner Layer Tape
for Tape Coating System of
Buried Steel Pipes"

"Material Standard for Cold
Applied Laminated Plastic
Tape as Outer Layer Tape
for Tape Coating System of
Buried Steel Pipes"
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IPS-M-TP-275

IPS-M-TP-280

IPS-M-TP-285

IPS-M-TP-290

IPS-M-TP-295

IPS-M-TP-300

IPS-M-TP-305

IPS-M-TP-306

IPS-M-TP-310

IPS-M-TP-311



IS

Mar. 2009/ \YAY woiwl

IPS-E-TP-270(1)

IPS-M-TP-313

IPS-M-TP-314

IPS-M-TP-315

IPS-M-TP-316

IPS-M-TP-317

IPS-M-TP-318

IPS-M-TP-321

IPS-M-TP-322

IPS-M-TP-323

"Material Standard for Hand
Applied Laminated Tape
Suitable for Cold Applied
Tape Coating System"

"Material Standard for Hand
Applied Laminated Tape
(Suitable for Hot Applied
Coating Systems)"

"Material ~ Standard  for
Perforated Plastic Tape (as
Rockshield) for Pipe
Coating"

"Material  Standard  for
Plastic Grid (as RockShield)
for Pipe Coating"

"Material  Standard  for

Hand- Applied Petrolatum
Tape & Primer"

"Material Standard for Heat
Shrinkable Cross-Linked
Polyethylene Coatings (Two
Layers)"

"Material ~ standard  for
Primers (Ditch and Yard)
for Use with Cold- Applied
Laminated Plastic Tape
(IPS-M-T-310) for Tape
Coating System of Buried
Steel Pipes"

"Material ~ Standard  for
Primer for Use with Hand
Applied Laminated Tape
Suitable for Cold Applied
Tape Coating System"

"Material ~ Standard  for
Primer for Use with Hand
Applied Laminated Tape
Suitable for Hot-applied
Tape Coating Systems"
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IPS-M-TP-314

IPS-M-TP-315
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ISO (INTERNATIONAL ORGANIZATION

FOR STANDARDIZATION)
ISO 8501/1 "Preparation of  Steel
Substrates before

ISO 2592

ISO 2431

ISO 13436

ISO 3251

ISO 21809-1

ISO 2591-1

ISO 5256

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"

"Petroleum Product-

Determination of Flash and
Fire Points"

"Paint and Varnishes -
Determination of Flow
Time by Use of Flow

Cups"

"Petroleum Products and
other Liquids Determination
of Flash Point — ABEL
Closed Cup Method"

Varnishes and
Determination of
Volatile Matter

"Paints,
Plastics
Non —
Contents"

"Petroleum and National
Gas industries — External
Coatings for Buried or
Submerged Pipe Line Used
in Pipe Line Transportation
Systems-partl:  Polyolefin
Coatings (3-Layer PE and 3-
Layer PP)"

"Test Sieving-part 1:
Methods Using Test Sieves
of Woven Wire Cloth and
Perforated Metal Plate"

"Steel Pipes and Fittings for
Buried or Submerged"
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NACE (NATIONAL ASSOCIATION

CORROSION ENGINEERS)
NACE RP-0169 "Standard  Recommended
Practice Control of External
Corrosion on Underground
or Submerged Metallic
Piping Systems"

NACE RP-0375 "Field-Applied
Underground Wax Coating
Systems for Underground

Pipe Lines: Application,
Performance, and Quality
Control"

NACE RP-0188 "Discontinuity (Holiday)
Testing of  Protective
Coatings"

3. DEFINITIONS AND TERMINOLOGY

For the purposes of this Standard the following
definitions apply:

Bitumen

A very viscous liquid or solid, consisting of
hydrocarbons and their derivatives, which is
soluble in carbon disulphide or trichloroethylene.
It is substantially non-volatile and softens
gradually when heated. It is black or brown in
color and possesses waterproofing and adhesive
properties. It is obtained by refinery processes
from petroleum.

Bond Strength

For the purposes of this standard, the bond
strength is the force required to peel a strip of
coating from the pipe under specified conditions.

Cathodic Protection

A technique to reduce the corrosion rate of a metal
surface by making it a cathode of an
electrochemical cell.

Coating Resistivity

The coating resistivity is the electrical resistance
of coatings per unit area
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Consolidate Soil

When a soil is subjected to an increase in pressure
due to loading at the ground surface, a re-
adjustment in the soil structure occurs. The volume
of space between the soil particles decreases and
the soil tends to settle or consolidate over time.

Corrosion Protection

Modification of corrosion system so that corrosion
damage is mitigated.

Disbondment

The loss of the bond between a coating and the
surface coated.

Enamel

The enamel is composed of a specially processed
coal tar pitch or bitumen combined with an inert
mineral filler.

Engineer

The person, firm, or employee representing the
purchaser for adequacy of design and quality
assurance.

Environment

The circumstances, acts, or conditions to which a
steel pipeline is subjected.

Field Joint

A connection, usually a weldment, between two
adjoining members or parts, made on-site at the
time of installation.

Hot Applied

Of such a consistency at ambient temperature that
heating is required before application.

Inert Filler

Finely divided mineral powder or inorganic fiber
which is not substantially hygroscopic, not
electrically conducting and does not react with
other ingredients of the coating material or with
the environment in which it will be used.

Indentation Hardness

The indentation hardness is a measure of the
resistance of coating to the penetration of a test
cylinder under specified conditions.
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Immersed

Is defined as permanent immersion such as
submerged structures, offshore drilling rigs, etc.

Impact Strength

The impact strength is defined as the impact energy
coating can withstand under specified conditions

Ionic Transport

Corrosion of a metal is an electrochemical reaction
between the metal and its environment, which
results in wastage of metal. Thus corrosion is a
combination of chemical effect of transported ions
of corrosive environment to the metal surface with
an associated of electrical energy (corrosion
current).

Minimum Coating Thickness

The minimum coating thickness is the required
thickness of coating at any point

Top Coat (Finish)

The final or finish coat of any paint system. This
coat provides decoration, durability and
resistance properties.

4. UNITS

This standard is based on International System of
Units (SI), as per IPS-E-GN-100 except where
otherwise specified.

5. FIELD OF APPLICATION

This Engineering Standard deals generally with the
following structures to be coated and mainly with
buried and submerged steel pipes.

5.1 Types of Pipes to be Coated

The types of pipe to which this Standard is
applicable, include both welded and seamless
pipes of non-alloy steel used for the conveyance of
gas and fluids.

5.2 Types of Fittings to be Coated

The types of fittings to which this Standard is
applicable are mainly Bends, Tees Reducers and
Collars.

5.3 Valves and Insulating Joints

The standard is applicable to all buried valves and
insulating joints.
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5.4 Storage Tanks

Any storage tank which shall be externally coated
and to be buried underground or submerged in
water.

In all cases the storage tank shall considered as a
pipe which is closed at both ends, requiring
external protective coating at overall surfaces.

6. PURPOSE OF COATING

Coatings prevent corrosion of buried and
submerged structures ways, as follows:

a) They inhibit corrosion by providing an
adhesive film with a high resistance to ionic
transport.

b) They reduce the current requirements for
cathodic protection by providing an electrically
insulating film

¢) They assist in the uniform distribution of
cathodic protection current.

Although high costs are involved with the initial
coating procedure, the application of coatings will
lead to a considerable reduction in cathodic
protection power consumption.

Coatings are considered to be an integral part of
any cathodic protection system. In most situations,
coatings provide the main thrust of any corrosion
protection system, with cathodic protection
providing back-up corrosion protection of the
structure at points where failure of the coating, or
damage to the coating, has occurred.

Note:

In compact structures, many combinations of
coating systems are used. In-situ repairability
should be a significant factor in the selection of the
coating system.

7.COATINGS AND CATHODIC PROTECTION
(See also IPSE-TP-820)
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7.1 Influence of Coatings on Cathodic

Protection Current Requirements

Although it is technically possible to protect bare
(buried or immersed) steel structures and pipelines
by applying cathodic protection only, it is seldom
desirable to do so because of the cost of providing
the large current required and, often the difficulty
of arranging anodes so as to give, a uniform
current distribution. A good coating of high
insulating value greatly reduces the current
required to maintain the steel at the required steel-
to-soil potential and also provides a more uniform
spread of current from the anodes. A protective
coating should therefore always be applied to any
buried and immersed structure or pipeline which is
to be cathodically protected.

7.2 Influence of Cathodic Protection on

Coatings

7.2.1 The current required to protect a structure or
pipeline is approximately proportional to the area
Table 1). Theoretically,
should be
unnecessary when the steelwork is perfectly

of bare steel (see

therefore, cathodic  protection

coated. In practice, coatings are often damaged in

transport or during laying, or may contain

imperfections such as pinholes. Even in low-
corrosivity soils the slightest discontinuity in the
protective coating may result in severe local
corrosion, so that when corrosive conditions exist
even coated structures or pipelines shall be given
cathodic protection.

7.2.2 Pipeline coatings of bitumen, coal tar type are
never much affected by properly applied cathodic
protection. However, a potential more negative than
-2.0 V with reference to a copper/copper sulphate
electrode may damage the coating by causing
hydrogen evolution on the steel surface.

7.2.3 Cathodic protection of painted or metal
sprayed and painted structures should be
considered carefully because oil-based paints may
be saponified by the alkalinity developing at the
cathodically protected surface; sprayed aluminum
or zinc may be attacked in a similar way. The
surface potential shall therefore be maintained as
closely as possible to the value needed for
protection, and over-protection avoided.
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7.2.4 Recommended ’off ’- potential limits for
underground coatings (to Cu/CuSQOy, half-cell) are:

adad ey 5o 0ads olpioy Jadly B 0ogawe F-Y-V
dows Flie 50 einy slgils sl Ol

Recommended
Off-Potential
Type of Coatings Limits
Liligy &5 Sy 0oguxo
2ad gl o
Fusion-bonded Epoxy gmeR Wgm (suS 5y 1.1V
Hot applied enamel (coal tar, bitumen and (% kel 23 5 (55 23 kb 23) Sl BYY
modified bitumen enamel) dzlas :
3 Ply cold applied plastic tape 2zl oy VT (Sl )l -1V
Polyethylene (2 layers) @WYY) bt -1.0V
Polyethylene (3 layers ) @YY) ksl b -1.1V
Polypropylene (3 layers ) pp @WYY) losyn b -1V
Polyurethane pu Obel b -1.1V
Cold and hot applied petrolatum and [ alas . INTERR
petroleum wax tape szl p)5 5 0m (S pge 5 p¥e oS L1V
8. COATING DESIGN oy =1k A

8.1 Desirable Characteristics of a Coating

8.1.1 Effective electrical insulator

Since soil and salt corrosion is an electrochemical
process, a pipe coating has to stop the current by
isolating the structure from the environment.

8.1.2 Ease of application

The coating material must be suitable and properly
applied to be effective. Many excellent pipe
coatings require exacting application procedures
that are difficult to maintain. Consistent quality
may be obtained with a coating system that is least
affected by wvariables. Coating application
specifications and good construction practice
combined with proper inspection contribute to the
quality of the finished coating system.

8.1.3 Applicable to piping with a minimum of
coating defects

This characteristic correlates with ease of
application. No coating is perfect, and that is why
cathodic protection is required.
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8.1.4 Adhesion to metal surface

Coating adhesion is important to eliminate water
migration between the metal substrate and the pipe
coating. The coating adhesion assures permanence
and ability to withstand handling during
installation without losing effectiveness.

8.1.5 Resist development of holidays

Once the coating is buried, two areas that may
destroy or degrade coatings are soil stress and
environmental contaminants. Soil stress, brought
about in certain soils that are alternately wet and
dry, creates tremendous forces that may split or
cause thin areas. Adhesion, cohesion, and tensile
strength are important properties to evaluate in
order to minimize this problem. The coating’s
resistance to chemicals, hydrocarbons, and acidic
or alkaline conditions has to be known in order to
evaluate performance in known contaminated soils
and etc.

8.1.6 Handling, storage and installation

The ability of a coating to withstand damage is a
function of its impact, abrasion, and ductile
properties. Pipe coatings are subjected to a great
deal of handling from application to backfill.
While precautionary measures of proper handling,
shipping, and stockpiling are recommended,
coatings vary in their ability to resist damage.
Outside storage requires resistance to ultraviolet
rays and temperature changes. These properties
must be evaluated to assure proper performance.

8.1.7 Constant electrical resistivity

Since corrosion is an electrochemical reaction, a
coating with a high electrical resistance over the
life of the system is important. The percentage of
initial resistance drop is not as indicative of the
pipe coating quality as the overall level of
electrical resistivity.

8.1.8 Resistant to disbonding

Since most pipelines are eventually cathodically
protected, it is necessary for the coating to
withstand cathodic disbondment. The amount of
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cathodic protection is directly proportional to the
quality and integrity of the coating. Considering
interference and stray current problems, this
becomes a most important requirement. Cathodic
protection does two things.

First, it drives water through a coating that would
ordinarily resist penetration. It also may produce
hydrogen at the metal surface where current
reaches it, and the hydrogen breaks the bond
between the coating and metal surface. No coating
is completely resistant to damage by cathodic
protection, but it is very important to choose a
coating that minimizes these effects. The ASTM
G8 test for cathodic disbonding of pipeline
coatings, commonly known as the salt crack test,
measured a coating’s resistance to damage by
cathodic protection.

8.1.9 Ease of repair

Recognizing that some damage may occur and that
the weld area must be field coated, compatible
field materials are required to make repairs and

complete the coating after welding.
Manufacturers’ recommendations should be
followed. Variables in conditions influence

selection of materials.

All nine of these characteristics are important
when evaluating the selection of a pipe coating.
The following factors should also be considered
when selecting a pipe coating:

8.1.10 Type of soil or backfill

Soil conditions and backfill influence the coating
system selected and thickness specified. Soils are
rated by their shrink-swell factor (soil stress). High
shrink-swell soils can damage conventional
coatings.

Ideally, trenches should be free of projections and
rocks, permitting the coating to bear on a smooth
surface. When backfilling, rocks and debris should
not strike the pipe coating. The following ASTM
tests are recommended to measure resistance to
penetration of the pipe coating if set on stones in
the trench: ASTM D 785, "Method of Test for
Rockwell Hardness of Plastics and Electrical
Insulating Materials", ASTM D 5, "Method of
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Test for Penetration of Bituminous Materials", and
ASTM D 2240, "Method of Test for Indentation
Hardness of Rubber and Plastics by Means of a
Durometer".

The following ASTM tests are recommended to
measure the resistance against damage by rock in
back fill: ASTM G 13, "Limestone Drop Test" and
ASTM G 19, "Test Method for Disbonding
Characteristics of Pipe Line Coatings By Direct
Soil Burial". Soil stresses on pipe coatings may be
evaluated by ASTM D 427, "Method of Test for
Shrinkage Factors of Soils".

8.1.11 Accessibility of pipeline

When a pipeline is inaccessible or in a marine
environment, the best system should be selected
with less emphasis on initial cost. Experience
under similar conditions for at least five years or
well-designed laboratory tests on new products are
the best criteria for coating selection.

8.1.12 Operating temperature of piping

Surface temperature and environmental conditions
must be considered, because, once buried, a
coating experiences a wet heat condition, which is
more detrimental than dry heat and harms coating
effectiveness. A modified disbondment test,
ASTM G 8 Cathodic Disbonding of Pipeline

Coatings, determines resistance to elevated
temperatures.
8.1.13 Ambient temperatures during

construction and installation

Temperatures during construction and installation
are often more critical than operating
temperatures.

For instance, some thermoplastic systems such as
mastics, tapes, or enamels may become brittle in
freezing temperatures (Polyethylene coating
systems, however, have been field bent at -40°C).
Above recommended operating temperatures,
thermoplastic systems may cold flow. Extra care in
handling, transport and storage is needed under
extreme conditions.
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8.1.14 Geographical and physical location

Pipe source and coating plant location often
determine the coating or are a cost factor in
selection. Severe environments, such as river
crossings, pipe inside casings, exceptionally
corrosive soils, high soil stress areas and rocky
conditions require special consideration. On large
projects in remote areas, the economics may favor
a railhead or field coating site.

8.1.15 Handling and storage of coated pipe

Handling, shipping and stockpiling are important
in the selection process. Some coatings require
special handling and padding. All require careful
handling. Most underground coatings are not
designed for above ground use and are affected by
excessive above-ground storage. Coal tar and
asphalt enamel and mastic coatings are protected
from ultraviolet deterioration by whitewash (see
11.1.2.5.1) or craft paper. In polyethylene, the
addition of 2.5 percent carbon black is the most
satisfactory deterrent. Stock should be rotated,

first-in, first-out, to minimize the potential

problem. Long-term storage requirements could
determine coating selection.

8.1.16 Costs

Evaluation of pipe coating properties with the
above considerations assists in selection. The most
misunderstood factor is "costs". In pipe coating
economics the end has to justify the means. The
added cost of coatings and cathodic protection has
to pay for itself through reduced operating costs
and longer life. "True" protection costs include not
only initial costs of coating and cathodic
protection but also installation, joint coatings and
repairs. Field engineering and facilities to correct
possible damage to other underground facilities
may add costs, possibly outweighing initial costs
of the pipe coating.

8.1.17 Current density requirements

8.1.17.1 The current density required to protect a
buried structure is depend on the type and
performance of the coating used. Table 1 gives a
minimum design value for new construction
projects. The current density values in Table 1 are
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to be related to the total pipeline surface area and
take into account coating deterioration during the
refereed life of the pipeline.

It is assumed that pipeline construction is carried
out in a manner to avoid coating damage during
construction and operation.

Ao 5 Ay bglas mla colie JS ez 4 bgye )
b3 (glp ol sy Gt e Job p0 iy 58 185

el g
oot bl s s aly) b lasl 45 el (ol 58
o0 O)ly deduo ibg 4 (5l ey 5 eal (loy yo AT

TABLE 1 - DESIGN CURRENT DENSITIES FOR DIFFERENT PIPELINE COATINGS
(OPERATING TEMPERATURE UP TO 30°C)
Ayl b dlize b by slp by sl JBz Ak ) Jsux
(F+°C b Sllas glod)
Pipeline Life (Years)
(JUo) alg) s yoc
Coating Type 0-5 ‘ 5-15 ‘ 15-30
o £ Current Density
ok J&
(mA/m?)

Asphalt bitumen, coal tar, 6 mm Foeld 4 lhs o Sh S

Asphalt mastic and Modified ol 18 Glad g (6,8 O yanls o[ Y. Y.
Bitumen Enamel s

Fusion bonded epoxy (g Nigw oS 53]

Liquid epoxy Bl (S g JAAK ofeY- o[-0
Polyurethane Obsl sk

Polyethyl - Ls!

olyethylene ok [o oY [+ /-

Polypropylene Olon b

3 ply cold applied Plastic tape Lzl 8y Y 4w (Sidly Hlgs oo 5. NARR NI

Note: 16910L

The current densities given in Table 1 already
include the current requirements due to the
expected coating breakdown during the pipeline
life.

8.1.17.2 For protection of pipelines with elevated
operating temperatures the minimum design
current densities given in Table 1 shall be
increased by 25% per 10°C rise in temperature
above 30°C.

8.2 General Requirements

8.2.1 Table 2 gives Some typical properties of
known coating systems.

21

Syse Sl ool bl ) ojled Joazr o Ly oo

ol b jae Job j0 g iy BB o 4 g Ll
Aol e

sleo Gulidl b dlg) bgls sl cbla> 4l Y-1Y-)-A
Jgsz o eals eols b b > slacads JElas (lles
a0 Ve e gl 4 ae,n YO Glie 4 b Y oogled
b ol o) Kl a0 Ve (YL sles adlal of sl

o9oe sl Y-A
Oidgy slailels cads aislis Slasin )l can 1-Y-A

Sl 00 45‘)‘ Y o)Lo..:) J5~.\> B



IS

Mar. 2009/ \YAY woiwl

IPS-E-TP-270(1)

TABLE 2 - TYPICAL PROPERTIES OF REPRESENTATIVE COATING SYSTEMS FOR COMPACT

STRUCTURES
wﬂ)...o ‘SLQO}L» ‘_g').g gy ‘SLDA;’LQL.» J).v.o Olasuine &igod —Y Jg»\.’?

STRUCTURE SUSCEPTIBILITY TO DAMAGE
EASE OF PRETREAT- | COATING FROM
COATING COATING ON.SITE MENT THICK- 13 16 9 ] 4 ol
SITE (FOR NESS
SYSTEM* R APPLICATION .. SOIL
gy dilolus e | s e STEEL) “sld | grREssEs | o CATHODIC
o Sibg 2 ﬁi}m | gl el Siig ilos | DISBONDMENT | IMPACT
o) °3L*‘f S9 mm S Gl o ays Pl
(oY gd
. Field Wire brush or
O over-the- . . . .
Coal tar o c%itch) yard Difficult blast 306 Medium Medium Medium
Enamel T ) ddkaie IS ® e o Logie g Logie
O3 | b o (LS edly b,
L1
Exfru?lfdl ' o QJ‘ Shop/factory Blast - Low Low Medium
olyethylene 39 yiS < - . .
polypropylene " °l5)b/ W)b (S 0D} FVS 05 'Ia'”°9‘“‘°
. L3t
gumgnd ol Shop Blast 551035 Low Low Low
onde Nge - - . Sto3.
polyethylene . 5—3 bl e G s s s
(Shyen
. |
E LISI(;JI:j S Shop Difficult Blast 05 10 0.76 Low Low Low
onde Nge - . . 510 0.
Epoxy A o alf)ls L wy; o9y f"s ps ws
[
. Wire brush or
Asphalt "Wz Ficld and Difficult blast ¥ Medium Medium Medium
Enamel = o L e b (soms w2 3106 boge g Ly
] 579 el s,
godiﬁed S ;j Shop Difficult Blast ) Medium Medium Medium
itumen < . . . . .
Ename] Cow o5 st cedly s, Lussis Lassie Lassis
EBLY .
PVC, poly- (o &3 Wire brush or
ethylene olst L Field Easy blast High Medium High
E?ncil;iged Yo il o=l b (o oo 1:3103.0 ob; Logie ob;
tape Sy b Cedls by
o
sy i i .
Petrolatum or ' )‘\J ¥ Flzlhdo?)nd gaol?’l};‘(?rltgaltl)llz Wire brush }/ 3106 High Not applicab]e Medium
wax o A to . R .
Tapes | oS skl | ool 5 s sl o o ol ko et Loge
[Cabald
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Table 2 (continued) (aols)) ¥ Jgax
STRUCTURE SUSCEPTIBILITY TO DAMAGE
EASE OF PRETREAT- | COATING FROM
COATING COATING ON.SITE MENT THICK- 5133 6 9 o] & ol
SITE (FOR NESS
SYSTEM* i APPLICATION > SOIL
5 ey ailobw cwa o Seuls el STEEL) Cwoldes STRESSES CATHODIC
o ey 2 ’*3’“ He adgl oldas Siigs s so; | DISBONDMENT | IMPACT
Sl o3lw 95 mm ST Gl Gl ayps 5l
(oY od
Jg Jles!
?\Pl}l/' Cd(’ld © \J > Field Easy Wire 0.8 005 Low Low Low
pplie oY an J . o R . .
Plastic Tape ey & =7 ~ o ~
;l)?\ Sy
Heat shrink ‘SQ‘SES Field Medium Blast L0 163.0 Low Medium Medium
Sleeves ul; _ aihis lagie Cadl B, to3. Y lawgie Lugie
wibes .
Pol b ok F 121}1%?)nd Difficult Blast L0t 15 High Medium High
olyurethane . . .0to 1. .
yu sl | olE,l5s ailare J5ae Cedls by sk L ob;
Coal Tar 3 Field and Medium Blast Low Medium Medium
Yard Lo . 0.3t00.6 . Loes
Epoxy obkd | oF 1S ailais 5o Sedly b, o bgie o

* Metalliferous primers should not be used in
coating systems for structures requiring cathodic
protection.

& Properties resulting from soils which produce
stresses, e.g. clay.

v It is good practice to blast clean surfaces prior to
coating application to ensure maximum adhesion.
Wire brush pretreatment, which may leave mill
scale on a steel surface, may leave the structure in
stress-corrosion

a condition susceptible to

cracking, and is inferior to blast-cleaned surfaces.

§ Used on site welded joints. Difficult to repair.

** (see table 7)

Note:

The properties tabulated above relate only to the
basic standard coating for each system. Coating
performance can vary substantially from these
values, and is dependent on the characteristics of
the actual system used.
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9. COATING SCHEDULE
9.1 Type of Coatings

With reference to previous considerations only the
following types of coatings have been selected for
the purpose of this engineering standard. Among
which the desired coating system(s) shall be
selected in accordance with the following sections
for a particular underground and/or submerged
structures including offshore risers and piling
systems.

9.1.1 Bituminous coatings (see 11.1)

Bituminous coatings include of coal tar and
bitumen (asphalt) enamels which are applied in the
molten state. These coatings are applied in field or
in site.
9.1.2  Three layer polyethylene and
polypropylene coatings (see 11.2)

The coating system shall consist of three layers:

1 st layer fusion bonded epoxy primer.

2 nd layer adhesive (powder sprayed or
extruded)

3 rd Layer PE/PP top layer (applied by
extrusion)

9.1.3 Fusion bonded epoxy powder coatings (see
11.3)

Fusion bonded epoxy coatings are applied to
preheated pipe surfaces of 220 to 260°C with or
without primers. These coating shall be applied in
factory.

9.1.4 Plastic tape (see 11.4)

Prefabricated, cold applied plastic tapes are
normally applied as a three-layer system consisting
of liquid adhesive primer, corrosion preventive
tape (inner layer), and a mechanical protective tape
(outer layer). These coating are generally applied
in field.

9.1.5 Polyurethane coatings

Polyurethane coatings shall be applied according
to the coating manufacturer’s instruction to the
required thickness (See BS-EN-10290 AWWA
C222 Standard).
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9.1.6 Petrolatum or wax coating tape (See
NACE RP 0375)

These coatings covers hot- and cold applied —
tapes systems. Traveling machine and hand
applied are suggested for hot —applied coating
system while cold— applied shall be made by hand
or brush with an additional buildup of coating. The
tape coating shall be applied after the primer has
been applied.

Any reference to wax tape and wax primer in
NACE standard also applies to petrolatum tape
and petrolatum primer.

9.1.7 Concrete coating (see 11.5)

Cement mortar coatings are usually used for cast-
iron pipes and for shielded areas where cathodic
protection can not be used effectively. It is
relatively expensive but results in a strong, long-
lived coating for specialty applications. Concrete
coating are used as negative buoyancy and armor
protection over ordinary coatings in marine
environments. For field joint coating (see 9.4.4).

9.2 Characteristics of Specified Coatings

Followings are the main characteristics of desired
coatings special characteristics of these coatings
are described in each individual section.

The conventional coating to be used on a line pipe

shall be determined regarding the following

coating properties.

9.2.1 Bituminous enamel (asphalt and coal tar)
a) Chemically inert.

b) Highly moisture resistant for coal tar but less
for bitumen.

¢) Very good electrical resistivity.

d) Brittle at low temperatures; sags at high
temperatures.

e) Both yard and over the ditch coating
possible.

f) Dangerous fumes result from necessary high
application temperatures of coal tar.

g) Service temperature range from -10 to 70°C
depending on type (see 11.1.4.2).
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Three layer  polyethylene and
polypropylene coatings

a) Good chemical resistance.

b) Low water absorption.

¢) Extremely good electrical resistivity.
d) Flexible.

e) Shope and factory application only.

f) Service temperature range in accordance with
Table 6.

9.2.3 Three layer cold applied fusion bonded
epoxy

a) Extremely good chemical resistance.

b) Polyamide-catalyzed epoxies have better
water resistance than amide or amine-adduct
cured epoxy.

¢) Extremely good electrical resistivity.
d) Flexible.

e) Plant application only.

f) low impact and abrasion strength.

g) Excellent adhesion to steel.

h) Electrical deposition method of application.
Only sure prevention of pinholes and voids in
coating.

i) Service temperature range from -70 to 120°C.

9.2.4 Three layer cold applied plastic tape

a) Good chemical resistance.
b) Good electrical resistivity.

¢) Both yard and over the ditch application
possible.

d) Low impact and abrasion strength.
e) Subject to pressure deformation from rocky

backfill, and damage during transportation from
plant to field.

f) Poor resistance to aromatic hydrocarbons.

g) Service temperature range from -20 to 60°C
depending on type.
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Note:

3 Ply cold applied plastic tape (See AWWA C-
214) and field joints shall be coated with products
as described in AWWA C 203,209 and 216.

9.2.5 Polyurethane coatings (see AWWA-C 222)

a) Abrasion resistance. (ANSI/ASTM D4060)

b) Cut and tear resistance. (ASTMD-624)

¢) Excellent elongation and rebound (ISO 37)

d) Chemical resistance and high tensile strength
(ANSI/ASTM D5430)

e) Impact resistance ( ANSI/ASTM D2794)

f) Low friction ( ISO 8295)

g) Excellent adhesion to steel surfaces, fusion
bonded epoxy, fiber reinforced plastic and
concrete. ( ANSI/ ASTM D4541).

h) Excellent cathodic disbondment resistant at
temperature up to 65°C. ( ANSI/ ASTM G95).

9.2.6 Petrolatum or wax coatings (see NACE
standard RP 0375)

9.2.6.1 Microcrystalline wax shall be as follows

a) Inert , flexible, waterproof and adhesive.

b) Capable of being blended with suitable wetting
agents and rust inhibitors.

¢) Heated in a clean kettle.
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9.2.6.2 Component wrappers shall be as follows

a) Plastic film (Supported or unsupported) that
is compatible with the microcrystalline wax
coating

b) Wax over fittings and valves and have the
ability to conform to the contours of the
surface.

¢) Normally applied using a spiral wrap.

9.3 Factors Affecting the Design of Pipeline
Coating

Main factors influencing the design of pipeline
coatings are as follows:

9.3.1 Diameter and length of pipe

9.3.2 Service temperature of the pipe internal
media.

9.3.3 Pressure and frequency of expansions
contractions.

9.3.4 Soil resistivity, soil analysis and soil stress
potential.

9.3.5 Statistical condition of pipeline route and
right of way.

9.3.6 Availability of materials and cost.
9.3.7 Limitation of access to work.

9.3.8 Repair access and frequency of prospected
repair.

9.3.9 Condition of manpower requirement at site.
9.3.10 Transport and handling of the pipe sections.
9.3.11 Availability of electricity beside the
pipeline for permanent impressed current-cathodic
protection installation.

9.3.12 Provision of access equipment.

9.3.13 Special safety and security regulation which
limit the coating design.

9.3.14 Protection condition of adjacent pipeline.
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9.4 Selection of Coating to be Used

9.4.1 The coating selected for a specific
application ideally shall be that coating which will
still have the lowest applied cost per meter of pipe
and have the desirable characteristics of good
electrical and mechanical strength and long term
stability under the environmental conditions and
cathodic protection. In order to select optimum
coating system following factors shall be
considered.

9.4.1.1 Function
a) What is the main function of the structure?
b) What are the second functions of the
structure?

9.4.1.2 Life

a) For how long is it required to fulfill this
function?

b) What is the life to first maintenance? (It may
not be possible to decide these until further
questions have been answered?)

9.4.1.3 Environments
a) What is the general environment at the site
of the structure?
b) What localized effects exist or are to be
expected?
¢) Is the structure buried or immersed?
d) Is the structure immersed in sea water or
buried in sea bed?
e) Is sulfate reducing bacteria present?
f) Is other type of bacteria present?
g) Is existing soil stress probable?

h) What other factors may affect the structure
(e.g. surface temperature and abrasion, service
temperature and fluctuation, service pressure
and fluctuation)?

9.4.1.4 Special properties

What special properties are required of the coating
(e.g. coefficient of friction)?
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9.4.1.5 Health and safety
a) Are any problems to be taken into account
during initial treatment?

b) Are any problems to be taken into account
during maintenance treatment?
9.4.1.6 Tolerance
Does the coating need to be tolerant of?
a) Indifferent surface preparation.
b) Departures from specification.

¢) Indifferent application techniques

9.4.1.7 Coating systems
a) What coating systems are suitable?
b) Are these systems readily available?

¢) Are the
compatible?

d) Which facilities shall be required?

system elements mutually

9.4.1.8 Coating facilities
a) Are the coating facilities readily available?
- for factory application?
- for site application?
- for field application?

b) Do they cover all sizes and shapes of
fabrication?

¢) Do they permit speedy application?

d) Do the facilities permit work to adequate
standards?

9.4.1.9 Compatibility with engineering and
metallurgical features

a) Is the design and jointing of the structure
compatible with the preferred coating
technique?

b) Does surface preparation (blasting) or
application of coating affect the mechanical
properties of the steel in any way that matters?

¢) Is the system compatible with cathodic
protection?
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9.4.1.10 Delays

What delays should be allowed between?
a) Fabrication and first protective coating;
b) Application of primer and coating;
¢) Application of coating and installation;

d) Final coating and repair.

9.4.1.11 Transport, storage and handling
How well does the coating withstand?

a) Excessive or careless handling;

b) Abrasion and impact;

¢) Early stacking;

d) Exposure to sea water during transit;

e) Exposure to sunlight.

9.4.1.12 Experience

a) What is known of the
performance of the coating?

consistent

9.4.1.13 Export/Import
a) What special precautions should be taken
when the steelwork is exported or imported?
9.4.1.14 Maintenance

a) Is the deterioration of the coating rapid and
serious if maintenance is delayed?

b) What access is there going to be for effective
maintenance?

¢) What is
maintenance?

the possibility of effective

9.4.1.15 Costs
a) What are the approximate costs of?
1) The basic system,;
2) Any additional items;
3) Transport;
4) Access.

b)What are the
maintenance?

approximate costs of
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9.4.1.16 Cathodic protection

a) Is there specific need for restricting cathodic
protection current to absolute minimum? For
example, locations where cathodic protection
current sources can be installed may be limited
and widely spaced necessitating the best
practicable current distribution.

b) Is the electricity available beside the
structure for impressed current cathodic
protection systems to be installed?

¢) Is there any restrictions for impressed current
systems (e.g. lack of electricity, location, etc.)?

d) Is there any restrictions regarding soil
resistivity availability of galvanic anodes, etc.?

9.4.1.17 Access

Will all or part of the structure be installed where
not readily accessible (such as river crossings,
swampland installations, submarine locations and
other similar situations)?

9.4.2 Each coating system considered shall be
evaluated carefully in terms of the preceding
items. All  application and performance
characteristics of each coating must be determined,
particularly with respect to limitations beyond
which good performance cannot be expected.

A relatively simple coating system may be fully
adequate if, for instance, a pipeline is to be
installed in a rock-free soil not subject so soil
stress; if application and installation conditions are
to be reasonably dry and not subject to extremes of
temperature; if pipeline operating temperature is
not to be appreciably above soil temperature; and
if pipeline accessibility is reasonable with no
unusual limitations on cathodic protection
installations. Typically, a single layer standard
pipeline enamel with felt wrapper or pipeline
plastic tapes could do an excellent job.

On the other hand, a coating as mentioned above
might not be satisfactory under adverse conditions.
Under rocky conditions, a coating system that will
resist impact damage and penetration by steady
pressure should be specified. If soil stress is a
problem, materials that will resist distortion and
"plucking-off" under such conditions should be
used. If ambient temperatures are extreme,
materials that will not become embrittle and crack

32

SIS el 15-)-F-4
oo 4y o315 cblis o> a5 ol &g LT (I
S odd 48,5l s owilS cbli> b, el
é.o.c @)9‘) g_J)j)..o ).;Os)):..\j LQLA.S 9 00y o9m S
S bl Gl e
cblis glaaills Cal 8 a5 o)l Seop o L (o

§3,10 8929 (B2 098 ol by Jloel (gL S

508 05z Fge bz slabls gy ol Ul (2
ol 9 S0 3 09008 e Jlio 515
5 SIS clans] S Canglie 4 azg b aile LT (5
5,15 3¢9 0,8
o i W) P-4
B e o el 8 A ojl Sl (and L ples 4 L
Lo 5 sladore (3L 55 @dly lanl wilsog, b ablis

0yl 093y Hleo! (myiwd 058 s (o0 aslie Ly, g

9> oy Lalyd ;o Wb J 550 Labg allele o V-F-4
e Bl bg e 62l GleShy ples Wgd (b))
Oy s sll & Slacasgame b ooy 4 gl

JORINSIFE RN

oS el colin SalS B ool L ity ailoles SO
WTQ]NJBWBML»J&‘OWAJ}JJa?M
Glos b g Sas Jool jsb 4y cemi g Lol Lyl wile
YL ogesme job a0 ldas (glod il axlge oL [l
9 00y wl.».o d.lj.‘ s A (oW a..\.wl.u S 6Lc-> )‘
6ulS cbli> olawl sy gole né Cusgame weSnn
S bojlastin) Old Y S aiges gl il alilas g
Al Algy (e WIS oo ) L (St g b g

3 Wl ges a0l Ty YU o a5 ity oo &jle @
S oo Lld s il pise cols, S buld
5 rd 5l 20 S8 g sl pln 0 pslie iig ailels
St Sy S s 51 g bl clysSy e
Mes pglie S g o plp )0 45 olge 5l Wb wal
leo j0 a5 (golse 5l ol ol lae (slos 51 .0,5 oolarnl

sl > 31 S solatwl wb aails sauiSls g 0 5 b



IS

Mar. 2009/ \YAY woiwl

IPS-E-TP-270(1)

at low temperature should be used. If high
temperatures are the problem, a material should be
selected that will not soften and be easily damaged
during handling. If the pipeline, once installed,
will be essentially inaccessible for maintenance
work, the best coating available may be essential.

The choice between the use of yard coated pipe
and over-the-ditch coating procedures is largely
economic. Factors involved include location of the
coating plant with respect to the pipeline right-of-
way (which will influence shipping costs and
whether the pipeline project is large enough to
justify the cost of using over-the-ditch coating
equipment. The cost of over-the-ditch coating can
vary considerably with the type of coating being
used as some materials require more equipment
and larger crews than others. With some coating
materials, establishment of centrally-located
"railhead" field coating plants may be justified on
large Projects. In any event, the choice is best
based on a cost analysis for the particular type of
project being planned.

9.4.3 Coating selection criteria

In summing up this subject the following criteria
shall be used in selecting the coating system as a
minimum:

9.4.3.1 Resistance to deterioration when exposed
to corrosive media.

9.4.3.2 High dielectric resistance.

9.4.3.3 Resistance to moisture transfer and

penetration.
9.4.3.4 Applicable with a minimum of defects.

9.4.3.5 Resistant to bacteria, microbial growth and
vegetable roots.

9.4.3.6 Good adhesion to metallic surfaces.

9.4.3.7 Resistance to mechanical damage during
handling, storage, and installation.

9.4.3.8 Resistance to cathodic disbonding.
9.4.3.9 Ease of repair.

9.4.3.10 Retention of physical properties with time.

33

Db 0gd o bl a5 Glosle Wl Clus 4y i S 0L
LS Ay b Sl plices] olulr oKie 5 ey
ilge s BBt Sliens g By5,0 5 00l o

sl (5978 9750 by g S
ol g oS5 o i sl el g I eolil bl
R0 Jelse o)l golasl av (g0l Hlake 4y cual o
b a4y gyiws oolr a4z g b g alB)l5 e ol
oIl g (utls aialys 55 Jloule slaan e 45) 4y
Ol aigye a5 ol S5 (S ojlail 4y alg) laz 059,
aepp dmle 4y | JUB ) 4y be bg Jlesl
Ep b slabado JB job @ el e j0 idg Jles!
4 5l wlge Gl pan 5 oy e ead Upas iy
0 Glaby, 4 Cand 0k LS g i Ol
ashio ;o by ol ool caigs dlge 51 gam L oojls

Je 2 50 ail pdhasg S5 slaeyn slp col (Sen

Glosap g9 4z Judowi g a5 olusl ol Sl 0 e
il g plow] Cenl | a5

Olee b ) ps slajlae (i Gl gon gex o
8,8 s s Jslas

05,95 Lo b o ,55 i 4o pglie —Y_f_9

S S a5 bl 0 pslie s Y-F-F-4

asby Sgii g Jlil Jlie o pslie ¥-Y-F-4

s Jlo L 2l L6 F-Y-F -4

9 9w M, «5,iSL blhe o pglie O-Y-F-4
oLS LSL“‘V:“..)

(3 ob 4 o> (St F-Y-F-A

@bl G 0 (Sl el lie jo pslie V-¥-F-4
i g (50,5 4Ll

(S8 ol lax Jlie jo pglie A-Y-F-4

ol gt A-T-F-4

ooy b (Sod sleaS g (o9 Hlaub Yo-Y-F-1



IS

Mar. 2009/ \YAY woiwl

IPS-E-TP-270(1)

9.4.3.11 Conditions during
construction, and installation.

shipping, storage

9.4.3.12 State of the art in the application of
coatings.

9.4.3.13 The level of inspection and quality control
during coating application.

9.4.3.14 Cost and availability.

9.4.3.15 Service-proven experience.

9.4.3.16 Low water-absorption.

9.4.3.17 Compatibility with the type of cathodic
protection to be applied to the system in case of

submarine pipes.

9.4.3.18 Compatibility with the system operating
temperature.

9.4.3.19 Sufficient
detrimental cracking.

ductility to  minimize

9.4.3.20 Resistance to future deterioration in
submerged environment.

9.4.4 Field joint coatings

9.4.4.1 Coated pipe sections connected by welding
and/or mechanical coupling by means of valves or
other underground appurtenances will be considered
field joints. Coating of field joints must be equal to
or better than the coating on the pipeline and shall
be compatible with main coating.

9.4.4.2 Where materials requiring primer are used,
the primer may be hand applied in a uniform coat.
Curing or drying time must be in accordance with
manufacturer’s specification.

9.4.43 Coating materials must be applied
substantially free of voids, wrinkles, and air or gas
entrapment. This may require the use of materials
that will conform to the shape or irregular
appurtenances, such as valves. Petrolatum tape
coating (IPS-M-TP-317) shall be used for irregular
shapes such as bare valves and fittings when
applicable.

9.4.4.4 A new coating must overlap and adhere to
existing material. The overlap must be sufficient to
allow for shrinkage of both new and existing
coating (e.g. 10 cm on each side).
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9.4.4.5 When hand applied tape (IPS-M-TP-314 or
IPS-M-TP-313 as with which is compatible) is
selected for field joints it shall be used with 50
percent overlap on its own.

9.4.4.6 Field joints coating systems selected shall
be suitable for field application. It shall be fast and
easily applicable and shall not require special
attention for application and field storage.

9.4.4.7 Types of field joint coatings

With yard-applied coatings, the coating of many
field joints has to be carefully selected and applied
with sufficient overlap to ensure that the whole
length of the pipeline is correctly protected. For
the protection of the joint a variety of suitable joint
coverings is available. The recommend systems
are as in Table 3.

9.4.4.8 Below ground unburied valves shall be
coated with asphalt mastic (IPS-M-TP-105) to a
minimum thickness of 3.5 mm.

35

sl jlulinl @) cas b iy a5 by 6-F-F-4
JE il S0 b a5 IPS-M-TP-313 4 IPS-M-TP-314

ol B, o SYlail glp (0gh axzlie siiea
sl asly Sligeen do )0 B0 093 4 Cand Wb 0ed oo
b adhie o oYlasl s sle alobe Sl #-F-F-4
JB osle 5 b il el aihie ;o 121 sl
bl g 65 @ sl ol axg 4 LS 5 g eolin
sl ansles ddlie o 0,8

adlaio jo Jlail sl piigs £lail Y-F-F-4

gdise pll o5 abgome j3 a5 plagids b Glees
Sligen b g Obuil cds 4y Wb dalais o SVl ilgy
o 4 Ayl L5 ol JS o 1y (akan b 353 |2 il
iy (Jlasl ube glp cal oul cblas s
Glhe golpiing sbhalols o)ls 342y (£aiio 5 cuslio
Sdboe ¥ Jgor

3 S B Gne) gl (ol 3 85 ale s A-FF-4
oyailisl  Glae) (5,8
Oy yreadee VIO Cwlbs  J8la> L IPS-M-TP-105

e bowl wlais o8



IS

Mar. 2009/ \YAY woiwl

IPS-E-TP-270(1)

TABLE 3 - LIST OF PREFERRED MATERIALS FOR COATING WELDED JOINTS

s 55z VLl gy a2 3 Slga Cam b Y Jpir

POSSIBLE COMBINATIONS OF DIFFERENT

CHOICE OF COATING

TYPE | TYPES OF COATING EACH SIDE OF WELD — ey, L S
&y o O o oot fasl 31 - B eSS st Choice n oice
e Sib p2 50 by hlize Elgil I (Sew glo S s o) i oy
A Fusion bonded epoxy Fusion bonded epoxy Iiusion iondf:;p(l)xy Tﬁglﬁzn;g g}r:;:/nt
5 . - . 9"."““ cx3 e S e
(sGTeR Kguy LS‘“S?"l % EWFTeR Mo 6‘55“ 2% S‘ESCC IPSE-TP-%S)) * ng)_,, 9o L’;“SV‘ GL‘“
Two-component Two-component
liquid epoxy (if any) liquid epoxy (if any)
B Sz Sl ale e ) Gz 9 oSl mbe
(5929 & yg0,0) (5923 Two-component liquid
Two-component Epoxy . .
c Fusion bonded epoxy liquid epoxy (if any) S5 30 Sl pul I‘tIaaI;léi ;ﬁil?géaﬁzﬁzzd
. & 3) S 9o ol ole ' T 0
hyman Mg oS3l 1550 2925 s(:: ; Sle (IPS-M-TP-314)
>9 . .
First choice for types
Coal tar or bitumen enamel Two-component Two-component liquid ( F and H) P
D ol o liquid epoxy epoxy Lol 13
mEEre ‘-fr'}? 9 53 @tL" Overlap sealed with hand Gk & T e¥ )l 0 )8 o)
Wo-componen . . " r I
Coal tar or bitumen enamel liquid epoxy (if any) ?pplled laminated t?Pe S, lsbiwl a) Sligeon 100 L sws
E 5 oW o Sy ) S 90 Syl mle | BT 90 oIl mle Slisen (335 as> 50 [PS-M-TP-314
sy = vy a sl aY s RS | (s H G F gl Ol olsh
. Coal tarnor bitumen ?namel Coal tar“or bitumen ﬁjnamel 59 oo 5o o
ol b ks ol b ks (IPS-M-TP-314)
G Polyethylene plastic tape Fusion bonded epoxy
okl (b (Sedly g h97ed Ngm Syl ;09 . .
u Coal tar or bitumen enamel Polyethylene h?; ap%)fhe(;ihlammatted tape
. . } with self-adhesive tape over
3ol s okl b Heat shrinkable tape wrap P
Multi-component liquid g olal s . _ .
I Polye:hylene (if any) eSS ol s S bslzl o8 Gl Y g
okt b (3529 &y30 ) Gz Bz b IPS-M-TP-318 Slised Canzog>
i Polyethylene Polyethylene IPS-M-TP-314
ksl b okl b
Modified Bitumen Enamel | Modified Bitumen Enamel Polymer Modified Bitumen
K i - ! Membrane Tape
ond 2ol 3 ol oad ol 18 ol oad Mol (528 pordy (olid Iy
L Petrolatum Tape Petrolatum Tape Petrolatum Tape
s 4 s ECRURU ECRURU )
3 Ply Cold t/:gghed plastic | 3 Ply Cold tlzgghed plastic 3 Ply Cold Applied tape
M Al 5 Y ¥ s |l 0y aY ¥ g ‘i@gzéfza'g -
AWWA-C-214 AWWA-C-214
N Polyurethane Modified Polyurethane Modified polyurethane Liquid Epoxy Coating
Ou)ﬁ‘ gsl" ol C)L“ Ou)ﬁ‘ 61‘ s Cy"‘ Ouﬁ‘ g}‘ &L‘ G”S?l g
BS EN 10290 BS EN 10290 BS EN 10290 AWWA-C-210
Note: 3TIEL)
1) Bare or painted pipe or fittings shall be O 5l 8 b ] eais g oads S, YLl 5 dlg) ()

coated with hand applied tape (IPS-M-TP-313)
before the relevant butt joint coating is
applied)
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2) When the butt weld to be coated is on a
pipeline that will operate at less than 30%
SMYS (specified minimum yield strength) and
less than 20°C, the use of joint coatings other
than those detailed in this Table may be
considered.

3) Polyethylene is referred to both 2 and 3
layers polyethylene coatings.

4) The special heat shrinkable tape the multi
component liquid epoxy primer shall be used.
Materials specification shall be approved by
company and the field application of materials
shall be in accordance with manufacturer
instructions.

10. COATING APPLICATION

10.1 The external coating shall be applied
according to IPS-C-TP-274.

The procedure is normally to include:
- Handling and treatment of coating materials.
- Surface preparation.

- Temperatures, air humidity and time lags
between steps in the coating process.

- Testing methods, with reference to
IPS-C-TP-274.

- Acceptance criteria.

- Repair procedure following attachment of
cathodic protection cables, pad eye. etc.

- Handling, transport of coated pipes.
- Quality control and inspection.
- Coating repair.

- Reporting procedure.
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10.2 Status of Coating

The quality control reports shall include the
followings:

- Acceptance criteria according to the coating
specification.

- Surface preparation data.

- Temperature and humidity measurements.

- Number of coats and total dry film thickness.
- Adhesion data.

- Holiday detection.

- Information on the location of reinforcement
in the coating.

A preproduction test is to be carried out at the
coating yard in order to demonstrate that the
coating can be adequately applied under the
prevailing conditions.

10.3 Field Joint Coating

Field joint coating should be applied according to
an approved procedure of similar nature as
described in [PS-C-TP-274.

The field joint coating should be compatible with
the pipe coating. (See 9.4.4.1).

10.4 Repair & Rejection

Criteria for acceptance, repair and rejection of
coating before burial or submersion of pipe are to
be stated. Repair methods for damaged coating
under field conditions are described in
IPS C-TP-274.

10.5 Surface Preparation

The steel surface to be coated shall, at the time of
application of the coating, be dry and free from all
contaminants (such as previous coatings, paint,
loose dirt, grease, oil, salt, etc.) which could be
harmful to the surface preparation or to the
adhesion of the coating to the steel.

The surface of steel shall be prepared in
accordance with IPS-C-TP-101. The prepared
surface shall be Sa 2% to ISO 8501/1 for all the
coating systems specified in this Engineering
Standard.

Note:

Surface preparation for coating of field joints and
repair  shall be in  accordance  with
IPS-C-TP-274.
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11. DESCRIPTION OF COATING SYSTEMS
11.1 Bituminous and Coal Tar Coatings

11.1.1 General

11.1.1.1 Enamels are formulated from coal tar
pitches or petroleum asphalts hot applied (blown
bitumen) and have been widely used as protective
coatings for many years. Coal tar and asphalt
enamels are available in various grades. These
enamels are the corrosion coating, combined with
glass wool to obtain mechanical strength for
handling. These materials shall meet requirements
of relevant IPS-M-TP-290 and 295 Enamel
Coatings have been the workhorse coatings of the
industry and provide efficient long life corrosion
protection.

11.1.1.2 Bituminous coating systems may be used
within a service temperature range of -10 to 70°C
(see 11.1.1.8). When temperatures fall below 4°C,
precautions should be taken to prevent cracking
and disbonding during field installation. Enamels
are affected by ultraviolet rays and should be
protected by craft paper or whitewash (see
11.1.2.5.1). affected by
hydrocarbons. A barrier coat is recommended

Enamels also are

when contamination exists. This coating can be

used on all sizes of pipe.

11.1.1.3 Enamel coatings are low-cost coatings
whose protective properties depend on film
thickness.

11.1.1.4 Enamel coatings have good resistance to
dilute acids and alkalis, salt solutions and water,
but are not resistant to vegetable oils,
hydrocarbons and other solvents. They may
become brittle in cold weather and soften in hot
weather. Enamel coated articles shall not be
stacked (see also Table 4).

11.1.1.5 Enamel coatings are not suitable for
above ground structure and piping and shall only
be used for underground and subsea structures and
pipelines.
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11.1.1.6 The coatings may be applied in a coating
yard or over-the-ditch as appropriate by the job.
The designer shall specify the method of
application. Coating at a yard is likely to produce
the best results, assuming that proper control is
exercised and that subsequent transport, handling
and joint coating are carried out with care.

11.1.1.7 The cost of materials for hot-applied
coatings is usually relatively low, whereas the
cost of application is relatively high.

11.1.1.8 These coatings should in general not be
used for buried pipelines and structures if the
operating temperature is above 60°C, or above
70°C in case of subsea pipeline unless special
enamel coating is specified (see 11.1.4).

11.1.1.9 Recently modified bitumen enamel used
for buried pipes which is suitable for service
temperature of -30 to +90 "C. This specification is
based on the EN 10300.

11.1.1.10 Enamel coatings are widely used for
submarine pipelines alone or under the concrete
weight coating. (enamel coating thickness shall be
6 mm minimum).

enamel

11.1.1.11 Bituminous fiber

reinforced coatings shall be used for coating line

glass

pipes and networks buried in normal soil, except
when the soil is contaminated with hydrocarbons
or other solvents (see Table 4), or when the
temperature of the pipeline contents exceeds 50°C
when the pipeline is buried in consolidated fill.

11.1.1.12 Recently, coal tar enamel use for buried
pipes and structures has declined for the following
reasons:

- Reduced suppliers.
- Environmental and health hazard regulations.
- Increased acceptance of other coatings such

as extruded polyethylene and fusion bonded
epoxy coatings.

11.1.2 Description of bituminous
system

coating

The bituminous coating system consists of:
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11.1.2.1 A cold applied primer coat which shall be
selected in conjunction with the bitumen or coal
tar derived coating material with which it shall be
compatible. Coal tar primer (IPS-M-TP-280) or
bitumen primer (IPS-M-TP-285) shall be used
with coal tar enamel or bitumen enamel
respectively and is only suitable for site or yard
application. Fast-drying synthetic primer (IPS-M-
TP-275) can be used both with coat tar and
bitumen enamel and is suitable for site application
as well as for field or ditch application. The
primer shall apply at the thickness specified by
the manufacturer with reference to relevant IPS
standard for each primer.

11.1.2.2 One or more coats of bituminous coal tar
enamel (IPS-M-TP-290) or bitumen enamel (IPS-
M-TP-295) build up to form the thickness
required for the type of protection. (see
11.1.2.7.2)*.

11.1.2.3 One or more reinforcements of glass
fiber mat (IPS-M-TP-300) as inner wrap,
embedded in each protective layer.

11.1.2.4 One protective layer of coal tar or
bitumen saturated fiber glass mat (IPS-M-TP-305
or M-TP-306 with which it is compatible) as outer
wrap.

11.1.2.5 One solar protective layer, in case of coal
tar enamel, with following formula as white wash
to prevent excessive heating of the coating by
solar radiation:

11.1.2.5.1 White wash formula

All white wash to be used shall be mixed as
follows:

- Ingredients

White wash ingredients shall include 190 liters
water, 3.8 liters boiled linseed oil, 68 kg
processed quicklime, and 4.5 kg salt.

- Mixture

Add salt to water, then add quicklime and linseed
oil slowly and simultaneously, and mix
thoroughly, allow mixture to stand for not less
than three days before it is used.
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11.1.2.6 In certain special cases (for example,
nature of backfill, rocky area, environmental
temperature or working temperature (about
+50°C) an additional mechanical protections as
rockshield (IPS-M-TP-316 or IPS-M-TP-315)
under the concrete weight coating and concrete
slabs or rockshield may be specified by the
designer with reference to the job requirements.

11.1.2.7 Type of coating system
Two types of coating system are generally
specified for Bituminous coating as follows:

* For each 4 mm enamel thickness only one layer
of inner wrap shall be specified.
11.1.2.7.1 Single coat system consists of:

- One coat of primer.

- One coat of Bituminous enamel.

- One wrap of glass fiber inner wrap.

- One wrap of glass fiber outer wrap.

11.1.2.7.2 Double coat system consists of:
- One coat of primer.
- One coat of Bituminous enamel.
- One wrap of glass fiber inner wrap.
- One coat of Bituminous enamel.
- One wrap of glass fiber outer wrap.
11.1.2.8 Single coat system usually used for field

(over-the-ditch) coating application and double
coat system for yard application.

11.1.3 Characteristic of coal tar and bitumen
enamels

11.1.3.1 Table 4 gives a comparison of Bitumen
Enamel (Asphalt) characteristics with coal tar
Enamel.
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TABLE 4 - COMPARISON OF BITUMEN ENAMEL (ASPHALT)
CHARACTERISTICS WITH COAL TAR ENAMEL

Ol A3 ol b (Cdlaw) 18 Ol GlenS519 dunlio -F Jguo

Bitumen Enamel Coal Tar Enamel Use Of Resistant
(Hot f&pi’lied) (Hf)‘t ):spzllijd) Coatings
(f:':{:;) ‘-(’b—?‘ o) polio sl iy 3 ooliiul
Poor e Poor Ao Temperature resistance Syl plp )8 Caglie
Fair o s Fair g b Abrasion resistance Uinle plp 50 Cuaglie
Poor Cns Good e Bacteria & fungus ksl 5 oS pln o Ceglie
resistance
Good 9> Good <5 Chemical resistance cobeands Slge ply 30 Ceoglie
Poor G Fair e L.wu Hardness s
NR polie e NR polie ye Acid-oxidizing 0aisS dnS T ol
Good s Good 9> Nonoxidizing ERVELERVEI J (v
NR polie é NR polie yé Organic el
Good e Good <> Alkali it
NR polie s NR palie nd Salts: Oxidizing [FRVELRRVOW Y S ON
Sea water OK sl Ly ol | Seawater OK s5lody by o Nonoxidizing o 00sS apnST e
NR polie e NR polie pé Solvent: Aliphatic (> Pl
NR polie e NR palie nd Aromatic Soil> -
NR polie yf NR polie né Oxygenated A5enST -
Good s Excellent S water: ol
Fair N C: Low ] Moisture permeability Cagb, 3445
NR polie ps Good w Petroleum products i Olatiee
Good s Good > Flexibility 2y Slasil
Poor G Good s Root penetration aly) Sed
Excellent S Excellent S Soil resistance S gl 0 Cwglie
Good 9> NR polie pé Weather & UV light resistant _zaul,3 65 5 ¢ lop ply 45 Ceaglite
- - szal o ok ol Principal hazard-application SplS Sk sl
mes

NR =NOT RESISTANT

11.1.3.2 The hardness of the coal tar is better than
asphalt enamel, but weather- ability of the asphalt
is better than the coal tar, however, proper asphalt
enamel can be used for underground waterlines
and gas pipelines, but coal tar for oil processing
areas and oil and gas pipelines.
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11.1.3.3 Despite of bitumen, coal tar enamel due to
poly- nuclear carcinogen hydrocarbon compound
is toxic to vegetable and sea animals therefore, it is
good coating for pipelines in seabed and forest
environment and wooden right of way.

11.1.4 Temperature limitation (the application
and service temperatures)

11.1.4.1 Application temperature

For application of enamel coatings by flooding or
other means, the temperature of the coating
material shall be such that the viscosity is
controlled to give the thickness of coating
required, and not so high as to cause excessive
fuming. No grade of material should be heated
above the maximum application temperature given
in Table 5.

11.1.4.2 Service temperature

In general, materials of higher softening point or
lower penetration are intended for use under
higher temperature conditions coal tar service
(operating) temperature requirements are achieved
by modifying the combined materials with various
plasticizers. Grade 105/15 or bitumen grade a at
normal and lower than normal ambient
temperatures in temperature climates. Coal tar
grade 105/8 and bitumen grade b are suitable at
ambient temperatures in both low temperate and
hotter climates coal tar grade 120/5 shall be
designed for use at elevated service temperatures
up to 70°C, or up to 115°C in the case of off-shore
pipelines when an additional concrete anti-
buoyancy coating material is used. Under these
conditions a degree of hardening will occur early
in use. The manufacturer of the product should be
consulted as to its suitability under particular
conditions.
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TABLE 5 - APPLICATION TEMPERATURE
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Grade Of Coating Material Maximum Application Service
gy Olgo (gudy 4z yo Temperature Temperature
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ol 3
To IPS-M-TP-290 To IPS-M-TP-295 R °C
355 axnlyo o il & 35 axrlyo 5 il &y c 35 See Note (1)
o Ll ax 50 YO
105/15 a 250 60
105/8 250 60 See Note (2)
120/5 c 260 o Kbl a0 £+
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Notes:

1) For service temperature-higher and lower
than normal (0-35°C) only synthetic primer
(IPS-M-TP-275) shall be used.

2) Bitumen enamel grade C can be used for
service temperature zero to 60°C and coal tar
enamel grade 120/5 can be used for service
temperature zero up to 70°C for buried
structures or up to 115°C in the case of off-
shore pipelines when an additional concrete
weigh coating is used.

11.1.5 Application and inspection procedure

11.1.5.1 Surface preparation shall be blast cleaned
to ISO 8501/1 grade Sa 2'2 near white metal
proceeds by removal of surface contamination.
The surface preparation shall be in accordance
with [PS-C-TP-101.

11.1.5.2 The prepared surface shall be primed with
appropriate primer (for field coating application
only synthetic primers shall be used). The primer
shall be applied at the rate recommended by the
manufacturer, with reference to relevant IPS
standard for specified primer, and shall be subject
to his recommended maximum and minimum
rates. It shall be allowed to dry to a uniform film
free from bubbles and discontinuities.

11.1.5.3 The primed surface shall be enamel coated
only within the time limits recommended by the
manufacturer and shall be free from dust, moisture
and other contaminants before flood coating.

11.1.5.4 The flood coating of enamel shall be
applied in an approved machine, also equipped for
spiral wrapping of the inner and outer wrap.

11.1.5.5 The first flood coat of enamel shall have
the inner wrap pulled in so that it does not touch
the surface of the steel pipe and is embedded in the
middle 50% of the enamel thickness; the second
flood coat shall have the outer wrap pulled on and
securely bonded, without wrinkles, to the enamel.
The two flood coats may be combined if approved
by the Company. Each wrap shall overlap by not
less than 25 mm (1 inch).
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11.1.5.6 The enamel shall be applied at a
temperature not exceeding that specified in 11.1.4.
It shall be melted in a boiler fitted with mechanical
agitators and shall be continuously stirred. All
other aspects of enamel handling, melting and
application shall be as specified in IPS-C-TP-274.

11.1.5.7 The coating shall terminate 250 mm (10
inch) or cut back 100 mm up to size DN 500 mm
and 150 mm for sizes over DN 500 mm from each
end of each length of pipe and be neatly trimmed
to a 45° bevel.

11.1.5.8 The finished thickness of the coating shall
average 5 mm (3/16 inch) with a minimum of 4
mm (5/32 inch) and a maximum of 6 mm (% inch).
The minimum thickness over seam or spiral welds
may be relaxed to 3 mm (1/8 inch) provided that
the coating  satisfies  holiday  detection
requirements.

11.1.5.9 After inspection and repair of defects, the
coating shall be covered with weather-resistant
whitewash (11.1.2.5.1) or similar approved solar
protection coating if the coating is applied at site.

11.1.5.10 Coated pipe shall be suitably marked to
identify the grade of enamel employed.

11.1.5.11 For either field or yard application of
coating the procedures outlined in 11.4.4 shall be
followed.

11.1.5.12 Inspection shall include the following
points (see also [PS-C-TP-274):

a) Monitoring the particle size, cleanliness and
mix of the blast cleaning media.

b) Visual checks in good light, after blast
cleaning, of the pipe surface for steel defects
and occluded grit.

¢) Control of temperature and freedom from
moisture of the pipe surface before priming and
before flood coating.

d) The enamel
temperatures.

melting and application
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e) The location of the inner wrap in the
thickness of the enamel.

f) The adhesion of the coating to the pipe and to
the outer wrap.

g) Overall holiday detection, including testing
of repairs, as required in [PS-C-TP-274.

h) The adhesion or bond test shall be as
required in IPS-C-TP-274.
11.1.6 Handling and stacking

11.1.6.1 All coated pipe shall be handled and
transported according to IPS-C-TP-274. The
contractor shall ensure that pipe is not handled
under unsuitable temperature conditions.

11.1.6.2 Stacking of coated pipe shall be limited to
such a height that neither flattening nor indentation
of the coating occurs (see IPS-C-TP-274).

11.1.7 Field repair, joints and fittings

- Field coating repair and coating of joints,
fittings and specials sections shall be performed
by using hand applied laminated tape IPS-M-
TP-314 and it’s primer [PS-M-TP-323. The
tape shall be wrapped with 50% overlap.

- For irregular shapes such as valves and
fittings which are buried petrolatum tape
(IPS-M-TP-317) shall be used.

For below ground unburied valves shall be coated
with asphalt mastic (IPS-M-TP-105) to a minimum
thickness of 3.5 mm.

11.1.8 Standard coating materials
The standard coating materials used shall be as
follows:
11.1.8.1 Primer
- Synthetic primer [PS-M-TP-275.
- Bitumen primer IPS-M-TP-285.
- Coal tar primer [PS-M-TP-280.

11.1.8.2 Enamel
- Hot-applied bitumen enamel [PS-M-TP-295.
- Hot-applied coal tar enamel [PS-M-TP-290.
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11.1.8.3 Inner wrap [PS-M-TP-300
11.1.8.4 Outer wrap [PS-M-TP-305
11.1.8.5 Rock shield IPS-M-TP-316

11.1.8.6 Hand applied tape coating:
- Hand applied plastic tape IPS-M-TP-314.

- Primer IPS-M-TP-323.

11.1.9 Cathodic protection characteristics

11.1.9.1 Bituminous coatings have good electrical
resistance and need rather low cathodic protection
current (see Table 1). Recommend design current
density for 15-30 years service life is 200 micro
amperes per square meter of external pipe surface.

11.1.9.2 These coatings are more resistance to
cathodic disbonding than other coatings.

11.1.9.3 Recommended "off" potential limits for
underground coating (to Cu/CuSO, half-cell) is
-2 volts.

11.2  Three Layer Polyethylene and

Polypropylene (PE/PP) Coatings
11.2.1 General

11.2.1.1 There are two systems available for
coating of line pipes. One is an extruded
polyethylene or Polypropylene sleeve, shrunk over
a primed pipe by cross head extruded method. The
other is a dual extrusion (side extrusion method)
where a butyl adhesive (soft primer) or
polyethylene copolymer (hard primer) is extruded
onto the blast-cleaned pipe followed by multiple
fused layers of polyethylene or Polypropylene.
The Ilater utilizes multiple extruders in a
proprietary method, which obtains maximum bond
with minimum stress.

11.2.1.2 In both methods the pipe shall be
uniformly heated in accordance with the
manufactures Specified temperature limits but
shall not exceed 270°C.
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11.2.1.3 The sleeve type is available on 130 mm
through 610 mm (5 inch through 24 inch) pipe,
while the dual extrusion is presently available on
63.5 mm through 260 mm (2% inch through 10.3
inch) pipe. The accepted standard to which pipe is
coated with these types of polyethylene coatings is
DIN 30670.

11.2.14  Coatings  system
(amendments IPS-G-TP-335).

qualification.

- Each coating system shall be qualified by the
applicator to meet the requirements of table 5.

- The applicator shall apply coating materials
qualified in accordance with the requirements
of 1.2. (table 5 and item 1.2 referece to the
above amendments)

11.2.2 Characteristic of polyethylene and
polypropylene coatings

11.2.2.1 Polyethylene and Polypropylene coatings
are durable and their penetration and impact
resistance are better than the resistance of hot
applied (asphalt or coal tar enamel) coatings are
therefore less prone to mechanical damage during
transport, handling, storage and laying. They also
exhibit a high electrical resistance which allows of
low cathodic protection current requirements
throughout long years of service (see_Table 1).

11.2.2.2 Pigmenting the material with carbon
black has eliminated earlier ultra-violet
degradation problems resulting from long
exposure to sunlight.

11.2.2.3 The coating classes shall be capable of
withstanding the service temperature range
required As shown in table 6.
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11.2.2.4 Polyethylene and Polypropylene coatings
are not recommended for pipelines operating
above 80°C and 110°C respectively.

11.2.2.5 Polyethylene and polypropylene coatings
have a field’s good bend ability (1.9° per pipe
diameter length at -40°C).*

* Pipe diameter length: any length along the pipe
access equal to the specified outside diameter of
the pipe.

11.2.2.6 Swelling may occur in hydrocarbon
environments.

11.2.2.7 These coatings are applied only in the
shop or factory at a thickness which depends on
nominal pipe diameter as specified in tables 4 and
7 Amendment.
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TABLE 7- MINIMUM TOTAL COATING THICKNESS
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11.2.3  Application procedure  Specification ) Slislojl 5 Jloel sloy, 121 (28 Jallygiss ¥=Y-1)

application methods and tests (see IPS-G-TP-335,
Amendments, Attachment No.3 Item 1.2 ,2 and 4)

11.2.4 Handling and stacking

All coated pipes shall be handled and stored at
coating factory in accordance with IPS-G-TP-335
and handled, transported and stored for installation
according to IPS-C-TP-274 and IPS-G-TP-335.
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11.2.5 Field joints and specials

11.2.5.1 Field joints and specials shall be coated
either by polyethylene shrink tape or sleeve
(IPS-M-TP-318) with own epoxy primer according
to the vendor specification or cold applied tape
(IPS-M-TP-313) to be applied with 50% overlap
over it’s primer (IPS-M-TP-322).

11.2.5.2 Polyethylene shrink tapes and sleeves
have the advantages and disadvantages over
conventional cold-applied tape. Their advantages
are self-tensioning, and resistant to direct sunlight.
Their disadvantages are:

- They require a source of heat (a flame torch)
for application which is major disadvantage.

- Field construction crews must be skilled to
apply the heat shrink tape and sleeve properly.

- Their application is slow and time consuming.

- They are more expensive.

11.2.5.3 For irregular shapes such as valves and
fittings which are buried petrolatum tape
(IPS-M-TP-317) shall be used.

11.2.6 Cathodic protection characteristic

11.2.6.1 Due to high electrical resistance the
coatings need low cathodic protection current
throughout long years of service.

11.2.6.2 Recommended design current density for
15-30 years service life is 10 micro amperes per
square meter of external pipe surface.

11.2.6.3 Recommended "off"-potential limits for
underground coatings (to Cu/CuSO, half-cell) is -
1.1 Volt.

11.3 Fusion Bonded Epoxy Coating (FBE)
11.3.1 General

11.3.1.1 This coating is a thin-film coating and can
be applied on various type of diameter pipes.

11.3.1.2 The fusion-bonded powder epoxy coating
has good mechanical and physical properties and
may be used above or below ground. On above-
ground installations, to eliminate chalking and to
maximize service life, topcoat with a urethane
paint system. Of all the pipe coating systems the
fusion-bonded epoxy resin system is the most
resistant to hydrocarbons, acids, and alkalis.
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11.3.1.3 The number of holidays that occur is a
function of the surface condition and thickness of
the coating increasing the thickness of the applied
coating will minimize the holidays.

11.3.1.4 This coating is widely used for land-based
pipelines operating at elevated temperatures.

11.3.2 Characteristic of coating

11.3.2.1 Despite its low film thickness (500-760
pum) the fusion-bonded epoxy coating displays
many desirable characteristics or properties not
fully found in any of the traditional pipe coating
systems. For example, this system is tough, has
great flexibility and provides good adhesion to the
steel pipe along with extremely good chemical
resistance.

11.3.2.2 In view of its high dielectric strength,
very small quantities of current for complete
cathodic protection are required (see 11.3.7.2).

11.3.2.3 An extra benefit from epoxy pipe coating
not easily achieved with other coating systems is
the ability to withstand a relatively high
temperature of approximately 100°C for an
extended length of time without damage, provided
the environment is dry. Some epoxy thin-film
systems can even withstand wet environments at
this elevated temperature.

It is current group practice to specify this type of
coating for land-based pipelines operating at
temperatures 65°C.

11.3.2.4 A short coming of the coating system is
its increased sensitivity to sharp impact damage,
which  requires careful attention during
transportation, field handling and pipe laying.
Fortunately, impact damage does not normally
cause disbonding outside of the damage area and
can be readily repaired by hot-melt or with liquid
epoxy resins.

11.3.2.5 Experience has shown that proper surface
preparation prior to the application of the epoxy
resin powder is of extreme importance with this
coating. To obtain a satisfactory coating it is
furthermore absolutely necessary that good quality
control during the application process is strictly
adhered to.
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11.3.2.6 Fusion bonded epoxy coating should only
be ordered against detailed specifications covering
both the epoxy resin materials and their
application.

11.3.2.7 Fusion bonded epoxy coating shall be in
accordance with NACE RP 0394, 0402.

11.3.2.8 The coating shall be applied with in
temperature range (65°C to 95°C) to a minimum
thickness of 500 microns and a maximum of 760
microns. Coating applied outside these limits shall
be rejected and reprocessed.

11.3.2.9 For other characteristics of this coating
system see 9.2.3.

11.3.3 Application and inspection procedure

11.3.3.1 The coating is plant-applied by applying
epoxy resin powder by means of multiple
electrostatics guns on to a blast cleaned (ISO
8501-1 grade to Sa 2'). The preheated pipe shall
be in accordance with the coating manufactures
recommendations (Approximately 220-240°C) but
not exceed 260 °C.

11.3.3.2 The pipe surface shall be free from
protective oil, lacquer or mill primer. The pipe
surface shall also be as free as possible from scab,
silvers, laminations and similar defects.

11.3.3.3 The pipe surface shall be blast cleaned.
The cleaning media shall be selected to achieve a
surface profile of 40-80 microns. The appropriate
blend of shot and grit to achieve this profile is
necessary. The surface preparation shall be in
accordance with [PS-C-TP-101.

11.3.3.4 The application and inspection procedure
shall be according to [PS-C-TP-274.

11.3.4 Coating materials

The powder epoxy used shall be in accordance
with NACE RP 0394.

11.3.5 Handling and stacking

11.3.5.1 All coated pipes shall be handled and
stored of coating factory in accordance with IPS-
C-TP-274 and NACE RP 0185.
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11.3.5.2 A short coming of the coating system is
its increased sensitivity to sharp impact damage,
which  requires careful attention during
transportation , field handling and pipe laying.

11.3.5.3 Transportation, field handling and storing
for installation shall be in accordance with
IPS-C-TP-274 , NACE RP 0185.

11.3.6 Field joints and fittings

11.3.6.1 Pipe joints and fittings shall be coated by
hot-melt or with liquid epoxy resins. The materials
shall be in accordance with AWWA C213.

11.3.6.2 Field joint coating and repair shall be in
accordance with IPS-C-TP-274.

11.3.7 Cathodic protection characteristics

11.3.7.1 Due to high electrical resistance the
coating needs rather low cathodic protection
current throughout long years of service.

11.3.7.2 Recommended design current density for
15-30 years service life is 50 pA/m? of external
pipe surface.

11.3.7.3 Recommended "off"-potential limits for
underground coating (to Cu/CuSO, half-cell) is
-1.1 Volts.

11.4 Plastic Tape Coating System
11.4.1 General

11.4.1.1 Cold-applied plastic tape coating system
are applied as a three-layer system consisting of
primer liquid adhesive, corrosion preventive tape
(inner layer) and a mechanical protective tape
(outer layer). This system is recommended for
maximum service of potable water temperatures.
The coating systems will perform at higher
temperatures which are not covered in this
Standard. The manufacturer should be consulted
for recommendations suitable to the purchasers
needs.

11.4.1.2 The primer’s function is to provide a
bonding medium between the pipe surface and the
adhesive or sealant on the inner layer. For standard
specification of primer see IPS-M-TP-321-322
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11.4.1.3 The inner layer tape consists of a plastic
backing and adhesive. This layer protect against
corrosion, so it has to provide a high electrical
resistivity and low moisture absorption and
permeability, along with an effective bond to the
primed steel. For standard specification see
IPS-M-TP-310-313.

11.4.1.4 The outer layer tape consists of a plastic
film and an adhesive of the same types of
materials used in the inner layer tape.

The purpose of the outer layer tape is to provide
mechanical protection to the inner layer tape, and
also to be resistant to the elements during outdoor
storage. For standard specification see IPS-M-TP-
311.

11.4.2 Characteristic of coating system

11.4.2.1 Three-layer coating system is applied for
normal construction conditions. This coating
system is applied cold to a prepared pipe surface.

11.4.2.2 The coating can be applied by hand to
small diameter pipes and small pipe sections, but it
shall normally be applied by machine.

11.4.2.3 The coating can be easily applied in field.

11.4.2.4 The coating is suitable for operation
temperature from -20 to 60 °C

11.4.2.5 For other characteristic of the coating
systems see 9.2.4.

11.4.3 Description of coating system

The coating system consists of:

11.4.3.1 One primer coat which shall be properly

applied. The material specification shall be in
accordance with [PS-M-TP-321-322.

11.4.3.2 One protective layer (inner wrap) which
shall be applied to the primed steel pipe. Material
specification shall be in accordance with IPS-M-

TP-310,313

55

5 Sl v Sty S Jeld (s Yl F)-F-N
AL aS el ([ So)55 Ldloe Y pl allos odiwns oole
oS S pdpdsi g Cushy Gz Vb (S S0 Caglie sl
4 Al ally 1) ol (gl 0Ye8 L ge Wgw b ool pen

S dazl 0 [IPS-M-TP-310-313 4 o laskea!

oole g (Seids ol G ol > 15 Y Sl F-1-F-1)
Ahls (Ao Y o aid) IS olge aslice cdiens

Y g gl SOl cblas sbol ()l 4 5l Gas
P o ()5 blse pln jo Caglie Grizen 5 (IS
Ol Slesgas 3l oMbl (gl ail oo absoe jo (5l
84 axxlpe IPS-M-TP-311 o, lasbiwl 4 Y

gy dilolw wlasin Y-F-1

wole el ylyl gl Y aw b wlele 1-Y-F-1)
dy) whaw 59, » e Ablo nl Jlsl 39, (0 5 @
il oo 12l 8 s 0 oole

L olisn |y SrsS gblia 5 o 8 L slady) Y-Y-F-)
Otle Lawgi Wb gy Jgene jsb 4 Lol ols gy s
R Y

plgl Cags @ ddlate o mde pl szl F-Y-F-1
St

Jolles Olm azye Gl b ol F-Y-F-)
ol clie o Kl a0 £+ B -V -

o oa by wble ol Fhe 0 lp 8-Y-F-1)
g dxxl o F-Y-14

gy dilolw g i ¥-F-1)

el 5000 Jolis gy ailolus

Jhsl o job a4 Wb (gl by SO V-F-F-1)
oylaibinl  Bille Wb ool 8 Slakie  ogd
oL IPS-M-TP-321-322

dg 69y Wb (A3l 4Y) bilxe 4Y S Y-Y-F-))

Gillo Wl oole 28 Olaseine 0,5 18 soVs8 ous &Sy
5L [IPS-M-TP-310-313 »,luibesl




IS

Mar. 2009/ \YAY woiwl

IPS-E-TP-270(1)

11.4.3.3 One mechanical protective layer (outer
wrap) to be applied over protective layer. Material
specification shall be in accordance with IPS-M-
TP-311. The spiral overlap of each layer shall be
one inch (See_Table &)
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TABLE 8: THE MINIMUM OVERLAP OF COATINGS ON PIPES AND PIPEJOINTS
OYlail g balg) g9, b idgr Slibgmod JSlos A Jgus

No Type of coating tapes

Lyl g9) ligs oo
Overlap on pipes

Overlap at joints

K3 Sy slgmby £9

On itself
W09 (59

On main coating

e wYlail jo Sligeon
YL S9)

Cold applied plastic
1 Sl s Dy 1
AWWA C214

3" 50%

Bituminous coating

2 s 5 %
BS EN 10300

* 50%

Fusion bonded epoxy

3 hgmed digey (oS 3] 2
NACE RP 0402

Petrolatum

Polyurethane

5 OB 9l sk *
AWWA C222

* RECOMMENDED BY MANUFACTURES

11.4.4 Application and inspection procedure
11.4.4.1 Surface preparation

Prior to application of primer the pipe shall be
prepared to Sa 2%, according to ISO8501/1 by
blast cleaning. Surface preparation shall be in
accordance with IPS-C-TP-101.

11.4.4.2 Field application of coating

In this procedure the pipe is welded together
beside the canal then the surface preparation,
priming and wrapping is performed continuously
over the ditch. The coating is inspected
simultaneously and the approved coated pipeline
will be buried.

11.4.4.3 Yard and field application of coating

In this procedure the pipes are surface cleaned and
primed at yard. The primed pipes are transported
to the field, jointed, cleaned from contaminations,
reprimed wrapped, inspected and buried as in
11.4.42. The application and inspection
procedures of coating shall be in accordance with
IPS-C-TP-274.
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11.4.4.4 Field repair and fittings

Field coating repairs and coating of fittings and
special sections shall be performed using hand
applied laminated tape IPS-M-TP-313 and its
primer [PS-M-TP-322. The tape shall be wrapped
with 50% overlap.

11.4.5 Chathodic protection characteristics

11.4.5.1 Due to good electrical resistance the
coating needs rather low cathodic protection
current (see Table 1).

Recommended design current density for 15-30
years service life is 200 micro amperes per square
meter of external pipe surface.

11.4.5.2 Although plastic tape coatings have
certain advantages and are relatively easy to apply,
many problems have arisen with this system in
practice. One major drawback of tapes is their
sensitivity to disbonding, particularly at the
overlaps. as a result of which cathodic protection
currents are easily shielded, rendering the cathodic
protection system ineffective so that corrosion can
proceed unabated. As a consequence, the use of
tape coatings shall be limited to the special cases
where other coatings can not be selected for the
reason(s) stated in (11.4.1.1).

11.4.5.3 Recommended "off "-potential limits for
underground coating (to Cu/CuSO, half-cell) is
/1.1 Volts.

11.5 Polyurethane Coating Systems Solvent

Free

11.5.1 General

Polyurethane coating is recommended for shop-
and close - applied and used for onshore and
offshore structures, buried and submerged steel
welded
connections and fittings. The coating system shall

pipelines.  Special section, joints,
consist of thermoset, aromatic polyurethane plastic
polymer that is the reaction product of biphenyl —
methane diisocyanate (MDI) resin and polyol resin
as polyamine resin as a mixture of polyol and
polyamine resins. Typically, these systems are
solvent free. Unless recommended by the product

manufacturer.

11.5.2 Characteristic of polyurethane (See 9.2.5)
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11.5.3 Application and inspection procedure (see
BS EN 10290 )

11.5.3.1 Coatings shall be applied according to the
coating manufacturer’s instruction to the required
thickness. Surface profile 50-100 pm. (See
AWWA — C —222 and BS EN 10290)

11.5.3.2 Prior to abrasive blast cleaning surface to
be coated shall be inspected and , if required,
cleared in accordance to SSPC-SP-1 to remove
any oil, grease, or other soluble contaminants. For
coated inspection requirements following points
shall be considered.

- Cure , test (manufacturer’s recommendation)
- Coating appearance (visual)

- Dry film thickness ( SSPC-PA 2)

- Electrical continuity (NACE RP — 0188 )*

- V- cut Adhesion

- Pull-off adhesion (ASTM D 4541)*

* Tests marked to be performed at the option of
the purchaser.

11.5.3.3 Handling and stacking

All coated pipe shall be packed, handled and
stored in a manner that will minimize damage.
(See AWWA- C-222)

11.5.3.4 Field repair, joints and fittings

Pipe joints and Fitting shall be coated by joint
material as approved by manufacturer. Areas that
are less than the specified minimum dry film
thickness shall be recoated as specified by
(AWWA - C -222).

11.6 Petrolatum or Wax Coating System
11.6.1 General

Wax and component wrappers and wax-tape
covers hot-and cold-applied coating systems for
the protection of underground pipe, fittings , and
valves. It outlines material requirement for hot-
applied waxes, cold-applied waxes, component
wrappers, and wax tapes as well as proper methods
of surface preparation, coating application, and
handling of the coated pipe.
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11.6.2 Characteristic of coating system

11.6.2.1 Hot applied wax coating systems consist
of microcrystalline wax and component wrappers
with specific characteristics in accordance with
standard NACE RP 0375.

11.6.2.2 Cold applied wax coating consist of wax
coating that is hand applied to the surface with and
without primer and over wrapped with a
component wrapper , characteristics are in
accordance standards IPS-M-TP-317, AWWA-C-
217 And NACE RP 0375.

11.6.2.3 Application and inspection procedure.
11.6.2.3.1 Traveling machine application

a) One coat of hot-applied wax coating

b) One wrap of component wrapper: and

¢)One wrap of suitable outer wrap (if specified)

11.6.2.3.2 Hand application
a) One coat of hot-applied wax coating
b) One wrap of component wrapper: and
¢) An additional over coat of hot-applied wax

(if specified)

11.6.2.3.3 Surface shall be cleaned for hot and
cold applied in accordance SSPC ( SP-1& SP-2
RESPECTIVELY)

11.6.2.3.4 Handling and Stacking (See NACE RP
0375)

11.6.2.3.5 Inspection and Repair (See NACE RP
0375)

11.6.2.3.6 Cathodic protection

If required, cathodic protection shall be installed in
accordance with NACE standard RP 0169.
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11.7 Concrete
11.7.1 General

11.7.1.1 Mortar lining and coating has the longest
history of protecting steel or wrought iron coating
and cast iron from corrosion. When steel is
encased in concrete, a protective iron oxide film
forms. As long as the alkalinity is maintained and
the concrete is impermeable to chlorides and
oxygen, corrosion protection is obtained. See IPS-
C-TP-274 and/or AWWA C205 for a detailed
reference on concrete coatings.

11.7.1.2 Today, concrete as corrosion coating is
limited to internal lining (see IPS-E-TP-350). The
external application is applied over a corrosion
coating for armor protection and negative
buoyancy in marine environments. It has proved
that a continuous reinforced concrete coating is the
most effectively controlled method.

11.7.1.3 Materials including water, sand, and/or
heavy aggregate and cement are mixed in the
application plant. The materials are conveyed by
belt to the throwing heads where controlled-speed
belt/brushes throw the mixture on-to the coated
pipe surface. The rotating pipe is moved past the
throwing heads to receive the specified thickness
of concrete. Simultaneously, the galvanized wire
reinforcement is applied with an overlap. To
increase tensile strength and to improve impact
resistance, additional layers of wire of steel fibers
may be specified. Welded wire cages are another
alternate  method of reinforcement. Other
application methods include forming or molding of
concrete in place or applying it to the pipe by
means of a plastic film.

11.7.2 Concrete weight coatings

11.7.2.1 Concrete weight coatings are normally
applied to offshore pipelines, river crossings and
marsh lines to maintain the lateral and vertical
stability of the pipeline. The amount of concrete is
determined by the calculated required submerged
weight of the pipeline, also called negative
buoyancy.

11.7.2.2 Most frequently the concrete is applied by
the impingement method over an anti-corrosion
coating of asphalt or coal-tar enamel. This design
has demonstrated good short and long-term
characteristics. Combined with properly selected
tensioners on a lay barge this design has also been
successfully installed offshore in many areas.
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11.7.2.3 There must not be any electrical contact
between the pipe and the reinforcement, as this
may make subsequent cathodic protection of the
pipe difficult or even impossible.

11.7.2.4 Application methods for concrete coatings
other than by impingement are being developed to
resolve problems resulting from weight coating
application over FBE anticorrosion coating.
Current experience with these applications is
limited.

12. COATING OF SUBSEA PIPELINES

12.1 Subsea pipelines are defined as those lines
which are laid in or on the seabed. It covers
requirements for coating against corrosion the
external surfaces of pipelines that are welded and
joint coated on a lay barge, followed by pipe
laying over the stringer.

It also covers pipelines laid by reel barge or by
pulling into the sea or across creeks, estuaries,
rivers or canals.

12.2 The coatings that may be used on subsea
pipelines are specified in Section 11.0. All
coatings on such subsea pipelines shall be
compatible with concrete or bituminous weight
coating and with normal levels of cathodic
protection, with the protective potential no more
negative than minus 1.30 Volts measured against a
silver/silver chloride half cell.

12.3 For weight coating see 12.5.

12.4 Hot-applied coal tar enamel glass fiber
reinforced (see 11.1) shall be used for coating
subsea pipelines which may or may not be weight
coated. It shall not be used when:

a) The temperature of the pipeline contents
exceeds 70°C (160°F) (see 12.5).

b) The pipeline is to be laid from a reel (see
12.5).

¢) The pipeline is to be laid by pulling or
placing and is not to be concrete weight coated.
See 13.6.
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12.5 Epoxy powder coating shall be used when
one or both of the following conditions apply:

a) The temperature of the pipeline contents is
too high for coal tar enamel but does not
exceed 95°C (200°F).

This includes pipeline risers.

b) The pipeline is to be laid from a reel.

12.6 Pipelines which are laid by pulling or placing
and are not concrete weight coated (this includes
prefabricated spool pieces), shall be coated with
epoxy powder.

12.7 Plastic tape coating shall not be used for
subsea pipelines.

12.8 When designing coating for subsea pipelines
the following important factors shall be
considered:

12.8.1 Concrete slippage

For submarine applications some coatings, e.g.
fusion bonded epoxy, polyethylene, polypropylene
will normally need an intermediate coating to
provide
between concrete and coating during pipe laying.

increased friction to avoid slippage

For lay barges with a single tensioner, precautions
may be needed to avoid breakage and slippage of
the concrete at the ends of the pipe. This might be
achieved with temporary infill blocks or could
involve stronger longitudinal reinforcing wire.
(Any dimensional irregularities at the end of the
coating, e.g. "bell ends", will exacerbate this
problem.) The exposed end portion of anti-
corrosion coating may become too short or even
disappear if slippage does occur.

12.8.2 Anti-corrosion coating damage

An intermediate "barrier" layer may be needed to
prevent damage from the concrete impingement
process.

12.8.3 Choice of anti-corrosion coating

There are normally many factors involved in the
choice of coating for a particular pipeline. The
above two potential problem areas may need to be
taken into account in this choice.
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12.8.4 Pipe dimensions and stiffness gl olul g (S5 F-A-IY
Pipes with large diameter/wall thickness (D/t) s (DY) ol o)lyes Cualind @ e Cus b Laaly)
ratios have a tendency to become oval when Sl 8o g iyl o cam 4 hled wisd o I35 L & >

loaded externally and may also buckle at the field
joint area when the concrete coated pipes are
installed. Large concrete thicknesses can be the Sl g ol Lan Jele Wl 0 ol cwlbs oS
cause of ovalization.
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APPENDICES
APPENDIX A

A.1 Technical Specification of Modified
Bitumen Enamel Coating System for Line Pipe

A.1.1 Scope

This specification covers the minimum equipments
for the materials, performance, properties,
application, inspection and testing, repair, handling
and storage of modified bitumen enamel coating
system for corrosion protection of external surface
of buried steel pipes. Modified bitumen enamel
shall be suitable for service temperature of -29 to
+60°C.

This specification is based on the EN 10300
(NOV. 2005)

A.1.2 Requirements
A.1.2.1 Coating system description

The modified bitumen enamel coating system shall
consist of following materials and application :

- Specific primer.
- Modified bitumen enamel.
- Outer wrap.

- Anti u.v. coating.

A.1.2.2 Materials
A.1.2.2.1 Primer

The primer shall be fast drying. It shall be
compatible with the modified bitumen enamel and
to be supplied by the same manufacturer of
modified bitumen enamel.

The primer shall comply with the requirements in
table 1 when tested by the methods specified and,
when dry , shall provide a suitable bond between
the metal and subsequent coating .

Note : The primer shall be supplied in bulk or in
sealed new steel containers
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A.1.2.2.2 Modified bitumen enamel

The modified bitumen enamel shall consist of
modified bitumen with inert filler. The modified
bitumen enamel shall comply with the
requirements give in table 2 when tested by the
methods specified. The modified bitumen enamel
in conjunction with an appropriate primer shall
comply with the requirements give in_table 3 when
tested by the methods specified.

Inert filler

The inert filler shall be physically and chemically
stable at the maximum application temperature of
the coating material. Powdered slate and talc are
typical examples of suitable filler types.

The fillers graded in accordance with ISO 2591-1 ,
sub clause 7.3 , shall meet the following
requirements :

Passing 90 pm : more than 93% by weight
Passing 250 um : more than 99% by weight

Note: The modified bitumen enamel shall be
supplied hot in bulk.

The hot bulk shall be accompanied by a delivery
note clearly marked with the manufacture’s name,
material designation, date of manufacture and
batch number .

A.1.2.2.3 Outerwrap (sheet)

The outer wrap shall consist of a continuous sheet
of glass fiber / polyester composite fabric
impregnated by a suitable bituminous material.

The outer wrap shall have a uniform porosity to
allow air and fumes to escape.

The outer wrap shall have a uniform appearance,
free from holes, slits and other visible faults.

The outer wrap shall comply with the requirements
given in_table 4.

A.1.2.2.4 Anti U.V. coating (solar protection)

The anti U.V. coating shall be whitewash or water
emulsion latex paint or Kraft paper as described in
AWWA C 203-97

A.1.2.3 Coating thickness

The minimum thickness of the coating system over
the weld seam and pipe body shall be 4 mm.
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A.1.2.4 Cut back

Each pipe end shall be left uncoated over a length
of (150 £ 15 mm) unless otherwise specified by
applicant.

A.1.3 Manufacturing procedure specification
(M.P.S)

The coating applicator shall submit his M.P.S to
company for review and approval.

A.1.4 Quality control plan (Q.C.P):

A.1.4.1 The coating applicator shall submit his
quality control plan to company for review and
approval.

A.1.4.2 The coating applicator shall obtain the
following documents from coating materials
manufacturer and submit them to company.

- The guarantee that the primer, modified
bitumen enamel and outer wrap delivered shall
meet the required characteristics as set forth in
this specification according to the specified
methods.

The production test -certificates for primer,
modified bitumen enamel and outer wrap,
according to the specified test methods.

A.1.5 Inspection and testing:

A.1.5.1 Coating inspection shall be carried out by
coating applicator in the presence of inspector

A.1.5.2 The inspector shall have free access to the
workshops, storage yards and laboratory of the
coating applicator that shall provide him with all
the facilities necessary for the proper execution of
the mission.

A.1.5.3 Upon attendance in the coating plants, the
coating applicator shall submit the Documents
supplied by coating manufacturer as specified in
this specification.

Inspector may check the conformity of coating
material with this specification.

A.1.5.4 Inspection certificate shall co-sign of with
inspector, the coated pipe inspection certificate
including the results of tests and inspection as set
forth in this specification.
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A.1.6 Coating repair instruction

The coating applicator shall submit detailed
procedures for coating repairs to the company, for
review and approval.

These procedures shall contain:
- Repair of surface damage.
- Repair of holidays and small damage.
- Repair of damage due to site quality check.

- Removal of rejected coatin% and cleaning the
pipe to the required standard for recoating.

- Testing to prove the effectiveness of the
repairs.

A.1.7 Documentation

The coating applicator shall keep accurate records
of all relevant data of the coating process, materials
and coating performance.

This documentation shall include :

- Copies of the coating materials 'data including
manufacturer's name, material designation, date
of manufacture and batch number.

- Serial numbers of works rejected pipes and
the reason for rejection.

- The results of all quality control testing.

- Repair records.

This documentation shall be submitted to the
company after completion of the each individual
order together with the calibration certificates of
the testing and inspection instruments.

A.1.8 Handling, storage and transport of bare
and coated pipe

A.1.8.1 The coating applicator shall take receipt of
the pipes, and keep a record of the serial numbers
of the delivered pipes. Upon receipt, the pipes
shall be inspected for transport damage or other
defects. Damaged pipes shall be separately stored
and reported to the company.

A.1.8.2 The coating applicator shall ensure that
coated pipes are handled without causing damage
to the ends of the pipes or to the coating. The use
of steel ropes, steel slings or any lifting equipment,
which could damage the coating and the pipe ends,
shall be prohibited.
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Pipes shall be handled by means of end hooks or
by flat slings, which cradle the pipe, and other
lifting equipment such as spreader bars, beams,
hoists and cranes.

Lifting trucks or front-end loader shall have soft
padded forks or grips to prevent

) dgf a5 Blo slodons b jwgs Sl Lawgs %L aaly)
sloalis aile 0y Yo Sljgos K0 g 05 buls ool 4

g bulz 00 Vb sla ol 12 5 (o855 @l n & Jate
b aiS oo Joo 1) b gl 51 a5 p3g) b YL lagile
F s rSol jshaie 4 oo, S L oad (Adgy slasKiz )l

AaSl (0] deds

TABLE A-1-9-1- PROPERTIES OF PRIMER

Sl elgm—V-A- V-l Jous

Characteristics Unit Requirement Test Method
Olaseine a>lg 3Ls o> SinlojT (e,
Flow time (flow cup No :4 at 23°C) Second
Flash point (Abel close cup ),(min)
(U3lam) (S 3515 ) Jleit) abais c 23 EN-ISO 13736
Residual non-volatile matter
At 105-110C for 3 hours (min.) o
. i s 25 1SO 3251
Y sl oKl VoY - 0 sles jo oaile (BL 8 1 olge o Gy
(Jlam) cels

TABLE A-1-9-2- PROPERTIES OF MODIFIED BITUMEN ENAMEL

ool ZMol b Ol ples —Y-A-V-l Jous

Characteristics Unit Requirement Test Method
©laskicn a>lg b v losl bs,
Filler content by ignition %by wt
8y Lansg 0038 3 olgo cymesd SR 25-35 BS EN 10300
Density at 25° C
R ) g/cm3 1.2-1.4 BS EN 10300
YO °C o pgare )9
Softening point (Ring & Ball
&P (Ring ) °c 130-160 EN 1426
(AA.?LM; 9 aal>) b p alag;
Penetration at 25°C
0.1 mm 5-15 EN 1426
YOO C o 3gi5
Flash point (Cleveland open cup) ,min.
P ( P P) °c 260 ISO 2592
Jilas ¢ (IS gl agels) Jlensl alais
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TABLE A. 1-9-3- PROPERTIES OF MODIFIED BITUMEN ENAMEL COATING
SYSTEM

IPS-E-TP-270(1)

cuud g ol 18 ol gy ailolw oles Y-Vl Jgus

Characteristics Unit Requirement Test Method
Slasieo aslg 3l 9> b3l b,
Sag test 90°C, 24hr , (Max)
Sl T s s Sl a5 e sl oS lei] mm 1.5 Note(1) BS - 4147
s BRICIS S IWIEE g ool r“—i“’ R JEON m 6)3T°l:‘. Appendix E
(5S1a>)
Impact max disbonded area, Refer to
4rd Al o eadlazr gl fShe Note (2) DIN-30670
(23+20) (%) 6900k & asxl e
Peel initial and delayed, 30°C 30
(min) 40°C 50
—5 3l g adgl u oS 50°C N/20mm 30 BS EN 10300
(J3la>) 60°C 20
Bend (min)mm , BS -4147
A L 0C mm 15 .
oo ez J8las> Appendix F
ot
Cathodic disbonding 23+2C
. 28 days max mm 7 ASTM G8
exls ol
A8 55, YA
Pin Hole Test (max) KV 20 AWWA _ C 203
(519>) 32, Elygm iules] B
NOTES: s ,9lol

1- Modified bitumen applied on primed steel.

2- The impact energy shall be equal to 5S¢ Jule
per mm. Of coating thickness with a tolerance
of 5% (refer to sub-clause 5.3.4 of DIN -

ol Lgfw.:" o&@é (S9y oD C)Lo‘fds‘):ﬂ -\
S ek 2 Js5 00 L ply b 95 4580 (5955 =Y
Abp) ) adb ase O gyl b b cwlbks

30670). (358 ax>1,0 DIN -30670 o lasts! $-Y-0
TABLE A-1-9-4 - PROPERTIES OF OUTER WRAP
S S Gl Fig-F--1-Gl Jgux
CHARACTERISTICS UNIT REQUIREMENT TEST METHOD
Glasivn ) S e ohalesl bg,
Weight (min.) 450 10300
(U8 o359 G 5 BS EN (Type F)
Thickness (min.)
(o) caslies mm 0.6 BS EN 10300 (Type F)
Tensile Strength Longitudinal
(min.) sk 800
58S Ceaglio Transversal N/50 mm BS EN 10300 (Type F)
(sl o 800
Flexibility (23+ 2°C) No Cracking
& lasl (YY£ Y ° C) S5 e AWWA - € 203
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A.2 Technical Specification
Modified Bitumen Coated Tape

of Polymer

A.2.1 Scope

A.2.1.1 This specification provides min.
requirements for coating material of field weld
joints with polymer modified bitumen coated tape
as an external anti-corrosion joint coating for pipes
coated with bitumen enamel ...

The coating performance test method and
inspection shall be all in accordance with DIN
30672, part(1) 1991edition and manufacturer’s
recommendations.

A.2.1.2 Supplier shall provide safety instruction
and data sheets to be followed for application and
handling of material.

A.2.3 Coating material general characteristic

The coating system consists of a primer and a
coated tape with following general description:

A.2.3.1 Primer

It shall be fast drying (5-15 MIN at 23°C);
synthetic and special formulated to be used with
the relevant polymer modified coated tape.

A.2.3.2 Coated tape

It shall consist of a special glass fiber, impregnated
and coated with polymer modified bitumen.

A.2.3.3. Polymer modified bitumen

It shall consist of a uniform mixture of bitumen
modified with thermoplastic rubbers and 25% to
35% inert filler.

A.2.3.4 The coated tape & primer shall be supplied
by the same manufacturer.

A.2.3.5 The tape properties and the coating system
performance shall meet the requirements of table
1.
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A.2.4 THE COATING TAPE PROPERTIES

D Jsur gy Sy olss F-Y- il

TABLE 5
TABLE. 5
O-Jgu
Properties Requirements
rly 3L e
Thickness R (III)IS\J 2(?61;?)1
. B >5000g/m?
Weight 09 (DIN 30672)
2
LONGITUDINAL Sk (%lliggég;lz)
Tensile oS 2
) >25 kg/cm
TRANSVERSAL =2 (DIN 3g0672)
Adhesion bl Yy 8) ay Sou > >10 kg/cm®
To: (steel, bituminous P (]_)IN 30672)
Coated system) (52 0 b
Impact (23°C) IRk a2 )3 YY) @55 (DICI\IIassogn)
Dielectric strength S dle ©j08 ( AszTi/[S l1()\;49)
12
Volume resistivity o> Ceaglie (ilsOTMogzl\g;c)M
2
Water absorption lois (1%00.75%5/2;
o i . <5.0 mm
Cathodic disbondment Gl paslax (ASTM G8)

(To be Continued)
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Table 5 (Continued) (4015) & Jgus
Properties Requirements
ls> ool 31
. et ey >1.5 mm
Indentation hardness ((X38,8) (o (DIN 30672, CLASS B)
o ACC. To manufacturer’s recommendation
Application temperature >l sles 55l olgiing b e
o)y - Q&
. -10°C to 60°C
Service temperature Sldee slos ol Kl dzy3 $+ b ol Setils azyo - -
Wl(ih Length
o .
Dimension of roll (a3ll) g5 o)l (in) (in) Jsb
Estimates tape
Pipe size Length per weld
gl o3l Jomnt
(in) 2l ls Job eess
i Just
(in)
2 4
12,18 in
’ 2 8.5
TO BE 2 15
Specified by 3 21
Company 3 375
OpS OS p Jags 12 40.5
03,5 To be Ep;ciﬁed
manufacturer
for different
%ipe dia. And to
e approved by
Larger size Company
c 1y o0isS odgs Lawgs
<5 el Shr =~y ¥
75 slaykd L slaalg)
20,8 aul g )ls

A.2.5 Packaging

A.2.5.1 Coated tape

The tapes shall be delivered in roll form and the
surface shall be used with fine sand to prevent
sticking during storage.

Each roll shall be individually put in plastic bag
and then up to 6 in of with inclusive in a car board
box. Rolls & boxes shall be suitability palletized
and packed with plastic cover.

A.2.5.2 The primer shall be delivered in max. 20
lit. New steel container.
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