RUSSIAN MARITIME REGISTER OF SHIPPING

RULES

FOR THE CLASSIFICATION
AND CONSTRUCTION
OF SUBSEA PIPELINES

ND No. 2-020301-007-E

St. Petersburg
2022



RULES FOR THE CLASSIFICATION AND CONSTRUCTION
OF SUBSEA PIPELINES

The Rules for the Classification and Construction of Subsea Pipelines of Russian Maritime
Register of Shipping have been approved in accordance with the established approval
procedure and come into force on 1 January 2022.

The Rules cover all technical aspects of design, construction and operation of offshore
subsea pipelines and risers.

The present edition is based on the Rules for the Classification and Construction of
Subsea Pipelines, 2020.

In case of discrepancies between the Russian and English versions, the Russian version
shall prevail.

© Russian Maritime Register of Shipping, 2022



Rules for the classification and construction of subsea pipelines

REVISION HISTORY
(purely editorial amendments are not included in the Revision History)

For this version, there are no amendments to be included in the Revision History.



Rules for the Classification and Construction of Subsea Pipelines (Part I)

4

PART |. SUBSEA PIPELINES

1 GENERAL

1.1 SCOPE OF APPLICATION

111 Requirements of the present Part of the Rules for the Classification and
Construction of Subsea Pipelines (hereinafter referred to as "the SP Rules") cover the pipelines
designed, constructed and operated offshore, subsea crossings of sections of shore main
pipelines to the isolation valves nearest to the shoreline conveying liquid, gaseous and multi-
phase hydrocarbons as well as other media capable of being transported through the pipelines.

In addition to the SP Rules during performance of the technical supervision Russian
Maritime Register of Shipping (hereinafter referred to as "the Register”) also applies the
Guidelines on Technical Supervision during Construction and Operation of Subsea Pipelines
(hereinafter referred to as "the SP Guidelines"), Recommendations for Design, Construction
and Operation of Subsea Pipelines (hereinafter referred to as "the SP Recommendations"),
the standards and rules of the national technical supervisory bodies.

1.1.2 In each particular case the scope of technical supervision carried out by the
Register shall be stipulated by a special agreement with the pipeline owner and/or operating
organization and, if necessary, agreed upon with the national technical supervisory bodies.

1.1.3 The SP Rules do not cover ship's hoses. The hoses shall comply with the
requirements of Section 6, Part VIII "Systems and Piping" of the Rules for the Classification
and Construction of Sea-Going Ships. Additional requirements may be imposed on the hoses
within the subsea pipelines depending on the application.

1.14 The requirements specified by the SP Rules cover the documentation on
subsea pipelines, the scope of surveys, strength, materials and welding, on-bottom stability,
corrosion protection, laying methods, depth of burial into the seabed soil in the freezing water,
testing, operation and safety assessment of subsea pipelines.

1.15 The SP Rules are applicable to single pipelines, pipeline bundles and pipelines
of "pipe-in-pipe" type.

1.1.6 The SP Rules may be applied to existing pipelines built without the RS technical
supervision for the purpose of carrying out survey of technical condition and evaluating the
possibility of the RS class assignment.

1.1.7 The Register may allow to use materials, structures, arrangements and
products, other than those required by the SP Rules provided that they are as effective as
those specified by the SP Rules. In the above cases, data shall be submitted to the Register
enabling to ascertain that the materials, structures, arrangements and products in question
meet the requirements ensuring the safety of media transportation through the subsea
pipelines.

1.1.8 In case referred to in 1.1.6, the Register may require special tests to be carried
out during construction, and may reduce the intervals between periodical surveys or extend
the scope of these surveys during operation.

1.1.9 The Register may approve subsea pipelines constructed in compliance with
other rules, regulations or standards alternatively or additionally to the SP Rules. In justified
cases, the pipelines shall comply with the requirements of the SP Rules within the time period
agreed upon with the Register.

1.1.10  Design, construction and operation of subsea pipelines shall meet the
requirements of national supervisory bodies.
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1.2 TERMS AND DEFINITIONS

Atmospheric zone means the part of the pipeline above the splash zone.

Burial depth means the difference between the level of the pipeline top and the natural
level of the seabed soil.

Splash zone height means the vertical distance between splash zone upper limit
and splash zone lower limit.

Flexible pipes for subsea pipelines mean polymeric-metal pipes with end
connecting fittings, which allow large deflections from straightness without a significant
increase in bending stresses (generally, the design pressure for flexible pipes shall comprise
at least 1,6 MPa).

Sea depth meansthe vertical distance measured from the seabed to the average water
level plus the total height of astronomical and storm tides.

Over-pressure means the difference between two absolute pressures, namely,
outside hydrostatic and internal pressures.

Free span of pipeline means the length of the pipeline part not touching the
seabed or supporting facilities.

Permissible stresses mean the total maximum stresses in the pipeline
(longitudinal, hoop and tangential) permitted by standards.

Pipeline burial means placing of a subsea pipeline below the natural level of the
seabed soil.

Splash zone means the pipeline section periodically flown over by the water due to
wave and current effects and water level fluctuations.

Test pressure means the rated pressure applied to the pipeline during testing before
its commissioning.

Leak test means a hydraulic pressure testing that ascertains absence of the
transported medium leakage.

Strength test means a hydraulic pressure testing that ascertains structural strength
of the pipeline.

Ice formation is an integral solid substance made of sea or freshwater ice
(e.g. stamukha, ridge, iceberg etc.) floating on the surface of the water.

Ice formation keel isthe closest underwater part of an ice formation to the seabed.

Minimum vyield stress means the minimum vyield stress specified in the
manufacturer's certificate or standard, under which the steel pipes or products are supplied. It
is assumed in calculations that the residual elongation will not exceed 0,2 % at the minimum
yield stress.

Pipe nominal diameter means an outside pipe diameter specified in the standard,
under which the pipes are supplied.

Nominal pipe wall thickness means the pipe wall thickness specified in the
standard, under which the pipes are supplied.

Pipeline negative buoyancy means a force directed downwards and equal to
the weight of the pipeline structure in the air minus the weight of the water or watered soll
displaced by the pipeline submerged into water or watered soil.

Subsea pipeline means the part of the pipeline transporting system, which is located
below the water level, including the pipeline itself with protective coatings, technical devices
and equipment providing transportation of media under given operational conditions including:

infield pipeline means a pipeline between the offshore facilities including fixed
offshore platforms and/or subsea production systems (SPS);

interfield pipeline means a pipeline between the offshore facilities of various fields;

offloading pipeline means a pipeline to transport products from the onshore or
offshore facilities to the export terminal/quay;
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export pipeline means a pipeline to transport products from the offshore facilities to
onshore facilities;

subsea section of main pipeline means a section of the main pipeline laid
across the sea water area.

Pipeline construction means a set of operations related to manufacture, laying,
burial/ backfilling (if applicable), connection and testing of a subsea pipeline.

Working pressure means the maximum excess pressure of transported medium,
under which the prescribed operation mode of the pipeline is ensured.

Stinger means a device installed on the pipe-laying vessel or barge and intended to
provide a non-hazardous curvature of the pipeline and to reduce its bending stresses during
laying.

Standpipe means the vertical part of subsea pipeline system secured on the
supporting block (supporting foundation) of a fixed offshore platform.

Transported media means liquid, gaseous and multi-phase hydrocarbon flows and
other media capable of being conveyed through pipelines. Depending on transported medium,
subsea pipelines are subdivided as follows:

gas pipeline means a pipeline intended for gas transportation;

oil pipeline means a pipeline intended for degassed oil transportation;

multi-phase pipeline means a pipeline intended for wellstream transportation
(liguid and gaseous hydrocarbon phase, water fraction, e.g. aqueous solution of hydrate
formation inhibitor);

gas-lift pipeline means a pipeline to transport gas intended for gas-lift operation of
oil wells;

water pipeline means a pipeline to transport water intended for injection.

Pipe-burying machines mean special subsea devices, including floating facilities
with dedicated attached equipment intended for burial of the on-bottom pipelines into the soil
or for the preliminary trench excavation.

Pipe-layer means the special purpose vessel/barge intended for laying of subsea
pipelines.

Subsea pipeline laying means a set of operations, including assembly and
welding of pipes, as well as other necessary operations to form a pipeline string, and the
process of lowering the string onto the water surface and/or seabed by a safe method.

Pipeline laying by reeling means pipeline laying from a pipe-laying vessel by
means of reeling out of a preliminary reeled pipeline string.

Pipeline laying by directional drilling means the combination of directional
drilling operations and laying of subsea pipeline.

Pipeline laying by J-method means pipeline laying by free immersion on the
seabed, using a sloped or vertical frame at sea depths more than 300 m. It consists of two
stages: at the first stage the pipeline is lowered from a pipe-laying vessel vertically (or almost
vertically) with tie-ins until the pipeline comes in contact with the seabed; at the second stage
the pipeline bending occurs and the pipeline is laid on the seabed while the pipe-laying vessel
is moving.

Pipeline laying by S-method means pipeline laying by free immersion on the
seabed, in the course of which the pipeline section between the point of contact with the
seabed and the stinger takes form of the S-curve.

Operational reliability level is a set of requirements to parameters of a subsea
pipeline and pipe materials meeting the certain safe operation requirements and pipeline
classification.

Weight (ballasting) coating means the coating applied on the pipeline to provide
its negative buoyancy and protection against the mechanical damages.

Gouging(exaration) is a ploughing of seabed soil by keels of ice formations.
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1.3 CLASSIFICATION

13.1 The class notation assigned by the Register to the subsea pipeline consists of
the character of classification, additional distinguishing marks and descriptive notations
defining its purpose and structure.

1.3.2 The character of classification assigned by the Register to the subsea pipeline
consists of the following distinguishing marks: SP®, SP* or SPx

Depending on the supervisory body, under which supervision the subsea pipeline has
been constructed, the character of classification is established as follows:

.1 subsea pipelines constructed in accordance with the RS rules and under technical
supervision of the Register, are assigned a class notation with the character of classification
SP®;

.2 subsea pipelines constructed in accordance with the rules and under supervision of
a classification society or national supervisory body recognized by the Register are assigned
a class notation with the character of classification SP;

.3 subsea pipelines constructed without supervision of the classification society or
national supervisory body recognized by the Register are assigned a class notation with the
character of classification SPx.

1.3.3 One of additional distinguishing marks? shall be added to the character of
classification:

L, L1, L2, L3, G, Gl, G2 and G3 assigned to steel subsea pipelines in accordance with
Table 1.3.3;

FP for subsea pipelines made of flexible pipes.

Table 1.3.3
Additional distinguishing marks to be added to the character of classification of steel subsea
pipelines
Operational reliability level Type of transported medium

Liquids and multi-phase flows Gas
Basic reliability level L G
Higher operational reliability level L1 G1
Corrosive media transportation L2 G2
Seismically active regions and/or ice-resistant standpipes L3 G3
N ot e.Where a package of requirements is applied to a pipeline, an additional distinguishing mark shall be introduced by means
of two appropriate indices (G2/3, for instance, for a pipeline designed for corrosive media transportation in a seismically active
region).

1.34 The following descriptive notations shall be added to the character of
classification:

geographical area;

type of transported medium;

working pressure, in MPa,;

maximum temperature of transported medium, in °C;

nominal pipe diameter, mm/number of runs, pcs.;

buried — the availability of burial into the seabed (if applicable);

concrete coating — the availability of concrete solidification (if applicable).

For example, SP®L1, Baltic Sea, Crude Qil, 6 MPa, 40 °C, 325/2, buried, concrete
coating.

1 Hereinafter as a differential requirement for the strength and materials of pipelines having additional

distinguishing marks to the character of classification, one or another additional mark shall be understood as a class
notation of the pipeline for short (for example, refer to Table 3.2.5, 3.2.6, etc.).
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135 The Register may assign a class to the subsea pipeline on completion of its
construction and assign or renew a class of the pipeline in service.
1.3.6 Assignment of the RS class to the subsea pipeline means confirmation of the

pipeline compliance with the applicable requirements of the SP Rules, and acceptance of the
pipeline under technical supervision for the specified period of time with performance of all
surveys required by the Register to confirm the appropriate class.

1.3.7 Confirmation of class means confirmation by the Register of compliance of the
pipeline technical condition with the class assigned and extension of the RS technical
supervision for the set period of time.

1.3.8 Class of pipeline is generally assigned or renewed by the Register for 5 years,
however, in justified cases the Register may assign or renew a class for a lesser period.
1.3.9 In case the subsea pipeline is not submitted to a mandatory survey within the

prescribed time period, or structural alterations not agreed with the RS have been made
thereon, or the pipeline has been repaired without the RS supervision, the Classification
Certificate of Subsea Pipeline (refer to 1.4.5) becomes invalid, which results in suspension of
class.

1.3.9.1 The Classification Certificate shall become invalid, and classification of the
subsea pipeline shall be automatically suspended in the event where:

.1  the special survey of the pipeline has not been completed by the prescribed date;

.2 the annual/intermediate survey of the pipeline has not been completed within three
(3) months of the due date of the annual survey;

.3 conditions of class (classification requirements) imposed by RS are not met within
the specified terms.

1.3.9.2 Irrespective of reason of suspension, the subsea pipeline class may not be
suspended for more than twelve (12) months.

1.3.9.3 The pipeline class may not be suspended in case of the documented force
majeure. The Register shall decide on taking into account force majeure circumstances by
analyzing the evidence submitted by the owner/pipeline operator.

1.3.9.4 The class shall be reinstated during RS surveys taking into account the
following:

.1 if the subsea pipeline class is suspended because of undue term of submission for
special survey (refer to 1.3.9.1.1), the class may be reinstated in case of satisfactory results of
special survey where failure to submit was the reason of class suspension;

.2  if the subsea pipeline class is suspended because of the undue term of submission
for periodical survey (refer to 1.3.9.1.2), the class may be reinstated in case of satisfactory
results of the respective survey where failure to submit was the reason of class suspension;

.3 if the subsea pipeline class is suspended because of the undue terms of conditions
of class (refer to 1.3.9.1.3), the class may be reinstated in case of satisfactory results of
checking that the requirement is met;

4 in all cases if at the moment of reviewing the issue of class reinstatement the term
of carrying out any other survey (which has not been the reason of class suspension) is
overdue then carrying out such survey shall also be a condition for the RS class reinstatement.

1.3.9.5 If during class suspension the owner or pipeline operator has made any
structural alterations in components of the pipeline, including shore approaches, spool pieces
and crossings with other linear facilities or other works not agreed with the Register; repair of
the pipeline or its components without technical documentation approval or technical
supervision of RS is made, then aforesaid shall be considered while specifying the class
reinstatement conditions.

All detected changes unauthorized by RS shall be technically justified with submission of
technical documentation, certificates or other records subject to further consideration by RS
until the pipeline class is reinstated.
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1.3.10  Withdrawal of class upon expiry of the period specified in 1.3.9.2, provided that
no class reinstatement procedure was initiated prior to its expiry, means termination of the RS
technical supervision of the subsea pipeline in operation, in this case the reassignment of the
class on request of the owner or operator of the pipeline is carried out according to the
procedure of the initial survey (see 1.4.4.2).

1.3.11 The Register may withdraw the class, in addition to the mentioned in 1.3.10, or
refuse to perform technical supervision in cases when the pipeline owner or an operating
organization regularly break the SP Rules, as well as in cases when the Party, which has made
a survey agreement with the Register, violates it, including as follows:

in case the subsea pipeline is not in fit technical condition providing its safety;

when the subsea pipeline is used for the purpose and under operational conditions
different from those indicated in the class notation and operational documentation approved
by the Register;

there is no spill/transported media emission response plan approved as required,
personnel and equipment for the above works (or valid contracts with relevant licensed
contractors).

1.3.12  Materials and products used shall be subject to necessary surveys and tests
during manufacture in the order and to the extent specified by the Register.
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1.4 SCOPE OF SURVEYS

14.1 General.

1.4.1.1 The scope of surveys and classification covers the following stages of activities:

review and approval of technical documentation;

survey of materials and products intended for construction and repair of pipelines;

supervision during construction and repair of subsea pipelines;

surveys of subsea pipelines in service;

assignment, confirmation, renewal and reinstatement of the class, making appropriate
entries and issue of the RS documents.

1.4.1.2 Any alterations made on the part of builders and owners in respect of the
pipeline materials and structures, to which the requirements of the SP Rules apply, shall be
approved by the Register before they are put into service.

1.4.1.3 Controversial issues arising during surveys may be transferred by the pipeline
owners directly to the Register Head Office (RHO).

1.4.2 Survey of materials and products.

1.4.2.1 Materials and products shall be manufactured in accordance with the technical
documentation approved by the Register.

During surveys the Register may check compliance with structural, technological,
manufacturing standards and processes, which are not regulated by the Rules, but which
influence the fulfillment of the requirements of the SP Rules.

1.4.2.2 Materials, products and manufacturing processes that are new or submitted to
survey for the first time shall be approved by the Register. Specimens of materials and
products or new manufacturing processes shall be tested according to the program and in the
scope agreed with the Register subsequent to their technical documentation being approved
by the Register.

1.4.2.3 The Register may perform supervision during manufacture of materials and
products in the following forms:

survey by a surveyor;

survey of a firm by the Register;

survey in the form of review of the technical documentation by the Register;

survey on behalf of the Register.

The form of survey is selected by the Register when an agreement on technical
supervision is made by the Register.

1.4.2.4 During survey materials and products shall be subjected to necessary tests
according to the procedures and within the scope prescribed by the Register. The materials
and products shall be provided with the documents specified by the Register and, where
necessary, the brands confirming the fact of their survey, and marking enabling to determine
their compliance with the above documents.

1.4.3 Technical supervision during construction, operation and repair of
subsea pipelines.

1.4.3.1 Technical supervision during construction of subsea pipelines is performed by
surveyors to the Register in compliance with the technical documentation approved by the
Register. The scope of inspections, measurements and tests to be conducted during technical
supervision is established by the Register with respect to the specific conditions for the
pipeline.

1.4.3.2 During operation of the subsea pipeline their owners shall keep the terms of
periodical and other surveys prescribed by the Register and properly prepare the pipeline for
the surveys.

1.4.3.3 Pipeline owners shall notify the Register of emergencies and repairs of the
pipeline and pipeline components covered by the requirements of the SP Rules that have taken
place between the surveys.
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1.4.3.4 Where the new components covered by the requirements of the SP Rules have
been installed on the pipeline during its operation or repair, the provisions of 1.4.2, 1.4.3.1
to 1.4.3.3 shall be applied.

1.4.4 Types and frequency of surveys.

1.4.4.1 Subsea pipelines are subject to the following surveys:

initial, periodical (special, annual and intermediate) and occasional.

Initial surveys are divided into surveys carried out during construction of subsea pipelines
under the RS technical supervision and surveys of subsea pipeline constructed under
supervision of classification society recognized by the Register or national supervisory body.

Special survey for class renewal shall be generally carried out at 5-year intervals of the
subsea pipeline operation in case of satisfactory results of annual surveys and one
intermediate survey.

Annual surveys for confirmation of class shall be carried out every calendar year with a
deviation from the prescribed date of the special survey within 3 months before and after this
date.

Intermediate survey shall be carried out in the extended scope to confirm the class validity
between special surveys.

Occasional survey shall be carried out after accidents, repairs and in other necessary
cases.

1.4.4.2 Initial survey is performed with the aim to assign an appropriate class to the
subsea pipeline that is initially submitted to the Register for classification. The subsea pipelines
that were earlier classed by the Register, but which class was withdrawn by whatever reason,
are also subject to initial survey. Initial survey includes thorough examination, inspections, tests
and measurements, the scope of which is specified by the Register in each case depending
on the environmental conditions of the pipeline operation, age of the pipeline, measures of its
protection, technical condition of the pipeline, coatings, valves, etc.

1.4.4.3 Subject to initial survey are the subsea pipelines constructed not in accordance
with the RS rules, without technical supervision of Classification society recognized by the
Register or national supervisory body. In such case, initial survey which scope is determined
by the Register means close-up and normal survey, which shall be performed, where
necessary, together with testing of the pipelines and components with the aim to confirm their
compliance with the requirements of the SP Rules. Where documents issued for the subsea
pipeline by classification society or national supervisory body recognized by the Register are
available, initial survey is performed within the scope of special survey. In case the required
technical documentation is not available to the full extent, the survey program may be extended
for the components, the documentation on which is missing.

1.4.4.4  Surveys performed during construction of subsea pipelines shall be aimed at
verifying compliance of the materials, components and manufacturing processes with the
requirements of the technical design and detailed design documentation on the subsea
pipeline. The scope of survey is subject to special consideration by the Register in each
particular case.

The date of the pipeline survey upon completion of construction is the date of actual
completion of the survey and issue of the Classification Certificate of Subsea Pipeline (SP)
(refer to 1.4.5).

1.4.45 Special survey for class renewal is aimed to ascertain that the subsea pipeline
is in a satisfactory technical condition and meets the requirements of the SP Rules. It is
performed together with testing of the pipeline, valves, automated control system, alarm,
protection and indication systems. Special surveys, which scope is determined by the Register,
shall be carried out within the intervals established by the Register, as a rule, once every five
years.

1.44.6 Mandatory annual survey means survey of the subsea pipeline, including
valves, automated control system, alarm, protection and indication system, other components,
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in the scope adequate to confirm that the pipeline and its components keep complying with the
requirements of the SP Rules, its class being thus confirmed.

The scope of annual surveys shall be established by the Register.

1.4.4.7 During special surveys of pipelines their testing under pressure shall be
combined with testing in operation of their pump and compressor stations, shut-off and safety
valves, remote by operated drives.

1.4.4.8 Intermediate survey of the subsea pipeline shall be carried out between special
surveys instead of the second or third survey by agreement with the Register. The scope of
survey shall be established by the Register.

1.4.4.9 Occasional surveys of the subsea pipelines or their individual components are
performed upon submission for survey in all cases other than initial and periodical surveys.
Occasional survey is carried out to assess permissible detected defects or damages after an
accident, including those that result in pipeline leaks, spillage of fluids and emissions of
gaseous transported media.

The scope and procedure of the surveys are defined by the Register on the basis of the
survey purpose, age and technical condition of the subsea pipeline.

1.4.4.10 Occasional survey after an accident shall be aimed at identifying the type and
nature of the damage, scope of work to be done for elimination of the accident consequences
and at determining a possibility and conditions of retainment of class after elimination of the
consequences.

1.45 Documents issued by the Register upon completion of the survey.

1.45.1 The RS documents are issued upon confirmation of the satisfactory assessment
of the technical condition of the item of supervision made during surveys and tests.

1.4.5.2 The document to confirm the compliance with the SP Rules is the Classification
Certificate of Subsea Pipeline (form 9.9.2).

1.4.5.3 Reports on survey of subsea pipeline (SP) after construction (form 9.9.1),
reports on annual/ intermediate/occasional/special survey of subsea pipeline (SP) (form 9.9.3)
and other documents, if necessary, shall be issued by the Register during the supervision of
subsea pipelines.

1.4.5.4 The Register may recognize fully or partially the documents of other
classification societies, supervisory bodies and other organizations.
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1.5 TECHNICAL DOCUMENTATION

151 General.

1.5.1.1 Types of technical documentation subject to the RS review at the stages of the
SP design and construction are specified in 1.5.3 of the SP Guidelines.

1.5.1.2 Review (appraisal) of the design technical documentation shall be performed to
verify compliance of items of technical supervision with the RS rules and possibility to assign
the RS class to the subsea pipeline.

1.5.1.3 Where new components that are significantly different from the initial ones and
covered by the requirements of the SP Rules are mounted on the subsea pipeline in operation,
it is necessary to submit the additional technical documentation on new products to the
Register for review and approval in the scope required for the subsea pipeline under
construction.

1.5.1.4 The standards for separate materials and products agreed upon with the
Register may substitute an appropriate part of the technical documentation.

1.5.1.5 Amendments related to the components and structures covered by the
requirements of the SP Rules that are introduced to the technical documentation approved by
the Register shall be submitted to the Register for approval prior to their implementation.

1.5.1.6 Technical documentation submitted to the Register for review and approval
shall be developed in such a way or supplied with such additional information that it enables
to make sure that the requirements of the SP Rules are duly complied with.

1.5.1.7 Calculations necessary for determination of the parameters and values
regulated by the SP Rules shall be made in compliance with the requirements of the SP Rules
or according to the procedures agreed upon with the Register. The procedures and methods
of calculations used shall provide an adequate accuracy of the problem solution. Computer-
aided calculations shall be made in accordance with the programs having a Type Approval
Certificate for Software (form 6.8.5). The Register may require performance of check
calculations with the aid of any programme. The Register does not check the correctness of
computing operations in calculations. The basic regulations regarding approval of software and
calculation procedures are specified in 12.1, Part Il "Technical Documentation" of the Rules
for Technical Supervision during Construction of Ships and Manufacture of Materials and
Products for Ships.

1.5.1.8 Standards and normative documents on materials and products shall be agreed
upon for their validity period. When revising the standards and normative documents, they
shall be verified to take into account the requirements of the current rules and norms of the
Register.

1.5.1.9 The RS approval of the technical documentation is valid for a period of 6 years.
Upon expiry of this term or in case where the interval between the date of approval and
commencement of the pipeline construction exceeds 3 years, the documentation shall be
verified and updated considering the amendments introduced to the RS rules.

1.5.1.10 Approval of technical documentation is acknowledged by putting on it the
appropriate stamps of the Register. The approval of the documentation by the Register does
not relate to the elements and structures contained therein, to which the requirements of the
SP Rules are not applicable.

1.5.2 Design documentation.

1.5.2.1 The design documentation of the subsea pipeline to be reviewed by the Register
shall include the following:

technical background;

design of the pipeline right of way (ROW) (in case of shore route section);

process and structural solutions;

construction management plan;

route plans and longitudinal profile of pipeline;



Rules for the Classification and Construction of Subsea Pipelines (Part I)
14

technical requirements for materials and products;

Industrial Safety Declaration of Hazardous Production Facilities.

1.5.2.2 Technical background shall contain information on the following:

climatic, geographical and engineering and geological characteristics of the water
area/location where the construction of the subsea pipeline is planned;

descriptions of pipeline route alternatives with substantiation of the selected alternative;

information on the pipeline with indication of pipeline name, intended purpose and location
of its initial and end points;

technical and economic features of the designed linear facility (category, length, capacity,
basic parameters of the longitudinal profile and ROW, etc.);

descriptions of the conceptual design solutions that ensure the reliability of the pipeline,
the sequence and stages of its construction, the scheduled commissioning dates.

1.5.2.3 The design of the subsea pipeline system shall include process and structural
solutions:

.1 technical backgrounds on the following:

process solutions of the designed subsea pipeline including calculations of process
parameters of the pipeline;

structural solutions of the designed subsea pipeline including calculations of structural
parameters of the pipeline;

selection of type and parameters of the electrochemical protection against corrosion of the
pipeline or its sections;

selection of types and parameters of corrosion-protection/thermal insulation/anti-friction
coatings of the pipeline including insulation of butt welded joint;

process solutions for automation, leak-detection and/or corrosion control systems (if any);

.2 layouts of intercept valves;

.3 bracelet anode attachment points;

.4 diagram of pipe joint insulation;

.5 connection points to standpipes of fixed offshore platforms (spool pieces) or subsea
manifolds;

.6 shore approaches and crossings with previously constructed pipelines, sea
channels (fairways) and subsea cables;

.7 requirements for ensuring safe operation;

.8  specifications of equipment, products and materials.

1.5.2.4 The design of the subsea pipeline system shall include a construction
management plan:

technical background on construction management plan including methods of laying and
burial in the seabed (if any);

technical background on route crossing and shore approach design (if any);

logistics scheme of delivering pipes and materials;

layout of land plot;

route plans and route crossing plans (if any);

longitudinal profiles of routes and longitudinal profiles of route crossings (if any).

1.5.25 The subsea pipeline design shall contain the technical requirements for
equipment, products and materials including:

flexible pipes (if any);

corrosion-protection/thermal insulation coating of steel pipes;

insulation of pipe joints;

internal anti-friction coating of pipes (if any);

pipeline ballasting (weight coatings and/or weights, if any) galvanic anodes or cathodic
protection station (if any);

automation, leak-detection and/or corrosion control systems (if any);
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flanged joints of the types used;

magnetic markers.

153 Detailed design documentation.

1.5.3.1 Prior to commencement of the subsea pipeline construction, detailed design
(construction and production) technical documentation shall be submitted to the Register for
review to ensure that the requirements of the design approved by the Register and the RS
rules for this subsea pipeline are met.

1.5.3.2 The detailed design (construction and process) documentation to be submitted
for the RS review shall contain:

.1 specifications and procedures for manufacture of steel pipes with indication of types
and scope of tests and non-destructive testing (NDT) including base metal and welded joint;

.2 welding procedures including repair welding in manufacture of welded pipes and
welding of butt girth welds with indication of the methods and scope of non-destructive testing;

.3 drawings of plans and longitudinal profiles of pipelines;
drawings of bends, T-joints and reducers;
drawings of spool pieces;
drawings of pre-developed trenches and pits;
general layout plan;
installation diagram of magnetic markers;
installation diagram of galvanic anodes.

1.5.3.3 The following procedures and calculations shall be submitted together with the
drawings:

.1 procedure for laying the linear section of the subsea pipeline;

.2 procedure for laying in the vicinity of the landfall or crossing with other
pipelines/subsea cables;

.3 procedure for pipeline string joining (tie-in);

.4 necessary information for determination of external loads (forces and moments) due
to wind, currents, waves, ice formations and other parameters including accidental loads
(caused by trawl nets, anchors, etc.) to be taken into account in the pipeline strength analysis;

.5 calculation of the pipe wall nominal thickness for appropriate load combinations;

.6 pipeline strength analysis during laying with assigned safe parameters for waves,
currents and wind;

.7 calculations to confirm the seismic resistance of subsea pipeline;

.8 calculations of subsea pipeline burial depth for the ice exaration areas;

.9  calculations of strength of spool pieces and flanged joints;

.10 calculations of permissible free-spanning pipelines at the stage of construction,
hydraulic testing and operation;

.11 procedure of cleaning, calibration and filling with water/flooding;

.12 test procedure for strength and tightness.

1.5.3.4 Documentation on bends submitted for the RS review shall contain the
following:

.1 number of bends of specific type of each size within the design and applied
manufacture standard;

.2 material grade, type of billets;

.3 specification and certificates for billet material indicating data on chemical
composition, heat treatment, mechanical properties, dimensional inspection and non-
destructive testing;

.4 bend geometry (e.g. nominal or internal diameter, minimum wall thickness, bending
radius, bending angle, lengths of straight sections on bend edges, treatment of ends,
deviations from the round section shape including required tolerances;

5 heat treatment conditions after manufacture, if applicable;

.6 requirements for the scope and methods of testing for bend metal specimens;

©oNOO U
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.7 requirements for non-destructive testing and hydraulic testing;

.8  surface conditions at supply, coatings or painting.

1.5.3.5 The following information on fittings shall be additionally submitted:

.1 methods and parameters of forming (forging, stamping, casting), welding,
machining;

.2 welding procedure and chemical composition of weld metal including repair by
welding.

1.5.3.6 The flexible pipe documentation shall include the following particulars and
calculations:

.1 certificates for pipes and test reports thereof (specification for the pipe delivery or
technical requirements for the pipe purchasing);

.2 design of pipes and connecting elements (end fittings);

.3 properties of the metal and polymer materials used;

.4 methods of calculation of the parameters of all pipe layers including determination
of design internal and external pressure, tensile and torsional strength;

.5  scope application of flexible pipes, including the parameters of transported medium;

.6 allowable types of exposure (static, dynamic, requirements for cycle and time
resources) and permissible parameters of the environment;

.7 minimum bending radius during storage, laying and operation;

.8  strength calculations during laying, operation and tests including calculations of
fatigue resistance;

.9  particulars on inspection and monitoring, including the design forecast of the pipe
service life.

1.5.3.7 Documentation on valves and their drives:

.1 arrangement plan for shut-off and safety valves;

.2 certificates and test reports on valves that confirm their suitability for the media to
be transported and anticipated operational conditions;

.3 documentation on fastenings for flanged joints and gaskets;

.4 diagram of the pipeline valves remote control,

.5  design drawings of drives.

1.5.3.8 Documentation on flanged joints submitted for the RS review shall contain the
following:

.1 number of flanges of specific type of each size and pressure class within the design;

.2 applied design standard and verification assessment of strength for taking up the
design forces;

.3 material grade, type of billets;

.4 product geometry (e.g. nominal or internal diameter, minimum neck wall thickness,
thickness and diameter of flange body, projections and grooves on contact surface, treatment
of contact surfaces, deviations from the circular shape of section including required
tolerances), dimensions of connected pipe;

5 heat treatment conditions after manufacture;

.6 requirements for scope and test procedures of type (pilot) specimen and specified
during manufacture;

.7 requirements for non-destructive testing and hydraulic tests;

.8  material of fastenings, type and material of gaskets;

.9  surface conditions at supply, coatings or painting.

1.5.3.9 Documentation on corrosion protection and insulation including thermal
insulation shall contain the following:

.1 specifications for the application of corrosion-protection coatings and insulation;

.2 scheme of corrosion-protection coating and insulation;

.3 insulation schemes of welded pipe joints;

4 instructions on repair of insulated surface of the pipeline.
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1.5.3.10 Documentation on pipeline ballasting shall contain the following:

.1 calculation of subsea pipeline buoyancy (buoyant force), check of on-bottom and/or
floating-up stability;

.2 design drawings of the weight coating and/or ballast weight construction;

.3 arrangement plan for ballast weight;

.4 Dballasting calculation for the subsea pipeline when using concrete coated pipes.

1.5.3.11 Documentation on automated control, alarm, corrosion monitoring and leak-
detection systems:

.1 the conceptual diagrams of automated control systems;

.2 list of parameters to be monitored with the relevant types of sensors and devices,
and their characteristics specified;

.3 technical requirements for instrumentation and other components of the systems.

1.5.3.12 Documentation on electrochemical protection of pipeline shall contain the
following:

.1 cathodic protection scheme (anodes arrangement) or galvanic anode protection;

.2 specifications for cathodic protection station (if any);

.3 determination of weight of anodes or galvanic anodes;

.4 documentation on electrical insulating joints and/or flanges.

1.5.3.13 Documentation on shore crossings shall contain the following:

.1 description of the subsea pipeline on shore landfall;

.2 design drawings of shore crossing.

1.5.3.14 Documentation on laying the pipeline on the seabed shall contain the following:

.1 laying methods and process flow diagrams with indication of basic parameters;

.2 drawing of the trench or laying zone;

.3 procedures for preparing trenches and pits, forming of backfilling of trenches and
pits;

.4 design of crossings with previously laid subsea pipelines and cables;

.5 calculations of pipeline strength during seabed burial and design of crossings with
previously laid subsea pipelines and cables;

.6 calculations of pipeline strength during seabed burial;

.7 procedures and calculations for keeping pipeline strings afloat, including string
securing when wave height, current and wind velocity, water depth exceed the safe values.

1.5.3.15 Documentation on risk analysis shall be prepared in compliance with
Section 10. It is allowed to perform risk analysis for the subsea pipeline through the stages of
the offshore field development project design.

154 As-built documentation.

1.5.4.1 When the Register provides services on classification of subsea pipelines built
without the RS technical supervision, as-built documentation shall be reviewed and approved
by the Register in addition to design and detailed design documentation for construction of a
subsea pipeline.

1.5.4.2  As-built documentation shall include the following documents:

.1 reports on stages of subsea pipeline construction:

hydraulic strength and leak test reports;

reports on examination of free spans;

reports on cleaning and calibration;

reports by the buckle detector after laying;

reports on tested pipeline laying;

report on trenching;

report on backfill trenching;

.2 documentation developed by the contractor and customer:

logs on customer's comments and proposals;

contractor supervision log;
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.3 documentation on pipeline laying:

pipeline laying logs and reports (assembly, welding, non-destructive testing, repair of
welds, insulation of welds);

.4 documentation on spool pieces:

log and reports on pipeline spool pieces manufacturing;

.5 documentation on field joints (pipes):

report on inspection monitoring of the insulation applied on joints;

factory certificates for insulating materials;

.6 documentation on mobilization of pipelaying barge:

test report on tensioners and concrete coating of a pipeline string;

calibration report on tensioners;

calibration report on anchor winches;

inspection report on the weight of subsea pipeline pipes;

.7 Pipeline Construction Quality Plan;

.8  documentation issued upon the results of in-water inspection after construction of a
pipeline;

report on in-water inspection;

trench longitudinal profile;

.9  documentation on the pipeline protection system:

destructive test report on galvanic anodes;

report on monitoring the galvanic anode weights and dimensions;

report on electrochemical testing of the anode material;

reports on chemical analysis of the protector composition;

Inspection and Test Plan for protector manufacture;

certificates for the protector materials;

manufacturer's certificate for protectors;

galvanic anode drawings;

.10 pipeline strength analysis during laying;

.11 documentation of the supervisory bodies in compliance with the requirements of the
RF legislation:

reports of acceptance committee;

contractor's licenses;

permit for welding equipment;

permit for steel pipes;

reports on completion of SP construction and commissioning;

registration certificate for hazardous production facility;

.12 documentation on welding:

procedure of approval for welding procedures with mechanical test reports;

procedures for determining permissible defects when welding and during non-destructive
testing;

Welder Approval Test Certificate samples and report on welding quality inspection;

welders' certification procedure;

welders' certification reports;

welding procedure specifications;

welders' list;

certificates for welding consumables;

.13 manufacturer's certificates for pipes, bends, fittings, valves, including those for their
coatings;

.14 concealed work reports.
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2 DESIGN LOADS ACTING ON SUBSEA PIPELINES

2.1 GENERAL

211 Design loads acting on the subsea pipeline shall take into consideration
operating conditions, test loads and loads during pipeline installation. Each type of loads
defined in 2.2 to 2.8 shall be multiplied by significance factor y. The values of factors are
specified in Table 2.1.1.

Table 2.1.1
Significance factors of load components y
Type of load Y
Weight of pipeline and auxiliary structures 1,1
Internal pressure:
for gas pipelines 11
for oil- and petroleum product pipelines 1,15
External water pressure with regard to water level changes due to tides and waves 1,1
Pipeline crowning/burial soil pressure in trench 1,4
Pipeline icing in case the media with temperature below zero are transported 1,4
Seismic 11
Current 11
Wave 1,15
Wind 1,1
Temperature 1,0
2.1.2 Considering the physical phenomena lying at the base of design loads, the latter

may be subdivided as follows:

functional loads;

external (natural) loads;

pipeline installation, laying and test loads;

accidental and special (emergency) loads.

2.1.3 Loads due to target purpose of subsea pipeline system and its operation in
accordance with the purpose shall be regarded as functional loads (internal pressure, thermal
effects of transported medium, seabed soil response, etc.). All the functional loads affecting
the system operability at the construction and operation stage shall be considered.

214 The external (natural) loads upon a subsea pipeline system are due to
environmental factors and cannot be attributed to functional or special (emergency) loads.
2.1.5 Under normative ambient conditions (wind, waves, currents, water and air

temperature) and given standard assembly technique, pipeline assembly loads shall be
determined on the basis of installation procedure, external (natural) conditions and pipeline
location characteristics.

2.1.6 Occasional loads (due to fallen items, fishing gear, etc.) and special
(extraordinary) loads as well as their emergence probability shall be subject to special
consideration by the Register.
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2.2 DESIGN PRESSURE

221 Design pressure in the pipeline p,, in MPa, is determined by the formula

Po = (Pi~ Pg min) + AP, (2.2.1)

where p; =internal working pressure in the pipeline assumed in design, in MPa;
Pgmin = Minimal external hydrostatic pressure on the pipeline, in MPa;
Ap = additional design pressure taking account of touch-up pressure of the transported medium in
the pipeline and/ or pressure of a hydraulic impact in the pipeline, in MPa. Additional design
pressure is determined on the basis of the pipeline hydraulic calculation approved by the

Register.
2.2.2 The value of pg in is determined by the formula
Pg min = Pwg(dmin= Ry /2)107°, (2.2.2)
where p,, = density of sea water (kg/m?3);
g = acceleration due to gravity (m/s?);

dmin =the lowest still water level along the pipeline route, in m, taking into account tides and storm
surge effects with 1072 1/year probability;
hy = design wave height on the pipeline design section, in m, with 10-2 1/year probability.

2.2.3 The value of the additional design pressure Ap, in MPa, taking account of the
hydraulic impact shall be not less than the value determined by the formula

intEtcK -
Ap = Vi /E"t;m 1073, (2.2.3)

where V;,,;  =velocity of the medium to be transported in the pipeline, in m/s;
E =Young's modulus of the pipe material, in MPa;
K = bulk modulus of the transported medium, in MPa;
Pint density of the transported medium, in kg/m?3;

Dint internal diameter of the pipe, in mm;
te = wall thickness of the pipe, in mm.
224 Where special structural measures are taken to reduce the hydraulic impact

pressure (limitation of shut-off speed for valves, application of special devices for protection of
the pipeline against transient processes, etc.) the value of Ap may be reduced in calculations
by the value agreed with the Register.
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2.3 TEMPERATURE EFFECTS

2.3.1 For a steel subsea pipeline, axial forces arising as a result of pipe wall
temperature variation shall be determined. The temperature variation in pipe wall metal shall
be accepted equal to the difference between the maximum and minimum possible wall
temperature during operation and laying.

2.3.2 The maximum and minimum temperature of pipe walls during operation shall be
determined on the basis of ambient temperature, initial temperature of transferred medium and
pipeline/environment thermal interface intensity.

The minimum ambient temperature shall be determined for a pipeline with 10~2 1/year
probability based on the engineering survey.

234 Allowance shall be made for pipeline shifting due to axial thermal expansion in
areas adjacent to stationary platforms/subsea structures (subsea manifold, for instance) and
where the pipeline changes its direction (for instance, spool pieces with bends).
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2.4 WEIGHT EFFECTS

241 The total linear load due to weight forces shall account for the weight of pipes,
protective coatings, concrete coatings and ballast, various pipeline components (anodes,
fittings, T-joints, etc.), transported medium, buoyancy forces. Besides, where a pipeline shall
be buried in a trench and/or crowned, the burial/crowning soil pressure shall be considered.

2.4.2 Where a gas-/air-filled pipeline having positive buoyancy shall be buried in a trench,
the shear strength of the burial soil shall be sufficient to prevent the pipeline floating-up.

2.4.3 In case a pipeline is laid on the ground and the transported medium temperature
may fall below zero, possible pipeline icing shall be considered when determining the buoyancy
forces.
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2.5 CURRENT LOADS

251 Linear loads: horizontal F, p,, vertical F,,, and total F, due to current, in N/m, are
determined by the formulae:

Fen = cxpWTVCzDa; (2.5.1-1)
Fop = ¢, 2% D, (2.5.1-2)
Fe = /Fc2,h+Fc?va (2.5.1-3)
where V. =design current velocity projected on the normal to the pipeline axis at the depth of pipeline

installation, in m/s, and determined for the given geographical region with 102 1l/year
probability based on the engineering survey;

Pw = sea water density, in kg/m3;

Cy = pipeline resistance factor determined in accordance with 2.5.2;
Cy = pipeline resistance factor in accordance with 2.5.3;

Dy, = pipeline outside diameter, in m.

2.5.2 The resistance factor cy, of a pipeline lying on the seabed shall be determined
from the diagram in Fig. 2.5.2 proceeding from the Reynolds number Re and the relative
roughness of external pipe surfaces k (corrosion protection or weight coating) which shall be
determined by the formulae:

Re =V.D,/v; (2.5.2-1)
k =ko/Dy, (2.5.2-2)
where v =1,2 -10-° m?/s — the kinematical viscosity of water;

ko =the relative value of roughness projections on pipe external surface, in m.

Cy

06f

04F

02k

Fig. 2.5.2
Dependence of cx factor from the Reynolds number and relative roughness of the pipeline surface:
1-k=0;2-k=5,010%3-k=201034-k=4,0-10%5-k=5,01036-k=7,0-1073
7-k=9,010%8-k=2,0107

2.5.3 The resistance factor ¢; of a pipeline lying on the seabed shall be adopted equal
to 0,8. Where the distance between the pipeline and seabed is equal to d (refer to Fig. 2 of
Appendix 2 to Section 4 of the SP Recommendations), the factors ¢, and c, shall be determined
from the diagram in Fig. 2.5.3.
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Fig. 2.5.3

Factors cx and c; depending on the relative distance of the pipeline from the seabed d/D,
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2.6 WAVE LOADS AND WIND LOADS

2.6.1 Horizontal linear wave load on the pipeline is calculated as superposition of
resistance forces F, ¢, and inertia forces F,, ;, in N/m, according to the formulae:

2
Fys = g ™2 Dy; (2.6.1-1)

Fy,i = ¢ =242 D2, (2.6.1-2)

where p,,, D, =refer to Formulae (2.5.1-1) and (2.5.1-2);
forV,, a,, =referto 2.6.2;
for ¢4, ¢; =resistance factors of undulatory motion of water particles, refer to 2.6.5.

2.6.2 The design wave particle velocity V,,, in m/s, and acceleration aw, in m/s?,
projected onto the normal to the pipeline axis at the depth of pipeline installation shall be
determined for the given geographical region with an exceedance probability of 102 1/year for
the most wave hazardous direction according to the results of a direct engineering survey
lengthwise of the subsea pipeline route.

Appendix 1 to Section 4 of the SP Recommendations provides the recommended data on
the above components of the wave particle velocity and acceleration depending on the sea
depth, height and period of waves with an exceedance probability of 1072 1/year, which shall
be determined according to the results of the engineering survey.

2.6.3 The total horizontal wave load F,, ,, in N/m, is determined by the formula

Fywn = /FM%,S + Fv%,i- (2.6.3)

2.6.4 Vertical linear wave load F, ,,, in N/m, is determined by the formula

Foo— bWl (2.6.4)
wov — *v 2 ar 0.
where ¢, =refer to 2.6.5.

2.6.5 The factors cq, ¢i and ¢, shall be determined based on wave characteristics,
subsea pipeline parameters and location, as stipulated in Appendix 2 to Section 4 of the SP
Recommendations which also considers the combined wave and current loads.

2.6.6 Linear wave loads Fg, in N/m, due to wave impacts on the pipeline surface, in
the splash zone are determined by the formula

Fy = 1,6p, V3D, (2.6.6)

where Vg = design surface wave particle velocity projected on the normal to the pipeline axis, in m/s, and
determined for the given geographical region with 102 1/year probability for the most wave
hazardous direction based on the engineering survey.

2.6.7 Linear wind loads F,, 4, in N/m, for the pipeline sections at a distance z, in m,
above the still water level are determined by the formula

Fw,d = 0J23paVM2/,dZ0'2Daa (267)

where p, = air density, in kg/m3;
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Vwa =designwind velocity, determined for the given geographical region with 10-2 1/year probability,
in m/s.
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2.7 VARIABLE HYDRODYNAMIC LOADS

2.7.1 For subsea pipelines laid on the seabed and not buried therein as well as for
those laid in open trenches and having free spans in their location, variable (cyclic) dynamic
loads due to vortex induced vibrations, i.e. vortex shedding by the pipe surface when washed
by the water flow, shall be determined.

2.7.2 For subsea pipelines, the phenomenon of the above variable hydrodynamic
load emergence shall be contemplated with Reynolds numbers Re=300, as determined by
Formula (2.5.2-1).

2.7.3 To exclude resonance phenomena, in-line motion and cross-flow variable
hydrodynamic loads, frequencies of these loads application and eigen-vibration frequencies of
the pipeline shall be determined for subsea pipelines specified in 2.7.2.

274 When determining variable hydrodynamic loads, stationary components of
hydrodynamic flow (current) and periodically changing wave-induced velocities and
accelerations of water flow in the near- bottom area shall be considered.

2.7.5 To determine the dynamic response of subsea pipelines under conditions of
vortex induced vibrations, the following hydrodynamic parameters shall be calculated:

.1 reduced velocity

where f, = natural frequency for a given vibration mode, in s7%;
v =to be determined by Formulae (2.5.1-1) and (2.5.1-2);

forV,, =referto 2.6.2;

.2  for Keulegan-Carpenter number — refer to Formula (1) of Appendix 2 to Section 4 of
the SP Recommendations;
.3 current flow velocity ratio

a=V./(V.+ 1), (2.7.5.3)
4 turbulence intensity

I.=0o./V, (2.7.5.4)
where o, = standard deviation of perturbation of the velocity fluctuations, in m/s;

.5 relative angle between flow and pipeline direction, 6y, in rad.;
.6 stability parameter

__4mmelr

= , 2.7.5.6
S waé ( )
where {r = total modal damping ratio;
me = effective mass, in kg/m.
2.7.6 The total modal damping ratio {; comprises:

.1 structural damping ratio, (., is due to internal friction forces of the material. If no
information is available, structural modal damping ratio of {,- = 0,005 can be assumed, if a
concrete weight coating of ¢, = 0,01 — 0,02 is present;

.2 soil modal damping ratio, {,;, may be adopted as {s;= 0,01 in a first
approximation;

.3 hydrodynamic modal damping ratio {; (within the lock-in region, ¢; = 0).
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2.7.7 The effective mass, m,, in kg/m, shall be determined by the formula

me = [, m(s)*(s)ds/ [, ¢*(s)ds, (2.7.7)

where ¢(s) =the assumed pipeline vibration mode satisfying the boundary conditions;
m(s) =the mass per unit of pipeline length including structural mass, added mass and transported
medium mass, in kg/m;
L =free span length, in m.
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2.8 SEISMIC LOADS

2.8.1 The strength of steel subsea pipelines shall be checked under seismic loads.
Seismic resistance of subsea pipelines to factors mentioned below shall be assessed by
calculation in compliance with 3.7, Part | "Subsea Pipelines" of the SP Rules:

Strength Level Earthquake (SLE) once in 100-years repeatability;

Ductility Level Earthquake (DLE) once in 500 years.

2.8.2 The basic requirements for design external factors for the seismic resistance
assessment of subsea pipelines are specified in Appendix 6.
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3 STRENGTH OF SUBSEA PIPELINES

3.1 GENERAL

3.1.1 The strength analysis of subsea pipelines shall be based on classical or semi-
empirical procedures and numerical methods that take into consideration the combination of
actual external loads, boundary conditions and resistance parameters of pipes deviating from
regular round shape.

3.1.2 When testing the subsea pipeline strength for operational loads according
to 3.3 — 3.7, the SP wall thickness shall be taken without allowances for corrosive (erosive)
wear assigned in accordance with 7.2.1.
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3.2 DETERMINATION OF THE STEEL PIPELINE WALL THICKNESS

3.21 Selection of the steel subsea pipeline wall thickness, which is one of the most
important design stages, shall be based on the necessity to ensure the pipeline strength
(stability) and required safety level. The calculations shall be made for the most unfavorable
combination of possible loads.

3.2.2 The wall thickness of the steel pipeline shall be determined based on the
following conditions:

local strength of the pipeline characterized by the maximum values of hoop stresses;

adequate local buckling of the pipeline.

3.2.3 The wall thickness t. of the steel pipeline, in mm, based on local strength
calculations, is determined by the formula

_ PoDq
t, = 209 +c; + ¢y, (3.2.3)
where p, =design pressure in the pipeline, in MPa, determined in accordance with 2.2;
D, = outside diameter of the pipe, in mm;
o = permissible stress of the pipe material (refer to 3.2.5), in MPa;
) = strength factor determined depending on the pipe manufacturing method (refer to 3.2.4);
c = corrosion allowance (refer to 7.2.1), in mm;
Cy = manufacturing tolerance, in mm.
3.24 For seamless pipes, the strength factor ¢ shall be equal to 1,0 for seamless

pipes and welded pipes approved by the Register and manufactured at the firms recognized
by the Register.

For other welded expanded pipes (longitudinally welded with one or two welds and spiral
welded pipes), the strength factor ¢ shall be adopted proceeding from the wall thickness:

0,9 where the wall thickness does not exceed 20 mm;

0,85 for bigger wall thickness.

Application of welded non-expanded pipes shall not be recommended. If they are used,
the strength factor ¢ shall be equal to 0,85.

The values of strength factor ¢ may be increased as compared to those mentioned above
if this opportunity is proved by a full-scale burst test of the pipes in accordance with the RS-
approved program.

3.25 Permissible stress o shall be taken equal to the least of the following values:
. (Re R
0 = min (—e,—m), (3.2.5)
Ne N
where R, =minimum yield stress of the pipe metal, in MPa;
R, =minimum tensile strength of the pipe metal, in MPa;
n, = strength factor in terms of yield stress;
Ny = strength factor in terms of tensile strength.

The values of ne and n, based on the pipeline class are given in Table 3.2.5.

3.2.6 Total maximum stresses in the pipeline omax, in MPa, caused by the internal and
external pressures, longitudinal forces (e.g. due to thermal expansion and/or elastic bending
of the pipeline sections), as well as the external loads referred to in Section 2 with regard to
the pipeline out-of-roundness shall not exceed the permissible stresses:

Omax = \/6,26 + Ojpy — 0xOpyp + 372 < kgR,, (3.2.6)
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where o, =total longitudinal stresses, in MPa;
opp,  =total hoop stresses, in MPa;
T =tangential (shear) stresses, in MPa;
ks = strength factor in terms of total stresses.

Strength factors ks based on the pipeline class are specified in Table 3.2.6.

Table 3.2.5
Strength factors ne and nm
Pipeline class Subsea section Shore and offshore sections in protected area
Ne Nm Ne Nm
L, L1 1,18 1,75 1,23 1,78
L2 1,22 1,88 1,28 1,92
L3 1,25 2,0 1,33 2,05
G, Gl 1,18 1,75 1,23 1,78
G2 1,20 1,78 1,27 1,81
G3 1,22 1,81 1,33 1,92

N otes: 1. The protected area of the onshore pipeline sections is the main pipeline sections from the isolation valve nearest to
the shoreline and further along the seabed at a distance not less than 500 m.

2. Upon agreement with the Register strength factors may be reduced in making special overall and local strength calculations,
having regard to the particular local conditions in the area of pipeline laying and pipeline position on the seabed.

Table 3.2.6
Strength factors in terms of total stresses ko
Pipeline class Ko
For normal operational conditions For short-term loads during construction and
hydraulic tests
L, L1 0,8 0,95
L2 0,727 0,864
L3 0,696 0,826
G, G1 0,8 0,95
G2 0,762 0,905
G3 0,727 0,864
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3.3 STEEL SUBSEA PIPELINE CALCULATIONS FOR BUCKLING (COLLAPSE)
UNDER HYDROSTATIC PRESSURE

3.3.1 Along with the calculations for the internal pressure effect, the subsea pipeline
shall be mandatory subjected to strength analysis in terms of external hydrostatic pressure pe
(refer to 3.3.3) capable to cause buckling of the pipeline wall at certain depths or cause hoop
compressive stresses in excess of the permissible values (refer to 3.2.6).

3.3.2 Strength analysis of subsea pipelines for pure buckling shall be made for the
most unfavorable conditions, i.e. for the minimum possible internal pressure and the maximum
hydrostatic pressure:

generally the minimum internal pressure takes place during construction and drying of the
pipeline internal surface after hydraulic tests (in such cases, it will be equal to the atmospheric
pressure or even less where vacuum is used for drying);

the maximum water depth corresponds to the maximum hydrostatic pressure, taking into
account the tides and storm surges, seasonal and many-year fluctuations of the sea level.

3.3.3 The value of the critical external pressure on the pipeline pe, in MPa, that causes
buckling of the cross-section but does not initiate plastic deformations in the pipe wall (so called
elastic buckling) may be determined by formula

_ 2E (tc )3
pe - 1_P-2 (Da ’ (333)
where E =Young's modulus of the pipe material, in MPa;
W = Poisson's ratio;
D, = outside diameter of the pipe, in mm;
t. =wall thickness of the pipe, in m.
3.34 Depending on elastic and plastic properties of the pipe material and with certain

ratio between the pipe diameter and wall thickness, the level of hoop compressive stresses
may reach the yield stress with an increase of the external load even before buckling occurs.
The value of buckling pressure py, in MPa, is determined by the following formula:

_ 2Ret.

py - Dint’ (334)
where Dy, =internal diameter of the pipe, in mm;

R, =refer to Formula (3.2.5);

t. =wall thickness of the pipe, in mm.
3.35 Bearing capacity of the subsea pipeline cross-section for pure buckling under

the external pressure shall be determined by the formula

Dc = kcpg max: (3-3-5'1)
where p, =bearing capacity of the pipeline cross-section, in MPa, determined by Formula (3.3.5-2);
k. = strength factor determined from Table 3.3.5;

Pgmax = Maximum external pressure acting on the pipeline, in MPa, determined by Formula (3.3.5-3);

Dybe ., (3.3.5-2)

DPe = 7—=Kr
/p§+p5

where p, and p, = critical loads in terms of elastic and plastic buckling determined by Formulae (3.3.3) and
(3.3.4) respectively;
ke = pipe out-of-roundness factor;
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— Dq
ke =1-0,043 (88— t—c) N (3.3.5-3)
where f, = pipe out-of-roundness as determined by Formula (3.3.5-5).
Table 3.3.5
Strength factor kc for pipeline pure buckling calculation
Pipeline class ke
L, L1 15
L2 1,65
L3 1,8
G, Gl 1,4
G2 15
G3 1,65
Pgmax = PwI(dmax + hw/2)10_6’ (3.3.5-4)
where p,, = sea water density, in kg/m3;
g = gravity acceleration, in m/s?;
dmax =the highest still water level along the pipeline route, in m, taking into account tides and storm
surges with 1072 1/year probability;
hy = design wave height on a certain pipeline section, in m, with 102 1/year probability.
D —Dg mi
fo — amaxDa amln, (335_5)

where D, max and D, min = maximum and minimum outside diameter of the pipe respectively, in mm.
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3.4 STEEL SUBSEA PIPELINE LOCAL BUCKLING ANALYSIS

341 Local buckling means buckling of the pipe initial shape in the form of
breaking or distortion under the external hydrostatic pressure, longitudinal forces and bending
moment.

3.4.2 Analysis of the subsea pipeline for buckling during laying under the loads
referred to in 3.4.1 shall be made according to the inequality

)™ () ()

-—) +|=) +(=) =1/n, 3.4.2-1
( Pc M Tc / ¢ ( )
where p, =critical external pressure, which causes local buckling of the pipe, in MPa, and

determined by Formula (3.3.5-2);
M, = critical bending moment, in kKNm, determined by the formula
M. = (Dt + t.)?t.R,107; (3.4.2-2)
T, = critical longitudinal force, in kN, determined by the formula
T = (Dine + to)tcR,1073; (3.4.2-3)
Pg max =refer to Formula (3.3.5-4);
M = design bending moment determined with regard to lateral forces due to waves, wind,
current and bending moments during pipeline laying by various methods, in kNm;
T = design longitudinal force determined with regard to longitudinal forces during pipeline

laying by various methods, in kN;

pe, M. and T, = bearing capacity of the pipeline with regard to certain types of acting loads (rated
values of individual force factors, provided there are no other types of loads);

Dint, tc and R, =refer to Formula (3.3.4);

ng =safety factor taken from Table 3.4.2 may be reduced upon agreement with the
Register after performance of testing on the pipe specimens;

ny, N, and ny = factors determined experimentally on the pipe specimens under the combined loads,
using the procedure approved by the Register. Where inequality (3.4.2-1) is met at
ni1 = nz =n3 =1, no more exact determination is further required.

Table 3.4.2
Safety factor nc for pipeline local buckling analysis
Pipeline class
L, L1 L2 L3 G, Gl G2 G3
1,2 1,4 1,6 11 1,3 1,5
3.4.3 In the calculations of subsea pipelines for buckling (collapse), the value of yield

stress in compression under the combined effect of bending and compression shall be taken
equal to 0,8 of the minimum pipe material yield stress.
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3.5 STEEL SUBSEA PIPELINE PROPAGATION BUCKLING ANALYSIS

351 Propagation buckling means propagation of the local buckling of the
subsea pipeline cross-section along the pipeline route. Propagation buckling occurs when the
external hydrostatic pressure at large depths exceeds the critical value p,,.

3.5.2 The critical value of hydrostatic pressure p,, in MPa, at which propagation
buckling may occur is determined by the formula

t.\ 24
p, = 24R, (D—) , (3.5.2-1)
where t. =wall thickness of the pipe, in mm;
D, = outside diameter of the pipe, in mm;
R, =minimum yield stress of the pipe material, in MPa.

Propagation buckling may be avoided provided that the following inequality is met:
Pp = 12Dy max: (3.5.2-2)
where pg max is determined by Formula (3.3.5-4).

Where inequality (3.5.2-2) is not met, structural measures shall be taken to prevent
propagation buckling of subsea pipeline or its section.

3.5.3 In order to prevent propagation buckling (for subsea pipeline protection) the
following measures shall be taken:

increase in wall thickness of the pipeline along with increase of the sea depth;

installation of buckle arresters.



Rules for the Classification and Construction of Subsea Pipelines (Part I)

37
3.6 STEEL SUBSEA PIPELINE FATIGUE ANALYSIS
3.6.1 General

3.6.1.1 Pipeline strength shall be checked in terms of fatigue criterion on the basis of
the linear accumulated damage hypothesis (Miner's Rule):

ni(Ac;)
A —_ <
1’:‘1Ni(AGi) <1/n,, (3.6.1.2)
where m = number of stress blocks;

n;(Ac;) =number of stress cycles in each stress block;
N;(Ao;) =appropriate points on the pipe material fatigue curve in each stress block;

Ao; =change in stresses during a stress cycle determined as an algebraic difference of the highest
and the lowest stresses during a cycle;
n, = safety factor taken in accordance with Table 3.6.1.1.
Table 3.6.1.1

Safety factor ny for pipeline fatigue analysis
Pipeline class
L, L1 L2 L3 G, G1 G2 G3
3,0 5,0 8,0 3,0 4,0 5,5

3.6.1.2 Fatigue strength assessment shall take into account asymmetric nature of cycle
stress and two-dimensional stress of the pipe material.

3.6.1.3 The pipe material fatigue curve may be obtained by means of special tests or
taken from an applicable international or national standard (such as GOST 25859-83) and
agreed with the Register (refer to 5.5.7).

3.6.1.4 The following shall be taken into consideration in fatigue analysis:

operational cycles of pressure fluctuations between start and stop;

stress cycles during repeated pressure tests;

stress cycles caused by constraint of temperature deformation in operation;

vibration caused by vortex separation due to underwater currents;

periodical wave loads;

pipe geometry deviations from the regular round shape (including pipelines in operation
following the results of inspections).

3.6.2 Dynamic response model for subsea pipeline under variable
hydrodynamic loads.

3.6.2.1 In-line vortex-induced vibrations (VIV).

3.6.2.1.1 For afree span, the in-line amplitude response due to vortex shedding depends
on the reduced velocity, VR, the stability parameter Ks, the turbulence intensity I and the flow
angle B (refer to 2.7.5 t0 2.7.7).

3.6.2.1.2 The basic requirements for dynamic response model of free-span inline
vibrations due to vortex shedding shall be found in Section 1 of Appendix 5.

3.6.2.2  Cross-flow vortex-induced vibrations (VIV).

3.6.2.2.1 For afree span, the cross-flow amplitude response due to vortex shedding shall
be affected by several parameters, in the first place, the reduced velocity, Vg, the Keulegan-
Carpenter number, KC, the current flow velocity ratio, a, the stability parameter, Ks.

3.6.2.2.2 The basic requirements for dynamic response model of free-span cross-flow
vibrations due to vortex shedding shall be found in Section 2 of Appendix 5.

3.6.2.3 The dimensionless added mass factor for calculation, which applies for both
smooth and rough pipe surfaces, shall be determined from the formula
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1,6
s d/Dg < 0,8

1+5(d/Dq) , (3.6.2.3)
1 mnsad/Dg 20,8

c, = {0,68 +

where d/D, =referto 2.5.3 and Appendix 2 to Section 4 of the SP Recommendations.

3.6.2.4 The eigen frequencies and eigen modes of vibrations of subsea pipeline with
free spans will be determined on the basis of numerical modelling. In this case, it would be
necessary to:

establish the static equilibrium position;

determine the eigen frequencies of pipeline vibration;

linearize the pipe-to-soil interaction problem;

assess the geometric non-linearity effects upon the dynamic response of the system under
consideration.

3.6.2.5 The pipeline strength under vortex-induced vibrations will be verified by the
fatigue criterion on the basis of 3.6.1.
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3.7 STEEL SUBSEA PIPELINE SEISMIC FORCES ANALYSIS

3.7.1 Under SLE, a subsea buried/crowned pipeline shall remain in normal operating
condition with the following provision met:

ey < 0,1%, (3.7.1)

where gy =total bending strain of pipe metal, as determined by numerical methods on the basis of the
Mises criterion (refer to Section 4 of Appendix 6).

3.7.2 Under DLE, no breaks or unsealing areas shall appear in a subsea pipeline.
The following damages are permissible: pipe corrugation, local stability loss in pipe walls,
overall pipeline stability loss, partial cracks in welds, if their size is permitted by performance
standards (refer to 4.1.3 of the SP Guidelines).

3.7.3 The seismic resistance of a subsea pipeline under DLE shall be considered well
warranted, if the following conditions are met.

3.7.3.1 The maximum value of the structural bending strains of pipe metal under Mises
criterion, em, shall not exceed 2 %.

3.7.3.2 Maximum compressive strain, e, shall not exceed the axial pipe corrugation
strains €c:

ey < g¢. (3.7.3.2)

The pipe corrugation strain ec shall correspond to the peak point of the diagram
"longitudinal compression force — axial pipe corrugation" and shall be determined by means of
pipe testing at the RS-recognized laboratory or by the RS-approved calculation procedure.

To simulate the pipe behaviour in the process of stability loss, a calculation shall be made
by numerical methods (refer to Section 4 of Appendix 6) and bearing the physical and
geometrical non-linearity in mind.

3.7.3.3 The maximum tensile strain shall be not exceed 2 %.

In this case, the following general requirement shall be met:

Rew = R., (3.7.3.3)
where R.,, =minimal yield stress of weld metal, in MPa;
R, =minimal yield stress for base metal of the pipe, in MPa.

3.7.3.4  For the case of pipe bending strain, the following proportion shall be observed
between the structural strain, ev, and the critical strain, g, .,

eEm/€Ler <6, (3.7.3.4-1)
where 0 = pipe out-of-roundness parameter;

t
Eer = 550 (3.7.3.4-2)

_ 1+(0%)? -
0= |Tea/n (3.7.3.4-3)

£ 1 (Bele)’ - ol (3.7.3.4-4)

te te
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where 8, =initial pipe out-of-roundness, which in the absence of actual data from the pipe supplier shall
be adopted as permissible according to Table 4.5.5.3-2 for the pipe body;

ok = ET (3.7.3.4-5)
E_ (t)2.
Ocr = 1o (D_) , (3.7.3.4-6)

for Dy, t., R, E, u = refer to Formulae (3.2.5) and (3.3.3);
J = a reduction factor to be determined by the formula

N %)2 _1ox ]
U= 1 4(Re T (3.7.3.4-7)
where o, = compressive longitudinal stresses, in MPa, which are conventionally considered to be positive.
3.7.4 Under SLE, a non-buried subsea pipeline shall remain in normal operation

condition, and the following requirement shall be met:
Omax < Re, (3.7.4-1)
where o0,,,, =total maximum stresses in the pipeline to be determined on the basis of 3.2.6.
Under a DLE, the requirement of 3.7.3.3 shall be complied with inclusive of the following:
Omax < 1L,1R,. (3.7.4-2)

A check of maximum shift values shall be made, as determined on the basis of numerical
calculations.

3.75 The seismic resistance of a subsea pipeline shall be considered sufficient, if the
above condition is met.

3.7.6 Where active tectonic zones intersect, an assessment of the stress-deformed
state of subsea pipeline sections shall be made with due regard for eventual soil displacement.

3.7.7 The results of analytical and numerical solutions considered above shall be
substantiated by laboratory or full-scale tests as required by the Register.
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3.8 STRENGTH CALCULATION FOR STRUCTURAL COMPONENTS OF THE PIPELINE
CONSISTING OF FLEXIBLE PIPES

3.8.1 Terms relating to unbonded flexible pipes.

Outer sheath means an extruded polymer layer used to protect the flexible pipe
against the seawater, corrosion, abrasion and keep the axial armoring layer in design position.

Internal pressure sheath means an extruded polymer layer that ensures the pipe
integrity (prevents leakage of transported medium in the environment).

Carcass means an interlocked metal construction that can be used as the innermost
layer to prevent collapse of the internal pressure sheath (or pipe) due to radial loads (internal
and external hydrostatic pressure, local loads).

Unbonded flexible pipe means a pipe construction consisting of separate
unbonded (unglued) polymer and metal layers that allows relative movement between the
layers.

Axial armoring layer means a structural layer made of the helically wounded metal
stripes with a lay angle 20° to 55° that provides the pipe resistance to the axial forces and
internal pressure.

Intermediate sheath means an extruded polymer layer that prevents the contact
abrasion of metal layers.

Radial armoring layer means a layer made of the interlocked metal stripes with a
lay angle close to 90° that increases the resistance of the flexible pipe to the local loads.

Insulation layer means a material layer with low thermal conductivity that provides
insulating properties of the flexible pipe.

3.8.2 Terms related to the bonded flexible pipes.

Armoring layer means helically wound cable integrated in elastomeric material with
a lay angle, as a rule, 55° to the generating line that is used to sustain, totally or partially,
tensile loads and internal pressure.

Additional layer means a material layer with low thermal conductivity that provides
insulating properties of the flexible pipe.

Liner means a layer of elastomeric material in contact with the transported fluid/gas that
provides the pipe integrity.

Coating means a layer of elastomeric material in contact with the external environment
that is used to insulate the internal layers of the flexible pipe and prevent corrosion, abrasion
and mechanical damage.

Bonded flexible pipe means aflexible pipe where metal reinforcement is integrated
into solidified elastomeric material containing textile layers to obtain additional structural
reinforcement or to separate elastomeric layers.

3.8.3 General requirements for the flexible pipe strength.

3.8.3.1 Asarule, design pressure of the flexible pipes shall generally comprise not less
than 1,6 MPa. If the lesser values of the design pressure are used, the flexible pipes shall meet
the requirements of Section 6, Part VIl "Systems and Piping" of the Rules for the Classification
and Construction of Sea-Going Ships.

3.8.3.2 Calculations of the flexible pipe strength under operational, laying and testing
loads shall be approved by the Register and executed by the procedure agreed with the
Register. Calculation procedure shall be based on the national and international standards
recognized by the Register as acceptable for use, e.g. ISO 13628-2 for unbonded flexible pipes
and ISO 13628-10 for bonded flexible pipes.

3.8.3.3 The permissible bending radius of flexible pipes for storage/operation/ laying
shall be determined by the manufacturer considering the criteria in 3.8.4 to 3.8.6 and be
specified in technical documentation for pipes subject to the RS approval (refer to 1.5.3.6). For
practical use in operation it is recommended to increase the maximum bending radius, as
compared with the minimum one in storage (reeling the pipeline on the reel):
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under static conditions of the flexible pipeline operation — by 10 %;

under dynamic conditions — by 50 %.

3.8.3.4 For flexible pipes, durability shall be calculated taking into account effects of
creeping and strain ageing of polymer layers, corrosion and erosion for metal layers
(refer to 1.5.3.6.9). Design durability shall exceed the planned service life of the pipe not less
than 10 times.

3.8.3.5 The values of design parameters of pipe resistance (to external and internal
pressure, tensile, torsion), as well as the bending radius of the flexible pipe are subject to
confirmation upon the results of type tests (refer to 4.2.4).

3.84 Strength requirements for polymer layers of unbonded flexible pipes.

3.8.4.1 In unbonded flexible pipes, the limiting condition of polymer layers shall be
determined on the basis of the strains criteria, i.e. ultimate creep strain and ultimate bending
strain.

3.8.4.2 For any load combination, the maximum permissible wall-thickness reduction of
inner insulation sheaths due to material creep shall not to exceed 30 %.

3.8.4.3 The maximum permissible bending strain of inner insulation sheaths in flexible
pipes shall not exceed:

7,7 % for polyethylene and polyamide;

7,0 % for polyvinylidene fluoride under static pipe service conditions and for the storage
of pipes designed for dynamic service conditions;

3,5 % for polyvinylidene fluoride under dynamic service conditions.

3.8.4.4 The maximum permissible strain of the outer sheath made of polyethylene and
polyamide shall not exceed 7,7 %.

3.8.45 For other polymer materials, the maximum permissible strains shall be
established on the basis of technical documentation by which compliance with design
requirements for ultimate strain is confirmed and which is approved by the Register.

3.85 Strength requirements for polymer layers in bonded flexible pipes.

3.8.5.1 The limiting condition of polymer layers in bonded flexible pipes shall be
determined on the basis of the strain criterion: the maximum permissible strain of polymer
layers shall not to exceed the ultimate strain of aged material more than 50 %.

3.8.6 Strength and stability requirements for metallic layers in flexible pipes.

3.8.6.1 The strength criterion for the metallic layers of flexible pipes shall meet the
condition:

o; < k;min(R,; 0,9R,,), (3.8.6.1)
where o; =the maximum design stress in layer, in MPa;

R, =the minimum yield stress of the layer metal, in MPa;

R =tensile strength of the layer metal, in MPa;

k; = safety factor according to Table 3.8.6.1.

Table 3.8.6.1

Safety factors for calculating the flexible pipe strength ki

Type of loading acting on flexible pipes in:
operation laying hydraulic testing
Armoring layers of bonded flexible pipes 0,55 0,67 0,91
Layers of unbonded flexible pipes:
axial armoring layer 0,67 0,67 0,91
carcass and radial armoring layer 0,55 0,67 0,91

value agreed with the Register.

N o te.Where accidental (emergency) service loads shall be taken into consideration, the safety factor shall be increased by a
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3.8.6.2 The flexible pipe carcass shall be designed for buckling, at that the safety factor
with regard to the critical stress value k;;, shall be equal to

ki, = 0,67 for (dpax + hy/2) < 300 m; (3.8.6.2-1)
kyp = [(Cmat2e/D=308] 0,18 + 0,67 for 300 < (dmax + huy/2) < 900 m; (3.8.6.2-2)
kip = 0,85 for (dmax + Ry /2) =900 m, (3.8.6.2-3)

where dp,.x and h,, = values determined by Formula (3.3.5-4).

3.8.7 Local strength criteria of the flexible pipe in the zone of branch
connection.

3.8.7.1 The end fitting design shall ensure its combined action with the sheath of a
flexible pipe. The limiting state of the zone of joining the fitting and the pipe sheath shall be
determined for all possible load combinations in accordance with the relation:

(01, 0¢) < kfR,, (3.8.7.1)
where o, =tensile tangential stress, in MPa;
O, =equivalent (Mises) stress, in MPa;
R, =the minimum yield stress of the material, in MPa;
ke = safety factor equal to (refer to Note in Table 3.8.6.1):
0,55 for operational conditions;
0,67 in laying;

0,91 for hydraulic testing.
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4 MATERIALS

4.1 GENERAL

41.1 The requirements of this Section cover the materials and products of carbon,
carbon-manganese, low-alloy steel, and flexible pipes intended for subsea pipelines, which are
subject to the Register technical supervision.

41.2 The requirements to the subsea pipeline steels shall take into account the
features for both liquid pipelines (including oil, chemical and water pipelines) and gas pipelines
in compliance with the subsea pipeline classification — refer to 1.3.3.

4.1.3 According to subsea pipeline classification (refer to 1.3.3) the requirements to
the subsea pipeline steels shall take into account various pipeline reliability levels:

L, G — steel with basic level of requirements (for pipelines with basic level of reliability);

L1, G1 — steel with additional requirements (for pipelines with high level of reliability);

L2, G2 — steel with additional requirements to corrosion resistance in aggressive media
(for transportation of corrosive media);

L3, G3 — steel with additional requirements to viscosity and plasticity (for pipelines in
seismically active regions and for ice resistant standpipes).

While specifying multiple requirements to steel for subsea pipelines (for example, for
transportation of aggressive media in seismically active regions) the requirements of various
reliability levels shall be combined.

41.4 Steels that differ in chemical compaosition, mechanical properties, supply
condition or manufacturing procedure from those indicated in this Section are subject to special
consideration by the Register. In this case the data confirming the possibility of these materials
application in accordance with their purpose shall be submitted. It is allowed, upon agreement
with the Register, to use materials that meet the requirements of national and/or international
standards.

4.1.5 For the flexible subsea pipelines, which meet the requirements of the SP Rules,
an additional distinguishing mark is added to the character of classification, in accordance
with 1.3.3. The requirements for the flexible pipes are specified by the Register, depending on
the pipeline purpose (refer to 4.2.4).

4.1.6 The materials subject to the RS technical supervision shall be produced by the
manufacturers recognized by the Register and having the relevant document — the Recognition
Certificate for Manufacturer (CIW) (form 7.1.4.1)/Type Approval Certificate (CTO) (form 6.8.3)
(refer to 4.2.1).

4.1.7 The general provisions regulating the scope and procedure of technical
supervision of materials are specified in Section 5, Part | "General Regulations for Technical
Supervision" of the Rules for Technical Supervision During Construction of Ships and
Manufacture of Materials and Products for Ships and in 1.3, Part XIIlI "Materials" of the Rules
for the Classification and Construction of Sea-Going Ships.

4.1.8 Manufacture, check and tests of steel spiral-welded pipes as well as recognition
of their manufacturers are subject to special consideration by the Register.
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4.2 SURVEY AND TECHNICAL SUPERVISION

421 Survey and recognition of firms (manufacturers) of materials and
products.

4211 The firms manufacturing materials and products in compliance with the
requirements of this Section shall be, as a rule, recognized by the Register prior to
commencement of manufacture of products. For this purpose, survey of the firm (initial survey)
shall be carried out, and comprise the following:

4.2.1.1.1 Review and approval of the firm's (manufacturer's) technical documentation
specifying the properties of materials and conditions of production. As for the production of
pipes, the following basic information on the production process of pipes shall be submitted:

.1 for all pipes:

description of pipe identification and traceability in the production process, including the
check status and data keeping;

steel manufacturer;

methods of steel production and casting;

required chemical composition and grade of steel;

hydrostatic test procedure;

non-destructive testing procedures;

.2 additionally for welded pipes:

production method and supply condition of rolled plates;

pipe forming procedures, including edge preparation and form check;

welding procedure;

specified cold expansion coefficient, if applicable;

pipe heat treatment procedure, including heat treatment of weld during welding, if
applicable;

.3 additionally for seamless pipes:

pipe forming procedure;

pipe heat treatment procedure.

4.2.1.1.2 Familiarization with the production and the quality control system of the firms,
carrying out check testing. While taking the above actions, a compliance of the manufacture
parameters and the products with the requirements of the submitted documentation and the
RS Rules of the Register shall be confirmed, as well as the appropriate level of quality stability;

4.2.1.1.3 Drawing-up of the survey results in compliance with the requirements of the
Nomenclature of items of the RS technical supervision of subsea pipelines (refer to 1.6 of the
SP Guidelines) — the Recognition Certificate for Manufacturer (CINW) (form 7.1.4.1) or Type
Approval Certificate (CTO) (form 6.8.3) (if the results are satisfactory).

4.2.1.2 All the procedures necessary for obtaining the Recognition Certificate for
Manufacturer (form 7.1.4.1) and Type Approval Certificate (form 6.8.3) and the documents,
confirming the recognition of the firms and its products by the Register shall be executed in
accordance with the applicable requirements of Sections 1, 2, Part lll "Technical Supervision
During Manufacture of Materials" of the Rules for Technical Supervision During Construction
of Ships and Manufacture of Materials and Products for Ships and 1.7, 1.8 of the SP Guidelines
based on the application of the firms.

4.2.1.3 Where rolled products and/or tubular billets are supplied to the tube-rolling mill
by other firms, the manufacturers of the above mentioned semi-finished products shall be
recognized by the Register (have the Recognition Certificate for Manufacturer (form 7.1.4.1)).

422 Surveys during manufacture/technical supervision.

4.2.2.1 All materials and products manufactured in compliance with the requirements
of this Section shall be subject to survey during manufacture including surveys and tests in the
scope specified in this Section and/or technical documentation approved by the Register.

4.2.2.2 Technical supervision during manufacture includes the following:



Rules for the Classification and Construction of Subsea Pipelines (Part I)

46

tests and inspection;

issue of the RS documents.

4.2.3 Testing of steel rolled products and pipes.

4.2.3.1 General.

4.2.3.1.1 Testing methods and procedures shall be selected in compliance with the
requirements of 4.3. Special testing procedures as well as the relevant evaluation criteria, if no
instructions are specified in the SP Rules, shall be agreed with the Register.

4.2.3.1.2 Where the tests cannot be carried out at the firms's (manufacturer's) of
manufacturer of the products to be approved, the required tests shall be conducted in the
laboratory recognized by the Register.

4.2.3.1.3 The requirements for the RS technical supervision during manufacture of steel
rolled products and pipes shall comply with 2.2 to 2.4 of the SP Guidelines.

4.2.3.2 Check tests during recognition of firm (manufacturer).

4.2.3.2.1 Testing shall be conducted in compliance with the program submitted by the
firm (manufacturer) and approved by the Register. The program is compiled on the basis of
the respective requirements of this Section (refer to 4.2.3.5), national and/or international
standards and other technical documentation approved by the Register.

4.2.3.2.2 Testing shall be carried out in the presence of the RS representative following
the procedures agreed with the Register.

The site and time of the tests shall be specified by the manufacturer in advance. Sampling,
test procedures, specimen cutout diagrams shall be effected in compliance with the applicable
requirements of the SP Rules (refer to 4.3) and the relevant standards.

4.2.3.3 Tests during manufacture.

4.2.3.3.1 Testing shall be conducted in compliance with the requirements of the SP Rules
and the documentation on the products to be delivered approved by the Register. The tests
shall be also carried out in the presence of the Register representative.

4.2.3.4 Unsatisfactory test results.

4.2.3.4.1 Where the test results are unsatisfactory, the requirements of 2.2.1.5 of the SP
Guidelines shall be met.

4.2.3.5 The scope of tests during recognition of firms (manufacturers) (initial survey).

4.2.3.5.1 The scope of pipe tests is determined considering the requirements specified in
Table 4.2.3.5.1 and in the test program prepared by the firm and approved by the Register.

Generally, samples specimens for seamless pipes testing are cut directly from the pipes,
and those for welded pipes testing — from the rolled product, pipe body and weed.

During the manufacture survey the Register shall test the weldability both during seamless
pipes manufacture and during manufacture of rolled product/welded pipes.

4.2.3.5.2 Scope of rolled product testing — pipe billets (skelp) shall be determined
considering the requirements specified in Table 4.2.3.5.1. For each technological process tests
shall be performed on 2 batches. The batch shall consist of 3 plates of one grade, steel cast
and similar thickness. Plates submitted for testing shall be selected one after another in the
course of rolling.

Rolled product characteristics shall meet the requirements of 4.5, technical specifications
for steel supply approved by the Register and/or national or international standards.

When the plates of various thickness and dimensions are manufactured according to the
uniform technology (including heat treatment modes), it is permitted to perform testing of rolled
product having the maximum (first batch) and the minimum (second batch) thickness upon
agreement with the Register. In this case statistical data (chemical composition, mechanical
properties) shall be submitted additionally to confirm the quality stability of the rolled product
supplied. Scope of sampling shall be approved by the Register.

4.2.3.5.3 Scope of pipe testing shall be determined considering the requirements
specified in Table 4.2.3.5.1. For each technological process and pipe size the tests to verify
the consistency of product performance shall be carried out on 2 batches of 10 pipes.
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Table 4.2.35.1

Scope of tests for recognition of material manufacturer

Type of test* Type of Position of Number of Notes
material samlples afnd casts/plates, |specimen Total
place o ff pipes/samples| taken number of
specimen cutolt | auen froma | from a specimens
cast plate,
pipe
Chemical analysis (4.3.4) pipe from one end 2/10/1 1 2 Complete analysis of metal,
rolled 2/3/3 including microalloying and
product ladle sample
Tensile tests (4.3.2) pipe [longitudinal and 2/10/10 4 80 Ren, Rm, As, Z are determined
transverse, from
both ends
rolled |[transverse, from 2/3/3 2 12
product both ends
Compression test after| pipe - - - - —
tension (4.3.2) rolled [transverse, from 2/3/3 2 12 |Value of Ry is determined
product one end under compression
Compression test (4.3.2) pipe |[transverse, from 2/10/1 2 4 Value of Rey is determined
one end under compression
rolled - - - - —
product
Bend test (4.3.9.4 and| pipe [transverse, from 2/10/2 2 8 Bend angle is determined
5.2.2.3.2) both ends
rolled - - - - —
product
Impact bending test to| pipe |transverse, from 2/10/3 9 542 Test temperature: 0, —20, —40,
establish transition curve one end —60, —80 °C depending on
(4.3.3,4.33.3) rolled [transverse, from|  2/3/3 18 1082 |operating temperature
product both ends
Impact bending test of| pipe |transverse, from 2/10/1 72 1442 Test temperature: 0, —20, —
factory welding joint both ends 40, —60, —80 °C depending on
(5.2.1.5.2,5.2.2.3.3) rolled — _ _ — operating temperature
product
Impact bending test on| pipe - - - - Test temperature: 0, —20, —
strain aged  specimens| | ioq from one end 2/3/3 9 542 40, —60, —80 °C depending on
(4.3.3.8) product (upwards) operating temperature
transverse, 1/4
of the width
Sulphur segregation (4.3.4) pipe from one end 2/10/2 —
rolled from one end 2/3/3 6
product
Metallography and Vickers| pipe from one end 2/10/2 4 —
hardness (4.3.5) rolled from one end 2/3/3 6
product
Corrosion test® (4.3.9.5) pipe from one end 2/10/2 6 24 —
rolled from one end 2/3/1 6 12
product
Drop-weight  tear  test| pipe [transverse, from 2/10/1 10 20 Critical temperature
DWTT* (4.3.9.2, Section 1 one end determination
of Appendix 4) rolled [transverse, from 2/3/1 10 20
product one end
Test as per Tw® method| pipe - - - - Critical temperature
(4.3.9.6) rolled [transverse, from 2/3/3 10 g0 [determination
product one end
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Type of test* Type of Position of Number of Notes
material san}ples E}nd casts/plates, |specimen Total
place o ff pipes/samples| taken number of
specimen cutoft|"yen froma | from a specimens
cast plate,
pipe
Test to determine| pipe longitudinal 2/10/2 8 32 Critical temperature
nill-ductility temperature from one end determination
5

NDT® (4.3.9.7 rolled |[transverse, from 2/3/3 8 48

product one end
CTOD® (crack tip opening| pipe [transverse, from 2/10/1 9 182 Test temperature: 0, —20, —40,
displacement) test of the one end —60, —80 °C depending on
gase_ mgte;lahl (4.3.9.3d_and rolled |transverse, from 2/3/1 9 182 operating temperature

ection 2 of the Appendix 4) product one end

Non-destructive testing| pipe each product 2/10/10 - - -
(4.3.8) rolled each product 2/3/3 - -

product
Hydraulic pressure test| pipe each product 2/10/10 - - -
(4.3.7) rolled - - - -

product
Weldability test’ (5.2) pipe - - - - According to a separate test

rolled _ — — _ program approved by RS
product

According to paras of Part | "Subsea Pipelines” of the SP Rules.
2 Here the number of specimens is determined based on testing at three temperature values specified in the test program
approved by the Register.
3 For rolled product and pipes of class L2 and G2.
4 Except rolled product and pipes for L — L2 pipelines, as well as for any pipes with the diameter less than 500 mm.
> Except rolled product and pipes for L — L2, G pipelines.
6 Except rolled product and pipes for L and G pipelines.
" Program for weldability test is made in order to recognise the manufacturer, and to approve welding procedures used for
pipeline installation. These programs are submitted as Appendices to the General test program.

The batch shall consist of pipes of the same grade, steel cast, similar heat treatment mode
and similar wall thickness. For testing the pilot pipe batch shall be manufactured with the
maximum ratio of the pipe wall to the diameter and in the course of testing the pipes having
the maximum values of the ratio of yield point to ultimate strength (according to the tensile test
results) shall be selected for mechanical tests from the pilot batch.

The results of pipe tests shall meet the requirements of 4.5, technical specifications for
pipe supply approved by the Register and/or national or international standards.

4.2.3.5.4 Where special material properties required to be confirmed based on the
application conditions, the results shall be additionally submitted or relevant tests carried out
confirming these properties, e.g. tension at high temperature, fatigue tests, etc.

4.2.3.6  Scope of testing during manufacture.

4.2.3.6.1 As arule, technical supervision for manufacturing pipe steel and pipes shall be
carried out by the Register at the manufacturers recognized by Register (refer to 4.2.1). Scope
of testing during manufacture shall be determined by technical documentation for product
delivery approved by the Register, national/international standards recognized by the Register
and the requirements of this Section (refer to Table 4.2.3.6.1). The minimum required scope
of testing is specified in Table 4.2.3.6.1.

4.2.3.6.2 In general, one pipe from a batch of 50 pipes shall be selected for testing:

.1 for seamless pipes, the batch shall consist of pipes having the similar grade, steel
cast, heat treatment mode, diameter and wall thickness;

.2 for welded pipes, the batch shall consist of pipes having the similar diameter and
wall thickness, manufactured under the same process and production conditions. The batch
shall have similar cold expansion coefficient of pipes with the difference between its maximum
and minimum value not exceeding 0,4 %. Whenever possible, the batch shall be composed of
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the pipes welded by the same welding machine, or the additional pipe welded by each welding
machine shall be tested at the intervals specified in the technical documentation for the pipes;

Scope of tests during manufacture

Table 4.2.3.6.1

Type of test* Type of Position of Number of Notes
material §amp|es| casts/plates, |specimens total
direction of )
A f pipes/cast | of a plate, | number of
cutting o samples pipe specimens
specimens
Chemical analysis (4.3.4) pipe from one end 1/50/1 1 1 General analysis, including
rolled 1/50 t/1 microalloying and ladle sample
product
Tensile test of base metal| pipe [transverse, from 1/50/1 2 2 Ren, Rm, As are determined
(4.3.2) one end
rolled |[transverse, from 1/50 t/1
product one end
Tensile tests of welding joint| pipe [transverse, from 1/50/1 2 2 R is determined
(4.3.2) one end
rolled - - - - -
product
Bending impact test of base| pipe |[transverse, from 1/50/1 3 3 Testing at temperature
metal (4.3.3) one end determined by the minimum
. PO
rolled |[transverse, from 1/50 t/1 3 3 gperatlng d tterzgeéaéure with
product one end ueregard 10 2.9.9.6
Bending impact test of| pipe [transverse, from 1/50/1 12 12 Testing at temperature
welding joint (5.2.1.5.2) one end determined by the minimum
rolled — — — _ operating temperature? with
product due regard to 4.3.3.6
Determination of fracture| pipe |[transverse, from 1/50/1 2 2 Testing at temperature
type as per the procedure of one end determined by the minimum
Drop-weight  tear  test operating temperature?
(DWTT®) (4.3.9.2, Section 1, rolled |[transverse, from| 1/50 t/1 2 2
J el S22 2) product one end
Appendix 4)
Bending test (4.3.9.4 and| pipe |[transverse, from 1/50/1 2 2 Normal and root-bend testing
5.2.2.3.2) one end
rolled - - - - -
product
Metallography and Vickers| pipe [transverse, from 1/50/1 3 3 One metallographic section:
hardness (4.3.5) one end pipe metal, seam and heat-
affected zone
rolled - - - - -
product
Non-destructive testing| pipe every product 1/50/50 - - -
(4.3.8) rolled every product | 1/50t/50 t - -
product
Hydraulic pressure test| pipe every product 1/50/50 - - -
(43.7) rolled - - - -
product
Remanent  magnetization| pipe at both ends 1/50/1 4 4 Not more than 2 mT (20 Gs)
(4.3.10) rolled - - - -
product

to —40 °C.

500 mm.

1 According to paras of Part | "Subsea Pipelines" of the SP Rules.
2 When the data of the minimum operating temperature is missing, testing shall be carried out at the temperature equal

3 Except the rolled products and pipes intended for L — L2 pipelines, as well as for any pipes with the diameter less than
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.3 for pipes intended for pipelines with the minimum operating temperature of —20 °C
and below, the bending impact test may be performed on each fifth pipe up on the RS request.

4.2.3.6.3 Testing of rolled product of pipe steel shall be carried out on the samples chosen
from one plate of the batch. The batch shall consist of plates with similar cast, similar delivery
condition and similar size. Unless otherwise specified, the batch size shall not exceed 50 t.

42.4 Tests of flexible pipes.

4.24.1 General.

4.2.4.1.1 Tests of flexible pipes are conducted:

to the extent of the tests during the RS surveys of the manufacturer for issue the Type
Approval Certificate (form 6.8.3) in compliance with 2.6.1 of the SP Guidelines;

to the extent of tests during the flexible pipe manufacture.

4.2.4.2 Type tests of flexible pipes.

4.2.4.2.1 Type tests of the flexible pipes are conducted according to the programme
agreed with the Register. The programme shall be based on the requirements of the SP Rules,
national and/or international standards or other RS-approved technical documentation.

4.2.4.2.2 Type tests are conducted to confirm the basic design parameters of the pipes
of a certain dimension-type series, which range shall be determined taking into account the
following:

internal/external diameter;

number and purpose of layers;

design of metallic and polymeric layers;

manufacturing processes, including lay angles;

transported medium;

internal/external temperature of the medium;

operational conditions and service life.

4.2.4.2.3 Each type of flexible pipes shall pass type tests, which are generally conducted
to the fracture of specimens and shall include:

internal pressure burst tests;

hydrostatic buckling (collapse) tests;

tension tests;

bending stiffness tests (checking the minimum bending radius of flexible pipes);

torsion resistance tests.

4.2.4.2.4 Onetothree specimens for each type test are sampled from each type of flexible
pipes. During manufacture of this type of pipes of various diameters, it is allowed to conduct
the tests on the pipes of the maximum diameter.

4.2.4.2.5 Content of type tests for flexible pipes may be changed depending on the pipe
purpose upon agreement with the Register. Types and number of tests may be also detailed
by the Register on the basis of the preliminary information submitted by the Register:
availability of certificates of another classification societies, recognition of manufacturer, etc.

4.2.4.2.6 Methods and results of the type tests shall meet the requirements of 2.6.5.2 of
the SP Guidelines.

4.2.4.3 Tests during manufacture of flexible pipes.

4.2.4.3.1 Tests during manufacture of flexible pipes are conducted in compliance with the
requirements of the SP Rules according to the programme approved by the Register and
developed on the basis of the national and/or international standards.

4.2.4.3.2 Each flexible pipe after manufacture shall be subjected to:

drift test;

hydrostatic internal pressure test;

adhesion test (for bonded flexible pipes only);

vacuum tests (for bonded flexible pipes only).
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4.2.4.3.3 Depending on the flexible pipe purpose, the special tests are conducted by
agreement with the Register, namely:

tests for electrical resistance measurement (for flexible pipes with an internal carcass and
when using the cathodic protection of end fittings);

tests of the capability to be operated at low temperatures, i.e. cold resistance (where the
pipe sections above the water surface are provided);

tests for resistance to corrosive transported media;

fire tests (where the pipe sections above the water surface are provided).

Scope of specialized tests shall be agreed with the Register, proceeding from the
operational conditions of the pipes.

4.2.4.3.4 Test procedures and results shall meet the requirements of 2.6.5.3 of the SP
Guidelines.
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4.3 PROCEDURES OF TESTING PIPES AND STEEL ROLLED PRODUCTS

43.1 General.

Unless otherwise specified, the rolled products and pipes shall be tested in compliance
with the requirements of the SP Rules, Section 2, Part XIll "Materials" of the Rules for the
Classification and Construction of Sea-Going Ships and national and international standards
and the documentation agreed with the Register.

4.3.1.1 Testing of pipes shall be carried out in compliance with the requirements of
national and international standards and/or documentation approved by the Register:

for seamless pipes — after final heat treatment;

for welded pipes — after final moulding (volume expansion) and hydraulic tests.

Unless otherwise specified, for pipes with the diameter up to 300 mm the samples for
tensile test shall be taken parallel to the pipe axis and for the pipes with the diameter
above 300 mm — in the longitudinal and transverse directions.

4.3.1.2 Depending on steel grade, strength level and test type, samples shall be taken
from the rolled products in compliance with the requirements of 3.2.5, 3.13.5 and 3.14.4,
Part XIII "Materials" of the Rules for the Classification and Construction of Sea-Going Ships,
Section 2, Part Xll "Materials" of the Rules for the Classification, Construction and Equipment
of MODU/FOP considering provisions of this Section.

4.3.1.3 The specimens for tensile and impact tests shall be manufactured in compliance
with the requirements of 2.2, Part Xlll "Materials" of the Rules for the Classification and
Construction of Sea-Going Ships.

4.3.2 Base metal tensile and compression tests.

4.3.2.1 Tensile tests for plate shall be carried out on flat specimens with full thickness.
Test samples shall be cut out so that the middle of the specimen working part was at a distance
of one quarter of the width from the plate edge, the specimens shall be located transverse to
rolling direction.

4.3.2.2 During the initial survey performed by the Register for the purpose of recognition
of the manufacturer, testing for longitudinal and transverse metal tension for the thickness less
and equal to 20 mm shall be carried out at full thickness specimens. When the pipe wall
thickness is above 20 mm, the tests shall be performed both on cylindrical specimens and
specimens with the thickness equal to the pipe thickness. In case of big difference between
the test results of both specimen types, the Register may require to perform layer-by-layer
determination of the standard properties on cylindrical specimens and separate approval of
the procedure for flattering of full thickness specimens during the tests in the course of
manufacture. Samples shall be cut out from the welded pipes so that the middle of the
specimens working part was located at an angle of 90° to the pipe weld seam.

4.3.2.3 Rolled product metal shall be tested for compression on the double cylindrical
specimens after preliminary 2 % tension to determine the yield point (Bauschinger effect), two
specimens shall be taken from the plate.

4.3.2.4 Base pipe metal shall be subject to compression testing on double-cylindrical
specimens; during manufacture straightening of gripped sections only is allowed.

4.3.2.5 When testing base pipe metal compressive yield stress reduction up to 20 %
shall be allowed as compared to the minimum tensile yield stress, unless otherwise specified
by the Register.

4.3.3 Impact test.

4.3.3.1 Test samples shall be cut out from the rolled product at one quarter of the plate
width and from the welded pipe at an angle of 90° to the weld seam. Tests shall be carried out
on V-notch specimens. Besides impact energy, percentage of tough (brittle) component shall
be determined.
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4.3.3.2 Charpy V-notch specimens shall be made without flattening of samples;
specimen notch axis shall be perpendicular to the surface. Thickness of specimens shall be
selected as maximum out of the following values: 10 mm; 7,5 mm; 5 mm.

When it is impossible to cut out from a pipe the transverse test specimens of 5 mm
thickness, the longitudinal specimens shall be tested. Impact tests are not carried out if the
wall thickness is 5 mm or less.

4.3.3.3 Specimens with a notch on the arc weld metal shall be cut out across the weld
in four positions as shown in Fig. 4.3.3.3-1. The distance from the fusion line is measured in
the middle of specimen thickness as shown in Fig. 4.3.3.3-2.

Fig. 4.3.3.3-1
Charpy V-notch specimens position relative to arc weld (three specimens from each position):
1 — centre of weld; 2 — fusion line; 3 — fusion line + 2 mm; 4 — fusion line + 5 mm

zx

aj b
Fig. 4.3.3.3-2
Notch positions of Charpy V-notch specimens against fusion line:
a — symmetrical bevel; b — unsymmetrical bevel; 1 — weld metal; 2 — fusion line; 3 — positions of specimen side
surfaces; 4 — positions of notch

4.3.3.4 The specimens shall be taken at a depth of not more than 2 mm. Where wall
thickness exceeds 25 mm, additionally the specimens shall be taken from mid-thickness of the
wall, except for tangents or bendffitting.

Additionally the portion of the fibrous component in fracture of all specimens shall be
measured, except for the specimens from the centre of weld. The acceptance criterion makes
up 50 % of the fibrous component in fracture on average for three specimens; one specimen
is allowed to have the minimum of 40 %.

The specimen from the welds made with high-frequency current shall be taken across the
weld: one series in the centre of the weld and one at a distance of 2 mm from the centre of the
weld.

4.3.3.5 While conducting bending impact test of base metal during initial survey of pipe
manufacture it is required to make a function of test results based on three temperature values
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from the following ones: 0, —20, —40, —60, —80 °C. The testing temperature values shall be
specified in the test program subject to the RS approval. Upon the RS request, bending impact
tests shall be carried out on the rolled metal and pipe metal.

4.3.3.6 During manufacture of rolled products and pipes under the RS technical
supervision bending impact tests of base metal and welding joint shall be carried out at the
temperature specified in technical specifications or contractual documentation for the products
but not exceeding T, —10 °C for pipes with the wall thickness below or equal to 20 mm and not
exceeding Ty, —20 °C for pipes with larger wall thickness. Temperature T, shall be determined
as per 4.4.3.

4.3.3.7 Where steel grades not specified in the Rules are used, the tests may be
conducted at design temperature. The test temperature shall be determined when approving
the documentation on supply of pipes. To ensure comparability of test results for different steel
grades the temperature closest to the least in the temperature range specified in 4.3.3.5 shall
be taken as the test temperature.

In any case, the test temperature shall be stated in quality certificates issued by the firm
(manufacturer).

4.3.3.8 Strain ageing sensitivity tests shall be carried out during initial survey of
manufacture on specimens cut out from the rolled product; samples shall be selected similar
to impact tests samples. Metal strips from which specimens are cut out shall be subjected to
tensile strain by the value corresponding to the maximum permissible one for the pipe bending,
as arule, upto 5 %.

Impact test specimens made of strips subjected to tensile strain are subject to even
heating (artificial ageing) up to 250 °C, with 1 h exposure at this temperature and subsequent
cooling in the air.

Impact tests shall be carried out at room temperature (within 18 to 25 °C) and at
temperature corresponding to 4.3.3.6. Unless otherwise specified, tests are carried out at initial
survey of the manufacturer, at steel production process alterations and in doubtful or arguable
cases related to the rolled products quality, as deemed necessary by the RS surveyor.

4.3.4 Chemical analysis, sulphur segregation.

Chemical analysis and sulphur segregation samples shall be taken from the center of the
plate width, and in case of the welded pipe — from the side opposite to the weld seam.

4.3.5 Metallography and hardness measurements.

4.3.5.1 Macro structural analysis is carried out to determine strained structure,
discontinuities, flakes etc. As a rule, for macro structural analysis transverse specimens are
taken from the forward end of prototype semi-finished product or head of the breakdown.
Unless otherwise specified, the macro structural analysis is required at the initial survey of the
manufacturer, at production process alterations and, as deemed necessary by the RS
surveyor, in doubtful or arguable cases related to the quality of the rolled products to be
supplied.

4.3.5.2 Micro structural analysis is carried out to determine steel grain size. The
samples for metallographic analysis shall be taken from 1/4 + 1/8 of the plate width or the pipe
and from a position located at an angle of 90° to the pipe weld seam. The photographs shall
be representative of the surface structure, one quarter and one half of the plate thickness. The
photomicrographs shall be taken at X100 and X400 magnification. The grain size and original
grain shall be determined. Unless otherwise specified, the micro structural analysis is required
at the initial survey of the manufacturer, at production process alterations and, upon the RS
surveyor demand, in doubtful or arguable cases related to the quality of the rolled products to
be supplied.

The microstructure of finished rolled products, pipes and bends/fittings shall be continuous
in base metal; the same of welded elements shall be continuous in the weld and heat-affected
zone (HAZ). The type of microstructure and actual size of grain shall be specified in the report.
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4.3.5.3 Metallographic analysis may be carried out on the polished sections intended
for hardness measurement prior to hardness measurement.

The photographs of bends/fittings shall include the external surface of base metal of the
bent part and transition zones. For clad steel additionally the photograph of cladding layer shall
be made.

4.3.5.4 Hardness on transverse polished sections shall be measured in the points
shown in Fig. 4.3.5.4. In case of single-sided arc welding and wall thickness of up to 25 mm
inclusive, it is allowed not to take measurements in the middle of thickness.

Hardness of pipe surfaces shall be measured round the circumference on one of the end
faces. For bends/fittings, round one circumference near each end face and on each bent
section (depending on the type of bend/fitting).

The points are positioned in four zones on the circumferences at an angle of 90° to each
other. For inspection of bent areas of bends/fittings the points are arranged on two neutral
axes, bend intrados and extrados. During measurements the mean value for three points in
each zone shall be determined.
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Fig. 4.3.5.4
Positions of hardness measurement points:
a — seamless element; b — arc welding; ¢ — high-frequency current welding

4.3.6 Weldability.

The weldability tests at the initial survey of the manufacturer shall be carried out in
compliance with the requirements stated in 5.2, Part | "Subsea Pipelines”. The weldability tests,
unless otherwise specified, shall cover all possible welding methods during manufacture and
installation of the pipeline including repair welding.

4.3.7 Hydraulic pressure tests.

Each pipe shall be subjected to hydraulic pressure test. The information concerning the
test pressure calculation method shall be submitted.

The instrumentation shall be duly checked and calibrated.

The reports shall contain the information concerning the pressure applied and the duration
of tests for each pipe. The holding time at test pressure shall be not less than 10 s.

The hydraulic pressure tests may be omitted on the pipes manufactured on U-shaped and
O-shaped bending presses. In this case, the proposed alternative method of checking the pipe
strength and continuity shall be subject to special agreement with the Register as soon as the
data indicating the equivalence of methods are submitted.
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4.3.8 Non-destructive testing.

4.3.8.1 General.

4.3.8.1.1 The non-destructive testing shall be carried out during the check (qualification)
tests and the production process in compliance with the national and/or international standards
recognized by the Register. The non-destructive testing procedures developed and/or applied
by the manufacturer shall be approved by the Register and contain information on the
following:

method of non-destructive testing and standards applied;

equipment applied (main and auxiliary);

sensitivity;

artificial defect parameters and calibration methods;

equipment setting procedures;

evaluation of defects;

drawing-up of reports and recording of test results.

4.3.8.1.2 The laboratories conducting non-destructive testing shall have a Recognition
Certificate issued by the Register (Recognition Certificate for Manufacturer (CMNA) or
Recognition Certificate of Testing Laboratory, referto 1.7 and 1.10 of the SP Guidelines) and/or
the corresponding document of an authorized national or international organization confirming
competence of the laboratory.

4.3.8.1.3 The personnel performing non-destructive testing and estimating the test values
shall be certified in accordance with ISO 9712 or other standards recognized by the Register.

4.3.8.1.4 General requirements to non-destructive testing of welded joints of pipes shall
comply with the requirements of 5.4.1.

4.3.8.1.5 Itis recommended to generalize information on detected permissible defects at
all the stages of rolled steel/pipes and bend/fitting manufacture and pipeline construction
(installation) for the following:

steel plate sample (skelp);

seamless pipes;

welded pipes manufactured of rolled plates, including defects of longitudinal/spiral weld;

mother pipes for bends/fittings;

butt girth welds during laying (installation) of pipeline.

The acceptable defects detected at the above mentioned stages may be taken into
consideration when preparing the database of defects for determining the initial technical
condition of the pipeline (after completion of construction) and their check while in service.

The acceptable defect values assigned during manufacture of steel rolled products and
pipes, and their arrangement in the wall of a pipe/rolled product shall not exceed the acceptable
defects determined for the initial stage of operation of subsea pipeline, for example, when
conducting in-line inspection after completion of pipeline construction.

4.3.8.2 Rolled plates.

4.3.8.2.1 During production of steel rolled plates (samples for welded pipes), each plate
is subject to non-destructive testing to detect delaminations (check of rolled products for
continuity). As a rule, automated ultrasonic testing equipment is used for this purpose.

4.3.8.2.2 The requirements to continuity of steel rolled products and quality of its surface,
including the edges, shall comply with Table 4.5.5.3-1, unless otherwise specified in the
documentation approved by the Register. The width of checked longitudinal near-edge zones
of rolled plate and coiled products shall be not less than 50 mm; the width of checked
transverse near-edge zones of rolled flat products shall be not less than 200 mm.

4.3.8.3 Seamless pipes.

4.3.8.3.1 During check (qualification) testing and manufacture, each seamless steel pipe
shall be subject to non-destructive testing to detect the following:

.1 longitudinal and transverse defects in the pipe body with the use, as a rule, of
automated ultrasonic testing equipment;
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.2 delaminations in the pipe body using, as a rule, the automated ultrasonic testing
equipment;

.3 surface defects in the pipe near-edge zone;

.4 delaminations of pipe ends in near-edge zone and on the end faces/bevels of pipes.

4.3.8.3.2 Additionally to the requirements specified in 4.3.8.3.1, the surface defects of the
pipe body shall be detected:

.1 during check testing for recognition of the manufacturer or qualification batch, for
each pipe;

.2 during production and based on satisfactory results of check (qualification) testing,
for one pipe of a batch.

4.3.8.3.3 The criteria for acceptance of ultrasonic testing for longitudinal and transverse
defects in the pipe body, unless otherwise specified in the documentation approved by the
Register, shall comply with ISO 10893-10, acceptance level U2/C.

4.3.8.3.4 The criteria for acceptance of ultrasonic testing when detecting delaminations
in the pipe body and near-edge zones shall comply with Table 4.5.5.3-1 or acceptance level
U0 in compliance with ISO 10893-8, unless otherwise specified in the documentation approved
by the Register.

4.3.8.3.5 The ends of seamless pipes in the near-edge zone not covered by automated
ultrasonic testing shall be checked by manual ultrasonic testing equipment to detect
delaminations and surface defects, as well as delaminations on end faces/bevels of pipes.

4.3.8.3.6 When checking by surface method used by the manufacturer and approved by
the Register (magnetic particle testing or dye penetrant testing), the end faces/bevels of pipes
shall be free of delaminations.

4.3.8.3.7 Testing of pipe body and/or near-edge zone for surface defects.

4.3.8.3.7.1 Testing of pipe body for surface defects during check (qualification) testing
shall be carried out in accordance with the procedures approved by the Register and
developed on the basis of the international and/or national standards. When using magnetic
particle testing, the acceptance criteria for the pipe body, unless otherwise specified in the
documentation approved by the Register, shall comply with ISO 10893-5, acceptance level M3.

4.3.8.3.7.2 During manufacture, the end sections of pipes in the near-edge zone not
covered by automated ultrasonic testing for longitudinal and transverse defects shall be
checked by the surface method in compliance with 4.3.8.3.7.1 on outer and inner surfaces of
pipe ends. When using magnetic particle testing, no single defects exceeding 6 mm in size are
allowed.

4.3.8.4 Welded pipes.

4.3.8.4.1 General.

4.3.8.4.1.1 Welded pipes shall be made of rolled products meeting the check
requirements of 4.3.8.2.

4.3.8.4.1.2 During check (qualification) testing and production, non-destructive testing of
longitudinal welded pipes, unless otherwise specified in the documentations approved by the
Register, shall be carried out in two stages:

.1 non-destructive testing of welded joints (prior to hydraulic tests);

.2 final non-destructive testing of welded joints and base metal (after hydraulic tests).

4.3.8.4.2 Non-destructive testing of welded pipes.

4.3.8.4.2.1 Non-destructive testing of welded pipes at the first stage (prior to hydraulic
tests) is carried out:

A to detect longitudinal and transverse defects of welds using, as a rule, automated
ultrasonic testing equipment;

.2 to detect longitudinal and transverse defects of end sections of welds not covered
by automated ultrasonic testing, by manual ultrasonic testing;

.3 to recheck the areas marked in the course of automated ultrasonic testing, by
manual ultrasonic or radiographic testing;
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.4 to detect defects of weld areas repaired by elimination of defects followed with
welding, by radiographic testing.

4.3.8.4.2.2 Atthe second stage, the acceptance non-destructive testing of base metal of
pipe ends and welds is carried out after hydraulic tests of pipes, using:

.1 non-destructive testing equipment specified in 4.3.8.4.2.1 (except for 4.3.8.4.2.1.4);

.2 radiographic testing of end sections of welds at a length of at least 200 mm from the
pipe end face;

.3 ultrasonic testing of pipe base metal in near-edge zone of at least 50 mm in case of
delaminations;

.4 magnetic particle or dye penetrant testing of pipe end faces/bevels.

4.3.8.4.2.3 Additionally to the requirements specified in 4.3.8.4.2.2, the surface defects
on pipe weld shall be detected:

during check testing for recognition of the manufacturer or qualification batch, for each
pipe;

during manufacture and based on satisfactory results of check (qualification) testing, for
one pipe of a batch.

4.3.8.4.2.4 The criteria of weld quality assessment during manufacture of welded pipes
shall comply with the following:

for visual examination/measuring and magnetic particle testing, refer to Table 5.4.3.3;

for radiographic testing, refer to Table 5.4.3.6-1;

for ultrasonic testing, refer to Table 5.4.3.6-2.

4.3.8.4.25 The criteria for acceptance of ultrasonic testing when detecting
delaminations in near-edge zones shall comply with Table 4.5.5.3-1, unless otherwise
specified in the documentation approved by the Register. The end faces/bevels of pipes are
not allowed to have delaminations.

4.3.9 Special tests.

4.3.9.1 Table 4.3.9.1 contains the requirements for the nhomenclature of base metal
special tests based on the pipeline reliability level (refer to 4.1.3). Steel may be accepted for
the pipeline manufacture only after performance of special tests specified in Table 4.3.9.1.
Upon the RS request, the scope of special tests at the initial survey of manufacture may be
increased for any reliability level of any class pipelines.

Table 4.3.9.1
Nomenclature of special tests for subsea pipelines
Type of transported Operational reliability level
media Basic Advanced For corrosive media conveying For seismically active
L, G L1, G1 L2, G2 regions and ice-resistant
standpipes L3, G3
Liquids and multi- Not CTOD Corrosion tests, CTOD DWTT, NDT, CTOD, Ty,
phase flows (L) required
Gases (G) DWTT DWTT, NDT, CTOD, T, Corrosion tests, DWTT, NDT, DWTT, NDT, CTOD, Tk,
CTOD, Tw

Notes: 1. Corrosion tests include the tests specified in 4.3.9.5.
2. The DWTT requirements are mandatory only for steel grade PCT36 and above, for pipes with diameter of 500 mm and above.

The minimum required scope of special tests shall be determined upon agreement with
the Register considering the stability of properties of metal to be supplied and the pipeline
class.

4.3.9.2 Drop-weight tear testing (DWTT).

The sample (billet) used for manufacture of pipe specimens shall be cut out transverse to
the longitudinal axis of the pipe, as regards the plate specimens — normal to the direction of
rolling.
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As arule, tests shall be carried out on the metal of the rolled product and pipes during the
initial survey of the manufacture (except the products for L — L2 pipelines, steel strength
categories less PCT36 and pipes with the diameter less than 500 mm).

For rolled product and pipes of L3 and G — G3 pipelines this type of tests is carried out
during the approval of product batches in order to determine the bend type at the minimum
operating temperature T,.

The procedure and scope of testing, specimen cutout flow charts are specified in para 1
of Appendix 4.

4.3.9.3 Determination of metal crack resistance properties CTOD (crack tip opening
displacement).

The samples shall be taken from 1/4 + 1/8 of the plate width and from a position located
at an angle of 90° to the pipe weld seam.

At the RS discretion, the number of pipes, plates taken from the cast to be tested and their
thickness, as well as the test temperatures may be changed proceeding from the intended use
of steel or conditions of the order.

Definitions, general requirements to sampling and specimen manufacture, equipment are
set forth in Section 2, Part XIl "Materials" of the Rules for the Classification, Construction and
Equipment of MODU/ FOP.

The CTOD testing procedure is specified in Section 2 of Appendix 4.

As a rule, the tests are carried out on the metal of the rolled product and pipes during the
initial survey of L1 — L3 and G1 — G3 pipelines manufacture.

4.3.9.4 Bending tests.

As a rule, the tests are carried out on the pipe metal during the initial survey of the pipes
manufacturer, as well as pipes manufacturing.

The tests may be also required during the initial survey of the rolled product manufacture.

The testing procedure is specified in Section 3 of Appendix 4.

Particulars of bending tests of weld specimens of bends/fittings are specified in 4.8.7.1.

4.3.9.5 Corrosion tests.

The tests shall be carried out where the relevant additional requirements of the customer's
order documentation are available. As a rule, the tests shall be performed during the initial
survey of the rolled product and pipes for L2 and G2 pipelines manufacture.

Unless otherwise specified, three specimens from each batch of pipes shall be tested.

4.3.9.5.1 Sulphide stress cracking resistance.

The test procedure is specified in Section 4 of Appendix 4.

Particulars of testing sulphide stress cracking resistance of bends/fittings are specified
in 4.8.7.2.

Upon agreement with the Register, alternative testing methods may be used, including
tests under hydrogen sulphide partial pressure corresponding to anticipated operating
conditions.

4.3.9.5.2 Determination of hydrogen-induced cracking, stepwise cracking resistance.

The test procedure is specified in Section 5 of Appendix 4.

Particulars of testing hydrogen-induced cracking/stepwise cracking resistance of
bends/fittings are specified in 4.8.7.3.

Upon agreement with the Register, the tests in other medium under hydrogen sulphide
partial pressure corresponding to anticipated operating conditions are allowed.

4.3.9.6 Tests for determination of ductile-brittle transition temperature Tw,. The samples
shall be taken from 1/4 of the plate width having a least 14 mm of thickness. The Register may
require to conduct tests during the initial survey of manufacture of rolled product for L3 and
G1 - G3 pipelines to verify the sufficient brittle fracture resistance of material.

The definitions, general requirements to test procedure, specimen manufacture and
equipment are specified in Section 2, Part XII "Materials" of the Rules for the Classification,
Construction and Equipment of MODU/ FOP.
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4.3.9.7 Tests for determination of nil-ductility temperature NDT.

The samples shall be cut out from 1/4 + 1/8 of the plate width having at least 16 mm
thickness and from a position located at the angle of 90° to the pipe weld seam for the pipes
of 530 mm in diameter and above and the wall thickness at least 20 mm. The Register may
require to conduct tests during the initial survey of the manufacture of rolled product and pipes
for L3 and G1 — G3 pipelines.

The definitions, general requirements to test procedure, specimen manufacture and
equipment are specified in Section 2, Part XIl "Materials" of the Rules for the Classification,
Construction and Equipment of MODU/FOP.

4.3.10 Remanent magnetization testing.

4.3.10.1 For steel pipes subject to non-destructive testing by magnetic particle or eddy
current methods, the remanent magnetization testing shall be carried out.

4.3.10.2 The measurements shall be taken on at least one pipe of a batch, on both ends
along two perpendicular axes. The mean value of four measurements shall not exceed 2 mT
(20 Gs).
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4.4 STEEL MATERIALS SELECTION

44.1 Generally, steel materials shall be selected in compliance with the requirements
of Sections 3, as well as considering the requirements of 4.1 and 4.5.
4.4.2 Properties of steel used for subsea pipelines shall comply with the pipeline

specific application and operating conditions. Steel shall ensure structural and technological
strength of pipelines conveying hydrocarbons at prescribed minimum operating temperature
and operational loads.

4.4.3 Selection of steel and welding consumables for the pipeline shall be carried out
depending on the minimum operating temperature of the pipeline or its section T,. Unless
otherwise specified, minimum temperature for the subsea pipelines shall be equal to —10 °C,
except for the sections located within the zone of complete freezing or the splash zone.

44.4 Clad steel for subsea shall be assigned considering the requirements of 3.17,
Part Xl "Materials" of the Rules for the Classification and Construction of Sea-Going Ships.
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4.5 STEEL FOR SUBSEA PIPELINES

45.1 General.

45.1.1 The requirements of this Section cover the weldable steel plates and pipe steel
intended for subsea pipelines subject to technical supervision during manufacture.

4.5.1.2 The following designations (identification marks) for grade of steel have been
introduced:

.1  steel for the subsea pipelines shall have index PCT before identification mark for
steel grade;

.2 the marking may be ended with the designation W — steel for the welded pipes.

The strength level shall be determined proceeding from the required minimum yield stress
value:

for normal strength steel — 235 MPa (strength level is omitted in the identification mark);

for higher strength steels — 315 MPa, 355 MPa, 390 MPa (numerical designations 32, 36
and 40 specified in the identification mark, respectively);

for high-strength steels — 420 MPa, 460 MPa, 500 MPa, 550 MPa, 620 MPa, 690 MPa
(numerical designations 420, 460, 500, 550, 620, 690 are stated in the identification mark,
respectively).

45.1.3 ltis allowed, on special consideration by the Register, to supply steel pipes in
compliance with the requirements of national and international standards. In this case, special
consideration means, except for comparison of reference data, the possibility to conduct
additional tests, which may confirm compliance of steel with the above grades and its use for
the intended purpose.

Table 4.5.1.3 based on comparison of strength characteristics contains the relevant
analogs of domestic and foreign steel grades.

Table 45.1.3
Correspondence of steel grades to be supplied under national and international standards
Steel grade for subsea pipelines National pipe steel strength grade Foreign pipe steel strength grade
according to SP Rules
PCT, PCTW K38, K42 B
PCT32, PCT32W K50 X46
PCT36, PCT36W K52, K54 X52
PCT40, PCT40W K55 X60
PCT420, PCT420W K56 X65
PCT460, PCT460W K60 X70
PCT500, PCT500W K60, K65 X70
PCT550, PCT550W K65 X80
PCT620, PCT620W K70 X90
PCT690, PCT690W K80 X100
4.5.2 Chemical composition.

45.2.1 The chemical composition of steel and values of Ceq and Pcm shall meet the
requirements of Table 4.5.2.1-1 — for the pipe plate and welded pipes; and Table 4.5.2.1-2 for
seamless pipes.

The chemical composition may comply with the requirements of national and international
standards recognized by the Register. In any case, the chemical composition of steel shall be
agreed with the Register during the initial recognition of manufacture of particular products.

45.2.2 The chemical composition of rolled products and pipes (welded and seamless)
shall be controlled during manufacture.

45.2.3 Determination of Ceq is @ mandatory requirement for the delivery of all steel
grades up to the strength level equal to 500 MPa, including steels subjected to TMCP.
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Determination of Pcm is a mandatory requirement for the supply of all steel grades with the
strength level equal to 460 MPa and more. In other cases, values of Ceq and Pcm are shown in
certificates upon the customer's request.
Carbon equivalent shall be determined by the formulae:
Ceq = C+ Mn/6 + (Cr + Mo + V) /5 + (Ni + Cu)/15, %; (4.5.2.3)

P, = C+ (Mn + Cr + Cu)/20 + Mo/15 + Ni/60 + Si/30 + V/10 + 5B, %.

Table 45.2.1-1
Chemical composition of rolled products and base metal used for the subsea pipeline welded

pipes
Grade Content of elements, % by mass, not more
PCTW | PCT32W | PCT36W | PCT40W |PCT420W |PCT460W |PCT500W |PCT550W | PCT620W | PCT690W

C 0,12 0,12 0,12 0,12 0,12 0,12 0,12 0,14 0,14 0,14
Mn 1,35 1,65 1,65 1,65 1,65 1,65 1,75 1,85 1,85 1,85
Si 0,40 0,40 0,45 0,45 0,45 0,45 0,45 0,45 0,50 0,55
P 0,020 0,020 0,020 0,020 0,020 0,020 0,020 0,020 0,020 0,020
S 0,010 0,010 0,010 0,010 0,010 0,010 0,010 0,010 0,010 0,010
Cu 0,35 0,35 0,50 0,50 0,50 0,50 0,50 0,50 0,60 0,60
Ni 0,30 0,80 0,80 0,80 0,80 0,80 1,20 1,20 1,80 2,00
Mo 0,10 0,10 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
Cr 0,30 0,30 0,50 0,50 0,50 0,50 0,50 0,50 0,70 0,70

Al (total)| 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06
Nb - 0,04 0,05 0,06 0,06 0,06 0,06 0,06 0,06 0,06
\Y - 0,04 0,05 0,07 0,08 0,10 0,10 0,10 0,10 0,10
Ti - 0,04 0,04 0,05 0,06 0,06 0,06 0,06 0,06 0,06
N 0,010 0,010 0,010 0,010 0,010 0,010 0,010 0,010 0,010 0,010
B 0,0005 0,0005 0,0005 0,0005 0,0005 0,0005 0,0005 0,0005 0,0005 0,0005
Ceq 0,36 0,34 0,37 0,38 0,38 0,39 0,41 0,44 - -
Pem 0,19 0,19 0,20 0,21 0,21 0,22 0,23 0,25 0,27 0,30

Notes: 1. For wall thickness t. exceeding 35 mm and for steel grades with strength higher than PCT550 the alteration of
chemical composition is permitted subject to agreement with the Register.

2. Where scrap material has been used in steel production, the maximum content of the following elements shall be controlled:
0,03 % As, 0,01 % Sb, 0,02 % Sn, 0,01 % Pb, 0,01 % Bi and 0,006 % Ca.

3. For each reduction of 0,01 % carbon below the maximum specified value, an increase of 0,05 % manganese content above
the maximum specified values is permitted with a maximum increase of 0,1 %.

4. Alloying of 0,5 - 1,0 % Cr is permitted subject to agreement with the Register.

5. For steel grades with strength higher than PCT550 alloying up to 2,2 % of Ni is permitted.

6. AlN = 2:1 (not applicable for titanium killed steel).

7. (Nb +V + Ti) shall not to exceed 0,12 %.

8. The Nb content may be increased to 0,10 % subject to agreement with the Register.

9. The B content may be increased to 0,003 % subject to agreement with the Register.

10. For L2 and G2 pipelines C < 0,10 %, P < 0,015 %, S < 0,003 %.

Table 45.2.1-2
Chemical composition of seamless pipes of the subsea pipelines

Grade Content of elements, % by mass, not more
PCT PCT32 | PCT36 | PCT40 | PCT420 | PCT460 | PCT500 | PCT550 | PCT620 | PCT690
C 0,14 0,14 0,14 0,14 0,14 0,15 0,16 0,16 0,16 0,16
Mn 1,35 1,65 1,65 1,65 1,65 1,65 1,75 1,85 1,85 1,85
Si 0,40 0,40 0,45 0,45 0,45 0,45 0,45 0,45 0,50 0,55
P 0,020 0,020 0,020 0,020 0,020 0,020 0,020 0,020 0,020 0,020
S 0,010 0,010 0,010 0,010 0,010 0,010 0,010 0,010 0,010 0,010
Cu 0,35 0,35 0,50 0,50 0,50 0,50 0,50 0,50 0,60 0,60
Ni 0,30 0,80 0,80 0,80 0,80 0,80 1,20 1,20 1,80 2,00
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Grade Content of elements, % by mass, not more
PCT PCT32 | PCT36 | PCT40 | PCT420 | PCT460 | PCT500 | PCT550 | PCT620 | PCT690
Mo 0,10 0,10 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
Cr 0,30 0,30 0,50 0,50 0,50 0,50 0,50 0,50 0,70 0,70
Al (total) 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06
Nb - 0,04 0,05 0,05 0,05 0,05 0,05 0,06 0,06 0,06
\Y - 0,04 0,07 0,08 0,08 0,09 0,10 0,10 0,10 0,10
Ti - 0,04 0,04 0,04 0,04 0,06 0,06 0,06 0,06 0,06
N 0,010 0,010 0,010 0,010 0,010 0,010 0,010 0,010 0,010 0,010
B 0,0005 | 0,0005 | 0,0005 | 0,0005 | 0,0005 | 0,0005 | 0,0005 | 0,0005 | 0,0005 | 0,0005
Ceq| t: €15 mm 0,34 0,34 0,37 0,38 0,39 0,40 0,41 0,43 - -
15<t.<26| 0,35 0,35 0,38 0,39 0,40 0,41 0,42 0,44 - -
mm
Pcm| te <15 mm 0,20 0,20 0,21 0,22 0,22 0,23 0,24 0,26 0,29 0,32
15<t.<26| 0,21 0,21 0,22 0,23 0,23 0,24 0,25 0,27 0,30 0,33
mm

Notes: 1. For wall thickness t. exceeding 26 mm and for steel grades with strength higher than PCT550 the alteration of
chemical composition is permitted subject to agreement with the Register.
2 —10. Referto Table 4.5.2.1-1.

45.3 Mechanical properties.
45.3.1 The mechanical properties of steel shall meet the requirements of Table 4.5.3.1.
Table 4531
Mechanical properties of pipe metal
Grade PCT PCT32 PCT36 PCT40 | PCT420 | PCT460 | PCT500 | PCT550 | PCT620 | PCT690
PCTW | PCT32W | PCT36W | PCT40W |PCT420W |PCT460W [PCT500W |PCT550W | PCT620W [PCT690W
Yield stress Ren 235 315 355 390 420 460 500 550 620 690
or Ryo2, in MPa, min
Tensile strength Ry, in| 400— | 440- | 490- | 510- [ 530- | 570- | 610- [ 670- | 720- | 770-
MPa 520 570 630 660 680 720 770 830 890 940
Yield stress to tensile| 0,90 0,90 0,90 0,90 0,92 0,92 0,92 0,92 0,93 0,93
strength ratio, max
Elongation As, %, min 22 22 21 20 19 18 18 18 15 14
Bending angle, °, min 120

Impact energy KV, in J, in the transverse direction, at T, —10 °C for pipes having t. < 20 mm and at T, —20 °C for pipes having

te > 20 mm, min

L — L2, G pipelines, base metal and weld joint metal during the manufacture of pipelines of all classes

For all D, 29 31 36 39 42 46 50 55 62 69
G1 - G3 and L3 pipeline class, base metal
D, <610 mm 40 40 50 57 64 73 82 103 Subject to
agreement with the
Register
610 < D, <820 mm 40 43 61 69 7 89 100 126 Subject to
agreement with the
Register
820 < D, <1120 mm 40 52 75 85 95 109 124 155 Subject to
agreement with the
Register

Type of DWTT* fracture, L3 and G —

G3 pipeline: 85 % average fiber, 75 % minimum at T,

Critical brittle temperature NDT, Ty,

L3 pipeline

t. <20 mm

NDT < T, - 20 °C

20 <t. <30 mm

NDT < T, - 30 °C

30 <t. <40 mm

NDT < T, — 40 °C, Ty < T, — 10 °C

G1 - G3 pipeline

te <20 mm

NDT < T, - 30 °C

20 <t. <30 mm

NDT < T, 40 °C

30 <t. <40 mm

NDT < T, — 50 °C, Tip < T, — 20 °C
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Grade PCT PCT32 PCT36 PCT40 | PCT420 | PCT460 | PCT500 | PCT550 | PCT620 | PCT690
PCTW | PCT32W | PCT36W | PCT40W |PCT420W |PCT460W |PCT500W [PCT550W | PCT620W [PCT690W

CTOD, mm, at T,, L1 - L3, G1 — G3 pipeline, min

t. < 20 mm 0,10 0,10 0,10 0,10 0,10 0,10 0,15 0,15 0,15 0,20
20 <t <30 mm 0,10 0,10 0,15 0,15 0,15 0,20 0,20 0,20 0,25 0,25
30 <t <40 mm 0,15 0,15 0,20 0,20 0,20 0,25 0,25 0,30 0,35 0,35

Sulphide stress cracking resistance, L2 and G2 pipelines:
no cracks within 720 h under pressure 85 % of the minimum rated yield stress

Hydrogen-induced cracking/stepwise cracking resistance, L2 and G2 pipelines:
CLR<15%,CTR<5%,CSR<2%

Notes: 1. The required average values of impact energy are obtained at testing three specimens specified at the temperature
according to 4.3.3.6. Reduction of impact energy up to 70 % of the required value is permitted on one specimen.

2. The required impact energy values in the longitudinal direction exceed 1,5 times impact energy values obtained in the
transverse direction.

3. For D, and t. dimensions beyond the specified limits the requirements shall be subject to agreement with the Register.

4. *for steel grade PCT36 and above only.

5. For L1 — L3, G1 — G3 pipelines the yield stress values obtained during the tests in the transverse direction shall not
exceed the prescribed values for more than 130 MPa.

6. Ultimate strength value obtained during the testing specimens cut in the longitudinal direction may be 5% lower than the
values specified in the Table.

7. Yield stress to ultimate strength ratio obtained for the specimens cut in longitudinal direction shall not exceed the value set in
the table for more than 0,02.

8. Determination of impact energy KV and CTOD value for the weld joint metal is conducted according to the requirements of
Section 5.

For rolled products, allowance for plastic strain shall be considered in the course of pipe
manufacture. Unless otherwise specified, for a skelp the maximum permissible yield stress to
tensile strength ratio shall be less than that for the pipe metal at least by 0,02.

45.3.2 Requirements for mechanical properties of the base metal and metal of welded
joints of the pipes that exceed the dimensions specified in Table 4.5.3.1 may, upon agreement
with the Register, comply with the requirements of 1ISO 3183 or GOST 31444 for steels of
similar strength categories.

454 Condition of supply.

45.41 The recommended conditions of supply are specified in Table 4.5.4.1.

Table 45.4.1
Condition of supply of rolled products and pipes
Steel grade Minimum temperature of impact bending test, Condition of supply at the thickness of
at least, °C tc <12,5 mm 12,5<t. <40 mm
PCT, PCTW -10 any N, CR, TMCP
—40 any N, CR, TMCP,Q + T
-60 CR TMCP, Q + T
PCT32, PCT32W -20 any N, CR, TMCP,Q+T
-40 any N, TMCP,Q+T
—60 CR TMCP,Q+T
PCT36, PCT36W -20 any N, CR, TMCP,Q+T
—40 CR CR,N, TMCP,Q+T
—60 CR CR,TMCP,Q+T,Q*+T
PCT40, PCT40W -20 any CR, TMCP,Q+T
—40 CR CR,TMCP,Q+T
—60 CR,TMCP, Q+T,Q*+T
PCT420, PCT420W At any temperatures CR, TMCP,Q+T,Q*+T
PCT460, PCT460W of bending impact tests CR,TMCP, Q+ T, Q*+T
PCT500, PCT500W CR, TMCP,Q+T,Q*+T
More strong TMCP, Q+T
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45.4.2 There are following heat treatment procedures: normalizing (N), controlled
rolling (CR), thermo-mechanical controlled processing (TMCP), quenching and tempering
(Q + T) quenching from rolling heat and tempering (Q* + T).

45.4.3 The welded pipes are manufactured using bending and welding procedures. As
a rule, the pipes undergo cold expansion to achieve the required dimensions. Plastic
deformation of the pipe metal during the cold expansion shall not exceed 1,5 %. Seamless
pipes are manufactured using the method of cold and hot rolling procedures.

45.5 Examination.

4551 The requirements for rolled product surface quality, repair and removal of
surface defects shall comply with 3.2.7, Part XIII "Materials" of the Rules for the Classification
and Construction of Sea-Going Ships (repair by welding is not allowed). Tolerances on rolled
product thickness shall meet the standards recognized by the Register and be subject to
agreement with the customer.

45.5.2 Non-destructive testing shall be carried out in compliance with the requirements
of 4.3.8. The steel shall be free from any defects prejudicial to its use for the intended
application. The manufacturer shall guarantee the absence of surface defects and internal
discontinuities which dimensions prevent performance of non-destructive testing of welded
joints.

4553 Examination and verification of dimensions, geometry and mass of rolled
products and pipes shall be carried out by the manufacturer. The availability of the Register
certificate does not relieve the manufacturer of the responsibility if a material or product is
subsequently found defective or does not comply with the agreed technical documentation or
standards as regards its dimensions, geometry and mass.

The recommended requirements for dimension deviations and quality of rolled products
and pipes are specified in Tables 4.5.5.3-1 and 4.5.5.3-2, respectively.

Table 455.3-1
General requirements for rolled products

Characteristics Scope of Value
examination

Deviations from flatness equal to 1 linear|{100 % Not more than 6 mm
metre

Camber equal to 1 linear metre 100 % Not more than 1 mm

Rolled product continuity 100 % No delaminations exceeding the following values are allowed:

for L2 and G2 pipeline classes:
area of 500 mm?, at that the delaminations with the area of
150 mm? or more (from 8 mm in width and 15 mm in length)
are recorded if they are not more than 5 per 0,25 m?;

for other pipeline classes:
area of 1000 mm?, at that the delaminations with the area of
300 mm? or more (from 8 mm in width and 35 mm in length)
are recorded if they are not more than 10 per 1,0 m%;

upon agreement, for all pipeline classes:
area of 100 mm?, at that the delaminations with the area of
30 mm? or more (from 5 mm in width and in length) are
recorded if they are not more than 5 per 0,25 m?

in near-edge zone of at least 50 mm wide:
area of 100 mm? and width of 6 mm and more, at that the
delaminations of 10 mm in length and more are recorded if
they are not more than 3 per 1,0 m of edge length.

Surface quality 100 % Cracks, skins, blisters, laps are not permitted. Separate roll marks,
hairlines and rippling are permitted

Thickness of rolled product® at 7,5 < t. < 40,|100 % -0,3/ + (0,016t. + 1,2), mm
mm

Width of rolled product 100 % —20/0, mm
1 Other thicknesses shall be subject to agreement with the Register.




Rules for the Classification and Construction of Subsea Pipelines (Part I)

67

Table 4.5.5.3-2
General requirements for the pipe dimensions

Characteristics Scope of Welded pipe Seamless pipet!
examination
Diameter pipe ends D, < 610 mm 100 % 10,5 mm or £0,5 % D,,
(whichever is greater), but max. £1,6 mm
Diameter pipe ends D, > 610 mm 100 % +1,6 mm | +2,0 mm
Greatest difference in end diameters of one| 100 % 12,5 % t.
pipe (each pipe measured)
Diameter pipe body, D, < 610 mm 100 % +0,5 mm or £0,75 % D,, +0,5 mm or +0,75 % D,
(whichever is greater), but max. (whichever is greater)
13,0 mm
Diameter pipe body, D, > 610 mm 100 % 10,5 % D,, +1 % D,
but max +4,0 mm
Out-of-roundness, pipe ends?3, D,/t. < 75 R* 1,0 % but max. 8 mm
Out-of-roundness, pipe ends?, D,/t. > 75 R* 1,5 % but max. 8 mm
Out-of-roundness, pipe body? R*S 2,0 % but max. 15 mm
Local out-of-roundness R* <0,5% D,, -
but not more than 2,5 mm
Wall thickness t; < 15 mm 100 % 40,75 mm +125% t;
Wall thickness, 15 < t. < 20 mm 100 % 1,0 mm +12,5% tc
Wall thickness, tc > 20 mm 100 % +1,5/-1,0mm +10 % tc, but max. +1,6 mm
Total curvature R* <0,2% LS
Local curvature R* <1,5mmfor1mofL
Ends squareness R* < 1,6 mm from true 90°
Radial offset from the weld (LBW - laser- R* 7 -
beam welding and HFW — high frequency
welding)
Radial offset from the weld (SWA - R* <0,1t, but max. 2,0 mm -
submerged arc welding)
Pipe length 100 % Upon the customer's request
Pipe weight 100 % —3,5% / + 10 % of nominal weight
1 The requirements for continuity and surface quality of seamless pipes are similar to those for a skelp (refer to Table 4.5.5.3-1).
2 Qut-of-roundness is determined by Formula (3.3.5-5) or as an absolute value.
3 Upon agreement, out-of-roundness may be limited to 0,6 % but max. 5 mm.
4 R means random testing of 5 % of the pipes, but minimum 3 pipes per shift.
5 Dimensions pipe body shall be measured approximately in the middle of the pipe length.
& L —the pipe length.
7

Thickness considering offset from the weld shall be within the limits of pipe wall thickness tolerance; in this case not less than
actual minimum wall thickness of each pipe.
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4.6 MATERIALS OF FLEXIBLE POLYMER-METAL PIPES AND THEIR END FITTINGS

46.1 General.

4.6.1.1 Selection of materials shall be carried out at the design stage of the flexible
subsea pipeline structure to ensure its integrity, strength, reliability and durability, considering
the potential changes of operational conditions and material properties during the design
pipeline service life.

The possible changes of the flexible pipe shape and material properties during the whole
sequence of operations associated with the pipeline storage, transportation and laying with
use of reels (bundles) shall be also taken into account.

4.6.1.2 Properties of the flexible pipe layer materials for polymeric-metal pipes shall
correspond to their purpose and the operating conditions of the pipeline.

All the armoring layers (carcass, radial armoring layer, axial armoring layer) shall be made
of steel profiled strips (including an interlocked metallic construction) or wire. These layers
shall ensure structural and technological strength of pipelines conveying hydrocarbons at
prescribed minimum operating temperature and operational loads.

Inner (internal sheath, outer sheath, liner), separating (intermediate sheath) and insulation
layers shall be made of polymer materials.

End fittings shall be manufactured from the steels complying with the requirements of 4.4.

4.6.1.3 All the materials used in the flexible pipe construction shall be certified for
application in the corresponding environment (seawater) and the transported (natural gas, olil,
etc.) medium within the range of design operating temperatures.

4.6.1.4 Service life of the flexible pipeline shall be specified taking into account the
allowance for degradation of the mechanical properties of the material during the pipeline long-
term service.

4.6.2 Polymer materials.

4.6.2.1 Nomenclature of the RS-controlled properties of polymer materials used during
manufacture of the inner and intermediate layers of the flexible pipe is specified upon the
design and purpose of the flexible pipes, proceeding from the following range of parameters:

A mechanical properties:

tensile strength;

ultimate elongation;

compressive strength;

shear strength;

bending strength;

modulus of elasticity;

impact strength;

hardness;

abrasion resistance;

residual compressive strain;

.2 physical properties:

density;

coefficient of thermal expansion;

melting point;

softening point;

range of working temperatures;

water absorption;

gas-/watertightness;

.3 other properties:

coefficient of thermal conductivity;

ageing;

creeping;
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chemical resistance to the environment and the transported medium;

resistance to rapid depressurization;

endurance;

acceptable defects (notch sensitivity).

4.6.2.2 When the internal sheath of the flexible pipe is composed of multiple layers, the
manufacturer shall experimentally confirm that the dissimilar material complies with the design
requirements for the specified operating conditions and service life.

4.6.2.3 For polymer materials composing the insulation layers of the flexible pipes, the
following shall be determined:

tensile strength;

ultimate elongation;

compression strength;

modulus of elasticity;

density;

coefficient of thermal conductivity (in dry and flooded conditions);

melting point;

softening point;

range of working temperatures;

water absorption;

endurance.

4.6.2.4 For sheath materials, the following shall be determined:

integrity properties;

melting point;

range of working temperatures;

endurance.

4.6.2.5 The effect of hydrostatic compression, water absorption and creeping shall be
determined for buoyancy components.

4.6.3 Metal materials.

4.6.3.1 Nomenclature of the controlled properties of metal materials used in
manufacture of the composite flexible pipes and end fittings includes the following:

.1 mechanical properties:

chemical composition;

metal macro- and microstructure;

tensile strength;

yield stress;

elongation;

charpy impact strength for end fittings having a wall thickness over 6 mm at the minimum
operating temperature below 0 °C (refer to 4.3.3.3);

hardness of base metal and welded joint metal;

results of a collapse test and drift test for all-metal pipes;

modulus of elasticity and Poisson's ratio;

data on corrosion resistance to transported medium and the environment (sea-water);

data on erosion resistance to transported medium;

stress-cycle diagram during loading in air and corrosive media, which simulate the
transported medium and seawater;

coefficient of thermal expansion;

.2 other properties:

chemical composition;

corrosion resistance;

erosion resistance;

cyclic fatigue/fatigue endurance;

resistance to hydrogen cracking and sulphide corrosion cracking.
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4.7 STEEL FLANGES

4.7.1 Terms and definitions.

The requirements of this Chapter apply to the following steel products used in subsea
pipelines:

flange connection means a pair of matching flanges with sealing gaskets, bolts or
studs with nuts and washers used for installation of a pipeline section (string/spool piece) or
subsea valves without welding and with possibility of dismantling and replacing a part of
pipeline or a fitting;

contact (sealing) surface means a surface of flange contacting with gasket and
having, as a rule, special grooves for its placement;

blind flange means a flat flange without central hole used for blanking off the end face
of a pipeline (string or spool piece) or subsea valves;

weldneck flange means a flange with central cylindrical part (neck) protruding from
its body and purposed for welding to a pipeline or other pipeline component by girth weld;

swivel flange means a flange consisting of two parts: the inner part of smaller
diameter with neck for welding to a pipe and an outer coupling ring with holes for bolts/studs
to be fitted on the inner part;

anchor flange means a flange with increased outer diameter and two necks to be
welded in a pipeline by two butt girth welds which is used for limiting longitudinal displacements
of a pipeline;

insulating flange connection means a flange connection excluding electric
contact between connected flanges by means of electric insulating gaskets and bushings;

ball flange means a flange with central part made as a sphere, which can be turned
relative to the body and has a contact surface and holes for connection with bolts/studs;

spiral-wound gasket means a gasket wound of steel tape, which has an angular
profile and filler. This gasket may be supplied with outer and/or inner flat adjustment rings;

oval (octagonal) metallic gasket means a steel gasket in the form of oval or
octagonal ring, less hard than the sealing surfaces of flanges;

hydraulic accessories for assembly of bolt connections of
flanges ("hydratight") means a set of hydraulically-driven stops for simultaneous
extension of bolts/studs of flange connection to design force value to match contact (sealing)
surfaces of flanges.

4.7.2 General.

4.7.2.1 Flanges and flange connections, as a rule, shall be flush relative to the linear
part (string, spool piece) of subsea pipeline to provide effective in-line inspection.

4.7.2.2 The parameters of flanges shall be selected based on a combination of
operating pressures and temperatures of the pipeline (spool piece) which are determined the
according to design documentation of subsea pipeline approved by the Register (for example,
ASME B16.5/ANSI) considering transported medium properties.

4.7.2.3 Upon agreement with the Register, the requirement for flanges as separate
components may be also applied to the flanges manufactured as parts of equipment or valves.

4.7.2.4 The requirements for flanges are determined in accordance with operational
reliability levels of subsea pipelines specified in 1.3.3, Part | "Subsea Pipelines".

4.7.2.5 Requirements for the RS technical supervision during manufacture of flanges
shall comply with 2.11 of the SP Guidelines.

4.7.2.6 The flanges shall be connected with bolts/studs, including subsea ones, with
use of "hydratight" accessories for even pressing of the contact surfaces. At that the length of
bolt/stud shall be increased as required (150 to 200 mm).

4.7.2.7 For manufacture of flange forged and cast workpieces at a separate firm, the
latter shall be recognized by the Register and the workpieces shall have a Certificate of
Conformity issued by the Register.
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4.7.3 Requirements for flange design.

4.7.3.1 The flanges shall be manufactured in compliance with the requirements of the
international and/or national standards and the technical documentation approved by the
Register.

4.7.3.2 The material for manufacture of flanges shall, as a rule, correspond to steel
grade used for linear pipes (bends) (refer to 4.5, Part | "Subsea Pipelines") with consideration
of the transported medium properties. As a rule, the flanges shall be made of steel with a
strength grade up to PCT550(W). When using linear pipes from steel of higher strength, the
uniform strength of flanges shall be obtained by increasing the thickness of neck at a welding
beveling. The use of flanges made of higher strength materials shall be agreed upon with the
Register.

4.7.3.3 The requirements for chemical composition of metal for flanges, gaskets and
bolts/studs/nuts may comply with the national and/or international standards to provide
approximate equivalence of the requirements to the requirements to subsea pipelines and the
technical documentation approved by the Register.

4.7.3.4 For subsea pipelines, as a rule, the types of flanges shown in Fig. 4.7.3.4 are
used.

c)

Fig. 4.7.3.4
Main types of flanges for subsea pipelines (the contact surface is shown with dashed line):
a — blind flange; b — weldneck flange; c — swivel flange; d — swivel flange with profiled end face

4.7.3.5 Flange connections of subsea pipelines (spool pieces, strings) shall be tested
under the pipeline design pressure and temperature with consideration of possible action of
axial forces and bending moment appearing during construction and operation of a pipeline.
Finite-element models shall be used for checking calculations. Upon agreement with the
Register, the engineering practices based on the international, national and/or bend standards
(firm's standards) may be used.

4.7.3.6 The bottom of a groove for the gasket shall not be deeper than the flange edge
plane, otherwise the thickness of flange or the height of its central ridge shall be increased to
keep the minimum thickness of the flange body. Unless otherwise specified in the
documentation surfaces of groove shall have maximum roughness Ra 1,6.

4.7.3.7 The neck of welded flanges, including the anchor ones, shall have cylindrical
form or the slope of outer surface not more than 7° as required for forging or casting.
Dimensions of the flange neck shall comply with the values specified in Fig. 4.7.3.7. When
welding to the pipe of carbon or low-alloy steel with nominal wall thickness of 5 mm and less,
a straight edge or a small angle bevel shall be made.

4.7.3.8 To provide uniform strength of materials of flange and pipe, the minimum
thickness of flange neck in the beveling area shall be equal to minimum wall thickness of the
pipe to be welded.
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For flange materials of lower strength, the minimum thickness of flange neck at the
beveling area hall be such as that the product of flange thickness by its yield stress (at the
beveling) is at least equal to the product of wall thickness by the minimum yield stress of pipe.
The wall thickness of flange neck shall not exceed one and a half wall thickness of pipe and
the connection design shall comply with one of the versions shown in Fig. 4.7.3.8.
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Fig. 4.7.3.7
Dimensions of neck of welded flanges
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Fig. 4.7.3.8
Welded joint of thickened neck with pipe (option a is preferable)

4.7.3.9 Girth welds of flanges shall have the same strength as that of the pipeline. In
case of cyclic high-stress service loading, in addition to the specified in 4.7.3.5, the calculations
of fatigue strength shall be made based on the maost probable service loading within at least
double operational life of the pipeline (unless otherwise specified in the documentation for
subsea pipeline, the service life of 100 years is recommended for calculations). The need for
calculation is determined in accordance with 5.5.7.

4.7.3.10 Ball flanges and flanges different from those specified in 4.7.3.4 are subject to
special consideration by the Register.

4.7.3.11 Gaskets shall be metallic and manufactured in accordance with 4.7.3.3 from the
materials resistant to the media transported in the pipeline system and compatible with the
flange materials with respect to corrosion destruction during subsea pipeline operation.
Gaskets shall have finish and roughness of contact surfaces not worse than that of the flanges.

Hardness of gasket base metal shall be at least by 20 HV less than hardness of the used
flange material but not more than 180 HV.
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4.7.3.12 The material of bolts/studs, nuts and washers shall meet the requirements
of 4.7.3.3 and provide design life in sea water with coating and/or electrochemical protection.
Bolts, as a rule, are used on the pipelines (strings, spool pieces) with working pressure up
to 2,5 MPa.

4.7.3.12.1 When cathodic protection is used, the hardness of bolts/studs shall be not
more than 300 HV to prevent hydrogen-induced cracking.

4.7.3.12.2 When "hydratight" accessories are used (refer to 4.7.2.6), upon agreement
with the Register the permissible stresses of bolts/studs may be increased by 20 %.

4.7.3.12.3 The manufactured fasteners shall have the rolled thread, hardness of studs
or bolts shall be higher than the hardness of nuts by at least 12 HB. Hardness of washers shall
be less than the hardness of bolts/studs and nuts.

4.7.3.12.4 Bolts, studs, nuts and washers of stainless steel may be used but they
require effective electrochemical protection for use in sea water.

The bolts made of nickel or other nickel-based solution-hardened alloys are allowed
with the mandatory pitting corrosion tests. These materials shall have yield stress of
maximum 720 MPa.

4.7.3.13 The material of insulating gaskets and bushings used both for sealing the joints
of insulating flanges and for electrical isolation of two parts of flanges shall have the ultimate
resistance not less than 260 MPa, electric resistance not less than 10 kOhm and water
absorption not more than 0,01 %.

4.7.4 Technical supervision during manufacture of flanges.

4.7.4.1 Flanges for subsea pipelines (strings and spool pieces) shall be made under
the RS technical supervision. Series-manufactured flanges (50 and more) are subject to type
approval by the Register in accordance with 2.11 of the SP Guidelines.

If fewer flanges of the same type and size are manufactured, upon agreement with the
Register a single approval of flanges is allowed. At the same time, where necessary, the type
tests to the extent required by the Register shall be carried out.

4.7.4.2 The list of technical documentation to be reviewed by the Register for approval
of the flanges is given in 2.11.3 of the SP Guidelines.

In case of type approval of flanges according to the documentation approved by the
Register, a pilot flange (pair of matching flanges) shall be manufactured and tested prior to
commencement of series production in accordance with 2.11.4 of the SP Guidelines. Based
on the results of type tests for the pilot flanges, the technical documentation may be amended.

4.7.4.3 Flanges shall be manufactured by forging or centrifugal casting followed with
machining, at that the forged flanges are preferable. Anchor flanges shall be only forged.
Repair of forgings by welding is not allowed.

Upon agreement with the Register, the blind flanges may be manufactured from steel
rolled plates.

4.7.4.4 The flanges are subject to heat treatment after rough machining. Tolerances for
heat treatment parameters shall be £15 °C for holding temperature and +20 % for holding time.

The extent and depth of rough machining of forgings and castings are selected considering
ultrasonic surface testing requirements.

4.7.45 The requirements to non-destructive testing of flanges at all stages of
production shall comply with the requirements of the international and/or national standards,
technical documentation approved by the Register and 4.8.8.

4.7.4.6 The steel for production of flanges shall be weldable to pipes, spool pieces, hot
bends and/or fittings. Weldability shall be verified when testing the specimens of welded field
joints, refer to Section 5.

During weldability testing, the following shall be determined:

ultimate tensile resistance of cross-weld specimens, hardness in welded joint zones;

impact energy on the weld material, fusion line and in 2 mm, 5 mm and 20 mm from the
fusion line, if the product dimensions permit manufacturing of impact test specimens.
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The acceptance criteria shall comply with the requirements to the product base metal.

Previously obtained data on weldability for the same materials may be used with the
following restrictions: the diameter to thickness ratio and the cross-section area shall differ
maximum twice as compared with the previously obtained data.

4.7.4.7 During type approval of serial flanges, a hydrostatic strength test of
representative flange shall be carried out by making a test assembly of two test flanges with
gaskets, bolted connection (or anchor flange), adjoining pipe sections and blank covers. The
general testing requirements are specified in 4.8.10.

The manufactured flanges are subject to hydrostatic tests on installed pipelines (strings or
spool pieces).

The test pressure shall exceed the flange pressure class (PN) not more than by 1,5 times
(at room temperature). Tests at higher pressure are allowed after performing special strength
calculations upon agreement with the Register.

4.7.4.8 The number of fasteners selected for mechanical tests shall be the following
one per batch of up to 800 pieces; two per batch of up to 8000 pieces; three per batch of up
to 22 000 pieces; five per larger batch. A batch comprises products of the same nominal size
and material and the same steel melt and heat treatment load. The following tests shall be
carried out:

.1  for bolts and studs: hardness testing, finding yield stress, ultimate resistance,
elongation at breaking, and Charpy V-notch impact energy at the temperature 10 °C below
design value (the latter only for carbon and low-alloy steel). Where it is impossible to cut out
an impact test specimen from bolt or stud, the special specimens exposed to equivalent heat
treatment shall be used,;

.2 for nuts: hardness testing and load test on a hardened threaded mandrel. The load
is determined in accordance with dimensions and strength class of nut material, and shall be
specified in the technical documentation;

.3  for washers: hardness testing.

Acceptance criteria shall comply with the criteria for connectable steel pipes for subsea
pipelines of the same strength grade.
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4.8 STEEL BENDS AND FITTINGS

48.1 Terms and definitions.

The requirements of this Chapter apply to the following steel products used in subsea
pipeline structures for changing the direction of pipeline axis:

hot bend means a pipeline component with the axis bend radius to the nominal
diameter ratio of at least 3 and manufactured from a ductile induction-heated seamless or
welded mother pipe, which may be a pipe for linear part of subsea pipeline or a specially
manufactured pipe (mother pipe);

fitting means a pipeline component used both for changing the direction of axis and for
branching the pipeline; it may be made from forged, stamped or cast workpieces by welding
and/or machining. Fittings include elbows, T-joints, reducers, plugs, blank covers, etc.;

elbow means a pipeline component made from forged, stamped or cast workpieces, as
a rule, having axis bend radius to nominal diameter ratio of at least 3;

sharp elbow means an elbow, which axis bend radius to nominal diameter ratio is less
than 1,5;

reducer means a pipeline component for connection of pipes of different diameter
and/or wall thickness;

flush T-joint means a T-joint having equal nominal diameters of all the bores;

reducing T-joint means a T-joint with side passage diameter lower than the main
passage diameter;

blank cover means a part for covering the pipeline cross-section and welded by a girth
weld;

extrados means outer curved section of the curved portion of a bend,

intrados means inner curved section of the curved portion of a bend;

end pieces mean bend parts welded in factory conditions to the branch ends and
manufactured from the material of pipes to be connected. The end pieces avoid field welding
of heterogeneous materials or different thicknesses.

4.8.2 General.

4.8.2.1 The bends and fittings (hereinafter referred to as "bends", unless otherwise
specified), which diameter enables in-line inspection shall be flush relative to the linear part
(string, spool piece) of subsea pipeline so that the subsea pipeline could be fully in-line
inspected.

4.8.2.2 Upon agreement with the Register, the requirements for fittings may be applied
to the bodies of various subsea valves.

4.8.2.3 The requirements for bends are determined in accordance with subsea pipeline
operation reliability levels specified in 1.3.3, Part | "Subsea Pipelines". In any case, the strength
grade of bend material shall be not worse than that of linear pipes.

4.8.2.4 Girth welds (if any) in fittings shall be equal in strength with the pipeline. In case
of cyclic high-stress service loading, the fatigue calculations shall be made based on the most
probable operational loading during at least doubled service life of the pipeline. The need for
calculation is determined in accordance with the requirements of 5.5.7.

4.8.2.5 Applied welding procedures shall be qualified in compliance with the Register
Rules. The earlier developed procedures may be used only for welding of carbon steel with
yield stress up to 450 MPa.

4.8.2.6 Fittings are made of steel of strength grade up to PCT550 (W). When connecting
line pipes from steel of higher strength, the uniform strength of fittings is obtained by increasing
the thickness. Materials of higher strength for manufacture of fittings may be used upon
agreement with the Register.

4.8.2.7 The requirements for the RS technical supervision during manufacture of bends
and fittings are specified in 2.11 and 2.12, respectively, of the SP Guidelines.
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4.8.2.8 Raw materials for manufacture of bends (mother pipes, fitting workpieces, etc.)
supplied under the RS technical supervision, shall have a certificate issued by the Register,
and their manufacturers shall be recognized by the Register.

4.8.2.9 For subsea pipeline with cathodic protection, the compatibility of materials of
bends and fittings with the material of linear pipes shall be analyzed to prevent hydrogenation
of individual elements of these structures.

4.8.3 Requirements for design of hot bends.

4.8.3.1 Hot bends shall be manufactured in compliance with the requirements of
international and/or national standards and the technical documentation approved by the
Register.

4.8.3.2 The chemical composition of hot bends metal shall correspond to the pipe steel
brands. Upon agreement with the Register, the chemical composition of bend material may be
modified with respect to the pipe standards to obtain satisfactory combination of weldability,
hardness penetration, strength, ductility, viscosity and corrosion resistance.

4.8.3.3 Hot bends of subsea pipelines (including the ones in spool pieces) shall be
tested by the pipeline design pressure and temperature with consideration of possible external
actions appearing during construction and operation of pipeline. Finite-element models shall
be used for checking calculations. Upon agreement with the Register, the engineering
practices based on the international, national and/or branch standards (firm standards) may
be used.

Manufacture of hot bends from pipes used for linear pipeline without the specified
calculations is not allowed.

4.8.3.4 The Register is entitled not to require the presentation of the results of
calculations when the wall thickness of bend extrados t; is less than the minimum wall
thickness of linear pipes t,,;; and the wall thickness of bend intrados is not less than:

21p ~p

ti = tmin 2(rpry)’

(4.8.3.4)

where t,i, =the minimum design wall thickness of the pipeline linear part with corrosion allowance, in mm;

Tp = axis bend radius, in mm;
Ty =nominal mean radius of a mother pipe, in mm.
4.8.4 Technical supervision during manufacture of hot bends.

4.8.4.1 Hot bends shall be manufactured at the firms recognized by the Register. Upon
agreement with the Register, bends may be manufactured at the firm not recognized by
Register, provided that additional tests are carried out during manufacture in the scope
required for recognition of the firm.

4.8.4.2 The list of technical documentation to be reviewed by the Register for approval
of bends is specified in 2.12.3 of the SP Guidelines.

For recognition of bends manufacturer in compliance with the documentation approved by
the Register, the test bend of each type and size shall be manufactured and then checked and
tested prior to commencement of manufacture in accordance with 2.12.4 of the SP Guidelines.
Based on the results of tests during manufacturer recognition, the technical documentation
may be amended.

4.8.4.3 Hot bends shall be manufactured by hot bending method. Use of cold bends is
allowed if the plastic deformation does not exceed 1,5 %.

4.8.4.4 The mother pipe for bends may be seamless or have one or two longitudinal
welds.

4.8.4.5 The requirements for mother pipes for bends shall fully comply with the
requirements for steel pipes specified in Section 4, Part | "Subsea Pipelines", including the
requirements for recognition of manufacturers, extent of tests and confirmation of compliance
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with respect to the specified operational reliability level of the pipeline in compliance with 1.3.3,
Part | "Subsea Pipelines".

4.8.4.6 Upon agreement with the Register, the mother pipes for hot bends may be used
that manufactured at the firms not recognized by the Register but under technical supervision
of a classification society recognized by the Register or a national supervisory body. The extent
and results of the tests specified in the manufacturer's certificate shall be approved by the
Register.

4.8.4.7 The mother pipe for hot bends shall have pipe body not repaired by welding, no
transverse butt welds (welds of roll or plate ends) or girth welds. The mother pipe shall be
subject to visual examination and non-destructive testing similarly to a linear pipe, except for
the ends if they shall be cut off during manufacture of bend.

During manufacture all mother pipes for bends shall be subject to the factory internal
pressure testing.

4.8.4.8 During manufacture, bend bending shall not be interrupted, otherwise the bend
shall be rejected. Hot straightening (gauging) after bending, including local heating, shall not
be followed with complete heat treatment.

Cold straightening of bends not followed with heat treatment is allowed when plastic
deformations do not exceed 1,5 %.

4.8.4.9 The extent of tests and checks of the hot bends, including arrangement and
type of specimens during manufacture shall comply with 2.12.4 of the SP Guidelines. Unless
otherwise specified, the methods and criteria of acceptance shall comply with the criteria for
linear pipes of the corresponding strength grades and requirement level. Tests and checks
shall be performed after the final heat treatment.

4.8.4.10 The requirements for mechanical tests shall comply with 4.8.7.

4.8.4.11 The requirements to non-destructive testing of bends at all stages of
manufacture shall comply with the requirements of the international and/or national standards,
technical documentation approved by the Register and 4.8.8.

4.8.5 Requirements for design of fittings.

4.8.5.1 Fittings shall be manufactured in compliance with the requirements of the
international and/or national standards and the technical documentation approved by the
Register.

4.8.5.2 Fittings capability to withstand internal pressure shall be the same or better than
that of the corresponding linear pipes. To determine the required wall thickness in each cross-
section of fitting, the finite-element calculations shall be made. Upon agreement with the
Register, the engineering practices based on the international, national and/or bend standards
(firm standards) may be used.

Strength testing by hydraulic method shall be carried out both during recognition of the
manufacturer and manufacture.

4.8.5.3 In cylindrical parts of T-joints and similar fittings with wall thickness close to the
minimum wall thickness of pipe, the zones of girth welds and stress concentration zones
causing deformation shall be separated.

4.8.5.4 The distance from the beveling to radial transition zone (unless the finite-
element calculations demonstrate that nominal stresses in the weld area are achieved at a
smaller distance) shall be not less than:

3/rt, (4.8.5.4)
where 7, =mean fitting radius, in mm;
t = refer to Formula (4.8.3.4).

4.8.5.5 The wall thickness of fitting shall be determined in accordance with 4.8.3.4.
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4.8.5.6 Blank covers shall have ellipsoid shape with hominal diameter to depth ratio
of 4:1. Spherical blank covers may be manufactured with diameter of head end equal to 0,9 of
nominal diameter, toric transition zone with radius equal to 0,085 of nominal diameter and
tangent.

The minimum wall thickness in any point of the blank cover manufactured from the material
of the same strength grade as the linear pipe shall be not less than the minimum linear pipeline
design wall thickness, including corrosion allowance.

4.8.5.7 The reducers shall consist of a taper, tangents and toric transition zones
between them with a radius of minimum 0,085 of the nominal diameter. The reducers without
tangents are allowed only if field welding is subject to X-ray testing. Otherwise, the width of
tangents shall be sufficient for ultrasonic testing in the proximity of weld joints and field welds.

4.8.5.7.1 The angle of taper a of the reducer shall not exceed 30°. The outer diameter to
thickness ratio shall not exceed 100. During manufacture of the reducer from the material of
the same strength grade as the pipes to be connected, the wall thickness shall be not less than
that required for the pipe of a greater diameter, except for the tangent and radial transition
zone to it from the side of a smaller diameter, where the wall thickness shall be not less than
that required for the pipe of a smaller diameter.

4.8.5.7.2 If the reducer is manufactured from another material, the minimum wall
thickness in the cross-section t;, in mm, can be determined by the following formula:

D.
= —Pol (4.8.5.7.2)
2 cos a[R;n—0,6p0]

where p, =design pressure, in MPa;

D; = outer diameter in the cross-section in question measured normal to the longitudinal axis, in

mm;
R, =the minimum ultimate strength of the reducer material, in MPa;
a = angle of taper of the reducer, in deg.

4.8.5.7.3 The reducers from stainless steel shall be designed so that the local stresses
do not cause hydrogen-induced cracking.

4.8.5.8 Side taps of the flush and reducer T-joints shall be made integral with the body,
for example, by stamping. Welded taps are subject to approval by the Register on the case-to-
case basis. This tap shall be located on the side opposite to the longitudinal weld, if the T-joint
body is made from the welded mother pipe with one longitudinal weld.

Bend radius of outer surface of the tap shall be not less than the smaller value of 0,05D
and 30 mm, and shall not exceed [0,1D + 12] mm. This radius shall be obtained by forming
methods without machining and welding. The minimum wall thickness in the transition zone
measured in the plane at 45° to the main passage of the T-joint shall be 1,5 of the minimum
design thickness of linear pipeline wall including corrosion allowance.

4.8.6 Technical supervision during manufacture of fittings.

4.8.6.1 Fittings shall be manufactured at the firms recognized by the Register. Upon
agreement with the Register, in certain cases the fittings may be manufactured at the firm not
recognized by the Register, provided that additional tests are carried out during manufacture
in the scope required for the firm recognition.

4.8.6.2 The list of technical documentation to be reviewed by the Register for fittings
approval is specified in 2.13.3 of the SP Guidelines.

For recognition of fittings manufacturer in compliance with the documentation approved
by the Register, the test fitting of each type and size shall be manufactured and then checked
and tested prior to commencement of manufacture in accordance with 2.13.4 of the SP
Guidelines. Based on the results of tests during the manufacturer recognition, the technical
documentation may be amended.
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4.8.6.3 Raw materials for fittings manufacture include blooms, ingots, slabs, sorted
forgings, rolled products, seamless or welded pipes made of fully killed steel. Supply of fitting
workpieces shall comply with 4.8.2.8.

The pipes welded by high-frequency current and spiral weld pipes may not be used as
workpieces for fittings manufacture.

4.8.6.4 The minimum forging reduction during fittings manufacture shall be 4:1.

When castings are used for fittings manufacture, the castings shall have metal of the same
melt and shall be subject to the following types of heat treatment: homogenization, hormalizing
and stress relief or homogenization, quenching and tempering.

Hot stamping of carbon and low-alloy steel during fittings manufacture shall be carried out
at temperatures below 1100 °C. When microalloying elements preventing the growth of grain
(for example, titanium) are added, the forging temperature may be increased up to 1150 °C.

Hot forming of stainless steel shall be carried out at temperature between 1000
and 1150 °C.

4.8.6.5 The longitudinal welds of fittings shall be double-sided as much as technically
practicable; the backing rings shall not be used. All welds shall be made with full penetration.
Tack welds shall be removed prior to heat treatment.

4.8.6.6 After welding, local heat treatment may be performed by portable resistance-
type electric heaters (mats) or other agreed method. A strip along the entire weld of at least
five maximum welded thickness in width shall be exposed to such a treatment. Thermal
insulation shall be used which width is sufficient to keep the temperature on the edges of the
strip not higher than 300 °C.

4.8.6.7 The fittings shall be heat treated after rough machining. The extent and depth
of rough machining of forgings and castings prior to heat treatment shall be selected with
consideration of ultrasonic surface testing requirements.

4.8.6.8 The end faces of fittings shall be machined for welding. The structure of such a
welded joint shall provide smooth transition to the metal of connected linear pipe with mating
angle of maximum 30°. During manufacture of fittings from the metal of lower strength grade,
the fitting body has increased thickness, therefore the chamfers with an angle of maximum 30°
to the fitting body shall be made.

4.8.6.9 The extent of tests and checks of the fittings, including arrangement and type of
specimens during manufacture shall comply with 2.13.4 of the SP Guidelines. Unless
otherwise specified, the methods and criteria of acceptance shall comply with the criteria for
linear pipes of the corresponding strength grades and requirement levels. Tests and checks
shall be carried out after the final heat treatment.

4.8.6.10 The requirements for mechanical tests shall comply with 4.8.7.

4.8.6.11 The requirements for non-destructive testing of ends at all stages of
manufacture shall comply with the requirements of the international and/or national standards,
technical documentation approved by the Register and 4.8.8.

4.8.7 Requirements for mechanical testing of branches and fittings.

4.8.7.1 Bending tests (refer to Section 3 of Appendix 4).

Face bend test shall be carried out on full-thickness non-straightened specimens with weld
reinforcement removed flush from both sides. When the wall thickness exceeds 25 mm, 25
mm thick specimens may be used.

Where the bend angle is 180°, the extended surface in the weld material shall not have
tears longer than 3 mm; in base metal and HAZ longer than 3 mm or deeper than 12,5 % of
nominal wall thickness. Side surfaces of specimens are allowed to have tears up to 6 mm.

Mandrel diameter shall be not more than

1,151D
Du=t (O,Zexp(—O,OO13Rt0'5)1D—t - 1) (4.8.7.1)
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where t =wall thickness, in mm;
ID =inner diameter of bend where specimens are taken, in mm.

4.8.7.2  Sulphide stress cracking resistance tests (refer also to Section 4 of Appendix 4).

The tests shall be carried out according to NACE TM 0177, solution A (solution B upon
agreement), at holding time 720 h, and with stress equal to 0,85 of the minimum guaranteed
yield stress.

The sample shall be taken from the place exposed to the greatest extension during
manufacture. The sample is used to make three longitudinal specimens taken from the inner
surface of wall; straightening is allowed. Additional cross-weld samples are taken from the
welded mother pipes with the weld in the middle of specimens.

Specimens for four-point bending test shall have dimensions of minimum 115 mm (length)
x 15 mm (width) x 5 mm (thickness).

The extended surface of specimens after testing shall be studied with a 10X microscope.
Any surface tears or cracks on the extended surface of the specimen indicate unsatisfactory
result unless it can be demonstrated that they are not caused by action of sulphide.

4.8.7.3 Hydrogen-induced cracking/stepwise cracking resistance tests (refer also to
Section 5 of Appendix 4).

The tests shall be carried out according to NACE TM 0284, solution A, on the longitudinal
specimens taken in the places exposed to the greatest extension during manufacture. For
welded bends or fittings the specimens shall be also cut out across the weld so that the weld
is in the middle part of the working section.

Requirements for mean value of parameters of three metallographic sections cut out from
the specimen tested in solution A: crack sensitivity ratio CSR < 2 %, crack length ratio
CLR = 15 %, crack width ratio CTR < 5 %.

4.8.7.4  Corrosion tests of stainless steel.

Metal of bends with 25 % of chromium is subject to tests for pitting corrosion according to
ASTM G48 to confirm that the applied production process provides the acceptable
microstructure. The test shall be carried out at 50 °C with test duration of 24 h.

4.8.8 Requirements for non-destructive testing of bends and fittings.

4.8.8.1 Surface finish shall provide the surface defects detectability. If required, the
surface shall be cleaned prior to and/or prepared for ultrasonic testing in compliance with the
requirements of the relevant standards.

Visual examination of the entire external surface of bends and internal surface, as much
as technically practicable, for delaminations, cracks, scratches or other defects shall be carried
out both for linear pipes and their welded joints.

4.8.8.2 100 % of welds shall be subject to X-ray or ultrasonic testing, except for the
welds of welded workpieces not deformed during manufacture of bends if the latter were tested
at the stage of workpieces.

4.8.8.3 After machining, the end faces of bend shall be tested at a distance of 100 mm
from them by non-destructive surface testing methods. Delaminations exceeding 6 mm in the
circumferential direction shall be considered as defects.

For bends of requirements level 2, the 50 mm wide strip along each end face shall be
ultrasonically tested for delaminations. Delaminations exceeding 6 mm in the circumferential
direction or with the area exceeding 100 mm? shall be considered defects.

4.8.8.4 Zones of bend body subject to surface tension during manufacture shall be
tested by non- destructive surface testing methods. All cracks, folds, delaminations and circular
indications exceeding 3 mm in any direction shall be considered defects and repaired.

4.8.8.5 Upon agreement, the ultrasonic testing shall be carried out for transversal
defects and delaminations of extended zones of bends.

4.8.8.6 Wall thickness shall be measured by an ultrasonic thickness gauge at the
sufficient number of points.
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4.8.8.7 During dimensional inspection, angular sizes of bends may be determined by
the calculations based on linear dimensions. Out-of-roundness is calculated as the difference
between the maximum and the minimum diameters in cross-section related to the nominal
diameter, in %.

4.8.9 Repair of bend and fitting defects.

4.8.9.1 The surface defects detected during non-destructive testing shall be repaired
by grinding to make smooth transition and meet the requirement for the minimum thickness to
be verified by ultrasonic method. All zones repaired by grinding shall be tested by non-
destructive surface testing methods to verify that the defects are fully eliminated.

4.8.9.2 Defects of the bend or fitting body and welds shall not be repaired by welding.

4.8.10 Hydraulic testing of bends and fittings.

4.8.10.1 End blank covers and other temporary testing equipment shall be designed,
manufactured and tested to withstand the maximum test pressure (refer to 8.6.4) and in
compliance with the international and/ or national standards.

Welds subject to 100 % visual examination shall be free of any coating, paint or protection.
One thin layer of primer may be allowed upon agreement.

Welds may be coated or painted if the acceptance criterion is based on pressure.

4.8.10.2 The following requirements shall be applied to the tools and testing equipment,
which shall have valid calibration certificates indicating the relevant standards issued not
earlier than 6 months ago:

pressure gauges shall have an amplitude minimum 1,25 times more than the test pressure
and the error less than +0,01 MPa;

temperature gauges and recorders shall have an error not more than 12 °C;

pressure and temperature recorders shall enable plotting load diagram for the entire test
duration.

4.8.10.3 The test medium shall be fresh or specially conditioned sea water. The filling
procedure shall minimize the air pockets.

4.8.10.4 The pressure shall be increased gradually to 95 % of test pressure. The
remaining 5 % to test pressure shall be reached slowly to make sure that the test pressure is
not exceeded. The temperature and pressure shall be stabilized prior to counting the holding
time.

The test pressure shall comply with the documentation approved by the Register.

When the acceptance criterion is based on monitoring the pressure variations, the
temperature effect on the test pressure shall be calculated before the test. Temperature
gauges, if any, shall be placed close to the object under test; the distance between the gauges
shall be based on empirical data on the temperature gradients in the object under test.

4.8.10.5 For hydrostatic testing of bends and fittings, the applicable pressure holding
time is as follows:

when the acceptance criteria is based on 100 % visual examination, the holding time under
test pressure shall be sufficient for 100 % visual examination but not less than 2 h;

when the acceptance criterion is based on the pressure variations, the holding time under
test pressure shall be not less than 2 h.

During hydrostatic test of assemblies, for example, spool pieces or strings, the holding
time with pressure control shall be increased up to 8 h depending on the extent of testing.

4.8.10.6 The following criteria shall be applied:

100 % visual examination shall detect no leakages (for example, in welds, flanges) and
the pressure during the holding time shall not drop by more than 1 %. This criterion is applicable
only when there is no risk to miss a leakage;

100 % pressure variation monitoring when during the holding time the pressure shall not
drop below 99 %, and pressure curve during the holding time corresponds to the expected one
with consideration of temperature and ambient pressure variations.
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4.8.10.7 Other test pressure values shall be applied when the components are supplied
with the reducers. In this case, the test pressure shall not exceed the value corresponding
to 95 % of the minimum yield stress of the reducers. When this value is insufficient for
acceptance, the hydraulic testing shall be carried out prior to welding of the reducers. In this
case, the welds of the reducers shall be tested after pipeline installation.
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5 WELDING

5.1 GENERAL

511 Terms and definitions.

Weldability means the ability of the material to be properly welded to form welded
joints with specified parameters and purpose, which is confirmed by a set of tests of welded
joint specimens.

Engineering critical assessment (ECA) means the BS 7910 standard
procedure for assessing the permissible defects during welding based on fracture mechanics
principles including the use of the special purpose software.

Automated ultrasonic testing (AUT) means the automated method of
ultrasonic testing to determine the defect length, depth and height (for example, ToFD and
phased antenna array methods). This method is used for non-destructive testing of welds with
assessment criteria based on the ECA procedure.

5.1.2 Items of technical supervision.

5.1.2.1 The requirements of this Section cover welding of subsea pipeline system
structures made of steel, subject to the RS technical supervision and survey at the stages of
manufacture of rolled products for pipes, pipe products, pipeline laying/installation as well as
manufacture of products/assemblies for pipelines, including repair by welding and welded
joints quality testing in compliance with the requirements of appropriate sections of the SP
Rules.

5.1.2.2 During manufacture of welded pipes and welding of pipelines and products for
subsea transportation systems, the requirements of Part XIV "Welding" of the Rules for the
Classification and Construction of Sea-Going Ships and Part XIIl "Welding" of the Rules for
the Classification, Construction and Equipment of MODU/FOP shall be met to the extent
applicable with regard to the requirements of this Section.

5.1.2.3 The following shall be subject to the RS technical supervision (refer to
Table 5.1.2.3 where stages of the RS technical supervision are marked with sign "+"):

weldability tests of rolled flat products (skelp) for manufacture of welded pipes, and
seamless pipes in order to determine the quality level of steel as a base metal for its
acceptance for manufacture;

welding procedures during manufacture of welded pipes;

welding procedures for butt (field) girth welded joints during pipeline laying/installation;

Table 5.1.2.3
Register technical supervision during welding processes of subsea pipelines
Stage of the RS technical supervision Base | Approval of weld- Approval of Industrial | Approval of | Certifica-

metal |ing procedures for| welding pro- welding and welding tion of
weldabil- | longitudinal/ spiral | cesses and ob- [quality testing| consuma- | welders

ity welds of welded | taining data for | of welded bles
pipes ECA butt girth joints (refer to
welds 5.1.2.5)
Manufacture of rolled flat products + - - - + +
(skelp)
Manufacture of pipes:
seamless + - - -
welded - + _
Laying/installation of the pipeline with - - +

butt girth welding
Repair welds - + + + + +
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non-destructive testing procedures for welded joints and welded joint defect acceptance
limits, including estimated parameters based on the ECA (the latter is applicable for the butt
girth welds only);

repair procedures for welded joints; certification of welders;

approval of welding consumables.

5.1.2.4 Based on technical supervision at the stages specified in Table 5.1.2.3, the
Register shall issue certificates according to the Nomenclature of Items of Technical
Supervision (refer to 1.6 of the SP Guidelines) and the requirements of this Section.

The appropriate stages of technical supervision specified in Table 5.1.2.3 may be
integrated upon agreement with the Register, depending on extent of production stages
integration at the particular firm/ contractor (for example, manufacture of rolled flat products
and welded pipes therefrom at the same firm).

5.1.2.5 The compliance of welding consumables for subsea pipelines with the RS
requirements is generally confirmed by approval of welding procedures with subsequent issue
of Welding Procedure Approval Test Certificates (COTINC) (form 7.1.33) when using welding
consumables, which meet the national and/or international standards in compliance with the
requirements of this Section.

The Register shall approve (certify) the welding consumables and issue the Certificate of
Approval for Welding Consumables (COCM) upon the customer's request.
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5.2 WELDABILITY TESTS

521 Weldability tests during manufacture of rolled flat products for production
of welded pipes.

5.2.1.1 Weldability tests for rolled flat products (skelp) are carried out to initially
determine the quality level of the base metal to approve the steel grade concerned for the
welded pipe production.

5.2.1.2 Skelp samples are cut out from 1/4 + 1/8 of the width. The welded joint geometry
shall include a single straight edge. Examples of edge preparation and structural elements of
the welded joint are specified in Fig. 5.2.1.2. For the metal thickness of 40 mm and above, the
symmetric double-edge preparation may be used.

] Weld structural elements
Structural efements of edge preparation L5 w
< :
i

B 40..45° "

40

Fig. 5.2.1.2
Welded joints of rolled flat products for weldability tests

5.2.1.3 Welding of samples shall be carried out by certified welders with the heat input
corresponding to two levels — 0,8 and 3,5 kJ/mm. In this case, it is difficult to simulate the
factory welding conditions and it is not deemed necessary. The Register is entitled not to
require modification of welding conditions for the certification samples.

5.2.1.4 The scope of inspection during weldability test for rolled flat products is specified
in Table 5.2.1.4.

Table 5.2.1.4
Scope of inspection during weldability tests for rolled flat products for recognition of the
manufacturer
Type of test* Location of samples and Minimum Minimum Total Notes
location of specimens number of number of | number of
cutting-out plates taken | specimens |specimens
from from the plate| from the
cast/batch cast
Testing for determination From one end 1/1 4 samples for 4 Heat input of 0,8 and 3,5 kJ/mm
of standard mechanical two butt
properties, including: welds
welded joint tensile| Transverse to the weld, for 1/1 4 4 At room temperature
testing (5.2.1.5.1) the full thickness
bend testing (5.2.1.5.1) |Transverse to the weld, the 1/1 3 3 Face bend from two sides and
specimen centre at the side bend at room temperature
straight edge
impact testing (5.2.1.5.2)| Transverse to the weld 1/1 12/12 12 Test temperature:
(notch along the fusion T, =10 °C for the skelp with
line, heat affected zone at te <20 mm and
a distance of 2, 5 and 20 T, —20 °C for tc > 20 mm
mm from the fusion line)
macrostructure Template transverse to the 1/1 1 1
examination, Vickers weld
hardness testing (4.3.5)




Rules for the Classification and Construction of Subsea Pipelines (Part I)

86
Type of test* Location of samples and Minimum Minimum Total Notes
location of specimens number of number of | number of
cutting-out plates taken | specimens |specimens
from from the plate| from the
cast/batch cast
Welded joint CTOD From one end 1/1 60/60 60 Three test temperatures:
testing? (5.2.1.6, 5.2.2.4) Tp, T,~10 °C, the third
temperature is based on test
results

1 According to paras of Part | "Subsea Pipelines" of the SP Rules.

2 Except pipes for class L and G pipelines.

N ote. The Register may require skelp welded joint sulphide stress cracking resistance test and hydrogen-induced/stepwise
cracking resistance tests if the skelp is designed for class L2 and G2 pipelines.

5.2.1.5 Determination of standard mechanical properties.

5.2.1.5.1 Tensile test for the skelp welded joint and face bend test are carried out for the
full thickness. The mandrel diameter for bend tests is selected according to Table 5.2.1.5.1,
evaluation criteria in accordance with Section 3 of Appendix 4.

Table 5.2.15.1
Mandrel diameter for bend tests of rolled flat products (skelp) and pipe welded joints for
recognition of manufacturer

Mandrel diameter for face bend test
(T — skelp/pipe thickness)

Mandrel diameter for side bend test, in
mm (specimen is 10 mm thick)

Minimum guaranteed yield stress of base
metal, in MPa

Max. 390 2T 30
Above 390 to 620 aT 40
690 and above 6T 60

5.2.1.5.2 For impact bend testing of the welded joints, three specimens located at the
fusion line and at a distance of 2,5 and 20 mm from the fusion line from the side of the last
pass during welding, at a depth of 2 mm from the rolled product surface shall be manufactured.
The additional tests for specimens taken from the opposite surface may be conducted upon
the RS request. Test temperature for the impact bend test shall be T, —10 °C for pipes
up to 20 mm thick inclusive and T, —20 °C or pipes with the greater thickness.

5.2.1.6  Crack tip opening displacement (CTOD) tests of the rolled flat product welded
joint are mandatory, unless otherwise agreed with the Register with regard to the data provided
by the manufacturer. Tests are carried out at three temperatures to plot the fillet curve. Two
temperatures shall be T, and T, —10 °C and the third one is selected based on the attained
results.

Two heat affected zones (HAZ) are inspected — close to the fusion line ("adjacent" to the
welded joint, HAZ 1) and close to the etching boundary ("distant”, HAZ II). Number of
specimens at each temperature and for each HAZ shall be sufficient to gain three correct
results. As a rule, it is enough to test 6 specimens at each temperature with a notch at the
"adjacent" HAZ and 4 specimens at the "distant” HAZ. The results are estimated according
to 5.2.2.4 and 5.3.4.4.

5.2.1.7 Corrosion tests of skelp welded joints may be carried out upon the RS request
for rolled flat product welded joints certified for class L2 and G2 pipelines.

5.2.2 Weldability tests and approval of welding procedures during pipelines
manufacture.
5.2.2.1 The steel pipe manufacture process is subject to the RS technical supervision

with respect to the following:
weldability tests of the base metal of the seamless pipes;
approval of welding procedures for factory longitudinal/spiral welded joints of welded

pipes;
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approval of welding procedures for butt (field) girth welded joints of pipes during pipeline

laying/installation.

The specified tasks are solved within the single test program specified in Parts A and B,

Table 5.2.2.1.

The scope of tests of welded joints during approval of welding procedures shall comply
with Section 6, Part Il "Technical Supervision during Manufacture of Materials" of the Rules
for Technical Supervision during Construction of Ships and Manufacture of Materials and
Products for Ships with regard to the requirements of this Section.

Table 5.2.21

Scope of inspection during approval of welding procedures and weldability tests for
recognition of pipes manufacturer

and butt (field) girth welded joints during subsea pipeline laying

Type of test* Location of samples | Minimum |Minimum number of Total Notes
and location of number of |specimens from the | number of
specimens cutting-out | pipes taken pipe specimens
from from the
cast/batch cast/pipe
batch
A. Tests for longitudinal/spiral welded joints of welded pipes

cracking/ stepwise cracking
resistance tests*

Testing for determination of From one end 1/1 - - Production heat input
standard mechanical
properties, including:
welded joint tensile testing| Transverse to the 1/1 2 2 At room temperature
(5.2.2.3.1) weld, for the full
thickness
weld metal tensile testing Along the weld, 1/1 3 3 At room temperature
(5.2.2.3.1) cylindrical specimens
bend testing (5.2.2.3.2) Transverse to the weld 1/1 3 3 Face bend from two
sides and side bend at
room temperature
Impact testing (5.2.2.3.3) Transverse to the weld 1/1 12/12 12 Test temperature:
(notch along the weld for the pipe with (24) T, —10 °C for pipe
centre, fusion line, te <26 mm, with t; £ 20 mm
heat affected zone at a 24/24 and T, -20 °C
distance of 2 and 5 for t. > 26 mm for t. > 20 mm
mm from the fusion
line)
macrostructure  examination,| Template transverse 1/1 1 1 -
Vickers  hardness  testing to the weld
(4.3.5)
Welded joint CTOD? testing| From one end (notch 3/1 9 (at the weld 81 Three test
(5.2.2.4,5.3.4.4.2) at the weld centre and centre) and 18 (at temperatures:
the fusion line) the fusion line) Ty, T, —10 °C, the third
temperature is based
on test results
Repair welded joint CTOD?*3| From one end (notch 1/1 93 (at the weld 273 Three test
testing (5.2.2.4, 5.3.4.4.2) at the repair weld centre) and 182 (at temperatures:
centre and repair the fusion line) Tp, T,—10 °C, the third
weld-base metal temperature is based
fusion line) on test results
Sulphide  stress  cracking From one end 3/1 3 9 -
resistance tests*
Hydrogen-induced stress From one end 3/1 3 9 -

B. Base metal weldability test on the simulated butt (field) girth welded join

ts for seamless pipes

(5.2.1.5.1)

Testing for determination of From one end 1/1 - - Heat input and type of
standard mechanical preparation according
properties, including t05.2.2.2

welded joint tensile testing|Transverse to the weld 1/1 2 2 At room temperature
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Type of test* Location of samples | Minimum |Minimum number of Total Notes
and location of number of |specimens from the | number of
specimens cutting-out | pipes taken pipe specimens
from from the
cast/batch cast/pipe
batch
bend testing (5.2.1.5.1) Transverse to the weld 1/1 3 3 Face bend from two
sides and side bend at
room temperature
impact testing (5.2.1.5.2) Transverse to the weld 1/1 12/12 12 Test temperature:
(notch along the fusion T, —10 °C for pipe with
line, heat affected tc <20 mm and T, -20
zone at a distance of °C for tc > 20 mm
2, 5 and 20 mm from
the fusion line)
macrostructure  examination,| Template transverse 1/1 1 1 -
Vickers  hardness  testing to the weld
(4.3.5)
Welded joint CTOD? testing| From one end (notch 3/1 18 54 Three test
(5.2.1.6) along HAZ at the (at the fusion line) temperatures:
fusion line) To, To—10 °C, the third
temperature is based
on test results
Sulphide  stress  cracking From one end 3/1 3 9 -
resistance tests*
Hydrogen-induced stress From one end 3/1 3 9 -
cracking/ stepwise cracking
resistance tests*
1 According to paras of Part | "Subsea Pipelines" of the SP Rules.
2 Except pipes for L and G pipelines.
3 The specified set of specimens is subject to testing for each type of repair welding, performed on the entire thickness of the
weld or a part thereof.
4 For pipes designed for L2 and G2 pipelines.
N ot e. The Register may require welded joint sulphide stress cracking resistance test and hydrogen-induced/stepwise cracking
resistance tests if the pipes are designed for L2 and G2 pipelines.

5.2.2.2 The longitudinal/spiral welds of welded pipes are welded according to adopted
welding procedure subject to approval.

The girth welds which simulate the butt field welded joints are made with heat input
simulating the welding in the course of pipeline laying. Where this parameter is unknown, the
heat input of 0,8 kJ/mm is used. Edge preparation is half-V single straight edge and small angle
of vee. The semiautomatic gas-shielded welding is recommended.

5.2.2.3 Tests for determination of standard mechanical properties of the welded joint.

5.2.2.3.1 Tensile tests of the factory welded joint of pipe are carried out for the thickness
up to 32 mm for the full thickness with straightening of billets, for greater thicknesses, the tests
on cylindrical specimens with straightening of the gripped billet parts only are allowed. Three
cylindrical specimens for weld metal tensile testing (from the centre of the weld and along it)
shall be additionally manufactured.

Tensile tests of the field welded joint are carried out for the full thickness. The gripped
billet parts may be straightened only.

5.2.2.3.2 Full thickness specimens without straightening are tested for the face bend.
Preliminary deformation between two planes of pipe specimens is allowed for the face bend
from the inside of the pipe. Straightening of specimens for the side bend is not recommended,
mandrel diameter is selected according to Table 5.2.1.5.1, evaluation criteria in accordance
with Section 3 of Appendix 4.

5.2.2.3.3 For impact bend testing each of three specimens located at the weld centre (for
longitudinal/spiral welds only), at the fusion line and at a distance of 2 and 5 mm from the
fusion line, at each side of the weld, at a distance of 2 mm from the surface from the outside
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of the pipe shall be manufactured. Where pipe is more than 26 mm thick, the same set of
specimens for the weld root side shall be additionally prepared.

5.2.2.4 CTOD tests of the welded joint.

CTOD tests of the welded joint metal are mandatory for welded joints of L1 — L3 and
G1 — G3 class pipelines (refer to 4.1.3). For class L and G pipelines, CTOD tests of the welded
joint metal may be carried out upon the Register request.

The weld metal (for longitudinal/spiral welds only) and HAZ area close to the fusion line
shall be inspected. Notch marking on the factory welded joints is carried out at the centre of
the weld and at the fusion area, along the line drawn so as the content of weld metal and the
base metal on both sides of the line corresponds to (50 + 10) %. At least three correct results
for weld metal and six results for the fusion line shall be obtained at each temperature.

5.2.2.5 Weld fracture tests for longitudinal/spiral welds may be carried out upon the
Register request on the "nick-break” specimens according to APl 1104 standard with the
analysis of defects in fracture according to the agreed procedure.

5.2.2.6  Corrosion tests are mandatory for welded joints of class L2 and G2 pipelines
(refer to 4.1.3). In other cases, tests may be carried out upon the RS request.

5.2.3 Approval of welding procedures for butt (field) girth welded joints of
pipelines.

5.2.3.1 The pipe laying process is subject to the RS technical supervision, including the
approval of welding procedures for butt (field) girth welded joints. The initial data required for
ECA the procedure shall be obtained (refer to 5.5.2). The specified tasks are solved within the
single test program corresponding to that specified in Part A, Table 5.2.2.1.

5.2.3.2 The approval of welding procedures is basically carried out by testing of
standard specimens of welded joints with requirements specified in Section 6, Part Il
"Technical Supervision during Manufacture of Materials" of the Rules for Technical Supervision
during Construction of Ships and Manufacture of Materials and Products for Ships.

5.2.3.3 Where the joint to be welded is not adequately represented by the shape and
dimensions of standard test specimens, the approval of welding procedures may be carried
out by a preproduction welding tests according to ISO 15613 upon agreement with the
Register. In this case, the special purpose test specimens, which reproduce the product welded
joint in its all significant attributes, shall be manufactured. Pre-production welding tests shall
be carried out to meet the following basic requirements:

.1  test specimens shall be prepared and welded under conditions similar to pipe
production conditions. The pipe production conditions shall include moulding, assembling,
edge preparation, welding equipment, welding positions, heat sinking and other production and
process factors;

.2 where tacks are used for pipe welding, they shall be included in the test specimen,;

.3 scope of checks of test specimens shall include external inspection and
measurement, surface crack testing (magnetic particle/liquid penetrant testing), hardness
tests, macrosections checks as well as separate types of destructive tests upon agreement
with the Register;

.4 scope of approval is restricted to the type of joint used for the specimens test;

.5 scope of approval along the thickness of the base metal is normally restricted to the
thickness of particular test specimens subjected to tests.

524 Testing of factory longitudinal/spiral and butt (field) girth welded joints of
pipelines.

5.2.4.1 During manufacture of steel pipes with longitudinal/spiral welds, the scope of
tests, including that to confirm the quality of welds, shall be assigned according to 4.2.3.6. The
test results obtained during approval of welding procedures in the course of recognition of the
manufacturer shall be considered (refer to 5.2.2).
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5.2.4.2 The scope of testing of butt (field) girth welded joints of pipelines shall comply
with the requirements for approval of welding procedures (refer to 5.2.3), unless otherwise
agreed. CTOD and corrosion tests of the weld metal shall be carried out upon the RS request.
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5.3 PRODUCTION REQUIREMENTS FOR MANUFACTURING PROCESSES OF SUBSEA
PIPELINE WELDED STRUCTURES

5.3.1 General.

This Section covers welding operations performed in workshop conditions, during laying
or installation. Welding of carbon, low-alloy and clad steels shall be considered. The latter shall
be used with the cladding inside for L2 and G2 pipelines (refer to 4.1.3) media transportation
where the base metal — carbon or low-alloy steels — does not comply with the corrosion
requirements.

General welding recommendations shall comply with Section 2, Part XIV "Welding" of the
Rules for the Classification and Construction of Sea-Going Ships as well as Section 2, Part XllI
"Welding" of the Rules for the Classification, Construction and Equipment of MODU/FOP.

5.3.2 Welding procedures.

5.3.2.1 Unless otherwise agreed with the Register, the following welding procedures
may be used:

manual metal arc welding with coated electrodes;

self-shielded tubular-cored arc welding;

tubular-cored metal arc welding with gas shield;

metal inert or active gas welding;

tungsten inert gas welding;

automatic submerged arc welding;

plasma arc welding;

high frequency welding.

5.3.2.2 Welding during manufacture of welded pipes.

In workshop conditions it is recommended to use an automatic submerged arc welding
and arc welding with gas shield. As a rule, the base weld from the outside of the pipe shall be
made by multi-arc automatic welding machine at a high heat input to increase the depaosition
rate. The welded joints without backing weld from the inside of the pipe are not recommended
for subsea pipeline pipes. For these types of welding the most probable defects are slag
inclusions and pores in the weld metal.

5.3.2.3 Welding during laying/installation of pipelines.

For laying/installation of pipelines, the automatic submerged arc welding with gas shield
is recommended. The weave welding with edges prepared and a small angle of vee shall be
used to increase the deposition rate and decrease the consumption rate of welding
consumables. The appropriate shape of weld bead may be achieved due to change in the
content of shielding gas. For this type of welding, the most probable defect is a lack of fusion
with the base metal.

5.3.3 Welding consumables and mechanical properties of welded joints.

5.3.3.1 Welding consumables used for welding of structures of subsea transportation
systems subject to the RS technical supervision shall be approved by the RS. The compliance
of welding consumables for subsea pipelines with the RS requirements is normally confirmed
by approval of welding procedures with subsequent issue of Welding Procedure Approval Test
Certificates (COTTIC) (form 7.1.33) when using welding consumables, which meet the national
and/or international standards in compliance with the requirements of this Section.

5.3.3.2 The Register shall approve/certificate the welding consumables and issue the
Certificate of Approval for Welding Consumables (COCM) upon the customer's request.
General provisions for approval of welding consumables shall be established in compliance
with Section 4, Part XIV "Welding" of the Rules for the Classification and Construction of Sea-
Going Ships as well as with 4.2, Part Xlll "Welding" of the Rules for the Classification,
Construction and Equipment of MODU/FOP.
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Application and approval of welding consumables shall comply with 2.5, Part XIll
"Welding" of the Rules for the Classification, Construction and Equipment of MODU/FOP
considering the requirements of this Section.

5.3.3.3 For pipe steel welding, only low hydrogen consumables of H5 or H10 category
shall be used.

Welding consumables for L2 and G2 pipelines (refer to 4.1.3) shall provide sufficient
corrosion resistance of welded joints. Special attention shall be paid to prevention of cold
cracking within HAZ and in the weld metal during welding of higher and high strength steels.
In addition, the requirements for the ratio between the yield stress and tensile strength of weld
metal and base metal shall be followed.

5.3.3.4 Detailed operating instructions shall be drawn up for storage, handling, disposal
and repeated drying of welding consumables. Special attention shall be paid to handling with
welding consumables during underwater "dry welding”. Operating instructions shall be
prepared for storage and handling of welding consumables on support vessels and welding
booths as well as hermetization and transfer to the welding booth.

5.3.3.5 The requirements for standard and special properties of welded joints are
specified in Table 5.3.3.5. Impact bend tests are carried out at T, —10 °C for pipes up to 20
mm thick inclusive and at T, —20 °C for pipes with the greater thickness. Unless otherwise
specified, specimens are cut out from the surface from the side of the last pass during welding
(refer to 5.2.1.5). CTOD tests are carried out at T).

Table 5.3.35
Requirements to physical and mechanical properties of welded joints
Property Welded steel
PCTW |PCT32W [PCT36W | PCT40W |[PCT420W|PCT460W[PCT500W|PCT550W|PCT620W[PCT690W
Yield stress of weld metal, in MPa,| 235 315 355 390 420 460 500 550 620 690
min
Tensile strength of the weld metal| 400 440 490 510 530 570 610 670 720 770

and transverse to the welded joint,
MPa, min

Vickers hardness of welded joint,| 300 300 300 300 320 350 370 370 400 400
max.

Bend angle, in degrees, min 120

Impact energy KV, in J, in transverse direction, at T, —10 °C for pipes with t. <20 mm and at T, -20 °C
for pipes with t; > 20 mm, min

Pipelines of all classes

Forall D, | 20 | 31 | 3 | 30 | 42 | 46 | 50 | 55 [ 62 [ 69
CTOD of welded joint metal and HAZ, in mm, at T, for L1 — L3, G1 — G3, pipelines, min

te <20 mm - - - - 0,10 0,10 0,10 0,10 0,10 0,15

20 <t <30 mm - 0,10 0,10 0,10 0,10 0,10 0,15 0,15 0,20 0,20

30 <t <40 mm 0,10 0,10 0,10 0,15 0,15 0,15 0,20 0,20 0,20 0,25

Sulphide stress cracking resistance: no cracks after soaking in a solution within 720 h
under stress of 85 % of the specified minimum yield stress

Resistance to hydrogen induced cracking/stepwise cracking: CLR <15 %, CTR <5 %, CSR<2 %

Notes: 1. The required average values of impact energy for three specimens at temperature specified in 4.3.3.6 are given.
The impact energy may be reduced to 70 % of the required value for one specimen.
2. D, and t; beyond the specified limits shall be assigned upon agreement with the Register.

534 Testing procedures for welded joints.

Testing procedures for welded joints are similar to those for the base metal specified in
Section 4 with regard to the features given below.

5.3.4.1 Determination of sulphide stress cracking resistance.

Three welded specimens from the longitudinal weld of one pipe in a batch are subjected
to tests. Tests are carried out on a four-point bend full thickness specimen with the weld
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transverse and with reinforcement being soaked in the test solution within 720 h under stress
of 85 % of specified minimal yield stress for base metal of the pipe. The test solution and results
assessment shall be the same as for the base metal.

5.3.4.2 Determination of hydrogen-induced cracking/stepwise cracking resistance.

Testing procedure shall be the same as for the base metal, test specimens are taken
transverse to the weld with reinforcement, the weld shall be located in the middle of the
specimen length.

5.3.4.3 Determination of capability to withstand plastic deformations during bend tests.

Bend tests shall be conducted the same way as for the base metal. Mandrel diameter
during tests shall be taken depending on the material strength class (refer to Table 5.2.1.5.1).

The weld reinforcement shall be removed flush with the surface of base metal. When
reinforcement is removed, the specimen machining shall be made in its lengthwise direction.

5.3.4.4 Determination of CTOD value.

5.3.4.4.1 General procedures for billet straightening, testing and the size of welded joint
specimens shall be the same as for the base metal. The thickness of specimens shall be at
least 85 % of tc with regard to 5.3.4.4.10.

Special features of welded joints testing are given below with regard to additional
requirement for initial data for ECA.

5.3.4.4.2 Notched specimens with a fatigue pre-crack are used for determination of
CTOD values. Cutting out of specimens and notches in the weld metal and HAZ shall be made
after the final thermal treatment. The pipe specimens shall be cut out after expansion and
subsequent heating which corresponds to thermal action during application of protective
coating unless it is proved that this thermal action does not change the material properties.
The notch in specimens is located along their thickness, and the direction of crack extension
is along the weld.

The notch shall be located in accordance with the certification program approved by the
Register. During certification of weldability of the rolled product (skelp) base metal, the notch
is located along HAZ | and HAZ 1l (refer to 5.2.1.6). The scheme of HAZ areas for the skelp
multi-run weld for which the CTOD values shall be determined as specified in Fig. 5.3.4.4.2-1.
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For the base metal weldability test on the simulated butt girth welded joints, the notch is
located along HAZ I.

For tests of pipe welded joints (weldability of the base metal of the welded pipes on the
factory longitudinal/spiral welds, certification of factory and field welding procedures), the notch
shall be located at the weld centre and fusion line, along the line drawn so as the content of
weld metal and the base metal on both sides of the line corresponds to 50 % + 10 % (refer to
Fig. 5.3.4.4.2-2). In the latter case, the inspected zone is also HAZ | close to the fusion line.

billet profile after straightening

specimen profife

ﬁﬁﬁﬁﬁﬁ e
N T

aptions of notch marking

Fig. 5.3.4.4.2-2
Marking of pipe specimens

5.3.4.4.3 Simultaneously with preparation of welded specimens the transverse
macrosections shall be cut out from the end of each weld section being investigated (it is
recommended to cut out from both ends). They shall be subject to metallographic analysis for
checking welding quality, possibility to perform marking according to 5.3.4.4.2 and to determine
the hardness according to 5.3.4.4.6, if required.

5.3.4.4.4 When marking-out the notch location in the welded specimen, the end surfaces
of specimens (normal to the welding direction) shall be etched and the notch line shall be
marked so that to clearly reveal them within the area in question.

The angle between the notch line and the lateral surfaces of the specimen is
recommended to be within 90 +5°, the deviation from this range shall be specified in the test
report.

5.3.4.4.5 Since welded specimens are tested after welding and have a high level of
residual welding stresses, the required permissible deviations from the fatigue crack front
straightness may be ensured through edge milling procedure (conducted before the crack
growth) on the area of the net section 88 to 95 % high including notch top with the accumulated
plastic deformation not more than 1 %. Multiple load application is allowed during edge milling.
Edge milling depth to evaluate plastic deformation shall be measured with the accuracy at least
40,0025 mm.

5.3.4.4.6 Verification of treatment efficiency shall be conducted on the basis of
measurement results for the fatigue crack front in the fracture.

An indirect method to determine the yield stress shall be considered where the material of
zones with high structural inhomogenuity is tested for which oy cannot be directly determined.

The yield stress oyis at a room temperature is based on measurement results of the Vickers
hardness in HAZ and base metal. In particular, the following relationship is suggested for HAZ:

Oyes = 3,28HV-221, (5.3.4.4.6)

but not less than the yield stress of base metal and weld metal.

5.3.4.4.7 During specimen test, the rolled flat products (skelp) produced by
thermo-mechanical procedure and pipes from these products typically exhibit delaminations
parallel to the rolled product surface which result in the break in the deformation curve (rapid
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partial drop in load followed by its growth, "pop-in"). These breaks may be ignored when
selecting the critical point to determine the crack resistance values if the change in slope of
deformation curve at break (break "relevance") is not more than 5 %.

5.3.4.4.8 The rated value is the crack resistance deformation parameter. However, the
initial data for ECA is a J-integral, which is the crack resistance power parameter. During
specimen tests both parameters are recommended to be determined. For three-point bend
tests of specimens, the displacement along the loading line shall be additionally measured
(refer to 5.5.2).

5.3.4.4.9 Metallographic analysis shall be carried out after tests (except the specimens
with the notch at the weld centre) to check whether the notch is correct. It is also checked
whether the microstructure in question (HAZ | or HAZ 1) is located within the central 75 % of
the specimen thickness. Here, the fractured specimen is cut to polished sections according to
Fig. 5.3.4.4.9, including the following operations:

cutting out of fractures from both ends of a specimen — from the weld metal and from the
base metal;

cutting of fractures across the fracture plane along the fatigue crack line. The lower part
of the fracture shall contain the fatigue crack of 2/3 of thickness;

making polished sections and revealing HAZ, taking photographs.

Based on the metallographic results, the location and length of the required microstructure
inside the control zone — central 75 % of the specimen thickness shall be established. The
minimum percentage of the microstructure in question required to ascertain the correctness of
a test is taken to be 15 %, unless otherwise specified by the Register.

Percentage determination of the structure in question along the crack front, in %, as an
example of the analysis of coarse-grained structure adjacent to the fusion line is specified in

Fig. 5.3.4.4.9.
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Metallographic examination after test

5.3.4.4.10 For clad steel pipelines, CTOD tests are carried out on the specimens with
cladding layer removed.

5.3.5 Production personnel and qualification of welders.

5.3.5.1 All welding operations for structures of subsea transportation systems subject
to the RS technical supervision shall be performed by the qualified welders only duly certified
and having valid Welder Approval Test Certificate issued by the Register in compliance with
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Section 5, Part XIV "Welding" of the Rules for the Classification and Construction of Sea-Going
Ships.

General requirements for the qualification of personnel shall comply with Section 2,
Part XIll "Welding" of the Rules for the Classification, Construction and Equipment of
MODU/FOP taking into account the requirements of this Section.

5.3.5.2 Through training and practice prior to certification tests a welder shall gain have
understanding of the following:

basic welding procedures;

welding procedure specifications;

relevant methods of non-destructive testing;

acceptance criteria.

5.3.5.3 Welders certification tests are performed for the respective positions of weld
during welding, material grades and welding procedures. Parameters of pipe specimen
welding procedure shall be agreed upon with the Register. Pipe metal and welding
consumables for certification shall be approved by the Register.

Welders shall be certified for single side butt welding of pipes in the required principal
position. Upon agreement, welders may be certified for some types of welds, root run welding
with specific filler materials and electrodes. Repair welders may be certified for thickness
defects repair only, provided these types of weld repairs are made only.

5.3.5.4 Certification shall be carried out using the same or equivalent equipment to be
used during installation and at actual workshop conditions, and pipe-laying ship. Other
conditions are allowed upon agreement with the Register. Additional certification is required if
welding has been interrupted for a period more than 6 months.

5.3.5.5 Welders carrying out underwater "dry welding" shall be first certified for surface
welding and shall gain experience in underwater welding. Underwater welding certification
tests shall be carried out for the specific preliminary certified welding procedure.

5.3.6 General requirements for welding operations.

5.3.6.1 Welding Procedure Specification (WPS) shall be prepared for all welding
procedures covered in this Section and subject to approval in accordance with the RS
requirements. WPS shall provide the possibility to fulfill all the specified requirements in
practice.

5.3.6.2 WPS shall contain at least the following information:

base metal grade in compliance with the SP Rules requirements and the pipeline class;

pipe diameter and wall thickness (or range);

edge preparation and welded joint configuration, including tolerances;

welding procedure;

number and location of welders;

welding consumables (approved by the Register);

gas mixture and flow rate;

welding rod/wire diameter;

consumption rate of filler wire and flux;

welding parameters: current, voltage, type of current, polarity, welding speed, wire stick
out and wire angle for each arc (or range);

number of welding arcs and heads (cold and hot wire feed);

welding positions and directions;

stringer or weaving;

nozzle size;

number of passes (for butt girth welds — before start of pipe-laying vessel move-up);

clamping (inside or outside);

preheat temperature (if applicable);

time intervals between passes;

interpass temperature range;
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post weld heat treatment (if applicable).

5.3.6.3 WPS for underwater "dry welding" shall also contain the following information:

water depth (minimum/maximum);

pressure inside the chamber;

gas composition inside the chamber;

maximum humidity level inside the chamber;

temperature inside the chamber (minimum/maximum);

length, type and size of the welding umbilical;

position for voltage measurements;

welding equipment.

5.3.6.4 WPS for repair welding shall be prepared based on a welding procedure
certification record for the repair welding. This WPS shall include the following additional
information:

method of defect removal, weld preparation;

dimensions of repair welding area;

type and scope of non-destructive testing to be performed after defects removal and repair
welding.

5.3.6.5 Where the welding procedure changes, new tests shall be conducted in the
following cases unless otherwise agreed with the Register:

.1 base metal:

change to the higher strength grade;

change in the supply condition;

change in the manufacturing process;

any increase in Pcm by more than 0,02 %, in Ceq by more than 0,03 % and in carbon content
by more than 0,02 %;

change of manufacturer;

2 geometry:

change in the pipe diameter (upon agreement with the Register);

change in the skelp/pipe wall thickness beyond the range from 0,75t. to 1,5tc;

change in edge preparation beyond the tolerances specified in the approved
specifications;

line-up clamps during pipe welding: change from external to internal or vice versa;

.3 welding procedure:

any change in the welding type;

change from single-wire to multi-arc welding and vice versa;

any change in the equipment type and model (including underwater welding);

change in the arc parameters affecting the transfer mode or deposit rate;

change in type, diameter and brand of welding consumables;

change in the wire stick-out beyond the tolerances specified in the approved
specifications;

change in the gas shield mixture, composition and flow rate (more than 10 %);

change in the welding position to a position not complying with Table 5.3.6.5;

change in the welding direction from "vertical down" to "vertical up" or vice versa;

change from single-run to multi-run welding or vice versa;

change in the polarity;

change in the heat input during welding beyond the range of +10 % unless otherwise
agreed with the Register;

change in time intervals between passes beyond the limits specified in the approved WPS;

decrease in the preheat temperature (if applicable);

any change in the cooling method resulting in shorter cooling time than certified by the test
(for installation welding);

any change in the post weld heat treatment procedure (if applicable);
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stringer/weave more than three times the nominal diameter where weaving is not provided;
decrease in the number of welders;

Table 5.3.6.5
Certified welding positions
Welding position for certified sample Welding positions for which additional certification is not required
PA PA
PC PA, PC
PF/PG PA, PF/PG
PC + PF/PG All
H-L045 All

.4 additionally for underwater "dry welding":

any change in the pressure inside the welding chamber;

any change in the gas composition inside the chamber; increase of humidity inside the
chamber by more than 10 % from the level of certification testing.

5.3.7 Welding of clad steel pipelines.

5.3.7.1 General requirements for welding of pipelines with internal cladding layer shall
comply with 2.8, Part X1V "Welding" of the Rules for the Classification and Construction of Sea-
Going Ships and 2.9, Part Xlll "Welding" of the Rules for the Classification, Construction and
Equipment of MODU/FOP considering the requirements of this Section.

5.3.7.2  Production welding of corrosion resistant cladding portions may be performed
by one of the welding processes specified in 5.3.2 except self-shielded tubular-cored arc
welding and high frequency welding. The welding shall be double sided, whenever possible.
Welding of the root pass in single sided (field) welded joints shall normally be made by manual
metal arc welding with coated electrodes, tungsten inert gas welding or gas metal arc welding.

5.3.7.3 Thefinal weld edge preparation shall be made by machining. Additional grinding
is allowed, provided the grinding wheels shall not be previously used for carbon or low-alloy
steels. Thermal cutting shall be limited to plasma arc cutting.

5.3.7.4  Stainless steel wire brushes shall be used for interpass cleaning and cladding
of the corrosion-resistant weld metal.

5.3.7.5 Welding consumables for welding of cladding layer shall be selected with regard
to corrosion resistance of the welded joint. The application of low-alloy welding consumables
for welding of corrosion-resistant materials is not permitted. If it is impossible to guarantee
compliance with this requirement, the whole joint shall be welded by corrosion-resistant
material.
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5.4 INSPECTION AND DEFECT ACCEPTANCE LIMITS FOR WELDED JOINTS

54.1 General.

The requirements of this Chapter, unless otherwise specified below, cover the quality
inspection for butt (field) girth welds made during construction (laying/installation) of subsea
pipelines by means of pipe-laying vessels.

General requirements for the inspection of the welded joints for the subsea pipeline
structures shall comply with Section 3, Part Xlll "Welding" of the Rules for the Classification,
Construction and Equipment of MODU/FOP taking into account the requirements of this
Section.

5.4.1.1 Non-destructive testing specialists

5.4.1.1.1 Non-destructive testing for pipeline welded joints shall be carried out by the
quality assessment laboratory with the competence and status complying with the
accreditation requirements as per national and/or international standards. The competence of
the testing laboratory shall be confirmed by the Recognition Certificate of Testing Laboratory
(form 7.1.4.3) issued by the Register or other authorized national organization.

5.4.1.1.2 Non-destructive testing shall be performed by certified specialists who are
trained and properly qualified and have the appropriate certificates. The certified non-
destructive testing specialists who manage the non-destructive test operations and are directly
involved in these operations shall be certified to confirm their knowledge in regulations,
standards and instructions for safe operations on items subject to the RS technical supervision.

5.4.1.1.3 The specialists qualified for Il and Il levels are authorized to issue the
conclusions based on non-destructive test results. The specialist qualified for 11l level shall be
authorized to manage the non- destructive test operations.

The specialists involved in automated ultrasonic testing of welded joints with assessment
criteria based on ECA shall have the appropriate certificate confirming their knowledge and
skills in operating the particular automated equipment.

5.4.1.2 Non-destructive test equipment.

5.4.1.2.1 Any equipment to be used for non-destructive testing shall comply with the
requirements of effective regulatory documentation. The applied flaw detectors as instruments
shall have the appropriate instrument type approval certificate and metrological calibration
certificate.

5.4.1.2.2 The reference standards and calibration units shall be used for checking basic
test parameters and adjustment of flaw detector operation modes (except automated ultrasonic
testing systems). The reference standards shall have the appropriate calibration certificates.
The calibration units shall be made of welded pipes with the required artificial reflectors, be
certified and have the appropriate certificate.

5.4.1.2.3 Ultrasonic system to be used for automated ultrasonic testing shall undergo
gualification tests (validation). For requirements to qualification tests of automated ultrasonic
testing system, refer to 5.4.2. The system linearity shall be checked at least six months before
the expected date of completion of the system operation. For automated ultrasonic testing
within the estimated period exceeding six months, the linearity shall be checked directly prior
to commencement of operation. The calibration results shall be recorded into the calibration
certificate. The calibration certificate shall be made available to verifying organizations
(experts).

5.4.1.2.4 For qualification tests of ultrasonic system, checks to save its settings during
operation and to track its current performance parameters, the calibration units made of the
section of the pipe in the pipeline to be tested shall be used. The calibration units shall have
artificial reflectors of flat bed openings 3 mm in diameter and surface cutouts 1 mm deep. The
calibration block shall be branded with its individual serial number.
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5.4.1.2.5 All versions of the software for recording, processing and representation of test
results shall have individual numbers. The software version number shall be available at all
test result representations (on the display and printouts).

The standby power sources shall be provided at the test site.

5.4.2 Qualification tests/validation for the automated ultrasonic testing system.

5.4.2.1 The qualification tests are carried out to confirm the automated ultrasonic testing
system is capable of detecting the defects of specific types and sizes, determining their sizes
and location in the weld to the specified accuracy.

The automated ultrasonic testing system capability to detect the defect shall be considered
sufficient if the possibility to detect the defect of any permissible size estimated based on
engineering critical assessment is at least 90 % at confidence level of 95 %.

5.4.2.2 The qualification test program shall be agreed upon with the Register.

5.4.2.3 Qualification tests are carried out for welded joints with welding method and
edge preparation geometry identical to those in the pipeline being tested. The system
gualification tests shall be performed for welded joints subjected to repair (with appropriate
modification of the edge preparation geometry).

5.4.2.4 Qualification tests shall be performed with the use of welds containing the
deliberately injected defects which are supposed to be present in welds made by welding
methods applied. The minimum number of defects is 10. The defect sizes shall cover all size
range for surface and internal defects permitted according to the ECA procedure.

The defects are deliberately injected through violating the welding modes, mechanical saw
cuts with or without fusion, placing the tungsten/graphite plates between the prepared edges.

The weld shall be branded with the reference point position relative to which the position
of detected defects will be determined.

5.4.2.5 The presence, sizes and position of the injected defects along the perimeter of
the welds tested shall be confirmed by radiographic testing. The manual ultrasonic testing and
magnetic particle examination may be performed additionally. The report on detected defects
shall be confidential.

5.4.2.6 The automated ultrasonic testing for the welded joints shall be carried out as
per the developed validation procedure.

The scope of tests shall include the repeated scannings to determine the test results
reproducibility when the acoustic system is installed repeatedly. At least one test shall be
carried out at a high temperature expected under installation conditions.

5.4.2.7 The test results shall be given in the report which contains data on detected
defects, their length and position along the weld perimeter, and their deposition height and
depth.

5.4.2.8 The automatic ultrasonic test results shall be confirmed by metallographic
examinations of weld cross sections within the detected defects area. The number of cross
sections shall be sufficient to ensure that the defect height accuracy estimation is based on at
least 29 measurements.

5.4.2.9 The results of automated ultrasonic test system certification tests shall be
analyzed with respect to the following:

accuracy of estimated defect height;

accuracy of estimated defect length and position along the weld circumference;

capabilities to determine the defect characteristics by automated ultrasonic testing as
compared to the results of destructive tests and radiographic examination;

test results reproducibility at repeated installation of the acoustic system and high
temperature.

5.4.2.10 The qualification test report for the automated ultrasonic test system shall at
least contain the following:

Description of examined welded specimens;
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Description of the test indicating the implemented sensitivity for each of test methods
provided,

Recorded data for each detected defects and each cross section of the defect (types of
defects, echo amplitudes, sizes, position in the welded) in the course of various non-destructive
testing methods and reference destructive tests;

Analysis results for data specified in 5.4.2.9.

5.4.2.11 The performed qualification tests shall remain valid provided that the following
parameters are maintained:

welding method and edge preparation geometry (including the repair welds);

acoustic system settings for weld root and top testing;

acoustic system settings for other channels;

calibration units and their reflectors;

data acquisition and processing system;

software version.

5.4.3 Inspection methods and quality assessment for butt welded joints.

5.4.3.1 The scope of testing of all subsea pipeline welded joints is established as
follows:

100 % visual examination and measurement;

100 % automated ultrasonic testing (100 % radiographic examination may be used instead
as agreed upon with the Register);

100 % automated or manual ultrasonic testing for repair welded joints;

100 % magnetic particle examination for selected repair welds;

Non-destructive testing techniques with quality assessment criteria for welded joints
clarified considering the type of equipment used and the ECA procedure shall be developed
for each type of testing and approved by the Register.

5.4.3.2 The scope and methods of non-destructive testing during connection of prelaid
pipeline strings (tie-ins) as well as during manufacture of spool pieces are subject to special
consideration by the Register.

5.4.3.3 The visual examination and measurement, magnetic particle examination shall
be carried out as per effective regulatory documentation. The tested area of the welded joint
shall include the external surface of the welded as well as adjacent sections of the base metal
located at least 20 mm apart from the fusion line at both sides from the weld but not less than
the wall thickness of the pipeline welded. For quality assessment criteria for welded joints in
the course of visual and magnetic particle examinations, refer Table 5.4.3.3. Any defects not
listed in the tables are allowed as agreed upon with the Register.

Table 5.4.33
Quality assessment criteria for the visual and magnetic particle examinations of welded joints
Type of defect Criterion
External profile Welds shall have a plain surface and ensure smooth transition to the base metal, and shall not overlap
beyond the edge preparation by more than 3 mm (6 mm for automatic submerged arc welding)
Reinforcement External reinforcement: up to 0,2t; but max. 4 mm. Internal reinforcement: up to 0,2t but max. 3 mm
Concavity Outside concavity is not permitted.

Inside concavity shall ensure smooth transition to the base metal, the weld thickness at any point shall
not be less than tc.

Edge displacement Longitudinal/spiral weld: up to 0,1t; but max. 2 mm
Girth butt weld: up to 0,15t; but max. 3 mm
Cracks Not permitted
Undercuts Individual:
Depth d: Permissible length:
d>1,0mm not permitted
1,0mm=d>0,5mm 50 mm
0,5mm=d>0,2mm 100 mm




Rules for the Classification and Construction of Subsea Pipelines (Part I)
102

Type of defect Criterion
d=<0,2mm unlimited

Accumulated length of undercuts of 1,0 mm = d > 0,2 mm at any part of the weld 300 mm long: < 4t.,
but max. 100 mm

Surface porosity Not permitted
Arc burns Not permitted
Dents Depth < 1,5 mm, length up to 1/4D, (D, — pipe diameter)

5.4.3.4 The size of permissible defects for automated ultrasonic testing of butt girth
welds shall be established based on engineering critical assessment as required by the
customer and in case of limitations as given below. The defect acceptance limits (permissible
ratios between length and depth/height of surface and internal defects) are results of the ECA
procedure to be used as follows:

cracks shall be not permitted,;

the error, in mm, for the specific non-destructive testing method (for example, in-line
inspection) shall be added to the calculated values. This error shall be determined in the course
of verification/qualification tests (validation) for this method by comparing the readings
obtained in several measurements and/or cutting of test defective welds to get polished
sections;

the permissible depth/height of the defect shall be limited to 0,25t;

maximum length of defects shall not exceed 1/8 of the pipe circumference.

5.4.3.5 The ECA procedure shall not be considered as an alternative to the proper
guality of welds. The ECA procedure results are normally considered as a supplement, which
extends the requirements to the defect parameters prescribed for the separate non-destructive
test methods (refer to Tables 5.4.3.3, 5.4.3.6-1 and 5.4.3.6-2). When the systematically
repeated defects (two times and more within a shift) are detected in girth welds equal to and
greater than 0,8 of maximum permissible limits in terms of the ECA procedure, the
technological process shall be stopped to analyze and remedy their causes.

5.4.3.6 Quality assessment criteria for the radiographic testing shall correspond to
those specified in Table 5.4.3.6-1. The size of permissible defects in the course of ultrasonic
examination conducted with the manual echo-technique using the general purpose flaw
detector shall correspond to Table 5.4.3.6-2.
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Table 5.4.3.6-1
Quality assessment criteria for the radiographic testing of welded joints

Type of defect Criterion
Separate defects Maximum accumulated size
in any 300 mm weld length
Porosity Scattered
Cluster Diameter less than t/4, maximum 3 mm Maximum 3 % of the area in question
Pores less than 2 mm, cluster diameter One cluster
maximum 12 mm, pore cluster area less
than 10 %.
Pores "on-line" Diameter less than 2 mm, group length Two lines
less than t.
Slag
Isolated Diameter less than 3 mm 12 mm, maximum 4 off separated minimum 50 mm
Single or parallel lines Width less than 1,5 mm 2t;, maximum 50 mm
Inclusions
Tungsten Diameter less than 3 mm 12 mm, maximum 4 off separated minimum 50 mm
Copper, wire Not permitted, if detected -
Lack of penetration Length less than t;, maximum 25 mm Less than t;, maximum 25 mm
Width less than 1,5 mm
Lack of fusion Not permitted -
Cracks Not permitted -
Weld concavity inside the pipe Refer to Table 5.4.3.3 -
Undercuts inside the pipe Depth less than t/10, maximum 1 mm Less than t;, maximum 25 mm
Excessive penetration Less than t/5, maximum 3 mm Less than 2t;, maximum 50 mm
over the length to t;,, maximum 25 mm

N otes: 1. Group of defects separated by less than the width of the smallest defect in a group shall be considered as one defect.
2. lIsolated defects are separated by more than 5 times the size of the largest discontinuity.

3. Total accumulation of discontinuities in any 300 mm weld length (total size) — less than 3t;, maximum 100 mm excluding
porosity; total weld length — less than 12 %.

4. Accumulation of discontinuities in the cross section of weld that may constitute wormholes or reduce the effective weld
thickness with more than t./3 is not acceptable.

5. No defects are allowed over the intersection of welds.

Table 5.4.3.6-2
Quality assessment criteria for the ultrasonic testing of welded joints

Maximum permitted defect echo Maximum length
amplitude of permitted discontinuities L, in mm

Base level' + 4 dB L < ts/2, maximum 10 mm

Base level -2 dB L > t/2, maximum t; or 25 mm

Base level -6 dB L > t;, maximum 25 mm

Base level -6 dB In the near-surface zones excluding the centre of the welded joint with thickness t./3?, the
accumulated length of defects in any 300 mm of weld length less than t;, maximum 50 mm
In the centre of the welded joint with thickness t./3 the accumulated length of defects in
any 300 mm weld length less than 2t;, maximum 50 mm

Transverse defects of any length (type "T" defects) are not permitted®

1 The base (reference) level of sensitivity is obtained from @3 mm side hole drilling in the reference specimen. Other methods
for setting the base level are allowed if they provide the same sensitivity of testing. Requirements for specimens to alignment
sensitivity shall be specified in the testing procedure.

2 Where the base metal thickness is less than 12 mm the mid-thickness of the welded joint is not considered.

3 Defect shall be considered as transverse if its echo amplitude transversely exceeds the echo amplitude from the weld
longitudinally with more than 6 dB greater than the echo amplitude at an angle of 90 + 15° to the longitudinal weld axis.
Notes: 1. Where only one side of the welded joint can be tested the maximum permissible defect echo amplitude (the left
column in the table) shall be reduced by 6 dB (twice).

2. Weld sections, defects interpretation that are doubtful and cannot be established with certainty shall be tested with the
radiographic method and evaluated on the basis of the radiographic testing criteria.

3. Accumulated discontinuity length with echo amplitude equal of reference level -6 dB and above shall not exceed 3t.,
maximum 100 mm in any weld length of 300 mm nor more than 12 % of total weld length.

4. No defects are allowed over the intersection of welds.




Rules for the Classification and Construction of Subsea Pipelines (Part I)

104

5.4.3.7 Automated ultrasonic testing for welds during laying of pipeline.

5.4.3.7.1 The detailed automated ultrasonic testing procedure shall be developed for
each wall thickness and geometry of the weld. This procedure shall be agreed upon with the
Register.

This procedure shall at least contain the following:

function description for equipment;

references to standards and instructions used;

number of examined zones along the welded joint thickness;

operating instructions for scanning device, acoustic unit, computer system;

hardware and software instructions for test results recording, processing, displaying,
representation and storage;

equipment set-up procedure;

description and drawing of calibration units including the type, dimensions and location of
reflectors;

equipment calibration intervals;

scanning surface condition and method for its preparation including temperature range;

weld assessment criteria based on test results;

reporting instructions.

5.4.3.7.2 The ultrasonic system used for in-production testing shall correspond to
configuration and settings of the system used for qualification tests (validation).

5.4.3.7.3 Prior to commencement of examination, the system shall be tested. When the
whole system is calibrated, the weld shall be scanned with repeated calibration using the
calibration unit. In case of deviation in echo amplitude from the calibration unit reflectors more
than by 2 dB from the initial calibration value, the calibration shall be corrected. The calibration
is considered acceptable in case of three satisfactory scannings of the weld with calibration
retained.

5.4.3.7.4 Prior to commencement of examination, the failure in power supply shall be
simulated and the system operation from the alternative power supply unit shall be checked
without loss of test results.

5.4.3.7.5 Prior to commencement of weld examination, the case height for each
transducer included into acoustic system shall be measured.

5.4.3.7.6 All welded joints submitted to non-destructive testing shall be serviceable
(absence of mechanical damages, cavities, dents, defective paint coating and other defects).
The marking system shall meet the requirements of regulatory documentation.

5.4.3.7.7 The transition from the base metal to the deposited metal shall be smooth and
free of undercuts and overlaps. The weld width and height shall be uniform.

5.4.3.8 Requirements for manual ultrasonic testing for repair welds.

The manual ultrasonic testing shall be carried out according to agreed
procedures/instructions which contain at least the following information:

geometry and dimensions of the tested welded joint, welding method,;

base and welding consumables;

equipment used (flaw detectors, transducers, state reference standards for calibration,
samples for sensitivity set-up);

requirements to condition of the scanning surface including its maximum temperature;

method, basic test parameters, scanning schemes;

test sensitivity;

sensitivity set-up procedure;

assessment criteria for detected defects;

reporting and test results recording;

the manual ultrasonic testing procedure shall be agreed upon with the Register;

qualification tests for the manual ultrasonic testing procedure are not required.
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5.4.3.9 Rules for combination of non-destructive test readings.

5.4.3.9.1 When isolating the closely spaced defects, the following rules for ultrasonic
testing readings shall be used:

If s < (b1+ b2)/2 (refer to Fig. 5.4.3.9.1, a), two internal defects are combined and shall be
considered as a single defect with height equal to b = b;+ by + s,

If s < min (I3, I2) (refer to Fig. 5.4.3.9.1, b), lengthwise two defects shall be considered as
a single defect with length equal to I = I, + |, + s.

If s < bi/2, (refer to Fig. 5.4.3.9.1, c), subsurface defect shall be considered as a surface
defect with height equal to b = b1 + s.

All isolated defects shall be considered as coplanar defects.

/‘-
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Y

Fig. 5.4.3.9.1
Defect combination options

5.4.3.9.2 The readings for the chain consisting of more than two defects are combined in
a similar way by considering the combined defect as an initial one for the subsequent analysis.
Where the defect depth and height cannot be determined by test methods applied,
lengthwise two defects shall be considered as a single one with length equal to | = |, + I, + s,

if s < min (I, 1) (Fig. 5.4.3.9.1, b).
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5.5 APPLICATION OF ENGINEERING CRITICAL ASSESSMENT TO DETERMINE
THE PERMISSIBLE DEFECTS FOR GIRTH WELDS

5.5.1 General provisions and application.

5.5.1.1 Engineering critical assessment (the ECA procedure) shall be carried out upon
the customer requirements and based on material fracture mechanics approach.

The strength condition based on brittle fracture prevention criterion is taken as follows:

J<Ul=Jc/n (5.5.1.1)

where J =design value of J-integral which is the load parameter for the defective/cracked structural
member based on the level of structural operating/test stresses inherent for the selected
design case with regard to the possible level of process residual stresses, in N/mm;
/] = permissible value of J, in N/mm, assigned depending on crack resistance parameter J.;
n = safety factor.

5.5.1.2 The assessment shall be carried out by defining initial acceptance criteria for
welded joint defects in the course of automated ultrasonic testing and shall ensure that these
defects allowed for the butt girth welds during pipeline construction do not result in brittle
fracture both in the initial condition and throughout pipeline service life when their size may be
increased due to in-service loading stresses. Engineering critical assessment takes into
account several design cases which may have appropriate temperatures and loads acting on
the pipeline including loads during pipeline laying in marine environment as well as considers
the residual welding and assembling stresses in the pipe. The safety factor is assigned to
account for probabilistic nature of loads and material properties.

The ECA procedure makes it possible to obtain less stringent defect criteria for pipeline
welded joints when using the advanced precision non-destructive technigues and equipment.

5.5.1.3 The ECA procedure is recommended for subsea pipelines subject to bending
during laying to ensure structural integrity of welded joints at all stages of pipeline construction
and operation (refer to 5.5.6.1) and requires application of automated ultrasonic testing.

5.5.1.4 Basically, the ECA procedure may be used for analyzing the fitness-for-service
for the pipeline in operation. In such a case, the ECA procedure shall establish whether the
structure in its current condition is safe for operation, which sizes of defects are permissible in
this case, whether the defects detected by means of in-line inspection or subsea pipeline
survey may be repaired.

5.5.2 Initial information.

5.5.2.1 The following information on materials and welded joints is required for
assessments:

.1 vyield stress and tensile strength of the base metal and weld metal for temperatures
corresponding to all design cases if these temperatures differ from the room temperature by
more than 20 °C;

.2 crack resistance data for the base metal and welded joints (weld metal, fusion line)
at several temperatures including/covering the temperature range corresponding to design
cases. These data shall be obtained by experiments on a representative number of specimens
as per internationally-recognized standards using the calibrated equipment. The tests shall be
carried out under the RS technical supervision or in the laboratory recognized by the Register.

5.5.2.2 The scope of tests is specified in Part A, Table 5.2.2.1. The test program shall
be agreed upon with the Register.

However, the following shall be taken into consideration:

.1 when some part of the temperature range corresponding to design case is within the
area of fully ductile condition for the specimen material (the peak loading without breaks in
curve is achieved for tests of all specimens) and these temperatures are less than 100 °C, the
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test temperature range shall be limited from the top by the temperature at which the specified
condition of the material is achieved,;

.2 in case of limited scope of tests, factor Vo shall be assigned that is related to the
reliability of the available information and increasing the safety factor in the strength condition.

55.3 Special tests for initial data acquisition.

5.5.3.1 The experiments to determine crack resistance value are carried out for the
base metal and factory welded joints using SENB and CT rectangular section specimens, at
least 1,7tc high and 0,85t. thick located traverse to the weld in question, with the notch along
the thickness, fracture propagation direction along the weld when options of notch location are
according to Part A, Table 5.2.2.1.

5.5.3.2 The crack resistance values shall correspond to one of critical events: unstable
fracture after stable crack growth or without it, or first achievement of maximum load flat region.
If the specimen is not fractured but unloaded (e.g., during tests to determine J-R curve), the
results may be used only if they are obtained before the peak load in the curve is achieved.
However, in such a case, it is difficult to calculate the dispersion factor so this matter shall be
agreed upon with the Register.

5.5.3.3 SENB specimens are preferable since the appropriate tooling shall be made for
each type and size of CT specimens. The minimum thickness of CT specimens is normally
limited by the equipment capabilities. However, these specimens require the extensometer,
which measures the displacement along the loading line. The relative displacement of tooling
supports may be measured using extensometer. Determination of displacement along the
loading line is allowed with the deduction of testing machine compliance provided by the
certified software.

5.5.3.4 The determination of CTOD value only and recalculation of J-integral value for
each i-specimen are allowed by the following formula:

Ui = 1r650-yts(8c)i’ (5.5.3.4)

where §, = critical value of CTOD, in mm, in this case the factor Vo shall equal to 0,10:
oy, = referto Formula (5.3.4.4.6).

5.5.3.5 Testing of SENB square section specimens less than 0,85t thick with the notch
along the thickness is not recommended. When the test program for these specimens is
agreed with the Register, the factor V, shall be taken 0,15.

Tests for the following specimens are not recommended:

SENB square section specimens with the notch from the surface. When the test program
for these specimens is agreed with the Register, the factor Vo shall be taken 0,20;

SENT specimens with the notch from the surface. When the test program for these
specimens is agreed with the Register, the factor Vo, shall be taken 0,20;

specimens of decreased thickness. When the test program for these specimens is agreed
with the Register, the factor V, shall be taken 0,20 if SENB rectangular section specimens or
CT specimens with thickness from 0,5t. to 0,85t are tested.

When several above-mentioned events occur concurrently, the accumulated value of Vo
shall be taken not exceeding 0,30.

5.5.3.6  Crack resistance parameter J. shall be determined in respect to the specific
design structural temperature Tp.

Crack resistance experimental data shall be limited at the top by J,,.x value determined by
the following formula:

= t, (Bouztfin), (5.5.3.6)

]max
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Rpo,2 may be replaced with Rios. When (J.)i> Jimax» Uc)i = Jmax IS taken.

Crack resistance data shall be obtained at several temperatures (N) with T, within this
interval. In this case, proceed to 5.5.4.

In case of fully ductile condition of the material obtained during tests of specimens, or in
case of data at one temperature only, proceed to 5.5.5.

554 Approximation of temperature interval for ductile-brittle transition.

Experimental points [T;,(J.);] are plotted on a graph with logarithmic Y-axis and the
following approximation curve is plotted:

Inj. = AT + B, (5.5.4-1)
where coefficients are calculated analytically by the following formulae:

— Z:ﬁl Ti Z?:ll ln(]r:)i_mz:?;1['riln(]r:)i].

: 5.5.4-2
(%, Ti)z_mZ?:l1(Ti2) ( )
ity Ti S [Tin(J) ] -7t (T7) T2, In(Je);
B — =1 =1 =1 L =1 . 554_3
(Zﬁ1Ti)2_mZ?=l1(Ti2) ( )
For assessments, the value shall be taken:
Jc = exp(AT, + B). (5.5.4-4)

The dispersion factor for each test temperature V; shall be determined by the following
formula:

S U}
V= |—et 1, (5.5.4-5)
[exp(ATj+B)]| m;
where j =number of data group corresponding to one test temperature, N groups in total;
m; = quantity of data at this temperature, m = Z?Ll m;

For assessments, the following shall be taken:

V=3Y,V/N. (5.5.4-6)

5.5.5 Approximation of the upper shelf and data at one temperature.

When the test temperature interval, including T,, corresponds to fully ductile condition of
the material (all experimental points correspond to the first achievement of maximum load flat

region at both test temperatures), only the upper shelf data shall be used for approximation
(obtained regardless of test temperature). The following shall be taken:

Je = X100 i/m. (5.5.5-1)
The dispersion factor V shall be determined by the formula
V= (5.5.5-2)

The same formulas shall be used in case of the data obtained for one test temperature
only.
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The value of V is limited from the top:
]max
V< TR (5.5.5-3)
5.5.6 Design cases.

5.5.6.1 Design procedures implemented during inspection of subsea pipeline welded
joints shall include the following design cases of loading of circular welded joints:

.1 laying/repeated lifting (single loading, bending and membrane stresses in the pipe,
no internal pressure);

.2 hydraulic testing (single loading, membrane stresses in the pipe, internal pressure);

.3 service (long-lasting loading, membrane stresses, possible bending, wave action,
seismic action, internal pressure differences).

5.5.6.2 The safety factor for each design case shall be calculated depending on
information content and dispersion of crack resistance data for the material applied:

n= 5V, +V)2+1)m. (5.5.6.2)

The following shall be taken into account:

.1 temperatures for different design cases may vary. Each case has different
acceptable levels for fracture possibility P, which is considered in safety factor n1 according to
Table 5.5.6.2. The variation in material properties due to temperature shall be also considered.

Table 5.5.6.2
Values of safety factor n;
Design case Values of safety factor ny
Laying, repeated lifting 1,5
Standard in-service loading 2,0
Hydraulic testing 1,0

.2 possible buckling of pipe during laying shall be considered at the pipeline design
stage and not considered during inspection of welded joints.

5.5.7 Tests for accounting the in-service cyclic loading.

5.5.7.1 Details on in-service loading spectrum may be obtained for the items being in
service for a long time. This information may be used for new pipeline systems with similar
parameters.

The specified information makes it possible to estimate the number of loading cycles under
internal pressure within the service life. The random process is mapped by rain-flow method
with scaling to the block loading mode. When the available information is insufficient, the cyclic
loading may be considered in a single block. Details on seismic loads shall be added to in-
service loading as an additional cycle of block with the maximum stress amplitude.

5.5.7.2  When the subsea pipeline shall be buried in a trench throughout its length, the
wave action shall be omitted. For loose-laying subsea pipelines, the individual accounting
procedure agreed with the Register shall be used.

5.5.7.3 Based on the specified data, the analysis for accounting of the cyclic component
of in-service loading shall be performed. The effective stresses shall be determined on the
basis of a linear addition principle.

5.5.7.4 It is considered conservative to ignore the cyclic component if the point
corresponding to the effective stress range and number of in-service loading cycles is located
below the S-N curve for welded joints derived by experiments or as per effective regulatory
documentation. The curves specified in Fig. 5.5.7.4 are recommended. The appropriate curve
shall be selected depending on protection of the welded joint metal.
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Fig. 5.5.7.4

S-N curve for pipeline welded joints

5.5.8 Requirements for the ECA procedure.

5.5.8.1 The adopted ECA procedure shall ensure the fulfilment of the brittle fracture
prevention condition (refer to 5.5.1) and agreed upon with the Register for each type and size
of pipes and loading condition. Where software codes are used for calculation, they shall be
recognized by the Register or other classification societies.

5.5.8.2 Design points for ECA are the areas with the most probable defects in welded
joints:

boundary of the weld reinforcement from the side of the pipe external surface;

boundary of the weld reinforcement (in case of backing weld), or weld root from the side
of the pipe internal surface;

defect along the fusion line.

The welded joint loading shall be determined with regard to residual welding, assembling
and in-service stresses, and 5.5.6.

5.5.9 Verification of established defect acceptance limits.

5.5.9.1 This procedure shall be used for verification of suitability of the established sizes
of defects adopted for the automated ultrasonic testing.

The required parameter for verification assessments is factor n (refer to 5.5.6.2). If this
parameter is not less than values specified in Table 5.5.6.2, the strength condition in terms of
brittle fracture is fulfilled. If this parameter is above 1,0 but less than values specified in Table
5.5.6.2, it may be stated that the brittle fracture is unlikely. In the latter case, the acceptability
of the particular size of the defect shall be additionally agreed upon with the Register and
documented as a separate decision.

5.5.9.2 The verification assessment shall be carried out by taking the surface semi-
elliptic/internal elliptic crack with ratio of semi-axes l/a (extension along the weld to the depth
of the surface defect or half-height of the internal defect) according to the verification standards
for the design defect.

Values of V and Vo in Formula (5.5.6.2) shall be calculated for each design point selected
according to 5.5.8 depending on the information content and dispersion of crack resistance
data for the material used.

5.5.9.3 In the absence of crack resistance data, /. may be roughly estimated (but not
recommended) on the basis of calculated impact energy of Charpy specimens (KV, in J) with
section of 10 x 10 mm at temperature of T, — AT, with at least three Charpy specimens for the
base metal or weld metal and six specimens for HAZ. V, shall be taken 0,3. The average
estimate of (J.);, in N/mm, shall be determined by the following formula:

(Jo)i = 1,8KV,. (5.5.9.3-1)
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The value of temperature drop AT for Charpy specimen test shall be taken by the following
formula:

AT = 25In(t./20), AT >0,

where t,  =wall thickness of the pipe, in mm. (5.5.9.3-2)

Loading /, in N/mm, shall be determined by the following formula:
—u2 2
J = 20KV + £y Kires)?] fo (55.9.3-3)

Functions f, and f, shall be determined depending on the relative effective stresses G in a
particular design case by the following formulae:

f, =1-0,675; (5.5.9.3-4)
f,=1+133(-0,5)%" fors > 0,5and f, = 1 for 5 < 0,5, (5.5.9.3-5)

where for the surface semi-elliptic crack

op/3+ |6%/9+02
DTN (5.5.9.3-6)

o=
(1-8)0426y, '

for the elliptic internal crack

&0, +0,/3 + (o +0,/3)2 + [(1 — §)% + 4&y]o?
[(1 = &)? + 4&y]og, '

h=a/t.,y=08—h; (5.5.9.3-7)

o=

macrogeometric parameter

£ al (5.5.9.3-8)

T ote(42t)

The value of stress intensity factor, MPa-+/m at the design defect front at in-service (test,
emergency) load shall be determined as follows:

Ki = (0¢Y; + 0,Y,)1/0,001ma. (5.5.9.3-9)

Values of functions Vi, Y, to determine K¢ shall be taken according to nomographs
specified in Figs. 5.5.9.3-1 and 5.5.9.3-2, where the parameter a = | /a is indicated.
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Nomographs for determination of Y-functions (surface semi-elliptical crack)
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Nomographs for determination of Y-functions (internal elliptical crack)

The design tensile stresses o: shall be calculated as an algebraic sum of rated stresses
for the design case o:nom and residual assembly stresses or, which are taken to be 100 MPa.
Design bending stresses oy, are taken as equal to the rated stresses for the design case O nom:

0¢ = Min(0¢ nom + Or, 002), Op = Opnom» Go2 = Rpo2- (5.5.9.3-10)

Stresses Ot nom, Obnom Shall be calculated according to design documentation with regard
to internal pressure within the pipe and bending corresponding to the design case. When O: nom
Of Opnom < 0, Gtnom OF Obnom Shall be taken zero.

The value of stress intensity factor at the design defect front under action of the residual
stresses during welding of multi-run welded joints, in MPay/m, shall be determined by the
formula

Kires =M002v0,001mal; Y, (5.5.9.3-11)
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with regard to the following:
for welded joints after welding the value of factor n shall be taken 1,0 at t. = 30 mm, for
less thicknesses

n=1-07(2); (5.5.9.3-12)

the value of Y, for the surface semi-elliptical or internal elliptical crack shall be determined
by the formula

p\ 16577 1/2
v, = [1 +46(2) ] , (5.5.9.3-13)

where b = a for the surface crack;
b = 2a for the internal crack.

The value of Y, shall be determined depending on the design point and type of preparation.

.1 For welded joints made with non-symmetric edge preparation (the outside weld is of
greater section, the backing weld is of less section or there is no backing weld):

for fracture from the weld boundary from the reinforcement side, the size h shall be
measured from the external surface:

Y, = 1,0exp(- 3,9h); (5.5.9.3.1-1)

for fracture from the weld boundary from the root side, the size h shall be measured from
the internal surface:

Y, = 1,1exp(- 8,6h); (5.5.9.3.1-2)

for fracture from the internal defect (g — weld root depth, e — distance between the centre
of the internal elliptic defect and the surface, u = (e — a)/q), sizes h, e, g shall be measured
from one side:

Y, = 2,0exp(-4,5u)exp(—3,9h). (5.5.9.3.1-3)

When the internal defect depth e is unknown or unspecified, e is considered to be e =
OthC;

fracture along the weld metal from the weld root (typical for welded joints without backing
weld):

Y, = 2,4exp(- 6,9h); (5.5.9.3.1-4)

For welded joints made with symmetric edge preparation (the section of outside and
backing welds is almost the same):

.2 For welded joints formed by symmetrically prepared butt or fillet welds, the fracture
along the fusion line and HAZ shall be as follows:

for fracture from the surface, from the weld boundary

Y, = 1,6exp(- 8,1h); (5.5.9.3.2-1)
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for fracture from the internal defect

Y, = 2,5exp(- 7u)exp(—8,1h); (5.5.9.3.2-2)
fracture along the weld metal from the weld reinforcement surface

Y, = 79h%exp(-8,1h). (5.5.9.3.2-3)
The yield stress of the material with crack propagation for the selected design point shall

be taken as a yield stress (base metal, weld metal or HAZ, in the latter case, the largest value
from values obtained for the base metal and weld metal shall be taken).
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6 BALLASTING OF SUBSEA PIPELINES

6.1 GENERAL

6.1.1 Ballasting of the subsea pipeline is required for ensuring positive buoyancy
compensation and on bottom stability by creating resistance to current and wave induced
horizontal and vertical forces, as well as for ensuring protection against impacts during
transportation, installation and operation.

6.1.2 Ballasting of subsea pipelines may be performed using continuous bulk
concrete and asphalt concrete coatings applied on the insulation as well as by placing single
cast iron, reinforced concrete and concrete weights.

6.1.3 Weight coating for ballasting and mechanical protection of pipelines shall be
approved by the Register and comply with the following requirements:

have sufficient density and thickness to provide necessary negative buoyancy to the
pipeline;

have sufficient mechanical strength to withstand damage during pipe transportation,
installation and operation;

have sufficient durability, chemical and mechanical resistance to the sea water.

6.1.4 Split hinged or split saddle-shaped weights made of cast iron and reinforced
concrete as well as other constructions approved by the Register may be used as single
weights.

6.1.5 Pipeline weight including weight of the pipes, insulation, weight coating, if any,

weights, etc. shall ensure the weight force sufficient for creating negative buoyancy to the
pipeline. The value of this force shall be equal to the difference between the pipeline weight
with all components and coatings in the air, and the weight of the water displaced by the
pipeline.

6.1.6 Calculation of ballasting for the subsea pipeline shall be made as for the empty
pipeline irrespective of the purpose (type of the conveyed medium) and environmental
conditions in the area of the pipeline route. Weight of the transported medium is neglected,
and the pipe weight does not consider the wall thickness allowance for corrosion.

6.1.7 Calculation of the ballast required and spacing between the single ballast
weights for the pipelines non-buried into the seabed soil shall be made based on the conditions
for creating negative buoyancy to the pipeline, wave and current induced displacement
resistance, as well as taking into account vertical forces occurring in curved sections of the
pipeline. The required weight of submerged ballast Qy, in kN/m, shall be determined by the
formula

F,
Qb = }Tjikst + (Fv + qu + qs)ke_ Qp’ (6-1-7)
where F; =total horizontal component of force action of waves and current determined in accordance
with 2.5 and 2.6, in KN/m;
E, =total vertical component of wave- and current induced force determined in accordance with
2.5 and 2.6, in KN/m;
frr =friction coefficient or tgp, where ¢ — the smallest angle of soil internal friction along the pipeline
route on sections where wave and current induced force is the biggest;
ke = pipeline floating-up stability factor taken equal to 1,15 for pipelines of classes L, L1 and G,
G1; 1,2 for classes L2 and G2; 1,25 for classes L3 and G3;
kst = pipeline shear stability factor taken equal to 1,1 for pipelines of classes L, L1 and G, G1; 1,2
for classes L2 and G2; 1,3 for classes L3 and G3;
qu =vertical force occurring during elastic bending of pipelines in the vertical plane, in kN/m;

qs =vertical force occurring during lateral tensile pull in the curved pipeline, in KN/m;
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Qp =submerged pipe weight per unit length considering the weight of the corrosion protection and
insulation (without weight of the transported medium and the wall thickness allowance for
corrosion), in KN/m.

Values of g, and g, shall be determined by the procedure agreed with the Register taking
into account parameters of subsea pipeline route section (length and camber of the pipeline
elastic deflection).

6.1.8 Where there are weak strength properties of the seabed soil along the pipeline
route or soil prone to liquefaction, the floating-up or immersion stability shall be confirmed.

The floating-up stability of the pipeline buried into the seabed soil shall be provided with
the certain thickness of the overlying soil layer considering its residual shear strength.

In order to determine the pipeline weight (buoyancy) in the liquefied seabed soil with no
shear strength, liquefied seabed soil density (soil particles plus water weight to volume ratio)
shall be determined on the basis of engineering survey data such as soil skeleton density, soll
moisture and water density.
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6.2 CONTINUOUS WEIGHT COATINGS

6.2.1 General.

6.2.1.1 Design, calculation of principal parameters and application procedure of
continuous concrete weight coating shall be based on the national state and branch standards,
international standards related to concrete structures, such as ISO 21809-5, EN 1992-1
Eurocode 2, EN 10080.

6.2.1.2 Initial parameters for the continuous weight coating are the following:

specific weight/weight in water;

coating thickness;

density;

compressive strength;

water absorption;

impact resistance;

bending and shear resistance.

6.2.1.3  The minimum thickness of the continuous coating shall be not less than 40 mm.

6.2.2 Raw materials for concrete manufacture.

6.2.2.1 Properties and technical characteristics of raw materials for coating (cement,
aggregates, reinforcement, water, etc.) shall comply with a performance specification, passport
data and purchase specification.

6.2.2.2 Cement of domestic grades not less than 400 according to GOST 10178-85 and
GOST 31108-2003, as well as cement of other similar grades complying with the requirements
of EN 197, BS 12, ASTM C 150, DIN 1164 or other national and international standards may
be used for the concrete coating upon agreement with the Register. In Portland cement, the
tricalcium aluminate content (3CaO-Al;Os3) shall not exceed 8 %.

6.2.2.3 Concrete aggregates shall comply with the requirements of the national
standards or regulations used in manufacture of the continuous concrete coatings.

The aggregates shall not contain harmful constituents in such quantities that could affect
the concrete strength, for example, in pipeline bending or cause corrosion of reinforcing
materials in case of water permeability of the concrete.

Use of aggregates with alkali-sensitive constituents is not allowed.

The maximum grain size and grading* curve of the aggregate shall comply with EN 206,
ASTM C 33 or other standards.

Properties of iron ore used as filler to obtain the required concrete density shall be not
lower than the requirements of GOST R 52939 or its equivalent; in such case, the sulfur content
shall not exceed 3 % by mass.

6.2.2.4 Water for mixing concrete shall not contain harmful constituents in such
guantities that could impair concrete curing, stiffening and strength or cause corrosion of
reinforcing materials. Water for concrete mixing shall comply with the requirements of ASTM
C 1602, EN 1008 or GOST 23732.

6.2.3 Reinforced concrete coating.

6.2.3.1 Composition of the concrete, aggregate and water (refer to 6.2.2.1 to 6.2.2.4)
shall be such that all the requirements for properties of stiffened and cured concrete, including
its consistency, bulk density, strength and durability, as well as reinforcement protection
against corrosion, shall be met.

Concrete shall comply with the following requirements:

minimum bulk density after curing shall be 2200 kg/m?;

water absorption by weight shall not exceed 5 %;

1 Grading, grain-size analysis means the combination of methods for measurement of grain sizes in various
media.
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durability at the operating temperature shall be equal to the operational life of the subsea
pipeline;

minimum compressive strength in a month after curing — 40 MPa.

Concrete compressive strength shall be determined at testing of check specimens taken
from the batches and cut out directly from the concrete coating in accordance with the
requirements of EN 206, ASTM C39, ASTM C 42, BS 1881, BS 4019, BS 6089 or the national
standards on agreement with the Register.

6.2.3.2 Steel reinforcement for the concrete coating shall consist of cylindrical cages
manufactured by resistance welding of longitudinal and hooped mild steel reinforcement or
other reinforcement as required by the procedure approved by the Register. Steel
reinforcement may also be applied in the form of wire mesh (welded or woven) which includes
helicalically woven stripes (helical mesh) reinforcement.

Diameter, surface condition, strength characteristics and marking of steel reinforcements
shall comply with the requirements of international and national standards (e.g., EN 10080,
BS 4482 and BS 4483, DIN 488).

Recommendations on size and setting of steel reinforcements are specified in
Table 6.2.3.2-1.

Table 6.2.3.2-1
Recommended diameters of reinforcement

Geometrical parameters Longitudinal Hooped Reinforcement
reinforcement reinforcement type

Bar diameter, in mm 5-8 5-12 Welded cage
Bar distance (spacing), in mm 75— 300 75-120
Relation between cross-sectional area of reinforcement to the concrete 0,08 - 0,2 05-1,0
coating area, %
Bar diameter, in mm 15-4 15-4 Welded wire
Bar distance (spacing), in mm 50 — 200 25— 100 mesh
Relation between cross-sectional area of reinforcement to the concrete min. 0,08 min. 0,5
coating area, %
N ot e. Alternative reinforcement materials, such as glass fiber may be used if they provide equivalent effective reinforcing.

The bars for the values shaped like a welded cage shall be not less than 5 mm in diameter.
The maximum spacing between hooped bars is 120 mm. The minimum ratio between cross-
sectional area of longitudual and hooped reinforcement to the concrete coating area shall be
0,08 % and 0,5 % respectively.

If a helical reinforcing mesh is used, the required number of layers depends on the
concrete thickness and is determined according to Table 6.2.3.2-2.

Table 6.2.3.2-2
Recommended number of layers of helical reinforcing mesh

Concrete thickness, in mm Number of layers
<60 1
61— 100 2
101 - 140 3
> 140 4

6.2.3.3 Contact of the reinforcement steel cages/meshes of the concrete weight coating
with a protector or a steel pipe.

The minimum distance from the reinforcement steel cage/mesh of the concrete weight
coating to corrosion-protection coating of the pipe shall be equal to 15 mm. The minimum
thickness of the concrete layer above the reinforcement cage/mesh shall be the same.
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6.2.4 Composite coatings.

6.2.4.1  Upon agreement with the Register, asphalt- or bitumen-based coatings may be
used as weight coatings of the subsea pipelines.

6.2.4.2 In an asphalt mastic-based weight coating use may be made of the aggregates
in the form of glass fiber and heavy-weight particles. The volume weight of such coatings shall
be not less than 2,5 t/m?®.

6.2.4.3 An asphalt mastic-based weight coating shall be applied on the pipeline surface
in hot state at temperature not higher than 140 °C. Upon application of the compound a layer
of glass reinforced plastic is wound thereon, then the coating is pressed with pneumatic
hammers and cooled down to the ambient temperature.
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7 CORROSION PROTECTION

7.1 GENERAL

7.1.1 The steel subsea pipelines are subject to combined corrosion protection by both
protective coatings and electrochemical protection devices. Corrosion protection of subsea
pipelines shall provide their fault-free operation (for this reason) during the whole service life.

7.1.2 Protection of the steel subsea pipelines shall comply with the international
and/or national standards, firm standards and technical documentation approved by the
Register.

7.1.3 Corrosion-protection coatings shall be applied on all the external and, where
required, internal surfaces of the pipes of the subsea pipeline, in factory conditions and under
the RS technical supervision.

7.1.4 The type of protective coating shall be selected depending on the pipeline
structure, laying method used and operating conditions, transported medium and temperature
limitations for insulating coatings in operation, during storage and transportation.

7.1.5 Insulation of the welded joints of pipes, spool pieces, bends and subsea fittings
shall be similar to insulation of the pipeline linear section.

7.1.6 Insulation shall be applied on the steel pipes, bends and subsea fittings in
factory conditions and under the RS technical supervision.

7.1.7 Special arrangements shall be made to prevent mechanical damages of the
protective insulating coating during transportation, handling operations and storage of pipes.
Influence of possible low temperatures on the insulating coatings shall be considered during
transportation and storage, and, where required, frost-resistant coatings shall be selected.

7.1.8 Metal components of flexible subsea pipelines in contact with sea water
(connecting steel fittings) shall be protected against the external corrosion by combined
protection including protective coatings and electrochemical protection.
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7.2 PROTECTION AGAINST INTERNAL CORROSION

7.2.1 A necessity of introduction of the corrosion allowance and its value is specified
in design documentation for subsea pipelines and shall be approved by the Register.

The minimum corrosion allowance for carbon steel pipelines conveying non-aggressive
media shall be not less than 1 mm. For the pipelines conveying corrosive media, corrosive
allowance shall be minimum 3 mm.

7.2.2 A necessity of applying internal corrosion-protection or anti-friction coating on
pipes shall be specified in design documentation depending on the transported medium
parameters.

7.2.3 The internal corrosion-protection coating shall provide protection of the pipe

steel surface against corrosive and erosive effects of the transported medium as well as
protection of the steel pipe internal surface against atmospheric corrosion during storage and
transportation.

7.2.4 Anti-friction coating shall provide the necessary roughness of the pipeline
internal surface to reduce hydraulic resistance to transported gas and to protect the pipe
internal surface against atmospheric corrosion during transportation and storage.

7.2.5 The internal corrosion-protection coating may consist of one or more layers.
Anti-friction coating, as a rule, shall have one layer only.
7.2.6 Epoxy or modified epoxy coating materials shall be used for the internal

corrosion-protection coating. Other types of corrosion-protection coatings, including powder
epoxy coatings, can be also used.

7.2.7 Epoxy or modified epoxy coating materials shall be used for the internal anti-
friction coating.
7.2.8 The coatings shall withstand environmental and transported medium exposure

without delaminations, cracks or discontinuities. Where necessary, the permissible storage
temperatures for the pipes with the applied coatings shall be also considered.

7.2.9 Materials to be used shall have quality certificates for each batch indicating the
manufacturer of material, name (type) of material, date of manufacture and service life.

7.2.10  All the materials shall be subject to incoming inspection, including check of the
support documentation, inspection of shipping containers, determination of storage time and
conditions.

7.2.11  The specifications for the pipe corrosion-protection or anti-friction coating shall
contain the manufacturer requirements to the surface preparation prior to applying the coating
(including purity, salt content, dust removal efficiency, roughness), the minimum and maximum
coating thickness, drying conditions and curing behaviour.

7.2.12  The minimum permissible roughness and thickness approved by the Register
shall be specified for the anti-friction coatings.

7.2.13  The minimum permissible thickness approved by the Register shall be specified
for the corrosion-protection coatings.

7.2.14 Internal corrosion-protection coatings are subject to type approval by the
Register where tests shall be carried out to confirm compliance of the following coating
parameters with the documentation approved by the Register:

appearance;

thickness;

holiday detection;

adhesion;

impact indirect strength;

resistance to abrasion;

resistance to temperature differences;

resistance to rapid decompression (blistering);

resistance to the transported medium and autoclave test.
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7.2.15 The tests specified in 7.2.14 shall be generally carried out at the temperatures
corresponding to the minimum and maximum coating operating temperatures.

7.2.16 During the RS technical supervision for application of internal
corrosion-protection coatings, at least the following parameters shall be to checked:

appearance;

thickness;

holiday detection;

adhesion.

7.2.17  Anti-friction coatings are subject to type approval by the Register where tests
shall be carried out to confirm compliance of the following coating parameters with the
documentation approved by the Register:

appearance, including roughness;

thickness;

holiday detection;

adhesion;

bending strength;

hardness;

resistance to rapid decompression (blistering);

resistance to the transported medium and autoclave test;

resistance to abrasion.

7.2.18 The tests specified in 7.2.17 shall be generally carried out at the temperatures
corresponding to the minimum and maximum coating operating temperatures.

7.2.19 During the RS technical supervision of the Register for application of internal
anti-friction coatings, at least the following parameters shall be subject to check:

appearance, including roughness;

thickness;

holiday detection;

adhesion.
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7.3 PROTECTION AGAINST EXTERNAL CORROSION

7.3.1 Coatings. General.

7.3.1.1 In order to protect the subsea pipeline against external corrosion it shall have a
factory-applied corrosion-protection coating approved by the Register. Where necessary, the
external coating shall have an outside layer for protection against mechanical damage during
tie-in operations and laying in/on hard seabed.

7.3.1.2 The external coating shall comply with the international and/or national
standards, firm standards, technical documentation approved by the Register and
requirements of this Section.

7.3.1.3 Polyethylene (PE) coatings shall be selected for operating temperatures
of =40 °C to + 60 °C. Polypropylene (PP) coatings shall be selected for operating temperatures
of —20 °C to +110 °C. The permissible storage and shipping temperatures for the pipes with
the applied coatings shall be also considered, where necessary.

7.3.1.4 The external corrosion-protection coating shall be compatible with cathodic
protection and maintain its protective properties at protection potentials up to —1,10 V.

7.3.1.5 The coating materials shall comply with the normative documents and provide
external coating of the pipes complying with the international and/or national standards, firm
standards and technical documentation approved by the Register.

7.3.1.6 Compliance of the coating materials with technical requirements of the
normative documents shall be confirmed by a quality certificate and incoming inspection at the
firm where the coating is applied.

7.3.1.7 Marking of the material shall include the following:

name;

mark;

batch number;

date of manufacture.

7.3.1.8 The PE or PP coating shall consist of the following:

adhesive sublayer (primer) based on the epoxy powder/liquid paints (may be omitted for
pipes with diameter up to 800 mm with PE coating);

bonding interlayer based on hot-melt polymeric compounds;

PE/PP outer layer.

Thickness of each layer shall be specified in the technical documentation.

7.3.1.9 External corrosion-protection coatings are subject to type approval by the
Register where tests shall be carried out to confirm compliance of the following coating
parameters with the documentation approved by the Register:

appearance;

thickness;

holiday detection;

impact strength;

adhesion;

cathodic disbondment;

indentation resistance;

cracking resistance;

elongation at break;

heat cycling resistance.

7.3.1.10 The tests specified in 7.3.1.9 shall be generally carried out at the temperatures
corresponding to the minimum and maximum coating operating temperatures.

7.3.1.11 During the RS technical supervision for application of the external
corrosion-protection coatings, at least the following coating parameters shall be checked:

appearance;

thickness;
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holiday detection;

adhesion.

7.3.1.12 The external coating shall be compatible with concrete coating, if any. In this
case, the coating surface layer shall be made rough with the use of sinter powder.

7.3.1.13 The manufacturing specification for coating subject to the RS approval shall
specify the following:

coating material (specifications for materials, including certificates for material property
tests);

surface preparation (manufacturer's technical requirements to cleaning, salt content and
roughness);

coating application (application process, including main parameters such as: air
temperature and relative humidity, pipe surface temperature, application time, coating layer
thickness, material consumption, time of the coating layer drying and its total conditioning
depending on the air temperature, etc.);

inspection and testing (specification for the coating to be applied, including test
certificates);

coating repairing process;

guidelines and instructions on transportation and storage of pipes.

7.3.2 Special coatings for standpipes and shore approach.

7.3.2.1 Reinforced three-layer PE or PP coatings shall be used for standpipes and
shore approach to protect against the splash, atmospheric and underwater corrosion. They
shall be resistant to ultra-violet irradiation and low temperature.

7.3.2.2  Corrosion-protection coatings shall be protected against mechanical damage
caused by ice or floating items. In other cases, the requirements of 7.3.1 shall be met.

7.3.3 Field joint coatings.

7.3.3.1 Corrosion-protection coating applied on butt-welded joints shall be as much as
possible equal to, and compatible with the pipe main coating, thus providing equal protective
performance for the whole pipeline.

7.3.3.2 When selecting and using materials for corrosion protection of the pipe joints,
the requirements of ISO 21809-3 as well as industrial normative documents and firm standards
shall be met. Technical documentation for field joint coatings shall be approved by the Register.

7.3.3.3  When selecting the coating type for the welded joint area, the following shall be
considered:

compatibility with electrochemical protection (cathodic or impressed-current type);

maximum operating temperature of the field joint coating;

required field joint cleanliness to install sleeve;

coating thickness;

duration of works and necessity in auxiliary operations (heating, edge cutting, etc.);

availability of a coating repair Kit.

7.3.3.4 The maximum field joint coating operating temperature shall be higher than the
pipe operating temperature.

7.3.3.5 The field joints may be protected with heat-shrink sleeves. The RS technical
supervision during manufacture of the heat-shrink sleeves shall comply with 2.7.2 of the SP
Guidelines.

7.3.3.6 Heat-shrink sleeves shall be compatible with the electrochemical protection
system used and shall remain intact at protection potentials of —1,10 V.

7.3.3.7 The heat-shrink sleeves shall be made of a two-layer material consisting of a
polyolefin base film and a hot-melt adhesive with high adhesion to steel pipes and factory
coating. Sleeves which hot-melt adhesive softens at high temperatures shall be normally
applied on the welds areas above an epoxy primer. The primer shall not contain solvents.
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7.3.3.8  Structure of the coating on the weld joint based on heat-shrink sleeves shall
have the protective properties similar to the factory corrosion-protection coating of the pipes
and provide durable adhesion.

7.3.3.9 The corrosion-protection coating on pipe weld joints shall be protected against
mechanical impact during pipeline laying and in operation, including the pipeline burial into the
seabed soil, by using protective casings and/or applying polymeric in-fills in the space between
the weight and thermal insulating coatings of the adjacent pipes.

7.3.3.10 To protect the heat-shrink sleeves against mechanical impact during pipeline
laying and burial, protective sheet polymeric (usually polyurethane (PU) or PP) "rock shields"
may be wrapped around and attached to the pipe where the sleeves are installed, except those
specified in 7.3.3.9.

7.3.3.11 The RS technical supervision during manufacture of the rock shields subject to
type approval by the Register shall comply with 2.7.4 of the SP Guidelines. During approval of
the rock shields by the Register with respect for the operating temperature range, at least the
following properties shall be verified (for one-layer version):

impact resistance;

tensile strength and elongation;

sea water resistance;

resistance to abrasion.

7.3.3.12 Upon agreement with the Register, in order to protect the pipe butt-welded
joints, other structures and materials complying with 7.3.3.1, 7.3.3.3, 7.3.3.4 and 7.3.3.9 may
be used.

7.3.3.13 All materials used on the field joints, application procedure and quality control
shall be approved by the Register.
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7.4 ELECTROCHEMICAL PROTECTION

7.4.1 General.

7.4.1.1 The subsea pipelines shall be protected against corrosive wear by
electrochemical protection together with corrosion-protection coating according to 7.3.1.4.

7.4.1.2 Electrochemical protection of the subsea pipelines shall be provided according
to ISO 15589-2, national and industrial standards, requirements of this Section and
documentation approved by the Register.

7.4.1.3 The basic requirements for the electrochemical protection system are the
following:

prevention of external corrosion during the whole service life of a pipeline;

generation/supply of electric current with sufficient density to the pipeline to be protected
and the current efficient distribution according to the design parameters;

setting of anodes to minimize their possible damage or destruction;

provision of necessary monitoring equipment to test and evaluate the protection system
performance.

7.4.1.4 Electrochemical protection system shall be designed based on pipeline laying
method, structural features of the pipeline/standpipe, seabed soil features, sea water
parameters, and pipeline division into sections which require different electrochemical
protection parameters (e.g., sections near fixed offshore platforms).

7.4.1.5 The electrochemical protection system shall be designed for a service life
normally equal to design pipeline service life.

7.4.1.6 Electrochemical protection may be provided in the form of galvanic anodes
(sacrificial anodes) or impressed-current protection system (cathodic protection). Selected
electrochemical protection system shall be agreed upon with the Register, which shall be
provided with justification on selection of the electrochemical protection system — impressed-
current protection system or galvanic anode system — and their design parameters.

7.4.1.7 During design of the electrochemical protection system for the pipeline the
following shall be considered:

.1 structural parameters of the pipeline to be protected, including:

material, length, wall thickness, outside diameter;

laying method, route, pipeline routing conditions, pipeline connections (spool pieces);

temperature conditions (in operation and during shutdown) along its whole length;

type and thickness of corrosion-protection coatings for the pipes (bends and fittings);

type and thickness of thermal insulation (if any);

type and thickness of weight coating (if any);

.2 environmental conditions:

sea water parameters, including resistivity depending on temperature/depth, current
velocities, oxygen content, suspended solid particles, etc.;

soll resistivity.

.3 system design life;

.4 information on existing pipelines located in close proximity to or crossing a new
pipeline;

.5 information on existing electrochemical protection systems (platforms, quays, etc.)
and pipeline electric insulation;

.6 available power source, electrical isolating devices, electrical connections;

.7 construction schedule, planned date of commissioning;

.8 available spool pieces, fittings, bends, standpipes, etc.;

.9  performance data on the electrochemical protection systems used in the similar
environment.
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7.4.1.8 For electrochemical protection of the subsea pipelines, values of the protection
potentials are specified in Table 7.1.4.8 for the silver chloride reference electrode (Ag/AgCl/sea
water). These criteria are applicable to the impressed-current and galvanic anode systems.

Table 7.4.1.8
Recommended Criteria for Protection Potential of Electrochemical Protection Systems
Material Minimum negative potential, in V| Maximum negative potential, in V
Carbon steel:
aerobic environment -0,80 -1,10*
anaerobic environment —-0,90 -1,10*
Austenitic stainless steel:
Npre = 402 -0,30° -1,10
Npre < 402 -0,50° -1,10
Duplex stainless steel —-0,508 4
Martensitic stainless steel (13% Cr) -0,50° 4

1 For the pipelines manufactured from high-strength steel (R. > 550 MPa), the maximum negative potential that the metal can

withstand without hydrogen embrittlement shall be determined.

2 Pitting corrosion resistance factor Npre = Cr % + 3,3(Mo + 0,5W) % + 16N %.

3 For corrosion-resistant steels, the minimum negative potentials are used for both aerobic and anaerobic conditions.

4 Depending on strength class, supply condition and mechanical stressing in operation, the steels can be subject to hydrogen
embrittlement. When a risk of hydrogen embrittlement exists, the potentials more negative than -0,8 V shall be avoided.

Notes: 1. The potentials given in the Table apply to saline mud and sea water of usual composition (salinity of 3,2 to 3,8 %).
2. The potentials are related to the silver chloride reference electrode (Ag/AgCl/sea water) in sea water with resistance
of 30 Ohm-cm.

7.4.1.9 The values specified in Table 7.4.1.8 correspond to an average salinity of 3,5 %
and specific resistivity of 30 Ohm-cm. If water resistivity and salinity deviate from the said
values or other reference electrodes are used, the required protection potentials may be
determined according to ISO 15589-2.

7.4.1.10 The design life (design service life) of the electrochemical protection system
shall include the period from installation to completion of the pipeline operation.

7.4.1.11 Design current density depends on sea water temperature, oxygen content, sea
water flow velocity and uncoated metal surfaces calcification rate. For most applications at the
depths less than 500 m, design current density depending on sea water temperature may be
determined according to ISO 15589-2.

7.4.1.12 For the pipelines/standpipes in splash area, the current density shall be set 10
mA/m? higher than for the same pipeline/standpipe under water below the intermittent wetting
area (for the same temperature).

7.4.1.13 For the non-buried pipelines subject to strong flows or waves with water particle
velocities = 2 m/s, the design current density shall be increased by 60 to 100 mA/m?2,

7.4.1.14 For the pipelines completely buried into the seabed soil, the design current
density (both average and end values) shall be used equal to 20 mA/m?, irrespective of the
sea water temperature or depth.

7.4.1.15 The pipelines operating with higher (above 50 °C) temperatures of the pipe
external surface increase by 1 degree Celsius of the design current density. Every increase
by 1 degree Celsius of metal/environment above 50 °C requires additional 1 mA/m? of the
design current density. Higher temperatures can also deteriorate performance of the anode
and pipeline coatings. Special assessment of the current density is recommended for the pipe
external surface temperatures above 80 °C.

7.4.1.16 The above said current densities are also applicable to electrochemical
protection of uncoated stainless steels (austenitic, martensitic or duplex) of any type.

7.4.1.17 Sufficient power for electrochemical protection shall be provided to maintain
protection performance as the coating deteriorates and to compensate for the current
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distribution irregularities. The coating deterioration shall be recorded according to the
international and/or national standards.

7.4.1.18 Monitoring of the electrochemical protection system performance is
recommended by connecting underwater cables at maximum 5,0 km interval to the pipeline
and use of special purpose monitoring systems. Cable welding/soldering and water insulation
shall be approved by the Register.

For long pipelines, it is recommended to install on the pipeline (especially on the sections
where unstable electrochemical protection performance is anticipated) the underwater
instruments with self- contained power supply and sonar communication channel with shore-
based or ship-based monitoring stations according to the documentation approved by the
Register.

7.4.1.19 Prior to commencement of the pipeline operation, procedure for the
electrochemical protection system performance monitoring as a component of operation
regulations subject to approval by the Register shall be developed.

7.4.2 Cathodic protection systems (impressed-current electrochemical
protection systems) for subsea pipeline.

7.4.2.1 The technical documentation on cathodic protection submitted to the Register
for approval shall include the following:

layout of the cathodic protection stations, including location of all test points;

specifications of all the necessary equipment, including converters/transformers, electrical
cables and their protective devices, anodes, etc.;

specifications for the system installation;

specifications for start-up and acceptance tests;

operating and maintenance instructions.

The impressed-current electrochemical protection systems are subject to type approval
by the Register; installation and testing of the cathodic protection system are subject to the RS
technical supervision.

7.4.2.2 Generally, the subsea pipeline shall be provided with a separate cathodic
protection unit, irrespective of availability of similar systems to protect other offshore structures
(platforms, quays, etc.). Supply from a common converter of sufficient power using a dedicated
cable and respective shutdown and monitoring systems is allowed.

The cable line from the converter shall be connected to the pipeline in two points, the main
and standby ones.

7.4.2.3 The cathodic protection systems of the subsea pipelines may be provided with
one or two cathodic protection stations located on one or both ends of the pipeline.

Pipe-in-pipe casings of the shore approaches made applying the horizontal directional
drilling method are subject to mandatory cathodic protection.

7.4.2.4 Use of the polarization potential self-regulation mode in the cathodic protection
system is recommended to protect the subsea pipelines against the earth current. Automatic
control shall be based on the readings of the potentials from the stationary reference
electrodes.

7.4.2.5 To avoid possible hydrogen cracking and corrosion fatigue of the main metal
and welds (especially for high-strength steel with a high level of mechanical stress), a negative
limit of the protection potential shall be determined and maintained.

7.4.2.6 When using cathodic protection for the subsea pipelines, an adequate electrical
insulation shall be provided from the adjacent structures (pipelines/standpipes of a platform,
guay, etc.) and other sections of the pipeline provided with galvanic anode protection.

7.4.2.7 The following current density values shall be determined:

initial, for pipeline polarization at commissioning of the cathodic protection system;

average, as required to maintain polarization;

final, by the end of the pipeline service life.
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The cathodic protection system allows adjusting current density depending on state of the
subsea pipeline surface and external conditions.

7.4.2.8 Use of the mixed metal oxides or titanium, columbic or tantalum plates on a
base, as anode material is recommended. In some cases, upon agreement with the Register,
other materials confirmed by certification tests carried out by the firms/laboratories recognized
by the Register may be used.

7.4.2.9 The maximum operating voltage and density of anode current are determined
depending on the material of anode and base as well as operation design period of the system.

Current output from individual anodes shall be adjusted independently. Calculation of the
impressed current electrochemical protection system shall provide redundancy as regards
anode guantity.

7.4.2.10 Anodes of the cathodic protection system shall be buried into the shore or laid
on the bottom according to the technical documentation approved by the Register. The anodes
shall be designed to withstand all operating loads and installation loads, including those during
their replacement from the surface, by divers or using underwater vehicles.

7.4.2.11 When using an impressed-current system, the stationary reference electrodes
shall be installed to confirm efficiency of the pipeline electrochemical protection:

silver-silver chloride/sea water (Ag/AgCl/sea water), refer to 7.4.1.8;

saturated calomel electrode;

high-purity zinc electrode.

Portable reference electrodes may be used; however, the critical route sections where
control by divers or underwater vehicles is not possible shall be mandatory equipped with the
stationary reference electrodes.

7.4.2.12 Maintenance and calibration methods shall be developed for the stationary
reference electrodes during the pipeline operation.

7.4.2.13 The cables connected to the positive and negative terminals of the cathodic
protection components shall not be laid in one cable casing.

7.4.2.14 Unless otherwise specified in the documentation approved by the Register, the
electrochemical cathodic protection shall be put into operation not later than 30 days upon
completion of the subsea pipeline laying.

7.4.3 Galvanic anode protection.

7.4.3.1 Parameters of galvanic (sacrificial) anode protection shall be determined in the
pipeline design documentation approved by the Register and provide the protection current
sufficient for generation of the required protection potentials during the pipeline design life.

7.4.3.2 Technical documentation on the galvanic anode protection system submitted to
the Register for approval shall include the following:

specifications and drawings of the galvanic anodes;

electrochemical test results of the galvanic anodes (electrochemical capacity in sea water,
change of closed circuit potential in sea water) at the operating temperatures;

calculation of mass and number of the galvanic anodes depending on the pipeline design
life;

calculation of the galvanic anode resistance;

calculation of the area to be protected and protection current;

technical documentation for installation, fastening and control over installation of the
galvanic anodes.

7.4.3.3 The calculation procedure shall be submitted to the Register for approval. This
procedure shall confirm that the galvanic anodes generate the required design current density
on the pipeline.

The design values of the galvanic anode parameters shall comply with ISO 15589-2 and
are specified in Table 7.4.3.3.
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Design parameters for galvanic anodes

Table 7.4.3.3

Anode type | Anode surface Anode immersed in sea water Anode buried into seabed soil
temperature’, in °C | potential Ag/AGCH Electrochemical Potential Ag/AgCl/ Electrochemical
sea water, capacity €, sea water, capacity €,
inmV in A-h/kg inmvV in A-h/kg
Aluminium <30 -1050 2000 -1000 1500
60 -1050 1500 -1000 800
802 -1000 900 -1000 400
Zinc <30 -1030 780 -980 750
30 - 50° -980 580

1 For the anode surface temperature between the set limits, current capacity shall be interpolated.

2 For aluminium anodes, the anode surface temperature shall not exceed 80 °C, unless satisfactory performance is tested and
documented.

8 For zinc anodes, the anode surface temperature shall not exceed 50 °C, unless satisfactory performance is demonstrated in
the tests and documented.

N ot e s : 1. Electrochemical capacity for this alloy is a function of temperature and the anode current density.
2. For the non-buried pipelines, the anode surface temperature shall be taken as the pipeline external temperature.

7.4.3.4 The galvanic anodes shall be located to keep the proper protection in case of
mechanical or electrical failure of a single galvanic anode. Distance between the sacrificial
anodes of more than 300 m shall be validated by the calculations and agreed upon with the
Register.

7.4.3.5 Asarule, the galvanic anode protection system consists of the bracelet anodes
equally spaced along the pipeline. Where substantiated, different intervals shall be used for
installing galvanic anodes for different sections of the pipeline (end or initial sections, spool
pieces, etc.), including:

on the 1000 m portion of the pipeline near FOP it is recommended to use the double
amount of galvanic anodes;

it is recommended to provide electrical insulation of the pipeline from other pipelines and
facilities.

7.4.3.6 It is recommended to calculate the demanded protection current according to
the requirements of the international and/or national standards. The average (I.,) and end
(I.r) demanded current shall be determined, based on the pipeline parameters and selected

coating, by the following formula:

Io = Acfcic, (7.4.3.6)
where I, =demanded protection current for the specific pipeline section, in A;

i = current density selected for the average and end conditions, in A/m?;

fe = coating damage ratio calculated for the average and end conditions;

A =total surface area for specific pipeline section, in m2,
7.4.3.7 Selection of the galvanic anode type and parameters shall be determined by

manufacturing, installation and operation considerations. The galvanic anode dimensions shall
be sufficient to provide the required protection current till completion of the pipeline design life.

7.4.3.8 The total net weight of the galvanic anode required to maintain cathodic
protection during the pipeline design life shall be determined for each pipeline section by the
following formula:

8760
m = Ity e

(7.4.3.8)

where m = total net weight of the sacrificial anode for specific pipeline section, in kg;
I.,  =average demanded current for specific pipeline section, in A;
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ta =design life, in years;
€ = electrochemical capacity of the sacrificial anode material, in A-h/kg;
u = usage factor.

7.4.3.9 For the selected type of the galvanic anodes, their number, dimensions and net
weight shall be determined to meet the calculated average and end demanded current to
protect the pipeline. Total weight of the galvanic anodes is determined by the following formula:

m = nmy, (7.4.3.9)
where n =number of the galvanic anodes to be installed on a specific pipeline section;

m =total net weight of the galvanic anodes for specific pipeline section, in kg;

mg, = net weight of single galvanic anode, in kg.

7.4.3.10 The number of the sacrificial anodes shall be determined by calculations and
limited by the maximum permissible distance between the galvanic anodes (refer to 7.4.3.4).
For the bracelet anodes, distance between the galvanic anodes is usually set according to the
known number of field joints (pipes).

7.4.3.11 When selecting materials for the galvanic anodes, the following shall be
considered:
operating conditions of the galvanic anode immersed in sea water, seabed soil or saline
mud;

design theoretical ampere-hour efficiency of the galvanic anode;

required value of the pipeline protection potential;

pipeline/galvanic anode design life;

temperature of the environment, pipe walls and galvanic anodes.

7.4.3.12 When selecting the galvanic anode material, the following shall be also
considered:

galvanic anodes of aluminium alloys decrease the electrochemical efficiency at higher
temperatures;

burial into the seabed soil may affect some aluminium alloys, especially when the current
output is low;

at temperatures exceeding 50 °C performance of zinc galvanic anodes may decrease.

Aluminium or zinc alloys are generally used for galvanic anode protection of the subsea
pipelines.

7.4.3.13 Bracelet anodes shall be designed to provide usage factor of minimum 0,80.
Shorted galvanic anodes shall have usage factor of at least 0,90.

7.4.3.14 Test results of the galvanic anode mechanical and electrical properties shall be
submitted to the Register. The recommended values of the galvanic anode electrochemical
parameters are given in Table 7.4.3.14.

Table 7.4.3.14
Recommended values of galvanic anode electrochemical parameters

Type of galvanic anode Average current capacity, min, Potential of the closed circuit, in mV
in A-h/kg (Ag/AgCl/sea water)
Aluminium 2600 -1050
Zinc 780 -1030

7.4.3.15 The galvanic anode dimensions shall be determined by the applicable pipe
diameter and coating thickness. For the thermally insulated pipelines, the galvanic anodes
shall be installed to avoid their heating, as far as possible.
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7.4.3.16 It is recommended to select outside diameter of the bracelet anodes equal to
the pipeline diameter, including weight coating and/or thermal insulation. When selecting the
band anode outside diameter exceeding the pipeline diameter, including weight coating and/or
thermal insulation, the side surfaces of the bracelet anodes shall be made in the form of
truncated cone.

7.4.3.17 The bracelet anodes shall have corrosion-protection coating on their non-
working surfaces. This coating shall be made of two-component epoxy compound with the
minimum thickness 100 pm.

7.4.3.18 Quality control of the galvanic anodes shall comply with 2.7.3.2 of the SP
Guidelines. The number and selection methods for the galvanic anodes for destructive tests
shall be agreed upon with the Register.

7.4.3.19 The tests aimed at electrochemical quality control of the selected galvanic
anode material shall include the following:

evaluation of the closed circuit potential;

evaluation of electrochemical capacity.

The specified tests shall be carried out for each batch or for every 15 t of the manufactured
galvanic anodes, whichever is less, in the laboratory recognized by the Register or under the
RS technical supervision.

7.4.3.20 The galvanic anodes shall be installed on the pipeline to avoid mechanical
damage of the pipes and galvanic anodes, breaking of the galvanic anode electrical connection
with the pipeline, or damage of insulating and other coatings. After installation of each galvanic
anode, integrity of its electric circuit shall be electrically tested.

7.4.3.21 The methods of galvanic anodes installation on the pipeline (including galvanic
anode and doubler plate welding procedures) shall be approved by the Register. Never weld
the galvanic anodes or their doubler plates to the pipeline welds. The minimum distance from
the galvanic anode or doubler plate welding place to the pipeline weld shall be 150 mm.

7.4.3.22 When installing the galvanic anodes, the following conditions shall be met:

.1 bracelet anodes shall be securely attached or welded to the pipeline; when selecting
the galvanic anode attachment method, loads applied to the galvanic anodes during laying
shall be taken into consideration, depending on the pipeline installation method (e.g., loads
from the pipe laying vessel's tensioners);

.2  for the bracelet anodes installed on the weight-coated pipelines, it is recommended
to fill the gaps between the halves of the galvanic anodes and between the weight coating and
galvanic anodes (usually 25 to 50 mm wide) with bitumen mastic or polymeric filler resistant to
sea water;

.3 galvanic anodes shall be installed to minimize damage of the coating; the coating
sections recovered after connection of the galvanic anode (e.g., cables) shall be tested for
possible discontinuities;

.4 the galvanic anode cables (minimum 2) shall be connected to the pipeline to provide
the required mechanical strength and electrical continuity and avoid the pipe damage in the
connection point; the cables shall have a spare length sufficient to maintain integrity of the
electric contact between the pipe and the galvanic anode in case of unexpected shift of the
galvanic anode during laying;

.5  steel reinforcement of the concrete weight coating shall not be in contact with the
pipe or the galvanic anode.
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7.5 ELECTRICAL INSULATING JOINTS

751 General.

7.5.1.1 The electrical insulating joints shall provide electric sectioning of the pipelines,
including electric isolation of the earthed subsea pipeline with or without the electrochemical
protection system from the adjacent section/shore section/onshore pipeline with cathodic
protection.

7.5.1.2 The electrical insulating joints shall meet the requirements of the international
and/or national standards and technical documentation approved by the Register.

7.5.1.3 The electrical insulating joints shall not damage the structural layout of the
subsea pipeline, deteriorate its performance characteristics, in particular, operating
parameters related to transported medium pressure and flow rate or prevent passage of in-line
inspection pigs.

7.5.1.4 The requirements for the list of technical documentation to be reviewed by the
Register are specified in 2.14 of the SP Guidelines.

7.5.2 Requirements for the electrical insulating joints design.

7.5.2.1 The electrical insulating joints shall withstand the design loads applied to the
pipeline, including temperature exposure, in the places of their installation. The joint shall be
non-detachable and connected to the pipeline by welding and/or flanges.

7.5.2.2 Thejoint structure shall be designed for combined action of the internal pressure
and bending/ torsional moment, taking into consideration design loads on the pipeline). The
level of the permissible total stress in the joint structure shall be agreed upon with the Register.
The electrical insulating joints shall withstand design loads without compromising their
structural, sealing or dielectric performance.

7.5.2.3 Material of the metal tube sections included in the joint shall correspond to the
main pipeline material, including weldability, according to 4.5.

7.5.2.4 Materials for the joint seals and fillers shall be designed for the whole pipeline
service life, taking into consideration the transported medium properties. The insulating
material shall have high non-absorbent, dielectric and thermal properties and provide
performance under high compressive stress.

7.5.25 To avoid damage/electric rupture of the joint seals from external electric
influence, an external and/or internal spark gap with the parameters specified in the technical
documentation shall be provided.

7.5.3 Technical supervision during manufacture of electrical insulating joints.

7.5.3.1 The electrical insulating joints are subject to type approval according to the
requirements specified in 2.14 of the SP Guidelines.

7.5.3.2 The electrical insulating joints are subject to type (periodical) testing and
acceptance testing during manufacture.

7.5.3.3 Type (periodical) testing shall include the following tests:

combined internal hydraulic pressure and torsional moment;

combined internal hydraulic pressure and bending moment;

fracture strength.

Upon agreement with the Register, the torsional and bending tests of the electrical
insulating joints may be replaced with the finite-element stress analysis. Unless otherwise
specified in the technical documentation approved by the Register, periodical (type) testing
shall be conducted at least once every three years.

7.5.3.4 The extent of tests during manufacture of the electrical insulating joints shall
meet the requirements specified in 2.14 of the SP Guidelines.
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7.6 CORROSION MONITORING SYSTEMS

7.6.1 When corrosive (hydrocarbons containing hydrogen sulphide, carbon dioxide,
water, etc.) or highly erosive media shall be transported and design total corrosive and/or
erosive wear of the steel pipe wall during the pipeline design life is more than 3,0 mm, a
corrosion monitoring system shall be provided for the subsea pipeline (or its section).

7.6.2 The corrosion monitoring system shall perform at least one of the following
functions:

monitor change of the pipeline wall thickness (rate of wear) with direct or indirect
measurements (e.g. monitoring the wall thickness with an acceptable physical method,
monitoring the pipeline section weight, etc.), including the use of withess specimens;

monitor corrosive/erosive properties of the medium.

7.6.3 The necessity and sufficiency of the corrosion monitoring system functionality
shall be substantiated in the design documentation submitted to the Register for approval.

7.6.4 The corrosion monitoring system sensors shall be installed in the most critical
pipeline points in terms of corrosive and/or erosive wear according to the technical
documentation approved by the Register.

7.6.5 The corrosion monitoring system sensors or witness specimens, depending on
the accepted functionality of the system (refer to 7.5.2) shall allow:

analysis of the transported product, i.e. monitoring of the product physical properties and
its sampling for the chemical analysis of the corrosive components (or anticorrosive additives)
or corrosion products;

corrosion rate measurement, i.e. measurement of the weight loss of the reference plates
or other removable specimens for periodic or real-time measurements;

wall thickness measurement at the place of installation, i.e. repeated wall thickness
measurements in the determined pipeline cross-sections using portable or stationary devices.

7.6.6 The corrosion monitoring system control devices shall provide the following:

identification of the sensor signals as related to specific pipeline section;

data recording and storage;

monitoring absolute values and rates of change of the monitored parameter, generally, in
real time.
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8 PIPELINE INSTALLATION AND TESTING

8.1 GENERAL

8.1.1 Installation, laying and testing of subsea pipelines shall be carried out with due
regard to the conclusions and recommendations obtained upon results of risk analysis of the
above processes, based on the requirements of Section 10 and Appendix 3. The Section
related to risk analysis shall be included in the documentation submitted to the Register for
review and approval — refer to 1.5.3.15.

8.1.2 Prior to installation, laying and testing of subsea pipelines, the following shall be
submitted to the Register for review:

A technical documentation specified in 1.5.3.2 and 1.5.3.3;

.2 process documentation on:

storage, transport and handling of pipes;

assembly and welding of pipes and strings;

non-destructive testing, including visual examination;

application of coatings and insulation on weld area of pipes or strings;

repair and renewal operations for correction of defects detected.

8.1.3 Prior technical supervision for construction of subsea pipeline it is necessary to
check a firm performing its installation and laying for compliance with the requirements
specified in 1.10 of the SP Guidelines and issue the Certificates of Firm conformity (CCIT)
(form 7.1.27).

8.1.4 Prior to installation and laying of subsea pipelines, pipe-laying vessel equipment
(welding equipment, positioning systems, tensioning machinery) or other equipment used for
other laying methods shall be surveyed by the Register.
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8.2 PIPELINE ROUTES AND SEABED SOILS

8.2.1 Pipeline routing.

8.2.1.1 The pipeline route and value of burial into the seabed soil shall be selected so
that to minimize influence of lithodynamic processes on the operability and reliability of the
pipeline.

8.2.1.2 Where possible, the subsea pipeline route shall avoid permafrost zones.

8.2.1.3 To minimize contact of the pipeline with the keels of drifting ice formations and
stamukhas it is reasonable to lay the pipeline route along the line of maximum depth and
parallel to the prevailing drift direction of ice formations.

8.2.1.4  Shore approach of the pipeline in the areas with the seasonal ice cover shall be
designed as a hydraulic structure capable to take up ice load (local and global) at effective ice
thickness with 10~2 1/year probability. It is recommended that the contact area of a protective
structure with ice shall be inclined to the horizontal plane at an angle to the horizon not
exceeding 45° within the height range from the mean water level to = double effective ice
thickness.

8.2.1.5 Selection of the route shall minimize environmental risks and risks for the sea
bioresources.

8.2.1.6  During subsea pipeline routing, on the sections of significant depth gradient, in
order to avoid hazardous pipe bending the following requirement shall be met:

R, > 1000D,, (8.2.1.6)
where R, =radius of the pipeline route curvature (horizontal and vertical planes), in m;
Dy, = outside diameter of the pipe, in m.

Application of radius values smaller than those specified in Formula (8.2.1.6) during
pipeline routing shall be subject to agreement with the Register.

8.2.1.7 Itis recommended to move subsea pipeline shore crossing away from a river
mouth in freezing and arctic seas to prevent possible erosion of the buried pipeline by vertical
water flows at intense ice melting.

8.2.1.8  Prior to installation and laying of the subsea pipeline, additional studies along
the pipeline route shall be carried out, when:

the period of time since the engineering survey to commencement of installation work is
two years and above;

significant changes in seabed soil conditions is likely to have occurred,;

the expected pipeline route is in areas exposed to hazardous effects, e.g., seismically
dangerous; new units, facilities, pipelines, etc. are present in the area.

8.2.1.9 During seabed preparation the following measures shall be taken prior to the
pipeline laying along its route:

prevention of undesirable processes of any seabed soil erosion or drift;

removal of potentially hazardous facilities;

design of crossings with the preliminary laid pipelines and cables, pipeline shore approach;

underwater excavation.

8.2.1.10 Before laying the pipeline in a preliminarily excavated trench, the contractor with
participation of an RS surveyor shall check invert levels of the trench longitudinal profile.
Excess in the trench bottom depth shall not exceed 0,5 m. The pipeline shall be prepared for
laying by completion of an underwater trench excavation.

8.2.1.11 Laying of the pipeline on the seabed for subsequent burial thereof shall be
allowed only provided that preliminary checking measurements and calculations show that
bending radii of the pipeline will be not less than the minimum permissible values based on
strength requirements.
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Pipeline sections previously laid on the bottom for subsequent burial and backfill shall be
examined to confirm that the pipeline is laid within the boundaries of the approved project
corridor.

A concrete-coated pipeline may be laid after the concrete is cured to the design strength.

8.2.1.12 The requirements for subsea pipeline crossings including crossing with
electrical cables (linear facilities of offshore fields) shall be specified in the design
documentation on linear facilities to be installed along the routes that cross previously laid
linear facilities. For newly constructed linear facilities, the crossing of their routes shall be
avoided whenever possible.

Where crossings along the route of the designed subsea pipeline with previously laid linear
facilities are required, the requirements of 8.2.3 shall be complied with.

When selecting the designed pipeline route, it is recommended, whenever appropriate, to
take into account the crossings of the route by other potential pipelines/cables to be laid in the
future. For example, it is recommended that a designed pipeline buried into the seabed soll
shall be further buried at the point of a planned crossing to a depth not less than that specified
in 8.2.3.3.4.

8.2.1.13 When routing the pipeline into the seismic active areas the following
requirements shall be carried out:

.1 rigid fastening of pipelines to bottom and shore equipment shall not be allowed.
Where such connections are necessary, the provision shall be made of pipe bends or
compensating devices, the dimensions and compensation ability shall be determined by
calculation;

.2 where the pipeline crosses the route section with soils that vastly differ from each
other by seismic properties, the possibility of free movement and stain of the pipeline shall be
provided. While burying the pipeline at such sections it is recommended to make a pipeline
trench with inclined slopes and fill in the pipeline with coarse-grained sand;

.3 crossing by the pipeline of active tectonic fault area is allowed at the angle close to
90°. Therewith, the method of non-embedded laying shall be used. In this case a definite
(trapezoidal) trench form with inclined slopes (at least 1 : 2) shall be used.

The section length of the pipeline crossing the tectonic fault is assumed equal to the fault
width plus 100 m at each side from the fault zone edge. At the pipeline crossing edges of the
active tectonic faults the structures for improving the pipeline flexibility (compensating devices)
may be used;

.4 to ensure overall stability of the subsea pipeline in case of seismic wave directed
along the longitudinal axis of the pipeline, the pipeline may be laid in the seabed. The burial
depth shall be calculated with due regard to the diagrams of pipeline and soil interaction,
physical nonlinearity of the pipeline material and the possible convexity of the pipeline in the
vertical plane.

8.2.1.14 Pipeline sections in water areas with seasonable seabed soil erosion caused by
intensive river flow and/or specific environment (e.g., fast ice, currents, etc.) shall be buried
into the seabed soil for the depth h, in m, determined by formula

h = hymax + Ay X ko, (8.2.1.14)

where h;nax = the maximum depth of the seasonal seabed soil erosion, in m, determined from the results of
engineering survey of the pipeline section continuously during 5 years;

A;  =1,0m oraccording to Table 2.4.12 of Appendix 1;
ko = strength factor in terms of the pipeline class, assigned according to Table 8.3.2.9.
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8.2.2 Seabed soils.

8.2.2.1 Terms and definitions.

Soft soil means a soil with bearing capacity insufficient for safe laying and operation
of the pipeline. It generally means undercompacted or normally compacted water-saturated
silts, shells, peats, loams, fluid and fluid-plastic clays (sometimes, dynamically unstable water-
saturated silty sands of low and medium density can be also referred to the soft soil).

Dynamic liquefaction means avalanche decrease in bearing capacity of soil under
alternating impacts caused by the increase in excess pore pressure and corresponding
decrease in effective load of the soil skeleton.

8.2.2.2 General.

8.2.2.2.1 During design of subsea pipelines, the strength analysis at various stages of
their construction (including laying and testing) and operation shall consider the features of
geological engineering structure and properties of the seabed soils along the suggested route.

8.2.2.2.2 When implementing a subsea pipeline project, upon agreement with the
Register, the seabed soil averages based on the previous engineering surveys and/or
reference data may be used, provided that corresponding calculations will be performed at the
detailed design stage using the soil parameters based on geological engineering surveys.

8.2.2.3 Requirements for geological engineering surveys.

8.2.2.3.1 The geological engineering surveys shall obtain the necessary design
characteristics of the soils taking subsea pipeline load for calculations of the following:

subsidence and consolidation of the foundation soil;

local contact stresses (if required);

arranging trenches or soil stabilization;

dynamic stability of soils under seismic, wave and ice loads.

8.2.2.3.2 The range and scope of engineering surveys shall be specified in the survey
program depending on the following:

complexity of geological engineering conditions along the pipeline route;

available data on the previous surveys and the necessity of refining geological engineering
element occurrences (especially for rocky and low-compressible soils, soft soils, permafrost);

accuracy of soil property estimates;

quantitative characteristics of geological process dynamics.

8.2.2.3.3 In case of several pipeline routes within the same corridor, the number and
depth of excavations shall be set in the survey program on the basis of the maximum depths
and minimum distances between the pipeline route excavations based on the calculations
approved by the Register.

8.2.2.3.4 The corridor width and the sampling depth shall depend on the requirements of
the national and/or international standards. For the main pipelines (where the bottom surface
is 10 m deep or less), the sampling interval shall be of 0,2 to 0,5 m in depth and 500 to 1000
m along the route within the corridor with the minimum width of 500 m or equal to the distance
between the extreme side anchors of positioned the pipe-laying vessel plus 100 m.

On landslide slopes, the sampling frequency shall be doubled, and within the coastal strip
shall be tripled.

8.2.2.3.5 Within the strip as wide as specified in 8.2.2.3.4 along the subsea pipeline route,
continuous seismoacoustic profiling shall be carried out on which basis the places for drilling
geological engineering wells in the soft soil areas shall be specified.

8.2.2.3.6 The drilling and temperature measurement depth shall be, generally 6,0 to
8,0 m depending on the designed pipeline burial depth. In case of any silts or soft soils, the
drilling depth shall be increased by the depth of their layers.

8.2.2.3.7 All the selected geological engineering elements shall be tested. Undisturbed
samples of high-moisture fine soils shall be carried out preferably by using punch type or piston
type samplers with a gate device. Preliminary description of the well cores shall be combined
with the classification studies.
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8.2.2.4 Requirements for seabed soil parameters.

8.2.2.4.1 Geological engineering surveys, including field and laboratory studies, shall
provide the initial data in the amount necessary for design.

In addition to determination of the bottom profile and geophysical surveys, the field
analysis of bottom deposits along the suggested route shall include penetration studies to
clarify the composition and properties of foundation soils, taking samples for laboratory tests,
evaluation of their quality in the natural conditions and preliminary description.

8.2.2.4.2 Soil properties shall be specified based on the results of the direct
measurements conducted in the laboratory recognized by the national supervisory bodies
according to methods prescribed in the national and/or international standards in a particular
stress-strain state, taking into account the structure weight and cyclic loading.

8.2.2.4.3 When planning the programmes of laboratory tests, low bearing capacity and
high property variations of the near-surface soil layers (0 to 2,0 m), increasing errors in their
determination at the lower mean stresses shall be taken into consideration. The undisturbed
(monolithic) core samples for laboratory study shall be about 90 mm in diameter and
minimum 170 to 180 mm in length. The procedure and methods for sampling and sample
guality control shall be agreed with the customer. Thus, it is necessary to meet the
requirements for sampling, sample transportation and storage in compliance with
GOST 12071-2000.

8.2.2.4.4 When calculating stress-strain state of the pipeline foundation soils, physically
sound and practically tested software with conformity certificate shall be used. Selection of
numerical simulation software shall be agreed with the customer.

8.2.2.4.5 During surveys, special attention shall be paid to the soft soil area. When
calculating the bearing capacity, the parameters of non-consolidated soil shall be taken into
account.

Undrained shear strength less than 0,075 MPa measured by rotational shear method and
deformation modulus under load of 0,25 MPa and less than 5,0 MPa shall be taken as the soft
soil criteria.

The mentioned parameters shall be determined just after sampling in the conditions as
close as possible to the natural conditions.

During survey up to 30 % of wells shall be drilled fully. During design the soft soils shall
be generally replaced with medium-hard ones, more rarely, with fine sands, together with their
permeability improvement.

When building the subsea pipelines to be buried into the soft seabed soil, the burial depth
may be increased to isolate the pipeline from the soft soils. The soft soil layer can be retained,
provided that the pipeline safety is substantiated through special calculations.

8.2.2.4.6 All loosely bound water-saturated foundation soils within the compressible
strata shall be evaluated for the liquefaction potential under the designed dynamic impact:
seismic impact (refer to 3.7) or impact caused by vortex-induced vibration (refer to 3.6.2).

To assess the risk of soil liquefaction, results of dynamic sounding and laboratory studies
as well as calculative and experimental procedure for liquefaction potential estimation may be
used.

For soil foundations of the subsea pipelines where seismic impacts are possible, all the
water-saturated fine loose soils shall be checked for liquefaction. The sandy and loamy soils
shall be checked partially in accordance with Table 8.2.2.4.6.

Table 8.2.2.4.6

Mass fraction of clay particles < 0,002 Liquidity limit humidity, W, < 25,6 Liquidity limit humidity, W, = 25,6
mm
Up to 10 % Potentially liguefiable Additional studies are required
Over 10 % Additional studies are required Non-liquefiable




Rules for the Classification and Construction of Subsea Pipelines (Part I)

140

8.2.2.4.7 When estimating the possible pipeline floating-up under a dynamic impact,
relative movement of soil particles and pore fluid in the clearance between the pipe and the
surrounding soil when the soil plastic deformation level exceeds 10~ shall be taken into
account.

The averaged movement of the denser soil particles down and their accumulation at the
bottom of the pipeline results in appearing additional vertical forces, which contribute to the
pipeline upward displacement from the designed position. Value of these additional forces
depends on the soil permeability, soil modulus of deformation, soil grading, and radial
deformations of the pipeline.

8.2.2.4.8 During engineering surveys, the following mechanical and physical properties
of seabed soils shall be determined:

bulk density and moisture of the solil in the natural conditions;

skeleton particle density;

maximum and minimum skeleton densities of the loose soils;

soil grading;

yield stress and plasticity limits;

filtration factor;

modulus of elasticity, modulus of deformation for compression and triaxial static loading,
consolidation ratio;

internal friction angle and cohesion;

undrained shear strength for clays under static and dynamic loads;

friction coefficient of backfill soils and pipeline external coating material;

shear modulus and damping ratio under dynamic load (method of ultrasonic sensing is
Bender element, resonant column, triaxial dynamic compression);

soil in-water dumping density;

underwater slope stability angle;

static and dynamic Poisson's ratios;

product-in-the-pipe to backfilled soil heat transfer coefficient;

for half-rocky and rocky soils, uniaxial compression strength;

carbonate content.

8.2.2.4.9 Soil sample natural moisture shall be determined immediately after lifting the
samples out of water.

Undrained shear strength of clay soils shall be determined for both undisturbed and broken
structures; it is recommended to be done immediately after lifting samples out of water (micro-
impeller, triaxial compression device).

8.2.2.4.10 In special numerical simulation cases, additional (special) laboratory studies
of soils (for chemical activity to metals, gas content, creeping, stickness, thixotropy, fluid flow
liquefaction conditions, x-ray analysis of samples, estimation of bottom deposits age, etc.) may
be carried out upon the mandatory agreement with the customer.

8.2.3 Crossings of subsea pipelines including by subsea electrical cables.

8.2.3.1 General.

8.2.3.1.1 Design solutions for crossings of subsea pipelines including by subsea electrical
cables, shall eliminate the possibility of any damage to pipelines and electrical cables during
construction of crossing installation, disturbance of their operation and maintenance
conditions.

8.2.3.1.2 Design solutions for crossing of subsea pipelines and electrical cables shall
specify the requirements concerning the following:

minimum separation between the pipeline and existing linear facilities;

parameters and technical conditions of the pipeline/electrical cable and their protective
coatings;

parameters and conditions of galvanic anode systems;

data on pipeline/electrical cable burial;
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coordinates of crossing and marking of existing linear facilities;

confirmation of actual position and orientation of existing linear facilities, lay-out and profile
of crossing;

pipelayer anchoring when laying the crossing pipeline;

installation of supporting structures or gravel bed;

checking if free spans of pipelines are acceptable (if they are occurred in trenching or
excavation of pits);

methods to prevent scour and erosion around supports;

methods to control and monitor construction;

tolerance requirements for linear facilities at crossing installation;

parameters and bearing capacity of seabed soils (surface soil or soil stripped in trenching
or excavation of pits);

data on burial soil and protective supporting structures;

bathymetry and history of seabed mobility;

allowable parameters of waves and currents;

any other specific structural components of subsea pipeline crossing and technology
applied in construction (e.g. winch anchoring for pulling a string, method of subsea trenching,
excavation of pits and their profiling, etc.).

8.2.3.1.3 The design and detailed design documentation on crossing installation shall be
agreed with the owner of the existing pipelines and cable lines and approved by RS. The owner
of the utility to be crossed shall be notified of the time of the activities prior to mobilization of
pipelaying and service vessels/ barges.

8.2.3.1.4 Crossing between pipelines (clear distance taking into account the coatings
applied to them) shall be kept separated by a minimum vertical distance of 0,3 m. The crossing
angle shall be at least 60° and as close as possible to 90°.

8.2.3.1.5 Crossing between pipelines and electrical cables with voltage up to 35 kV and
communication/monitoring cables shall be kept separated by a minimum vertical distance of
0,5 m (clear distance). The crossing angle shall be close to 90°.

8.2.3.1.6 Physical contact between the designed pipeline and existing cables shall be
avoided. If necessary, supports, flexible concrete mats and other means of permanent
separation shall be installed to avoid contact and to provide the design position of the crossing
installation for the entire service life of the pipeline/electrical cable.

Generally, a new pipeline shall be laid using concrete supports at crossing of existing
subsea pipelines and using flexible concrete mats at crossing of cable lines.

8.2.3.1.7 In the area of crossing, the designed pipeline shall be provided with magnetic
markers and galvanic anodes, one each on the crossing side.

8.2.3.2 Crossing of pipelines/cables that are not buried into the seabed soil.

8.2.3.2.1 At crossing between the existing pipelines/cable lines that are buried and not
buried into the seabed soil, the designed not-buried pipeline shall be installed over the existing
utilities.

Vertical clear distance and crossing angle between new and existing pipelines/cable lines
shall be taken at least as specified in 8.2.3.1.4 and 8.2.3.1.5.

8.2.3.2.2 Where the soil layer is of sufficient height and stable over the pipeline/cable line
buried into the seabed soil, the pipeline to be laid may be installed without additional protection.
In this case, a separation between the piping lines shall be calculated taking into account
possible settlement of the designed piping line at the critical combination of external loads.

8.2.3.2.3 Where the soil layer is not sufficient over the pipeline/cable line buried into soil
(bunded) and where the designed pipeline crosses the pipeline/cable line laid on seabed, the
pipeline shall be laid by elevating its pipes from the bottom of the seabed surface using non-
conductive materials (sandbags, rock dumping, concrete slabs, flexible concrete mats, etc.) or
specifically designed arched concrete structure.
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8.2.3.3 Crossing of pipelines/cables that are buried into seabed soil.

8.2.3.3.1 At crossing of the existing buried pipelines/cable lines, a new pipeline that is
buried into the seabed soil shall be installed over the existing utilities.

Vertical distance and crossing angle shall be taken at least as specified in 8.2.3.1.4
and 8.2.3.1.5.

A separation between the pipelines/cable lines shall be calculated taking into account the
possible settlement of the designed pipeline into the seabed soil at the critical combination of
external loads.

8.2.3.3.2 In special cases, given the design justification, e.g. to maintain the required
protective layer of seabed soil (burial depth) in areas with intensive ice gouging (refer to 8.3),
the designed pipeline may be laid under the existing pipelines.

8.2.3.3.3 In case of laying new pipelines under existing pipelines, the position of existing
pipelines shall not be changed. Temporary supports, ground beds or buoyancy devices shall
be used for existing pipelines in order to reduce or prevent their sagging during removing the
ground underneath and after it has been removed.

The stability of the temporary supports shall be checked for sliding and overturning
moment.

8.2.3.3.4 At the crossing between new and existing pipelines, the vertical clear distance
(taking into account the coatings applied to them and the overall dimensions of the equipment
used) shall be determined based on the conditions of performance of construction and
installation works and the technology used, but no less than the following:

1,0 m — in case of work performance applying the trench method and using pull heads to
tighten a string of the new pipeline;

3,0 m — in case of work performance applying Horizontal Directional Drilling (HDD).

8.2.4 Crossings of subsea pipelines with the shoreline.

8.2.4.1 General.

8.2.4.1.1 When selecting a location of shoreline crossing, the following parameters of the
planned section shall be taken into account:

geodetic and geological characteristics;

hydrometeorological parameters;

natural and environmental characteristics;

access to the pipeline during operation;

proximity to other facilities (utilities, residential areas, industrial enterprises, etc.).

8.2.4.1.2 In the landfall area, pipelines shall be buried. When calculating a burial depth
and length of the subsea pipeline in the landfall area, seabed mobility such as scour,
sandbanks, ice conditions, as well as erosion processes in the onshore area shall be
considered. These characteristics are determined based on the results of engineering and
geological surveys.

If necessary, additional measures may be taken to protect the pipeline such as applying
concrete coating, increasing the thickness of anti-corrosion coatings or pipe wall thickness,
increasing the trench depth, use of the pipe-in-pipe structure, etc.

8.2.4.1.3 The following methods of construction can be used for landfall:

open excavation works involving trenching;

open excavation works involving construction of sheet piles on the shoreline and in shallow
water (cofferdam);

HDD method where the pipeline is pulled through a pre-drilled well in the coastal area.

8.2.4.1.4 Design landfall solutions shall be approved by the Register during review of
subsea pipeline design.

8.2.4.2 Requirements for shoreline crossing methods involving trenching.

8.2.4.2.1 Landfall involving open excavation works with trenching shall be used in areas
where the geological conditions of shore approach allow for excavation works to be carried out
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in shallow water without construction of sheet pile walls, and also where construction of sheet
pile walls is impossible.

8.2.4.2.2 In the landfall area, dredging equipment shall be selected taking into account
the type of soil based on the condition to provide the required burial depth of the pipes laid in
soil on the shoreline and near it, as well as the water depth at the shore approach.

The need to protect the trench against the waves and currents using rock-fill dams shall
be taken in accordance with the results of engineering and hydrometeorological survey.

8.2.4.2.3 A length of trenching is determined by a width of coastal strip starting from the
seaward where the laying from vessels cannot be performed due to insufficient depth.

In addition to a number pipeline runs to be taken into account, a width of the subsea trench
at the bottom shall be determined considering the following parameters:

outside diameter of the pipeline with protective and ballasting coatings and tolerance for
deviation of the longitudinal pipeline axis from the design trench axis when laying the pipeline;

allowable deviations across the trench width (on both sides of the axis) in the process of
trenching and the margin of bottom sediment accumulation in trench on the side of its upper
slope.

8.2.4.3 Requirements for shoreline crossing methods involving cofferdam construction.

8.2.4.3.1 Landfall involving cofferdam construction shall be used in areas where the
geological conditions of shore approach do not allow for excavation works to be performed in
shallow water without construction of sheet pile walls, and also in areas exposed to heavy
bottom sediment accumulation.

8.2.4.3.2 A length and width of a subsea trench involving cofferdam construction is
determined according to 8.2.4.2.3.

8.2.4.4 Requirements for shoreline crossing methods using HDD.

8.2.4.4.1 The HDD method shall be used in the following cases:

in sections of shoreline with steep shores, as well as where the pipeline is necessary to
be buried into seabed to large depths due to the risk of damage by ice;

shoreline with a large number of utilities to be crossed.

Restraints in performing works using the HDD method are difficult geological conditions
(e.g. rocks with high strength characteristics), limited length and diameter of the well.

8.2.4.4.2 When constructing the pipeline by the HDD method, a pilot bore is drilled using
bottom-hole tool; to drill out the pilot bore, the boring bit is replaced with a reamer. Drilling may
be carried out both from the shore and from the sea (from the temporary backfilled cofferdam).

8.2.4.4.3 The pipeline shall be pulled with the minimum break after reaming and
calibration of the drill channel have been completed. Prior to pulling, the assembled pipeline
string shall be accepted and the preliminary hydraulic test shall be performed.

When pulling, the pulling force shall not exceed the maximum allowable values and well
curvature specified in the design documentation based on the condition of the pipe strength.
Pipeline pulling shall be performed continuously except for cases when connections of new
pipeline strings are technologically required.

Where necessary in difficult geological conditions, the pipeline is laid in pipe-in-pipe
casings that shall be determined at the design stage.

8.2.4.4.4 When performing drilling operations, drilling mud discharge into marine
environment is not allowed.

8.2.4.5 Connection of onshore and offshore sections of pipeline.

8.2.4.5.1 In addition to the process flow schemes specified in 8.5.3, the following
schemes may be used for connection of the onshore and offshore pipeline sections:

pipeline string is made on the coastal assembly site and then pulled into the sea through
a pre-drilled well using a pulling winch of the pipe layer;

pipeline string is made on the coastal assembly site and then pulled into the sea through
a pre-drilled well using the HDD rig.
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8.2.4.5.2 After laying the pipeline at the shoreline crossing involving trenching and
cofferdam construction, the shore and the shore slope shall be protected against collapse
when exposed to wave and ice loads, as well as against discharge of rainfall and melt waters.
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8.3 ADDITIONAL MEASURES FOR PROTECTION OF THE PIPELINE IN THE AREAS OF
INTENSE ICE GOUGING

8.3.1 General.

8.3.1.1 In water areas with seasonal ice cover (freezing seas: the Caspian Sea, the
Baltic Sea, the Sea of Okhotsk, etc.) and on the marine arctic shelf (the Barents Sea, the
Pechora Sea, the Kara Sea, Baydaratskaya bay), where presence of ice gouging is revealed
instrumentally (underwater TV survey, sonar survey, diver survey), the pipeline shall be
embedded into the seabed soil.

8.3.1.2 The subsea pipeline burial depth shall be assumed based on the design value
of exaration which may be determined on the basis of:

the parameters of gouge distribution — refer to 8.3.2;

simulating statistical modeling of the exaration — refer to 8.3.3;

ice formation parameters — refer to 8.3.4.

While choosing the method for determining the design value of exaration the preference
shall be given to two methods given first above or their combination.

8.3.1.3 The subsea pipeline burial depth may vary along its route or assumed equal to
zero (the pipeline not embedded) depending on the water area depth, exaration parameters
and ice formations, for this it is recommended to divide the pipeline route by sections. The
burial depth of the section shall be assumed as constant.

The subsea pipeline burial depth into the seabed along its route may vary or shall be taken
equal to zero (unburied subsea pipeline) depending on water area depth, parameters of
gouging and ice formations. For that reason, it is recommended to divide pipeline route into
sections. Burial depth within a route section is assumed constant.

8.3.1.4 When no information of the exaration channel parameters is available, the
following shall be assumed as a criterion for the route subdivision:

soil homogeneity of the route section;

occurence of ice keel drafts exceeding the sea depth.

Subdivision of the pipeline by sections may also base on the data obtained by means of
mathematical simulation of the exaration process performed according to the procedure
approved by the Register (refer to 8.3.3).

8.3.2 Determination of the burial depth depending on the gouges distribution
parameters.

8.3.2.1 The criteria for the pipeline division into sections shall be the following in priority
order:

parameters of the gouge depth distribution;

the pipeline route crossing frequency of the gouges;

density of the gouges at the route section.

8.3.2.2  While optimizing the pipeline laying route in order to minimize the trench making
expenses for burying the pipeline the criteria specified in 8.3.1.4 and 8.3.2.1 shall be used as
optimization criteria.

8.3.2.3 To determine the maximum burial depth of the subsea pipeline into seabed at
the pipeline route section having an intensive ice exaration the following parameters shall be
specified:

average number (density) of gouges per 1 km?; length, width and depth of the gouges.

The average shall be determined according to the length, width and depth of the gouges.
It is necessary to record the coordinates of the gouge central point and end.

8.3.2.4 Parameters indicated in 8.3.2.3 shall be determined based on the data of
engineering survey performed on the pipeline route (route sections) for at least 5 continuous
years.
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8.3.2.5 Design exaration value of the intended occurence hy, m, shall be calculated
according to the formula

hy = hin(n,T), (8.3.2.5)
where h =sample mean of the depth of the gouges crossing the route within the limits of the section with
exaration for the entire observation period, in m;
ng =an average number of gouges crossing the route annually;
T = occurence period, years (when it is not otherwise stated, it is assumed equal to 100 years).

8.3.2.6  When the pipeline route is determined, the value n, is determined directly from
the engineering survey data.

8.3.2.7 When only the direction of the pipeline route is known and the direction of
gouges is clearly expressed (the mode of the gouge direction distribution shall be clear cut),
the value n, is determined by the following formula

ng = nfM[lein((p)l], (8.3.2.7)
where n, = gouge density per the unit area, in 1/km?;

1 =sample average length of the gouge, in km;

) = angle between the gouge and the route;

M[] =expectation operator.

8.3.2.8 When the gouge direction is evenly distributed or the orientation of the gouges
can not be determined, the value n; shall to be determined according to the formula

n, = 2nny. (8.3.2.8)

8.3.2.9 The pipeline burial depth into seabed H, in m, at the route (route section) with
detected indications of ice exaration shall not be less than those determined by the formula

H=hy+A ko, (8.3.2.9)

where A =margin for the burial depth, as a rule, is assumed equal to 1 m (the margin value may be
decreased when the substantiation is available and the calculation is made according to the
procedure approved by the Register).

ko = strength factor in terms of the pipeline class is assigned according to Table 8.3.2.9.
Table 8.3.2.9
Strength factor of the pipeline depth kg
Strength factor Pipeline class
L, L1 L2 L3 G, Gl G2 G3
ko 1,0 1,2 1,3 1,0 1,2 1,3
8.3.3 Simulating statistical modeling of the exaration process.

8.3.3.1 The design value of ice exaration at seabed may be determined by means of
simulating statistical modeling of the exaration process approved by the Register. Furthermore,
it is necessary that the procedure shall allow for wind conditions, tidally-influenced variations
of water level, depth profiles, properties of seabed soils, statistical characteristics of
morphometric parameters of ice formations obtained from the sufficient representative
sampling.
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8.3.3.2 Division of the pipeline route by sections shall be carried out according
to 8.3.1.4.

8.3.3.3 The pipeline burial depth into seabed shall be determined in accordance
with 8.3.2.9 on the basis of the exaration hy, design value received as a result of the simulating
mathematical modeling of this process.

8.34 Determination of burial depth depending on ice formation parameters.

8.3.4.1 To determine the design value of exaration based on the ice formation
parameters for the route (section) of subsea pipeline the following parameters shall be
determined:

hs — sea depth with due account for tide, in m;

hx — average value of drifting ice formation keel draught, in m;

Onh — mean-square deviation of drifting ice formation keel draught, in m;

Tr — average time of ice formation existence, in days;

V — average speed of ice formation drift, in km/day;

N — average number of drifting ice formations per 1 sq. km during the ice period.

8.3.4.2 Parameters specified in 8.3.4.1 shall be determined for particulate sections of
the pipeline route, within which their values are assumed constant based on the data of
engineering survey performed for at least 5 continuous years.

8.3.4.3 The design value of exaration in case of definite parameters of ice formations
specified in 8.3.4.1 is calculated in the following sequence:

8.3.4.3.1 Non-dimensional values of h, and A characterizing ice formation draft shall be
determined by the following formulae:

hy = hy/hs — mean draft ratio of the drifting ice formation; (8.3.4.3.1-1)
A = oy /hy, — factor of variation of the drifting ice formation. (8.3.4.3.1-2)

8.3.4.3.2 The unit exceedance probability P, of the sea depth by the ice formation draft
shall be determined from Table 8.3.4.3.2 by linear interpolation based on h; and A parameters.

Table 8.3.4.3.2
Probability Po

Po e
0,2 0,4 0,6 0,8 0,9

A 0,2 0,0 0,0 0,002119 0,11043 0,473398

0,4 0,0 0,002369 0,063711 0,238911 0,446778

0,6 0,000069 0,023542 0,130977 0,280456 0,420216

0,8 0,001554 0,055157 0,169684 0,289655 0,393701

1,0 0,006738 0,082085 0,188247 0,286505 0,367879

8.3.4.3.3 On the assumption of the availability of ice formation keel contact with the
pipeline with the margin 102 1/year the parameter a is determined:

1,6

a = 0,99PoNVTRT, (8.3.4.3.3)
where T = estimated service life of the pipeline, in years.

8.3.4.3.4 Parameter Z shall be calculated from Table 8.3.4.3.4 based on a and A
parameters.
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Table 8.3.4.3.4
Parameter Z

zZ a
0,9999 0,99995 0,99999
A 1,0 9,21 9,90 11,51
0,8 10,70 11,43 13,11
0,6 13,46 14,25 16,06
0,4 20,00 20,91 22,99
0,2 47,98 49,31 52,27

8.3.4.3.5 Burial factor K shall be determined by the formula
K = Z)\?hy, (8.3.4.3.5)

being a criterion of necessity for the subsea pipeline burial into the seabed soil on the
route section in question:

where K < 1 burial of the pipeline is not required;

where K > 1 burial of the pipeline is required.

8.3.4.3.6 The design value of exaration at the pipeline section under consideration hy,
in m, shall be determined by the formula

hy = he(K-1k,, (8.3.4.3.6)

where k; = a correcting factor taking into account the seabed soil properties shall be assigned in
compliance with Table 8.3.4.3.6.

Table 8.3.4.3.6
Correcting factors taking into account the seabed soil properties kg,
Soil type Sands Clay sands, clay Clay
Kq 0,95 0,60 0,20

8.3.4.4 Division of the pipeline route by sections shall be carried out in compliance
with 8.3.1.4.

8.3.4.5 The subsea pipeline burial depth into the seabed shall be determined in
compliance with 8.3.2.9.
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8.4 MARINE OPERATIONS FOR PIPELINE LAYING

8.4.1 The requirements of the present Chapter are applicable to pipe-laying vessels
and barges performing the pipeline laying on the seabed. The pipe-laying vessel shall be
classed with the Register or other classification society recognized by the Register. The vessel
shall be fitted with all necessary systems, arrangements and equipment for pipe-laying
operations, including the starting/ending stages of laying, laying interruption in storm
conditions, and the use of additional buoyancy devices, where necessary. The technical
documentation to be reviewed by the Register for these procedures shall contain requirements
to the following:

anchors, anchor chains/cables (lines) and anchor winches;

fastening pipeline strings at the beginning of laying;

positioning the vessel and positioning control;

dynamic positioning equipment (if any);

systems and equipment for monitoring the position and geometry of the laid pipeline part;

seaworthiness of the vessel in the region;

crane equipment, including those for lowering/ lifting the pipeline strings, and the pipe
loading procedures;

process equipment for pipeline installation and laying, including stinger, tensioners,
buoyancy devices, etc.

8.4.2 A maintenance manual for all systems and equipment to provide safety of
operations shall be available on board the ship. Prior to operation the vessel and systems shall
be surveyed by the Register (refer to 8.1.3).

8.4.3 For anchoring of the pipe-laying vessel it is necessary to prepare a layout chart
of anchor lines. The pipe-laying vessel shall operate in strict compliance with the layout chart
of anchors providing the required forces on the tensioners. The technical documentation
submitted for the Register approval shall contain the following information:

expected pipeline route and laying corridor;

location of existing pipelines and installations;

prohibited anchoring zones;

position of each anchor line touch down points and cable touch down point;

vessel position for running each anchor and working position of the vessel when the
anchor running is completed;

anchor lines handling with regard to weather limitations.

8.4.4 The minimum distances shall be specified between the anchors, anchor chains
(ropes) and any existing fixed structures of subsea installations, pipelines or cables.
8.4.5 Requirements shall be specified for the positioning system and its accuracy for

each type of the vessel and appropriate environmental conditions wind and current velocities,
wave parameters and water area depths. The accuracy of the horizontal surface positioning
systems shall be consistent with the requirements for the permissible deviations of the pipeline
centerline in the process of laying which, as a rule, shall not exceed +3,0 m. In order to monitor
the positioning, the appropriate monitoring systems shall be developed, reference points shall
be established.

8.4.6 Positioning systems shall have at least 100 % redundancy to avoid errors and
faults in positioning. Documentation showing that the system has been checked within the
specified limits of accuracy shall be prepared for familiarization to the surveyor to the Register
prior to commencement of the pipeline laying.

8.4.7 A vessel using a dynamic positioning system for station keeping and location
purposes shall meet the requirements of IMO MSC/Circ. 645 (the Guidelines for Vessels with
Dynamic Positioning Systems).

8.4.8 Prior to commencement of assembly operations, the dynamic positioning
system shall be tested to ensure that all control devices operate within the prescribed limits of
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accuracy. The remote control system of propellers shall be tested in operation with the
reference system, as well as in different failure modes.

Monitoring, alarm and back-up systems shall be tested in accordance with the established
test procedures. The tests shall be witnessed by a surveyor to the Register.

8.4.9 Specialized vessels and barges fitted with the equipment for subsea pipelines
burial shall meet the applicable requirements in 8.4.1 to 8.4.8. Besides, the technical
documentation on subsea pipeline burial to be reviewed by the Register shall contain
requirements to the following:

devices for burying pipelines, including soil dumping/sampling;

devices for trench backfilling;

systems for controlling end position of the buried pipeline;

pipeline strength testing when moving it into the trench.
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8.5 METHODS OF PIPELINE LAYING ON SEABED

8.5.1 Subsea pipelines may be laid on seabed using different methods, the basic
methods are as follows: seabed pull, free immersion, laying from the pipe-laying barge or
vessel, lowering from ice, directional drilling. Other methods or their combination may be
applied.

8.5.2 During selection of the laying method account shall be taken of environmental
conditions, sea depth, seabed soil properties, duration of ice formation period, type of medium
to be transported, possibility of tensile forces in the pipeline during laying, geometrical pipe
parameters and pipeline material properties.

8.5.3 The subsea pipeline laying procedure shall be based on its movement to the
route cross section and lowering to the seabed. Subsea pipeline laying flow diagrams shall
indicate location of the installation site, methods of pipeline movement to the route cross
section, application of tensile forces to the pipeline, pipeline buoyancy control and tie-in of the
strings.

For pipeline laying one of the following process flow diagrams may be used:

.1 pipeline laying from a pipe-laying vessel with successive tie-in of the strings or
unreeling from a reel;

.2  seabed pipeline pull of the pipeline with the preliminary full-length installation at the
coastal assembly site;

.3 seabed pull of the pipeline with successive tie-in operations;

.4 pipeline lowering by free immersion with preliminary installation in the route cross
section;

.5  pipeline lowering by free immersion with successive tie-in of the strings;

.6 near-bottom tows and lowering of the strings into the cross section;

.7 pipeline laying using the HDD method.

Combination of different laying methods at subsea pipeline sections may be applied
depending on the environmental conditions and route profile.

8.5.4 Pipeline laying by seabed pull.

8.5.4.1 The laying flow diagrams referred to in 8.5.3.2 and 8.5.3.3 shall be used for
short subsea pipelines, selection of the particular laying flow diagram shall consider the
pipeline length, route profile, weight and buoyancy, pulling facilities and their possible location
(ashore and/or aboard).

8.5.4.2  When pulling of the pipeline (string) its bending radius at launchways shall not
be less than the value stated in 8.2.1.6. When the less bending radius is assigned (curvature
radius of launchways) the pipeline (string) strength shall be confirmed by the relevant
calculation.

To decrease pulling force it is acceptable to use pontoons relieving the pipeline strings
due to their lifting force and reducing the force of friction with the seabed.

8.5.4.3  When the pulling method is used, the following process documentation shall be
prepared and submitted to the Register for review:

assembly and welding procedure of the pipeline strings at the coastal assembly site;

pulling flow diagram with indication of force application parameters and ways of rope
anchoring;

procedure for pipeline string joining (tie-in);

pontoon pattern and calculation of pipeline (string) strength near pontoon location;

calculation of the pulling force and the pipeline (string) drag force;

structural diagram of launchways.

8.5.4.4 The winches used shall be provided with indication and recording devices to
measure wire tension and their length. All instrumentation shall be calibrated.




Rules for the Classification and Construction of Subsea Pipelines (Part I)

152

8.5.5 Pipeline laying by towing afloat.

8.5.5.1 Application of laying flow diagrams referred to in 8.5.3.4 to 8.5.3.6 related to sea
operations with the floating pipelines (strings) shall be limited by the allowable weather
conditions along he pipeline route during laying and shall consider the sea depth, pipeline
(string) length, weight and buoyancy, applicable towing devices and method of pipeline
lowering onto the seabed.

8.5.5.2  This method of laying may also be used when installing the pipeline on the pipe-
laying vessel, which is held motionless at anchor, and pulling the pipeline string, for example,
toward the coast or a water area where the pipe-laying vessel is limited by its draught.

In any case, this method requires the floating string to be sufficiently strong and straight,
especially in presence of wind, currents and waves. In case of considerably long strings or
distant place of laying (long towing distance), measures shall be taken to secure the pipeline
string whenever hydrometeorological parameters exceed the permissible ones (for example,
to several pre-installed dead anchors).

8.5.5.3 Where pipeline is laid by towing afloat the following shall be developed and
submitted to the Register for review:

assembly and welding procedure of the pipeline strings at the coastal assembly site;

pipeline (strings) launching and towing flow diagrams;

pontoon structural diagram and pontoon patterns (in case of negative buoyancy to the
pipeline or string);

pipeline (string) additional ballasting flow diagram at excessive positive buoyancy;

water filling or pontoons release flow diagram;

pipeline (string) strength analysis when lowering onto the seabed;

procedure for pipeline string joining (tie-in);

diagram of pipeline string release in storm conditions.

8.5.5.4 At significant sea depth resulting in excess of allowable stresses during laying,
method of free immersion of the pipeline (string) shall be supplemented by application of tensile
forces or self-tensioning of the pipeline (string) when fastening its ends to the fixed shore piers.
Pipeline strength analysis for determination of the required tensile force value shall be
submitted to the Register for review.

For this purpose, in case of excessive positive buoyancy to the pipeline (string) it is allowed
to use temporary (while laying) weight ballasting.

8.5.5.5 While making a design model for strength analysis of the submerged pipeline
(string) section, non-zero limit conditions of the floating pipeline (string) sections shall be
considered.

8.5.5.6 The winches used shall be provided with indication and recording devices to
measure wire tension and their length. All instrumentation shall be calibrated.

8.5.6 Steel pipeline laying from a pipelayer.

8.5.6.1 Subsea pipeline laying flow diagram referred to in 8.5.3.1 shall meet technical
parameters of the pipelayer (including pipeline lowering methods and work limitations due to
weather conditions), take into consideration sea depth and route configuration, geometrical
parameters and properties of pipe material.

8.5.6.2 The pipeline strength during laying operations shall be provided as well as the
absence of initial pipe damages after laying, such as residual plastic deformations and
corrugations (local buckling) of the pipe wall and breakdown of ballast system or insulation
shall be ensured. Tensioners shall be used (tensile forces shall be applied) at considerable
depths of the pipeline laying.

8.5.6.3 When method of the pipeline laying from a pipelayer with successive tie-in of
the strings is used, the following process documentation shall be prepared and submitted to
the Register:

laying flow diagram and design model;

assembly and welding procedure of the pipeline strings;
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pipeline strength analysis during laying;
documentation specified in 8.4.1 to 8.4.9.

8.5.6.

4  Laying of pipeline by J-method shall assume application of the horizontal force

to the upper end of the pipeline, sufficient to ensure safe laying. The force shall be created by
tensioners, anchoring system or dynamic positioning system of the pipelayer. Reliable
positioning systems having at least double redundancy of the total pulling force shall be used.
It is preferable to use the pipelayers (pipe-laying vessels) of semisubmersible type or stop
laying in waves which may cause initial pipe damage.

8.5.6.5 Horizontal force applied to the upper end of the pipeline during its laying by
J-method shall not be less than the value of F, in kN, determined on the basis of the following:
2 2_¢2
S2-SxSnp < 0,9ksR2-SE,, (8.5.6.5-1)
where Shp  =hoop stress, in MPa, obtained from the formula
_ PwghDine —6. -
Spp = "5 1076; (8.5.6.5-2)
S, = total longitudinal stress, in MPa, obtained from the formula
Sy =81+ S (8.5.6.5-3)
S1 =longitudinal stress due to the horizontal force, in MPa, obtained from the formula
— F -3. _
$1 = mo T 107 (8.5.6.5-4)
S, =longitudinal stress due to bending in the minimum pipeline curvature, in MPa, obtained from
the formula
— M -6 -
82 = rorria 1075 (8.5.6.5-5)
M = maximum bending moment in the pipeline, in KNm, obtained from the formula
4 _(4_2tc *
P ] T (8.5.6.5-6)
6412 T Gm)?h2y ’ T
o™+ ]
L = free span length, in m, obtained from the formula
L= 2 (8.5.6.5-7)
YpA
m = dimensionless parameter, obtained from the formula
m =" (8.5.6.5-8)
A = pipe cross section area, in m?, obtained from the formula
A =mt,(Dips + t.)107¢; (8.5.6.5-9)
where E =Young's modulus of pipe material, in MPa;
g = gravity acceleration, in m/s?;
h =sea depth at the laying area, in m;
Yp = specific weight of the pipe in water, in KN/m3;
Pw = sea water density, in kg/m3;
Dy =internal pipeline diameter, in mm;
t. = pipe wall thickness, in mm;

ks = strength factor assigned according to Table 8.5.6.5.
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Table 85.6.5
Strength factor due to the pipeline class, kq4
Strength factor Pipeline class
L, L1 L2 L3 G, G1 G2 G3
ky 1,0 0,95 0,9 1,0 0,95 0,9
8.5.6.6 During pipeline laying from a pipelayer by S-method, the pipeline strength

analysis shall be submitted to the Register for review, the minimum force in the tensioner shall
be assigned as the result of above analysis, having regard to stinger or slip geometry, provided
the pipe strength criteria is met at each pipe section

S2— Sy Spp + SEp < 0,9k4RZ, (8.5.6.6)

where S =total longitudinal stress in the pipe at the risk sections of the minimum curvature, in MPa;
Shp ~ =hoop stress in the pipe at the risk sections of the minimum curvature, in MPa;
ks = strength factor assigned according to Table 8.5.6.5.
8.5.6.7 During pipeline laying from a pipelayer with unreeling from a reel, the following

process documentation shall be submitted to the Register in addition to one specified
in 8.5.6.3:

reeling the pipeline on the reel (changeable drum);

pipeline tension control.

8.5.6.8 Reeling of the pipeline (strings) shall not result in the axial pipe strain
exceeding 0,3 %. The pipelaying vessel shall be fitted with a device to restore the shape of the
pipe cross-section while unreeling of the pipeline.
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8.6 SUBSEA PIPELINE TESTING BY PRESSURE

8.6.1 General.

8.6.1.1 Subsea pipeline pressure test shall be performed after the complete installation
of pipeline system or its section (full backfilling, setting of valves, instrumentations and
protectors, etc.), pipeline bore smart pigging, as well as submitting the required documentation
to the Register (refer to 8.6.2).

8.6.1.2 Subsea pipeline pressure testing shall be conducted in two successive steps:
strength test and leak test. Strength and leak tests shall be carried out by hydraulic method; it
is allowed to perform leak test of gas pipelines by pneumatic method.

Pipeline hydraulic testing by water at air temperature below zero and/or at sea freezing
temperature is allowed provided that the pipeline, valves and instrumentation are protected
against freezing. Testing by pressure is only allowed when hotline communication is provided.

8.6.1.3 In the case of connecting the subsea pipeline to the branch pipes of fixed
offshore platforms (to the risers located inside the supporting block), the strength and tightness
tests of the subsea pipeline shall be carried out simultaneously with the testing of the above
risers making provision for cleaning, calibration and filling the risers and subsea pipelines with
test medium using fixed or temporary pig launchers and traps.

For preliminary testing of the linear part of the subsea pipelines (without spool pieces and
risers inside offshore platforms), temporary subsea pig launchers and traps.

8.6.2 Documentation.

The pressure test shall be described in a test program or process documentation, which
is subject to approval by Register prior to testing. The documentation shall contain the
following:

.1 operation manual including the following:

pipeline filling with test medium;

method and rate of pressurization;

list of equipment/part of equipment to be isolated during a holding period;

method and rate of pressure relief;

removal of test medium;

drying of pipeline bore, if necessary;

emergency and safety procedures and precautions;

.2 equipment and systems:

description of the pipeline section to be tested (dimensions, valves, pumps, etc.);

description of the test medium, including possible use of chemical additives;

specification of instrumentation and measuring devices (temperature, pressure, flow rate),
including their location and connection;

description of calibration and marking of equipment;

distribution of temperature measuring devices along the length of the pipeline;

.3 calculations:

temperature and other environment influence on pressure, including estimation of the
sensitivity of the test medium temperature due to variations of the seawater temperature;

"pressure-volume" assumption diagram.

8.6.3 Safety measures.

The test area shall be surrounded with warning signboards displayed in order to prevent
unauthorized personnel from entering during the pressure test.

8.6.4 Strength test.

Pipeline strength testing by pressure shall be carried out for verification of the pipeline
capability to operate at the working pressure with a specified safety margin. Minimum pressure
during the hydrostatic strength test shall be equal to 1,25 times design pressure.
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During hydrostatic strength testing the total stresses in the pipe shall not exceed 0,95 of
the pipe metal yield stress for the pipe wall thickness taken with negative wall thickness
tolerance.

When testing the pipeline, the pressure building up rate shall not exceed 0,1 MPa/min, as
soon as the pressure value reaches 0,9 of the test pressure, the rate of pressure buildup/drop
shall be reduced up to 0,01 MPa/min.

Holding time of the pipeline at test pressure (without regard of pressure buildup and/or
drop time, as well as holding time for equalization of temperature and pressure) shall be
minimum 12 h.

The pipeline is considered as having passed the strength test, if over the test period the
pressure drop shall not exceed 1 % under continuous monitoring of pressure and temperature
values or their discrete measurements every 30 min.

8.6.5 Leak test of the subsea pipeline shall be carried out after the strength testing by
reducing the test pressure to the value exceeding 1,10 times design pressure. Duration of leak
test shall be determined by the time required for inspection of the whole route or the test
section, the test duration shall be minimum 12 h without regard of pressure buildup and/or drop
time, as well as holding time for equalization of temperature and pressure.

The pipeline is considered as having passed the leak test, if over the test period no leakage
was detected, and change of pressure shall not exceed 10,2 % under continuous monitoring
of pressure and temperature values or their discrete measurements every 30 min. Pressure
variations in the pipeline up to 0,4 % shall be allowed due to fluctuations in the ambient
temperature and sea level during the test period.

8.6.6 Test medium.

The test medium shall normally be filtered fresh water or filtered seawater, which, in order
to avoid internal corrosion in the pipeline, may be chemically treated.

8.6.7 Pipeline flooding and pressurization.

8.6.7.1 During flooding of the test section, precautions shall be taken to limit the air
inclusion to less than £ 0,2 % of the total filling volume.

8.6.7.2  For all methods of strength and leak tests, the pressure shall be measured using
calibrated remote instruments or pressure gauges with a range equal to 1,25 the test pressure
and the accuracy class not less than 1.

8.6.7.3  Air inclusion measurement in the test section shall be carried out during initial
pressurization. This may be done by establishing a "pressure-volume" diagram based on the
pressure and volume values measured during the pressurization.

8.6.8 Conservation of the test section.

In order to avoid internal corrosion, conservation of the test section shall be done after the
pressure test. Inert gas or inhibited water may be used for the purpose.

8.6.9 Removal of test medium and drying.

Disposal of inhibited water or its recycling requires permission from the national
supervisory bodies. Where drying is required, in order to prevent internal corrosion or hydrate
formation, the detailed description of the procedure shall be submitted to the Register for
approval.
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9 MAINTENANCE AND REPAIR

9.1 MAINTENANCE

9.11 General.

9.1.1.1 Safety, efficiency and reliability of subsea pipeline operation shall be ensured
with the regulated pipeline maintenance system, which shall be developed by a pipeline owner
on the basis of the requirements of supervisory bodies, standards of the firms the above owner
is associated with, and the Rules requirements.

9.1.1.2 The maintenance of subsea pipeline items shall include:

periodic inspections of the pipeline route;

instrumental studies of the pipeline route and the pipeline itself (pipeline fault detection);

periodical monitoring of the pipeline items and systems condition;

hydraulic tests of the pipeline;

repairs and repair-and-prevention works, including those after potential exposure to the
accidental extreme loads.

9.1.1.3 Hydraulic tests shall be carried out after repair, modification and expiration of
the estimated service life of pipelines, as well as in case of failure to perform (incomplete
performance) of flaw detection during the periodical inspections and examinations.

9.1.1.4 Periodical monitoring of the pipeline items and systems condition shall be
carried out with regard to:

cathodic protection/galvanic anode system and ballasting;

isolation valves;

automation and alarm systems;

flanged joints;

standpipes and pipeline shore approaches.

9.1.1.5 The RS participation in periodical examination and studies depends on the
guality of maintaining the pipeline transport system by its owner and is a prerequisite to confirm
the RS class for the subsea pipeline.

9.1.1.6 Maintenance regulations for the subsea pipeline items included in the
Nomenclature of items of the RS technical supervision of subsea pipelines (refer to 1.6 of the
SP Guidelines) are subject to the RS approval.

9.1.1.7 Any changes of the maintenance regulations regarding the subsea pipeline
items specified in 9.1.1.6, including any repairs, shall be agreed with the Register.

9.1.2 Examination and studies program.

The owner of the subsea pipeline transport system establishes the procedure for
examinations, studies and the pipeline maintenance regulations, which specify their frequency
and extent, including the extent of initial, periodical, special examinations and studies and
methods of their performance (in-line inspection, measurements of the external defects, etc.).
It is recommended to harmonize the owner's system of pipeline examinations and studies with
the RS system of periodical surveys (refer to 1.4 of Part | of the SP Rules and Section 4 of the
SP Guidelines).

The document containing the above provisions shall be submitted to the Register for
review prior to the subsea pipeline commissioning.

9.1.3 Periodical examination and studies.

9.1.3.1 The subsea pipeline transport system in operation shall be subject to periodical
examinations and studies. Their performance is mandatory for the owner who shall notify the
Register about the terms, methods and extent of the inspection. The examinations and studies
shall be carried out by the RS- recognized organization involved in the in-water surveys and/or
in-line inspections of subsea pipelines, in accordance with the requirements of Section 1.8 of
the SP Guidelines, and shall be supervised by the Surveyor to the Register.
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9.1.3.2 The basic requirements for examinations and studies and evaluation of their
results are specified in 9.1.4 and 9.1.5.

9.1.3.3 The terms of periodical examinations and studies, and the composition of
parameters to be monitored during their performance shall be specified in accordance
with 4.1.2 and 4.1.4 of the SP Guidelines. In so doing, the actual technical condition of the
subsea pipeline and potential subsea pipeline damages after extreme natural or technogenic
impacts (earthquakes, storms, registered effects of fishing tools, etc.) shall be considered.

9.14 Frequency of periodical examinations and studies.

Setting the dates for conducting periodical examinations and studies, the following shall
be considered:

predicted values of corrosive and erosive wear of pipes and potential deterioration of the
mechanical

properties of material during multiyear operation;

presence of active lithodynamic processes of the seabed saill;

presence of seabed soil drift/erosion and ice exaration, including in way of the pipeline
shore crossing;

unsteadiness of the hydrometeorological parameters in a water area;

results of the previous examinations and studies.

Periodical examinations and studies shall be conducted annually according to the
regulations agreed upon with the Register, following therewith the instructions of 4.1.4 of the
SP Guidelines.

In the event of extreme natural or technogenic impacts on the subsea pipeline, provision
shall be made for extraordinary examinations and studies, as well as for pertinent repairs,
which extent is agreed upon the Register.

9.15 Scope of periodical examinations and studies.

9.1.5.1 In order to assess the technical condition and to provide the further safe
operation of the subsea pipeline, as well as to plan the maintenance, the periodical
examinations and studies shall provide for the following types of works:

general study of the pipeline route, including determination of its attitude position and the
free span length of its sections;

determination of the depth of the protective layer of the seabed soil (for subsea pipelines
buried into the seabed soil);

inspection of corrosion-protection coating condition;

inspection of ballasting condition;

in-line inspection and external underwater studies to detect defects (fault detection);

inspection of valves condition;

inspection of cathodic protection/sacrificial anode system condition. The composition of
subsea pipeline parameters recorded in the above works shall meet the requirements of 4.1.2
and 4.1.3 of the SP Guidelines.

9.1.5.2 For periodical examinations of standpipes, the following items apply, in addition
to those specified in 9.5.1.1:

examination of clamps and bolts;

examination of flanges condition;

assessment of marine fouling.

9.1.5.3 The assessment of the technical condition of subsea pipeline valves shall
provide for:

checking of the remote drive operation;

flaw detection for flange and fastenings defects;

hydraulic testing;

flaw detection for the valve body defects;

flaw detection for shut-off and sealing components.
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9.1.6 Records of periodical examination and studies results.

9.1.6.1 The subsea pipeline owner shall submit to the Register review the results of
periodical examinations and studies performed in terms and to the extent specified in 9.1.4
and 9.1.5.

9.1.6.2 The subsea pipeline owner shall record and take into account the completed
results of periodical examinations and studies during the entire pipeline service life.

9.1.7 Modification.

Design modification of the existing pipeline system shall be subject to approval by the
Register. All documentation with calculations and explanations shall be submitted to the
Register for review prior to commencement of modification work and shall contain the following
information:

design modification;

assessment of the environmental influence in performance of modification;

list of equipment to be used during modification;

quality control and acceptance criteria.
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9.2 REPAIR OF SUBSEA PIPELINES

9.21 Terms and definitions.

For the purpose of this Section the following definitions have been adopted.

D efect means each individual non-compliance of the pipeline structure and its route with
the requirements of the SP Rules and the design documentation, industry standards and the
standards of the enterprise-owner/pipeline operator, approved by the RS.

Defective section means the section, which is, as a rule, equal to the pipe length
and contains one or more defects subject to repair.

Typical defect means the category of pipeline defects requiring repair work (repair method)
of the same type for their elimination.

SP repair method statement (MS) means the technical documentation
containing decisions on organization and procedure for SP repair work, used equipment and
required materials, control and acceptance of work.

Repair means the repair of the pipeline sections having hazardous and/or potentially
hazardous defects of the pipeline and its route found during inspection as well as restoration
of the insulation and weight coatings.

Emergency-restoring repair means the work on eliminating the limiting (down)
technical state, pipeline failure effects and forced stops of media transportation as well as work
aimed to prevent the specified pipeline failures.

Overhaul of subsea pipeline means the work performed to bring SP to perfect
state with replacement or restoration of any of its components.

Scheduled preventive repair of subsea pipeline means the scheduled
work on preventing and eliminating individual defects of pipeline components usually
performed when it is in perfect technical state.

Routine repair of subsea pipeline means the minimum required repair in
terms of scope and content involving work on preventing preliminary wear, removal of minor
damages and defects that do not impair the up state of the pipeline.

Repair device means adevice fitted on pipeline to repair defects and restore pipeline
serviceability.

SP technical state means the pipeline state at a certain instant and under certain
environmental conditions which is defined by the set of parameters stipulated in the SP Rules,
design documentation, industry standards and the standards of the enterprise-owner/pipeline
operator, approved by RS.

Perfect state of the subsea pipeline means the technical state in which all
subsea pipelines parameters comply with the SP Rules, design documentation, industry
standards and the standards of the enterprise-owner/pipeline operator, approved by the RS.

Limiting (down/emergency) state of the subsea pipeline means the
technical state in which the subsea pipeline operation is considered to be inadmissible or
unfeasible.

Up state of the subsea pipeline means the technical state in which the subsea
pipeline does not comply with at least one parameter of the perfect technical state.

Typical repair method means the repair technique for eliminating the pipeline
defects of the same type.

Grinding means the repair technique consisting in removing a layer of metal in the
defects area by grinding and restoring smooth shape of the pipe wall surface.

9.2.2 General.

9.2.2.1 Any type of repair involving SP items specified in the Nomenclature of items of
the RS technical supervision of subsea pipelines (refer to Table 1.6.1 of the SP Guidelines),
shall be performed in compliance with technical documentation approved by the RS, containing
descriptions and technical requirements for repair operations as well as under RS technical
supervision.
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9.2.2.2 In order to assess the technical state and to provide the further safe operation
of the subsea pipelines as well as to plan the maintenance and repairs, the periodical external
examinations (surveys) and in-line inspection shall be performed — refer to 4.4.1 of the SP
Guidelines.

9.2.2.3 As per deadlines and frequency the repairs are classified into scheduled, urgent
and emergency repairs.

The scheduled repairs are in turn subdivided into routine repair and overhaul. Repair of
subsea pipeline (scheduled, urgent, emergency) shall be performed based on the results of its
complex surveys and diagnostics (flaw detection) made in compliance with 4.1.2 and 4.1.3 of
the SP Guidelines.

9.2.2.4  Periodical surveys shall comply with the requirements specified in 4.1.4 of the
SP Guidelines. The composition of SP technical state parameters recorded in the above works
shall comply with 4.1.2 and 4.1.3 of the SP Guidelines.

9.2.2.5 Based on the results of the surveys and diagnostics the following shall be
carried out:

specification of parameters and location of a faulty pipeline section;

planning of measures for safe operation of the pipeline;

risk analysis and assessment;

selection of repair type and method;

evaluation of pipeline technical state prior and after repair work.

9.2.2.6 The company, which operates the subsea pipeline, shall select repair type and
method based on the following:

in-line inspection and external examination results (with account of measurement error,
data on positional relationships of defects, their dimensions and total amount);

checking strength of defective sections and/or calculations of the time limit of safe
operation based on the diagnostics results;

SP spatial position, available free span/uncovered sections;

availability, condition and operating parameters of electrochemical protection;

condition of coatings and ballasting;

results of the repairs previously performed taking into consideration the repair devices
installed earlier;

SP technical passport data (date of subsea pipeline construction, commissioning, working
pressure, certificates for pipes, etc.);

other factors (economic efficiency, available required materials and equipment, human
and engineering resources).

9.2.2.7 Type and method of repair work as well as engineering and design
documentation developed for its implementation (refer to 9.2.5) shall be approved by RS.

9.2.2.8 It is prohibited to carry out work on repair of defects, including elimination of
impermissible free span lengths (sagging) and stripping, without developing the relevant
technical documentation stipulating safe, thorough and rational methods of performing working
operations during repair.

9.2.2.9 Routine repair is generally carried out together with maintenance of subsea
pipeline according to the operation regulations approved by the RS or a document replacing
thereof and on the basis of the industry standards and standards of the enterprise-
owner/pipeline operator.

9.2.2.10 RS technical supervision of repair works shall comply with 4.2.7 of the SP
Guidelines. In addition, the mandatory survey of repaired sections of the subsea pipeline shall
be carried out by the RS within the next periodical survey.

9.2.2.11 The SP technical state is generally assessed during operation as:

perfect state;

up state;

down (limiting/emergency) state.
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In compliance with the international and/or national standards as well as industry
standards and the standards of enterprise-owner/pipeline operator, upon agreement with the
RS, SP technical state may be defined by a larger number of levels, or the Integrity
Management concept may be used or its equivalent, which shall be shown in the respective
technical documentation (refer to 9.2.5).

9.2.2.11.1 The perfect technical state is the technical state of the subsea pipeline
constructed in accordance with the SP Rules, design documentation, industry standards and
the standards of enterprise-owner/pipeline operator, approved by the RS. Moreover, the
recommendations regarding generalization of information on the detected permissible defects
at all stages of factory manufacture of steel rolled products and pipes, given in 4.3.8.1.5, Part |
"Subsea Pipelines", shall be taken into account.

9.2.2.11.2 Assoon as the up state is reached, the developing of measures is necessary
to eliminate the found defects (repair planning) in order to bring SP into perfect technical state.
Prior to the planned repair works, restrictions on SP operation may be required (e.g. reduction
of working pressure).

9.2.2.11.3 The up state is generally subdivided into two or more levels, and the
appropriate pipeline defect rates that show the transition stages from perfect to limiting
technical state (e.g. refer to Table 9.2.3.8) shall be set for these levels on the basis of the RS-
approved operating documentation, including the industry standards and standards of
enterprise-owner/pipeline operator.

9.2.2.11.4 Two or more introduced levels of the up state shall be determined by:

guantitative characteristics of the defect rates (grading of dimensions of the admissible
defects);

estimated time limits of safe operation for defective pipeline.

In the latter case, unless otherwise specified in the RS-approved operating documentation,
the following grading of the estimated time limits of safe operation shall be followed for the set
of defects that allows estimation of the time limit of safe operation: more than 5 years, 1 to 5
years, less than 1 year.

9.2.2.11.5 The down (limiting/emergency) state is the technical state of the subsea
pipeline stipulated in the SP Rules, RS-approved design and/or adopted normative
documentation in which its operation is inadmissible — refer to 9.2.2.12.1. In this case, the
estimated time limit of safe operation for the set of defects that allows estimation of the time
limit of safe operation is O years.

Further operation is only possible after repair works.

9.2.2.11.6 Upon agreement with the RS, unless otherwise required by the industry
normative documentation or enterprise standard, the appropriate repair method and applied
repair device are allowed to be specified as regards an individual defect size directly in the
operating documentation.

9.2.2.12 Based on the adopted ranking of technical state levels in accordance
with 9.2.2.11, the owner/ operator shall provide the following for each commissioned SP:

.1 specify the technical state criteria according to the classification of defects given
in 4.1.3.1.1 of the SP Guidelines. The technical state shall be considered as limiting if the value
of at least one of the defect magnitude parameters is beyond the limits specified in 4.1.3.1.2
of the SP Guidelines and/or in the RS-approved operating documentation, including the
industry standards and standards of the enterprise-owner/ pipeline operator;

.2 prescribe typical repair methods according to 9.2.3 for eliminating any kind of defect
types specified in 9.2.3.3t0 9.2.3.7 and 4.1.3.1.2 of the SP Guidelines;

.3 develop typical technologies (technological flow charts) for implementing the above
repair works with quality testing stages indicated;

.4 purchase necessary processing equipment for repair, spare parts, special purpose
repair devices (technical equipment), for example, repair clamps, in-line Smart Plug tools etc.,
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and provide the required training of personnel (in particular, welders shall be certified by the
RS in compliance with 5.3.5, Part | "Subsea Pipelines");

.5 have available special purpose repair devices (technical equipment), included in the
Nomenclature of items of the RS technical supervision, which shall be of the RS-approved type
and carry RS certificates;

.6 use welding procedures and consumables approved by the RS;

.7 conclude contracts with specialized contractors to carry out repair activities for which
the contractors shall be audited by the RS in accordance with 1.11 of the SP Guidelines.

9.2.2.13 Repair work on the subsea pipelines shall be carried out by specialized
enterprises having Certificate of Firm Conformity (CCIT, form 7.1.27) issued by the RS.

9.2.2.14 Welders having valid Welder Approval Test Certificate (form 7.1.30) in
compliance with 5.3.5, Part | "Subsea Pipelines" shall be permitted to conduct welding
operations. Welding materials and technologies shall be approved by the RS.

9.2.2.15 After repair the subsea pipeline shall be restored with justification of its design
service life in compliance with the technical requirements for its design and modes of operation.
The necessity of pressure testing after repair is subject to consideration in each particular case
with due regard to the scope of repair work performed, including non-destructive testing
methods applied.

9.2.2.16 In case of major defects, which may result in restrictions of pipeline operating
modes and/or reduction of design service life, the appropriate calculations are subject to
consideration of the RS.

9.2.2.17 Performance of repair works is not permitted unless the defect point location is
determined precisely. The location of the defect point is determined on the basis of the
following data:

location of markers for in-line inspection devices;

location of galvanic anodes (if available);

location of factory longitudinal seams of longitudinal welded subsea pipes and butt welded
joints of pipes;

location of shut-off and control valves, previously installed repair devices and other
characteristic features of subsea pipelines.

9.2.2.18 Requirements for in-line inspection as the basic means for identifying SP
defects shall comply with 4.1.2.3 of the SP Guidelines and 12.4 of the SP Recommendations.

9.2.2.19 General recommendations for selection of SP repair methods and procedures
as well as examples of special purpose equipment and repair devices are given in Section 12
of the SP Recommendations.

9.2.3 Typical repair methods and types of defects.

9.2.3.1 Typical repair methods (set of working operations) shall be developed for each
subsea pipeline with regard to its design features, transported medium and route specifics.
When implemented, these methods shall make it possible to eliminate certain pipeline defect
groups, as a rule, appearing on the basis of similar physical principles.

Besides, variability of repair work performance can be taken into account in typical repair
methods for more effective use of individual repair procedures aimed at eliminating certain
defects depending on a specific situation (e.g. cutting of a defective pipeline section with lifting
out of water or using a caisson, etc.).

9.2.3.2 Typical repair methods comprise:

restoration of design (or safe) pipeline position on/in seabed soil, including free spans of
unacceptable length;

cutting and replacement of defective pipeline section with the pipeline string recovery from
water;

underwater cutting and replacement of defective pipeline section (with the use of welding
and mechanical joints);
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underwater repair involving installation of repair devices (fitting of pre-welded or non-
welded clamp, banding of strained sections without metal loss);

repair of insulating coatings;

repair by grinding.

In some cases, a combination of typical repair methods may be established to eliminate
defects.

9.2.3.3 Typical repair methods shall rectify the following basic groups of defects:

pipeline spatial position defects;

cross-section flow area defects;

weld seam and pipe wall defects;

external protective coatings defects.

9.2.3.4 Spatial position defects.

The pipeline spatial position defects, unless otherwise specified in the RS-approved
operating documentation, may include as follows:

.1 pipeline bending with deviation of the axis from the design position without fracture;

.2 generation of free spans that are 30 % to 70 % of critical one;

.3 generation of free spans exceeding 70 % of critical one;

.4 erosion (wash-out) in the onshore area, soil erosion, stripping of pipeline sections.

9.2.3.5 Cross-section flow area defects.

The cross-section flow area defects, unless otherwise specified in the RS approved
operating documentation, may include as follows:

.1 dent with depth of up to 5 % of the internal diameter;

.2 dent with depth exceeding 5 % of the internal diameter;

.3 corrugation (fracture) with depth of up to 5 % of the internal diameter;

.4 corrugation (fracture) with depth exceeding 5 % of the internal diameter;

.5  pipe out-of-roundness (reduction) with minimum flow diameter more than 95 % of
the nominal inner diameter;

.6 pipe out-of-roundness (reduction) with minimum flow diameter less than 95 % of the
nominal inner diameter.

9.2.3.6 Weld seam and pipe wall defects.

The weld seam and pipe wall defects, unless otherwise specified in the RS-approved
operating documentation, may include as follows:

.1 inner, external, combined metal loss (corrosion, erosion) of 20 % to 50 % of the wall
thickness;

2 inner, external, combined, integrated and pinhole metal losses of 50 % to 80 % of
the wall thickness, with area exceeding 500 cm?;

3 inner, external, combined metal loss of 50 % to 80 % of the wall thickness, with area
less than 500 cm?;

4 inner, external, combined metal loss from 80 % of the wall thickness to through
pinhole damage;

5 inner, external, combined metal loss of 20 % to 50 % of the wall thickness;

.6 score, mark (section with marks) with depth of up to 20 % of the pipe wall thickness;

.7 crackin the pipe wall with depth exceeding 50 % of the wall thickness; depth of 30 %
and over of the wall thickness when its circumferential length exceeds 0,6 of the pipe
circumference or when its axial length is more than 0,5DN;

.8 crack in the pipe wall with depth up to 50 % of the wall thickness when its
circumferential length is up to 0,6 of the pipe circumference or when its axial length is up
to 0,5DN;

.9  delamination (section with delaminations in the metal body);

.10 delamination reaching surface with depth exceeding 70 % of the pipe wall thickness
or delamination with swelling;

.11 delamination reaching surface with depth up to 70 % of the pipe wall thickness;
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.12 delamination of considerable length (e.g. exceeding 5DN) adjoining the weld that
has no defects;

.13 delamination of short length adjoining the weld that has no defects;

.14 non-metallic inclusions (section with inclusions);

.15 qirth weld defects (lack of fusion, discontinuities, undercuts, etc.);

.16 edge displacement in the circumferential weld;

.17 non-uniform thickness on longitudinal welded pipes.

9.2.3.7 External protective coating defects.

External protective coating defects may include as follows:

.1 delamination of the insulating coating on straight sections;

.2 delamination of the insulating coating on bends, T-joints and curved components;

.3 concrete coating damage.

9.2.3.8 The technical state of the subsea pipeline can be determined as per
Table 9.2.3.8 based on the typical defects defined above with indication of value ranges.

Table 9.2.3.8
Technical state of pipeline and typical defects
Typical defects Technical state of pipeline with two levels of up state?
Perfect state Up state Limiting state
spatial position In compliance with the design with account of tolerances 9.2.34.1 9.2.34.3
for pipe-laying 9.2.34.2 9.2.3.4.4
cross-section flow|In compliance with specifications for the manufacturer's 9.2.35.1 9.2.35.2
area pipes 9.2.35.3 9.2.3.5.4
9.2.3.5.5 9.2.3.5.6
weld seam and pipe|ln compliance with specifications for pipes, approved Level | Level Il 9.2.3.6.2
wall welding procedure for butt joints and normative| g5 361 9.2363 9.2.3.6.4
documents for visual inspection and non-destructive| g5 365 02368 9.2.3.6.7
testing 9.2366 | 923611 | 223610
92369 | 923613 | 223612
9.2.3.6.14
9.2.3.6.15
9.2.3.6.16
9.2.3.6.17
external protective|ln compliance with specifications for manufacturers' 9.2.3.7.1
coatings and|coatings 9.2.3.7.2
ballasting 9.2.3.7.3
1 In accordance with items in Part | "Subsea Pipelines".

9.2.3.9 When the interrelated defects (combination of defects) are detected,
acceptability of their parameters to ensure the up state of the subsea pipeline is subject to
special consideration by the RS.

9.2.3.10 The typical repair method to rectify defects detected during SP diagnostic
inspections according to 9.2.3 with account of the SP technical state in compliance
with 9.2.2.11 shall be selected in accordance with 4.2.4.1 of the SP Guidelines.

9.24 Repair planning.

9.2.4.1 Repair planning shall be carried out based on the results of analysis of the SP
diagnostic inspection data obtained during RS periodical surveys in compliance with 4.1.4 of
the SP Guidelines by drawing up the defect repair plan. The repair plan is developed with
regard to the deadlines for elimination of defects. The deadlines for defect repair are
established in the repair plan not later than 12 months before elimination deadlines (expiry of
safe operation time limits).

9.2.4.2 Repair of defects with elimination deadline of less than 12 months or defects
limiting the SP maximum pressure or capacity, are considered as urgent and these defects
shall be rectified within a period not exceeding 3 months from their detection.
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9.2.4.3 If technical justification is available, "temporary" repair may be permitted to
recategorize an urgent repair as scheduled and an emergency repair as urgent by applying
various types of repair systems agreed upon with the RS.

9.2.4.4 The repair plan is updated on the basis of results of the completed regular
diagnostic inspection not later than 30 calendar days after receiving the inspection report.

9.2.45 SP repair planning shall be carried out with account of the following repair types
assigned for elimination of defects depending on the technical state of pipeline:

scheduled preventive;

overhaul;

routine;

emergency-restoring.

The repair type shall be selected in accordance with Table 9.2.4.5.

Table 9.2.4.5
Assignment of repair types depending on technical state of pipeline and defects
Typical defects Technical state of pipeline
Perfect state Up state Limiting state

spatial position along pipeline route Scheduled preventive Overhaul Emergency-restoring
cross-section flow area Routine
weld seam and pipe wall
external protective coatings and
ballasting
shore approach Overhaul

9.25 Technical documentation.

9.2.5.1 Any repair of the structures, arrangements and equipment of the subsea
pipeline system shall be carried out in compliance with technical documentation approved by
the RS.

9.2.5.2 Technical documentation of repair operations (including Method Statement —
MS for SP repair) shall include the following (but shall not be limited to it):

permissible parameters of weather and hydrologic conditions for repair conducting;

type of damage to be repaired,;

engineering documentation for welding (where required);

conditions of repair, including the conditions of safe lifting of the pipeline string above the
water surface for repair (where necessary);

list of equipment and tooling backup required for preparing and conducting of repair and
after-repair work;

preparing a place for repair work;

repair technology;

technological flow charts for repairs;

after-repair procedures, including non-destructive methods of testing, pressure tests and
acceptance criteria;

job safety and ecological safety requirements.

9.2.5.3 Prior to SP operation, the technical documentation specified in 9.2.2.12.1
t0 9.2.2.12.3 shall be submitted to the RS for approval.

9.2.5.4 For repair works aimed to eliminate the detected SP defects to be carried out,
the RS shall approve the technical documentation specified in 4.2.2 of the SP Guidelines as
consistent with the typical repair method.

9.2.6 Technical supervision during repair of subsea pipelines.

9.2.6.1 Technical supervision during repair of subsea pipelines shall be performed in
accordance with the requirements specified in 4.2 of the SP Guidelines.
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10 SAFETY ASSESSMENT

10.1 SCOPE OF APPLICATION

10.1.1  For the purpose of this Section the objects of safety assessment are: subsea
field oil, condensate and gas pipelines;

subsea main oil, condensate, gas and oil product pipelines;

subsea distribution oil product and gas pipelines;

technological product pipelines containing hazardous substances.

10.1.2  This Section does not apply to hoses and temporary assembled pipelines used
on the offshore gas and oil producing facilities.

10.1.3  Safety assessment shall cover the accidents caused by the following impacts
and loads:

extreme hydrometeorological conditions;

seismic events;

hazardous geological phenomena on the seabed;

hazardous hydrological phenomena;

external impacts on pipelines;

internal and external corrosion;

processing equipment failures;

human errors during pipeline operation;

combinations of these events, phenomena and conditions.

10.1.4  The following hazards and their consequences shall be considered for the
safety assessment:

errors in the pipeline design;

leakages in the pipeline;

damage and failures of the pipeline protection;

pipeline displacement relative to the location within the design project;

explosions;

fires;

combinations of these accidents;

other possible accidents.

10.1.5 Pipeline safety assessment shall be submitted to the Register:

for the personnel of the operating company and for population;

for the environment;

for objects and structures located in the areas of pipeline route and installation facilities.
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10.2 TERMS, DEFINITIONS AND EXPLANATIONS

10.2.1 The main terms, definitions and explanations relating to general safety
terminology are specified in 1.2.

10.2.2  For the purpose of this Section the following additional definitions are used.

Accident means a hazardous technogenic accident that causes at an object, certain
area or water area a threat to the human life and health and results in destruction of buildings,
structures, equipment and transport means, in manufacturing or transport process irregularity,
or environmental damage.

Accident on the pipeline means an accident on the pipeline route resulting in the
emission or spillage under pressure of hazardous chemical or fire-hazardous substances and
resulting in occurrence of technogenic emergency. Hereinafter, only an occurrence will be
considered that might result in abnormal ingress of the conveyed hazardous substance (oil, oil
products, condensate and gas) in the environment.

Risk analysis means a process of hazard identification and assessment of risk for
individuals or groups of population, property or the environment. The risk analysis means use
of all available information for hazard identification (detection) and assessment of risk of a
certain event defined earlier (accident and emergencies involved) caused by these hazards.

Free-failure operation means capabilty of an item (object) to retain its
serviceability during the specified period of time or until the completion of a certain work without
forced breaks, e.g. for repairs.

Safety in emergency situations means condition of population protection,
objects of national economy and environment against hazards in emergency situations.

Hazard identification means a process of hazard identification, recognition of its
existence, as well as determination of hazard characteristics.

Accident initiating event means an event, occurrence or external condition
creating on its own or in combination with other event, occurrences and external conditions a
possibility of origination and evolvement of an accident.

Working order means a condition of an object, at which it complies with all the
requirements of the normative and technical and/or design documentation.

Failure criterion of subsea pipeline means an indication or a combination
of indications of the pipeline operable condition disturbance as specified in the normative and
design documentation.

Quantitative risk indications are as follows:

individual risk means a frequency of individual injury as a result of hazardous effects
(factors of danger) originating from emergency situations;

potential loss of life (PLL) means an expected number of people injured to a
specified degree as a result of possible accidents during a certain period of time;

potential territorial risk means spatial and time frequency distribution of
materialization of a hazardous effect of a certain level;

societal risk means a relation between the frequency of events and severity of their
consequences expressed as data on frequency of hazardous events (F) at which there is a
possibility to strike the number of people at a specified degree in excess of the number
determined (N).

Reliability means a property of an object to retain with the time within the specified
limits the values of the parameters characterizing capability to fulfill the required functions
within the specified operating conditions and application conditions, maintenance, storage and
transportation.

Hazard means an objectively existing possibility (probability) of a negative effect on the
society, individual, environment, which can result in a loss or damage impairing the condition
and giving undesirable dynamics or parameters to their development.
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Hazard of technogenic nature means a condition specific to the technical
system, industrial or transport object that realizes in the form of harm to the environment when
it occurs or in the form of the direct or indirect damage to an individual and environment during
normal operation of the objects.

Hazardous substances means flammable, oxidizable, combustible, explosive,
toxic, highly toxic substances and substances causing hazard to the environment.

Failure means malfunction in serviceability of the object.

Risk assessment means a process of an extent of risk identification of a considered
hazard to the health of individual, property or environment. Risk assessment includes the
analysis of frequency of the risk occurrence, analysis of consequences and combination of
both.

Damage means disturbance of the conveyed order of the object, with the serviceable
condition being maintained.

Negligible risk means a degree of risk, above which measures shall be taken for
elemination thereof.

Acceptable risk means the risk, which level is allowable and substantiated based on
economic and social considerations. The risk of an industrial object (subsea pipeline) operation
is acceptable, provided its magnitude is so insignificant that the society is prepared to run the
risk to benefit from the object operation.

Serviceable condition means a condition of an object, at which values of all the
parameters that characterize a capability to fulfill the specified functions are comply with the
normative and technical documentation.

Risk means a combination of event probability and its consequences.

Accident scenario means a complete and formalized description of the following
events: accident initiation event, accident process and emergency situation, losses in accident,
including specific quantitative characteristics of the accident events, their space-time
parameters and causal relationship.

Technogenic emergency situation means a condition where, as a result of
occurrence of the technogenic emergency situation source at the object, in certain area or
water area, normal conditions of life and activities of people are disturbed, their lives and health
are threatened, damage is done to the national economy and environment.
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10.3 BASIC PRINCIPLES

10.3.1 Subsea pipeline is an object of high risk (potentially hazardous obiject,
hazardous production facility). Accidents on subsea pipelines are caused by an extremely wide
spectrum of factors due to the environment and other objects.

10.3.2  Safety assessment is based on the assumption that design, calculations,
manufacture, construction, operation and maintenance of the subsea pipelines shall comply
with all the requirements of the RS normative documents and best applied technologies.

10.3.3  Safety shall be assessed at all stages of the subsea service life beginning from
giving birth to an idea and concept of its creation.

10.3.4  For safety assessment a designer shall submit the following information:

environmental conditions;

functions, modes and specifics of the pipeline operation;

design impacts and loads;

drawings of the pipeline route, ballasting, underwater trenches, galvanic anode
arrangement, shore approach structures, etc.;

hydraulic calculations, calculations of ballasting, material substantiation and pipeline wall
thickness calculation, effectiveness of corrosion protection, weight of galvanic anodes, etc.;

information on associated structures and supporting facilities;

list and description of basic arrangements aiming at reducing probability of accidents;

description of measures aimed to reduce consequences of an accident;

acceptable risk criteria for personnel, population and environment; confirmation based on
calculations that consequences of extreme environmental conditions and accident effects meet
the adequate safety criteria.

10.3.5 Safety assessment is carried out in accordance with safety concepts based on
the following principles or combinations thereof:

principle of unconditional priority of safety and health of people as compared to any other
technical and economic benefits and advantages;

principle of risk acceptability, in compliance with which the low permissible and upper
desirable risk levels, and within this range an acceptable risk level are established with regard
to the social and economic factors;

principle of the minimum hazard, in compliance with which the risk level is established as
low as reasonably practicable;

principle of successive approximation to the absolute safety.

10.3.6 The ALARP ("as low as reasonably practicable™) concept that materializes
principle "to foresee and to prevent" is adopted in the SP Rules and in most of the international
and national classification societies.

10.3.7 Risk analysis is an integral part of the safety control system, which aim is to
prevent and reduce hazards to pipelines.

Risk analysis being the main link in provision of safety is based on the information collected
and defines the measures on monitoring of the subsea pipeline safety.

10.3.8  Safety assessment of the subsea pipeline at all stages of design cycle shall be
made for the purpose of selection of the most favorable design solution meeting the basic
principles and requirements of safety. The result of this assessment shall confirm that correct
decisions were made in design, which provide the required safety level and would not result
later in a necessity of making significant modifications in design and construction due to non-
compliance with the safety requirements.

10.3.9 Positive safety assessment of the subsea pipeline shall demonstrate an
adequately low probability of human and financial losses, social and environmental risk. Safety
assessment shall result in confirmation of the fact that the subsea pipeline complies with the
criteria of sufficient (acceptable) safety.
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10.4 BASIC REQUIREMENTS FOR RISK ANALYSIS

10.4.1  Risk analysis for the personnel, population and environment shall be mandatory
for subsea pipelines.

Risk analysis may be carried out on its own or as a part of safety declaration of hazardous
production facility. Its results shall be considered in safety assessment and expertise, shall be
taken into account during technical and economic analysis, as well as during safety analysis
and assessment of industrial objects and regions.

10.4.2  Risk analysis is a tool for detection and determination of hazards and risks. Risk
analysis shall be aimed at justification of objective decisions on acceptable and achievable risk
levels on the pipeline. This will enable to develop requirements and recommendations on the
safety control.

10.4.3  The process of risk analysis shall contain:

planning and organization of work;

identification of hazards;

risk assessment;

elaboration of recommendations on reduction of risk levels (risk control).

Appropriate documentation shall be prepared for every stage of the risk analysis.

10.4.4  Planning and organization of work.

10.4.4.1 At the stage of work planning it is necessary: to describe the necessity of risk
analysis;

to choose the system to be analyzed and provide its review in detail; to appoint the risk
analysis performers;

to identify sources of information and provide availability of information on the system to
be analyzed including decisions to assure its safety, as well as information on similar systems;

to assess limitations on initial data, financial resources affecting the scope and
completeness of risk analysis;

to define the final target and tasks of the risk analysis;

to select and justify the risk analysis techniques;

to develop and substantiate the acceptable risk criteria.

10.4.4.2 For the purpose of selection and appointment of the risk analysis performers
the necessary and possibility to involve experts, specialists from the design organizations and
the RS representatives shall be studied.

10.4.4.3 At defining target and tasks of risk analysis all stages of the subsea pipeline life
cycle (design, construction, commissioning, operation and possible modification and
decommissioning) shall be reviewed.

10.4.4.4 While choosing risk analysis technique, it is necessary to take into account the
set target and tasks, complexity of the processes under consideration, the availability and
completeness of the initial data.

10.4.4.5 The acceptable risk criteria may be:

based on the normative and legal documentation;

established at the risk analysis planning stage with possible clarification in the course of
stage completion or obtaining analysis results.

The main requirements for choosing the risk criterion are:

compliance with the best world practices and best applied technologies;

its validity and certainty.

10.4.5 Hazard identification.

10.4.5.1 The hazard identification task is detection, definition and maximum complete
description of all possible hazards for the particular pipeline. Detection of the existing hazards
is made on the basis of the information on the given object operational conditions, operation
experience of the similar systems and expert data.
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10.4.5.2 Hazards shall be identified systematically to ensure a full scope review and
assessment of importance of all detected hazards. For the subsea pipelines the importance of
hazards is evaluated by the presence of hazardous substances and their mixtures in the
pipelines, potentiality of their uncontrolled leaks (outburst), possibility of ignition (explosion)
source occurrence and external (technogenic and natural) impacts.

The importance of hazard identification stage lies in the fact that the hazards not detected
at the identification stage will not be later considered and not taken into account.

10.4.5.3 For the purpose of identification, analysis and control of the hazards associated
with the subsea pipelines, regular and thorough recording of accidents shall be maintained
aiming at minimizing the consequences of such accidents. The most hazardous accidents are
damages and faults caused by the pipeline leaks due to breaks and fractures in the base metal
of pipes and welds, corrosion wormholes, joint leaks, pipe wall thinning down to impermissible
values, etc.

10.4.5.4 Information on the subsea pipeline accidents shall contain description of
conditions at the beginning of the accident and measures of fighting against the accident taken
to eliminate its consequences; information on development of accidents; physical and
statistical models, etc.

10.4.5.5 The preliminary analysis of hazard identification permits to determine what
components of the pipeline system require more careful analysis and what components are of
lesser interest in terms of safety.

10.4.5.6 As a result of hazard identification, a list of undesirable events causing an
accident is compiled. Hazard identification is completed with determination of further activities,
namely:

whether or not to stop the further analysis because of hazard insignificance;

whether to make more thorough risk analysis;

elaborate recommendations on reduction of the hazard level.

10.4.6  Risk assessment.

10.4.6.1 At the stage of the risk assessment the hazards detected in the course of
identification shall be analyzed in terms of their compliance with the acceptable risk criteria. In
so doing, the acceptable risk criteria and results may be shown qualitatively as a text (tables)
or quantitatively by calculation of risk indications (refer to Appendix 2).

Where there are grounds to believe that hazards and their associated consequences of
events are insignificant or their probability is very doubtful, the simplified hazard assessment
may be assumed and decisions to exclude them from further consideration may be taken.

10.4.6.2 In selecting methods of risk analysis the priority shall be given to the qualitative
engineering methods for risk analysis based on the approved procedures, special auxiliary
materials (e.g., detailed methodological guides) and practical experience of the experts. Along
with that, qualitative methods for risk assessment may be very useful, and sometimes they are
the only acceptable ones, e.g. for comparison of different design decisions and/or for
comparison of importance of hazards of different origin, as well as for confirmation of results
neutrality.

10.4.6.3 Risk assessment includes the frequency analysis of initial and intermediate
events, analysis of intensity of hazardous effects and consequences of the events revealed
and analysis of the result uncertainties.

For the purpose of the event frequency analysis and assessment, the following
approaches are normally used:

statistical data on accidents and reliability of the subsea pipeline similar in design and
operating conditions to the type considered are used,;

logic methods of event tree analysis or fault tree analysis applied:;

expert appraisal with consideration of the opinions of specialists in the area of subsea
pipelines is performed.
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10.4.6.4 Itis recommended to use expert appraisals and risk ranking methods in case of
statistical data lack. Where such approach is used, the events under consideration are
subdivided by a probability, severity of consequences into several groups (categories, ranks)
with risk assessment by combination of probability and severity, e.g. with high, intermediate,
low and insignificant risk degree. Normally the high risk degree is unacceptable, the
intermediate degree requires a complex of measures to be taken for reduction of risk, the low
degree is recognized to be acceptable and insignificant degree is neglected (refer to
Appendix 2).

10.4.6.5 The analysis of the accident consequences includes assessment of impacts on
people, environment and third party property. Analysis of consequences shall consider
assessment of physical and chemical characteristics of hazardous effects (fires, explosions,
emissions of toxic substances). For this purpose, the tested accident models and criteria of
damage to affected objects including the subsea pipeline itself shall be applied.

10.4.6.6 Environmental risk assessment includes calculation of the following indicators:

values of maximum design emissions of transported harmful substances into environment,
their intensity and duration at accidents on pipeline sections considering the pipeline route,
technical characteristics and operating modes under normal conditions of operation and
failures of the leak monitor system and emergency shutdown system of pipage;

annual frequency of excess of the specified leakages (it is recommended to make
calculation for excess of 0,5t, 50 t, 500 t and 5000 t of harmful substance);

annual average of leak and emission frequency at pipeline leakage due to any reasons;

average values of leakages;

average total leakages.

Calculation of maximum leakages for all modes shall be combined with hydraulic
calculations of pipelines or shall be carried out separately using tested hydraulic models.

10.4.6.7 In risk assessment uncertainty and accuracy of the results shall be analyzed.
The main causes of uncertainties are insufficient information on subsea pipeline operating
conditions, reliability of the equipment and components used, and a human factor, as well as
assumptions in the accident models.

Analysis of uncertainties is transmission of the initial parameter uncertainties and
assumptions used in risk assessment into result uncertainties. The causes of uncertainty shall
be identified and presented in the results.

10.4.7 Recommendations on risk reduction.

10.4.7.1 The final stage of the risk analysis is elaboration of recommendations on risk
reduction (risk control).

Risk may be reduced due to measures either of technical or organizational nature, at that,
during subsea pipeline operation the organizational arrangements may compensate a
limitation of possible measures on reduction of hazard.

When measures on risk reduction are developed, account shall be taken of their
effectiveness (influence on the level of safety) and possible limitations of the resources (both
financial and material). Primarily, simple recommendations and measures that require less
expenses shall be considered.

10.4.7.2 In all cases, the measures that reduce probability of an accident shall prevail
over the measures that reduce accident consequences. Selection of measures to reduce a
hazard has the following priorities:

.1 measures that reduce probability of accident occurrence including:

measures that reduce probability of fault occurrence;

measures that reduce probability of fault development into accident;

measures related to accident prevention and monitoring;

.2 measures that reduce severity of the accident consequences;

measures that provide change in the subsea pipeline conception or design, for example,
selection of an appropriate pipe wall thickness, corrosion protection, rerouting etc;
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measures dealing with organization, equipment and readiness of emergency services.
With equal possibility to implement the elaborated recommendations, priority shall be
given to the accident prevention measures.
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10.5 METHODS OF RISK ANALYSIS

10.5.1 Methods of risk analysis shall be selected, with regard to the purpose and tasks
of analysis, adopted acceptable risk criteria, specific features of the subsea pipeline, nature of
potential hazards.

Availability of the required and reliable information, resources allocated for the analysis,
experience and qualification of the personnel performing the analysis, and other factors shall
be considered.

10.5.2  Methods of risk analysis shall meet the following requirements:

to be scientifically and methodically grounded and consistent with its scope of application;

to give the results in such a form that allows understanding of the risk nature in the best
possible way, develop and evaluate the most effective ways for the risk reduction;

to be repeatable and verified.

10.5.3  Generally, one or several methods of risk analysis described below shall be
used at the hazard identification stage:

checklist;

"What-if...?";

combination of check list and "What-if" analysis;

hazard and serviceability analysis;

failure type and consequences analysis;

failure and event tree analysis;

appropriate equivalent methods.

Brief information on the above methods of risk analysis and conditions of their application
is specified in Appendix 3.

10.5.4 Recommendations for selection of the risk analysis methods at different stages
of activities and subsea pipeline operation (design, routing, commissioning and
decommissioning, operation, modification) are shown in Table 10.5.4.

The methods may be used individually or in combination. Qualitative methods may include
guantitative risk criteria, based mainly on the expert appraisals, using such hazard ranking
matrices, as "probability — severity of consequences" (refer to Appendix 2). Complete
guantitative risk analysis may include all the methods listed.

Table 10.5.4
Method Stages of activity and functioning
Design Arrangement | Commissioning/ Operation Modification
and routing decommissioning
"What-if" analysis + 0 ++ ++
Checklist method 0 ++ +
Hazard and serviceability analysis ++ 0 + ++
Failure type and consequences ++ 0 ++
analysis
Failure and event tree analysis ++ 0 + + ++
Quantitative risk analysis ++ ++ 0 + ++
0 — the least suitable method;
+ — recommended method;
++ — the most suitable method.
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PART Il. RISERS

1 GENERAL

1.1 SCOPE OF APPLICATION

1.1.1 The requirements of this Part cover production and export flexible risers of any
type and configuration, which connect subsea production systems (SPS) and floating offshore
oil-and-gas production units/ floating single point mooring (FPU/FSPM) or fixed offshore
platforms (FOP) into an integrated subsea pipeline transport system.

1.1.2 SPS, including umbilicals pipeline end manifolds/subsea pipeline terminals,
shall meet the requirements of Rules for the Classification and Construction of Subsea
Production Systems (SPS Rules).

1.1.3 If FPU maneuvering (rotation) around the operation site is needed, risers shall
be connected to the moored turrets. Where provision was made for the possibility to leave the
operation site by FPU, risers shall be connected to the moored submerged buoys, including
those with embedded turrets.

1.14 FPU/FSPM and their turrets shall meet the requirements of the Rules for the
Classification, Construction and Equipment of Floating Offshore Oil-and-Gas Production Units
(FPU Rules), while FOP shall meet the requirements of the Rules for the Classification,
Construction and Equipment of Mobile Offshore Drilling Units and Fixed Offshore Platforms
(MODU/FOP Rules).

1.15 The requirements of this Part do not apply to subsea hoses that shall meet the
requirements of Section 6, Part VIII "Systems and Piping" of the Rules for the Classification
and Construction of Sea- Going Ships.

1.1.6 The requirements of this Part may be applied to existing risers built without the
RS technical supervision for the purpose of carrying out survey of technical condition and
assessing the possibility of assigning the RS class.

1.1.7 The Register may approve risers built in compliance with other rules, regulations
or standards alternatively or additionally to the requirements of this Part.

1.1.8 Design, construction and operation of risers shall meet the requirements of
supervisory bodies.

1.1.9 Riser foundations in terms of the requirements to structural fitting on the seabed
soil shall meet the requirements of Part IV "Foundations" of the SPS Rules.

1.1.10 In all other respects the requirements of 1.1.7 and 1.1.6, Part | "Subsea
Pipelines” shall be met.
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1.2 DEFINITIONS AND ABBREVIATIONS

1.2.1 Definitions.

Flexible riser means ariser which allows large deflections from straightness without
significant increase in bending stresses.

Hybrid riser means a riser which consists of pipes made of different structural
materials.

Production riser means a vertical part of the subsea piping system, which connects
subsea production systems with the well fluid gathering/treatment/storage systems on floating
offshore oil-and-gas production units/ floating single point mooring (FPU/FPSM) or fixed
offshore platforms (FOP).

Note. Production risers may be used for water/gas injection, gaslift, as well as for placing
umbilicals of the subsea production system control and monitoring facilities.

Riser tensioner system/Vertical motion compensator means a riser
tensioner and rolling compensation system for floating offshore oil-and-gas production
units/floating single point mooring (FPU/FPSM) and the riser.

Riser foundation means an appliance for fixing the riser comprising buoyancy
structural components on the seabed soil.

Package riser means ariser comprising a package (batch) of parallel riser pipes and
umbilicals.

Polymeric-metal riser means ariser with flexible polymer-metal pipe.

Composite material means a heterogeneous system composed of a polymeric
matrix and filler (reinforcing material).

Swamp weight means a riser component having negative buoyancy, which is fixed to
the riser for creating tensile forces.

Composite riser means ariser with a composite pipe consisting of an outer pressure
sheath, inner tight liner and end fittings.

Riser system means a complex of additional systems, equipment and facilities, which
ensure functioning of the riser (or several risers) as a complex pipeline transportation system.

Riser pipe section means an assembly unit of the riser pipe which includes
connectors (end fittings) at the ends.

Static elastic line of the riser means a riser axial equilibrium line under the
sole effect of gravity, buoyancy and static reaction forces from FPU/FSPM/FOP.

Riser pipe means ariser component forming a channel for transporting the well fluid,
water or gas.

Export riser means a vertical part of the subsea piping system, which connects the
well fluid offloading systems on floating offshore oil-and-gas production units/floating single
point mooring (FPU/FPSM) or fixed offshore platforms (FOP) with the subsea piping systems.

Buoyancy element is a riser component having positive buoyancy which is fixed to
the riser for creating tensile forces.

1.2.2 Abbreviations.

FOP — fixed offshore platform;

SP — subsea pipeline;

SPS - subsea production system;

FPU - floating offshore oil-and-gas production unit;

FSPM — floating single point mooring.
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1.3 CLASSIFICATION

131 The class notation assigned by the Register to the riser consists of the character
of classification, distinguishing marks and descriptive notations defining its design and
purpose.

1.3.2 The character of classification assigned by the Register to the riser consists of
the following distinguishing marks: R®, R* or Rx.

Depending on the supervisory body under which supervision the riser has been
constructed, the character of classification is established as follows:

risers constructed in accordance with the RS rules and under the RS technical supervision,
are assigned a class notation with the character of classification R®;

risers constructed in accordance with the rules and under supervision of a classification
society or national supervisory body recognized by the Register are assigned a class notation
with the character of classification Rx;

risers constructed without supervision of the classification society or national supervisory
body recognized by the Register are assigned a class notation with the character of
classification Rx.

1.3.3 Three groups of additional distinguishing marks are added to the character of
classification:

1.3.3.1 Additional distinguishing marks corresponding with the riser purpose:

P — production riser, including risers for water/gas injection;

E — export riser.

1.3.3.2 Distinguishing marks corresponding to the type of formation fluid
produced/transported:

G —gas;

L — liquid or multi-phase transported medium, including water.

1.3.3.3 Additional distinguishing marks corresponding with the riser pipe material:

S — steel;

T — titanium alloy;

A — aluminium alloy;

C — composite;

H — hybrid riser;

F — polymeric-metal pipe.

134 The following descriptive notations shall be added to the character of
classification and distinguishing mark:

1.3.4.1 For production of well fluid with corrosive characteristics (sulphurated hydrogen)
— corrosion-active.

1.3.4.2 The rest descriptive notations are the following:

geographical area;

type of transported medium;

working pressure, in MPa,;

maximum temperature of transported medium, in °C;

nominal riser pipe diameter, in mm/number of pipes, pcs.

For example, R*P L F, corrosion-active, Barents sea, 19 MPa, 30 °C, 300/1.

135 Assignment of the RS class means confirmation of the riser compliance with the
applicable requirements of the SP Rules and acceptance of the riser under technical
supervision for the specified period of time with performance of all surveys required by the
Register to confirm the class. Assignment of the RS class to the riser is confirmed by issuing
a standard Classification Certificate.

1.3.6 In all other cases, riser classification requirements shall comply with 1.3.5
to 1.3.12, Part | "Subsea Pipelines".
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1.4 SCOPE OF SURVEYS

14.1 Technical supervision of risers consists of checking the riser compliance with
the RS requirements during:

review and approval (agreement) of technical documentation;

survey of the items of technical supervision during manufacture, construction, operation,
including modification and repairs.

1.4.2 The RS activities pertaining to classification of risers, technical supervision at
the stages specified in 1.4.1 shall be performed based on the contracts with the clients.
1.4.3 During technical supervision of the risers Reports on survey (upon completion

of the construction, annual/intermediate/special survey) and other documents, if necessary,
shall be issued by the Register.

144 General requirements for riser surveys shall meet the requirements of 1.4.1
to 1.4.4, Part | "Subsea Pipelines".

1.45 It is recommended to agree dates of the RS classification item periodical
surveys at the specific offshore oil-and-gas field: subsea pipelines, risers and subsea
production systems.
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1.5 TECHNICAL DOCUMENTATION

151 Prior to commencement of the riser construction, technical documentation
which allows ascertaining that the requirement of the RS rules for this riser are met, shall be
submitted to the Register for review.

The scope of the riser/riser system technical documentation is specified in 1.5.2t0 1.5.8.

1.5.2 General:

A riser specification;

.2 riser drawings (set up diagram, standard components and connectors);

.3 operation area engineering survey report with indication of the current, wave and
soil parameters (when riser foundations to be installed on the seabed are used);

4 list of components and equipment with indication of the main technical
characteristics, manufacturer and approval by the Register or another
classification/supervisory body.

153 Documentation on riser pipes, including connectors:

.1 drawings of riser pipe sections, including those with end fittings (in case of a
detachable connection);

.2 specification for the pipe delivery or technical requirements for the pipe purchasing,
certificates for riser pipes and test reports thereof;

.3 drawings of the riser pipe connectors and the riser/riser pipe connection to
FPU/FSPM/FOP and SPS;

.4 drawings of the riser pipe welded joints, edge preparation for welding, description of
welding modes (in case of welded joints);

.5  types and scope of tests;

.6 methods and scope of non-destructive testing;

.7 information on the medium to be transported;

.8  hydraulic calculations of an equilibrium configuration of a riser pipe (the static elastic
line position) and the positions of maximum allowable relative displacements of the upper and
lower riser parts according to three linear degrees of freedom (vertical displacement,
longitudinal displacement and transverse horizontal displacement).

154 The following calculations and other design documentation shall be submitted
together with the drawings and information according to 1.5.3:

.1 design and guidelines for offshore riser installation;

.2 calculation of the riser static equilibrium (determining static elastic line of the riser);

3 calculation of the riser dynamics under the effect of current, waves and FPU/FSPM
displacements, as well as interaction with SPS or seabed soil;

.4 calculation of the riser pipe wall thickness;

.5 calculation of fatigue strength;

.6 calculation of the riser strength during installation.

155 Documentation on the riser component buoyancy:

.1 calculation of the component buoyancy;

.2 arrangement plan of buoyancy elements;

.3 buoyancy element material certificates;

.4 buoyancy element drawings.

156 Documentation on swamp weights/riser foundations:

.1 calculation of swamp weight in water or determination of design load on the riser
foundation;

.2 arrangement plan of the swamp weights/riser foundation base;

.3 the swamp weight/the riser foundation material certificates;

4 the swamp weight/riser foundation drawings.

1.5.7 Documentation on the riser operation monitoring and control facilities.
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1.5.8 Documentation on protective coatings and cathodic protection/galvanic anode
system.
159 Documentation on riser risk analysis.

1.5.10 In all other respects the requirements for riser technical documentation shall
comply with 1.5.1, Part | "Subsea Pipelines".
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2 DESIGN LOADS

2.1 Design loads acting on risers shall take into consideration the following impact
loads:

.1 pressure on the riser pipe wall due to the combined effect of internal pressure of the
transported fluid or gas and external hydrostatic pressure of water;

.2 transverse load due to the sea current, whose velocity and direction are generally
depth stratified;

.3 transverse load due to the wave particle flow (depending on depth of riser installation
and waving parameters);

.4 temperature loads due to the difference in the transported medium temperatures at
the initial and end points of the riser;

.5 gravity and buoyancy of all riser components, including buoyancy elements/swamp
weight;

.6 reactions in the riser connection to FPU/FSPM induced by their deviation from the
equilibrium condition due to the combined effects of waves, wind, surface sea current and
operation of tensile legs and dynamic positioning and mooring systems;

.7 reactions of members in way of the riser connection to SPS (riser foundation) or
interaction with seabed soil, including those induced by seismic loads.

2.2 In addition to the loads specified in 2.1 the riser shall be tested for the effect of
loads acting during the riser installation and testing. Unless otherwise specified, each design
load shall be multiplied by significance factor y in accordance with Table 2.1.1, Part | "Subsea
Pipelines".

2.3 Design pressure acting on the riser pipe wall py, in MPa, is determined by
Formula (2.2.1), Part | "Subsea Pipelines", where:

internal pressure p;, in MPa, is determined by the riser hydraulic calculation and is the
riser height variable;

the value of pg min, in MPa, is determined by Formula (2.2.2), Part | "Subsea Pipelines”
where the value of dmin. shall be taken as the minimum distance between the riser top and the
still water level, taking into account tides and storm surge effects with 102 1/year probability.

2.4 Transverse linear sea current load on the riser particle F.,, in N/m, shall be
determined by the formula

— 2
Fc,r = 0,95pwac Dy +0,7py, (Ver- Vc)lvcr - V;,‘lDra (2-4)
where D, =riser external diameter, in m;
a.-  =riser particle acceleration due to the current, in m/s?;
V., =riser particle velocity due to the current, in m/s;
v = design current velocity (with due account for the direction) at the given depth, in m/s which is

determined for the given geographical region with 102 1l/year probability based on the
engineering survey;
Pw =sea water density, in kg/m3.

2.5 Transverse linear wave load on the riser particle K, ,, in N/m, shall be
determined by the formula

— 2
Fw,r = 0,8capwawr Dy + 0,5¢,py (Vyr— Vw)lvwr - leDr, (2-5'1)
where a,,, =riser particle acceleration due to waves, in m/s?;
Vi, =water particle velocity due to waves at the given depth, in m/s, which is determined for the

given geographical region with 102 1/year probability based on the engineering survey (refer
to Appendix 1 to Section 4 of the SP Recommendations);
Vior =riser particle velocity due to waves, in m/s;
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¢, and c,=inertia and velocity resistance factors determined according to diagram in Fig. 2.5 depending
on the Keulegan-Carpenter number KC (refer to Formula (2.5-2)).

KC =V,t/D,, (2.5-2)
where t =wave period, in s, determined for the given geographical region with 102 1/year probability
based on the engineering survey (refer to Appendix 1 to Section 4 of the SP
Recommendations).
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Dependence of the velocity cx (1) and inertia c. (2) resistance factors from the Keulegan-Carpenter number KC

2.6 Reactions of members in way of the riser connections to FPU/FSPM and SPS
(seabed soil) are determined for the FPU/FSPM deviations from the equilibrium condition due
to the combined effects of waves, wind, surface sea current with 102 1/year probability and
effectively functioning positioning system.

2.7 Design external loads acting on the riser shall be determined for the most
unfavorable combination of loads. Methods of assigning design loads, including those which
have been developed based on the national and/or international rules, standards and
regulations, shall be approved by the Register during consideration of the riser technical
documentation.

2.8 Distribution of design loads acting on risers based on physical phenomena
determining their occurrence shall comply with 2.1.2 to 2.1.6, Part | "Subsea Pipelines".
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3 REQUIREMENTS FOR DETERMINING RISER DYNAMIC RESPONSE TO
ENVIRONMENTAL CONDITIONS AND LOADS

3.1 GENERAL

3.1.1 Strength analysis of risers shall consist of the following stages:

A determining the riser elastic static line in the equilibrium condition;

.2 determining the production riser dynamic response to the effect of current, waves,
as well as the effects of interaction with SPS (or seabed soil) or FPU/ FSPM, when displaced;

.3 testing local strength and stability of the riser.
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3.2 DETERMINING RISER ELASTIC STATIC LINE

321 The riser elastic static line shall be determined according to the methodology
approved by the Register using numerical methods.

3.2.2 In the first step the riser pipe wall thickness t;, in mm, shall be determined as:

.1 for metal riser pipe

t, = P;}Zr +o, (3.2.2)

where p, =design pressure in the riser pipe determined in accordance with 2.3, in MPa;
D, =external diameter of the riser pipe, in m;
R, =the minimum yield stress of the riser pipe material, in MPa;
¢; =corrosion allowance which is determined as:
¢ = 0,2T — for steel riser pipes, in mm;
where T = planned service life of the riser, in years;
¢, = 0 — for riser pipes made of titanium or aluminium alloys.

.2 composite riser wall thickness to be determined in compliance with Section 2 of
Appendix 7.

3.2.3 The riser elastic static line shall be calculated with due account for the following
impact loads:

gravity;

buoyancy;

temperature loads;

reactions in the riser connection to SPS or interaction with the seabed soil; reactions of
the riser connection to FPU/FSPM/FOP in still water.

3.24 Forces of gravity and buoyancy shall be calculated separately for the main riser
pipe, swamp weight, buoyant elements and other riser system components with due account
for their mass and volume. The following generalized stiffnesses for the metal riser pipes shall
be used in the elastic static line calculations:

C, = 0,78E(D#-Dfy.») — longitudinal stiffness; (3.2.4-1)
Cg = 0,05E(D?- D%, ) — bending stiffness; (3.2.4-2)
Cr = 0,1E(D?- D%, ) — torsional stiffness, (3.2.4-3)
where E =Young's modulus of the riser pipe material, in MPa;

D, = external diameter of the riser pipe, in m;

Diner = internal diameter of the riser, in m.

The respective generalized stiffnesses for composite risers are specified in 1.1.6 of
Appendix 7.

3.25 Calculation of elastic static line shall be carried out using numeric methods with
due account for large displacements (geometrical non-linearity). The riser pipe wall thickness,
buoyancy- and swamp weight parameters, other riser system component parameters shall be
selected to the intent that all riser sections are tensioned to avoid general buckling of the riser

pipe.
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3.3 DETERMINING DYNAMIC RESPONSE

3.3.1 Dynamic response of the riser shall be determined according to the
methodology approved by the Register using numeric methods. Elastic static line of the riser
shall be taken as the riser initial position. The following environmental loads shall be taken into
account in dynamic calculation:

gravity (similar to the elastic static line calculation) and added masses of water;

buoyancy (similar to the elastic static line calculation);

temperature (similar to the elastic static line calculation);

hydrodynamic due to the current, including vortex-induced vibration;

hydrodynamic due to the water wave motion;

reactions to the riser connection to SPS or interaction with seabed soil;

reactions in the riser connection to FPU/FSPM induced by their deviation from the
equilibrium condition due to the combined effects of waves, wind, surface sea current and
operation of tensile legs and dynamic positioning and mooring systems.

3.3.2 When considering the riser-FPU/FPSM/FOP interaction availability of the riser
tensioner system and/or vertical motion compensators shall be taken into account, as well as
the mode of movement of the transported medium through the riser pipe.

3.3.3 It is recommended to use a method of 3-D mathematical simulation of the riser-
FPU/FSPM/FOP joint dynamics that shall result in the total maximum values of internal forces
in the riser, namely: axial force, bending and torsional moments.

3.34 The riser pipe wall thickness shall be such as to ensure that the following
conditions are met in all cases of dynamic calculation:

.1 absence of the riser pipe global buckling;

.2 meeting the maximum stress requirement:

Omax < 0,5R,, (3.3.4)
where o,.,x  =the maximum von Mises stress (for metal riser pipes);

.3 meeting the riser pipe local buckling requirements:

for metal riser pipes in accordance with 3.4.2, Part | "Subsea Pipelines" with the safety
factor nc = 2,0;

for composite riser pipes — refer to Section 4 of Appendix 7;

for polymeric metal riser pipes — refer to 3.8, Part | "Subsea Pipelines".

.4 meeting the welded joint fatigue strength requirements (for metal riser pipes).
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3.4 LOCAL STRENGTH CRITERIA OF RISER PIPES

341 Metal riser pipe.
The resultant internal force values shall be used in determining the local strength criterion
of riser pipes in form of the maximum equivalent stresses o, in MPa

Omax = 0'7\/(01 —03)% + (0, — 03)? + (01 — 03)%, (3.4.1)
where o4, 04, 03 = main stresses, in MPa.

In this respect the provisions of Formula (3.3.4) shall be met.

3.4.2 Composite riser pipes.

The requirements to local strength criteria of composite riser pipes shall comply with
Section 1 of Appendix 7.

3.4.3 Polymeric-metal riser pipes.

The requirements to local strength criteria of polymeric-metal riser pipes shall comply
with 3.8, Part | "Subsea Pipelines".
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4 MATERIALS

4.1 GENERAL

41.1 Materials and products used in manufacture of risers and/or riser systems shall
be surveyed by the Register. The general provisions regulating the scope and procedure of
technical supervision of materials and products are specified in Section 5, Part | "General
Regulations for Technical Supervision" of Rules for Technical Supervision During Construction
of Ships and Manufacture of Materials and Products for Ships and in Section 1, Part Xl
"Materials" of Rules for the Classification and Construction of Sea-Going Ships.

4.1.2 The materials for metal riser pipes subject to the RS technical supervision, shall
be produced by the manufacturers recognized by the Register and have the Recognition
Certificate for Manufacturer (CIW) (form 7.1.4.1).

41.3 Composite riser pipes and polymeric metal riser pipes shall be approved by the
Register with the issue of Type Approval Certificate (CTO) (form 6.8.3).
41.4 Production requirements for materials and products which contain adequate

information needed for the product ordering, manufacture or acceptance, shall be submitted to
the Register for approval in form of specifications/technical requirements as part of technical
documentation on risers (refer to 1.5.3).

415 General requirements for the RS survey and technical supervision of the riser
pipe materials shall comply with 4.2.1 and 4.2.2, Part | "Subsea Pipelines".
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4.2 METAL RISER PIPES

421 Steel riser pipes shall meet the requirement of 4.5, Part | "Subsea Pipelines".
4.2.2 Riser pipes made of another metal or alloy (aluminium and titanium alloys) are
subject to special consideration by the Register.
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4.3 RISER PIPES OF COMPOSITE MATERIALS

43.1 Terms and definitions.

In addition to 1.2 of this Part the following terms and definitions for the riser pipes made of
composite materials have been introduced:

Reinforcing material means the composite ply component (fabric, tape, roving,
fiber, etc.), intended to ensure its stiffness and strength.

Liner means the tight (usually made of metal) ply of the compaosite riser pipe, which is in
contact with the transported medium.

Matrix means the cured polymer material which provides compatibility of reinforcing
pliers of composite material.

Orthotropy means special case of anisotropy, which is characterized by the existence
of 3 mutually perpendicular planes of material symmetry.

De-lamination means the separation or loss of bonds of plies of material in a
laminate.

Ply means the basic building block of a composite material representing one layer of
reinforcing material soaked in bond and cured.

Reinforcement structure means the sequence of orientation of pliers in a
composite laminate in relation to the longitudinal axis of the composite riser pipe section.

4.3.2 General.

4.3.2.1 Selection of materials shall be carried out at the design stage of the composite
riser pipe system to ensure its integrity, reliability and durability, considering the potential
changes of operational conditions and material properties during the design riser service life
and operating conditions, including the preliminary stages of the riser storage, transportation
and installation.

4.3.2.2 The composite riser pipe pressure sheath shall be made of composite pliers.
These pliers shall ensure structural and technological strength for transporting media with the
prescribed parameters under the effect of design loads.

The tight inner liner and end fittings shall be manufactured of steels meeting the
requirements of 4.5, Part | "Subsea Pipelines".

4.3.2.3 All the materials used in the composite riser systems shall be certified for
application in the corresponding environment (seawater) and the transported (natural gas, olil,
etc.) media within the range of operating pressures and temperatures.

4.3.2.4 Service life of the composite riser shall be specified taking into account the
allowance for degradation of the mechanical properties of the material during the riser long-
term service.

4.3.3 Composite materials.

4.3.3.1 The nomenclature of the RS-controlled technological characteristics of the riser
pipe pressure sheath manufacturing is specified on the assumption of the following range of
parameters:

.1 material composition:

grade and type of reinforcing material (fiber, roving, tape, fabric);

type of fabric texture;

type of bond (epoxy, polyester, etc.);

grade of bond;

.2 production properties:

manufacturing method,;

curing temperature;

curing pressure;

curing behaviour;

method of controlling the reinforcing material orientation;

method of controlling weight/volume content of the reinforcing material.
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4.3.3.2 Nomenclature of the RS-controlled properties of composite pliers used in the
manufacture of the composite riser pipe pressure sheath is specified on the assumption of the
following range of parameters.

.1 mechanical properties:

moduli of elasticity in the direction of axes 1, 2 and 3;

shear modulus within the reinforcement plane;

through thickness shear moduli within planes 1-3 and 2-3;

Poisson's Factors within planes 1-2, 1-3 and 2-3;

ultimate tensile strength in the direction of axes 1, 2 and 3;

ultimate compressive strength in the direction of axes 1, 2 and 3;

ultimate shear strength within the reinforcement plane;

through ultimate thickness strength within planes 1-3 and 2-3;

factor of the direct stress component interference;

.2 physical properties:

density;

linear factors of thermal expansion in the direction of axes 1, 2 and 3;

factors considering the ambient humidity impact on the composite ply properties in the
direction of axes 1, 2 and 3;

.3 other properties:

chemical resistance to the environment and the transported media;

ageing;

creeping;

endurance;

acceptable defects.

43.4 Tests of composite riser pipes.

4.3.4.1 Tests of composite riser pipes are conducted to the extent of:

the type tests during the RS surveys of the manufacturer for issuing the Type Approval
Certificate (CTO) (form 6.8.3);

the tests during the composite riser pipes manufacture.

4.3.4.2 Type tests of composite riser pipes.

4.3.4.2.1 Type tests of composite risers are conducted according to the program
approved by the Register. The program shall be based on the requirements of this section,
national and/or international standards.

4.3.4.2.2 Type tests are conducted to confirm the basic design parameters of the risers
of a certain dimension-type series, which range shall be determined taking into account the
following:

internal/external diameter;

number and orientation of the composite pliers;

grade of reinforcing material;

grade of bond;

method of manufacture;

curing temperature;

curing pressure;

curing behaviour;

liner structure;

internal/external temperature of the medium;

operational conditions and service life.

4.3.4.2.3 Each type of the composite riser pipe shall pass type tests, which are generally
conducted to the fracture of specimens, and shall include, as a minimum, the following:

internal pressure burst tests;

hydrostatic buckling tests;

tension tests;
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torsion resistance tests.

4.3.4.2.4 Three specimens for each type test are sampled from each type of the
composite riser pipe.

4.3.4.3 Tests during manufacture of the composite riser pipes.

4.3.4.3.1 Tests during manufacture of the composite riser pipes are conducted in
compliance with the requirements of this section according to the programme approved by the
Register and developed on the basis of the national and/or international standards.

4.3.4.3.2 Each composite riser after manufacture shall be subjected, as a minimum, to:
drift tests;

non-destructive test to determine the area of embedded flaw;
hydrostatic internal pressure tests.
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4.4 POLYMER-METAL RISER PIPES

44.1 Terms and definitions related to polymeric-metal riser pipes are in compliance
with the terms specified in 3.8, Part | "Subsea Pipelines".

4.4.2 Polymeric-metal riser pipes and their end fittings shall meet the requirements
of 4.6, Part | "Subsea Pipelines".

4.4.3 Testing requirements for polymeric-metal riser pipes shall comply with 4.2.4,
Part | "Subsea Pipelines".
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5 CORROSION PROTECTION

5.1 The external corrosion protection requirements to metal riser pipes, as well as
metal connectors (end fittings) of polymeric-metal pipes and composite riser pipes shall comply
with Section 7, Part | "Subsea Pipelines", as applicable.

5.2 For steel riser pipes and metal components of polymeric-metal pipes (end
fittings and carcass) transporting corrosion-active media, provision shall be made for measures
specified in 7.2, Part | "Subsea Pipelines".
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6 RISER CONSTRUCTION, INSTALLATION AND TESTING

6.1 Prior to construction and installation of a riser/riser system the Register shall
review and approve technical documentation specified in 1.5.2 to 1.5.8, as well as design
process documentation on the following:

.1 pre-assembly (manufacture) of the riser pipe/riser pipe section;

.2 manufacture of buoyancy elements, swamp weight and riser foundation (for this
purpose refer to 1.1.9);

.3 storage, transportation and handling of the riser components specified in 6.1.1
and 6.1.2;

.4 stages of the whole riser system pre-assembly (manufacture), including hybrid risers
and package risers;

.5 requirements to the riser/riser system installation and connection to the
FPU/FPSM/FOP or SPS systems and facilities.

6.2 The scope and procedure of the RS technical supervision is prescribed by the
List of items of the RS technical supervision during construction and installation of risers, which
is developed by the factory and approved by the RS Branch Office performing the technical
supervision. The List (or any other interchangeable document: inspection test plan, quality
plan, etc.) is drawn up on the basis of the design and process documentation approved by the
Register and with due account for Nomenclature of items of the RS technical supervision of
subsea pipelines and risers (refer to 1.6 of the SP Guidelines).

6.3 The riser pipe shall be provided with shut-off valves both on the respective SPS
component and on FPU/FSPM/FOP.

6.4 When steel riser pipes are used, the requirements for welded joints shall comply
with Section 5, Part | "Subsea Pipelines".

6.5 Installation and testing of risers shall be conducted with due regard to the
conclusions and recommendations obtained upon results of risk analysis of the above
processes, based on the requirements of Section 10, Part | "Subsea Pipelines".

6.6 The riser system design shall provide for the measures aimed at maintaining
the required axial tensile stress in the riser pipe in order to avoid the occurrence and
development of unallowable bending strains.

6.7 The design and guideline for marine operations for the riser/riser system
installation in the operation field is subject to special consideration by the Register. Marine
operations for delivering the riser components/riser system components to the installation field
shall meet the requirements of the Rules for Planning and Execution of Marine Operations.

6.8 The riser shall be pressure tested after its complete installation and connection
to the FPU/FSPM/FOP and SPS systems and facilities. During the riser pipe manufacture at
the pre-manufacture stage the riser pipe hydraulic strength testing prior to the riser installation
is allowed as agreed by the Register.

6.9 Risers intended for transportation of fluid media shall be pressure tested by
hydraulic method. Risers intended for transportation of gaseous media are generally tested
proceeding from the following conditions:

strength tests are conducted by hydraulic method;

leak tests are conducted by hydraulic method. It is allowed to perform leak test by
pneumatic method.

6.10 Pressure tests are conducted in accordance with the program approved by the
Register. The program shall include:

method and rate of pressurization;

description and arrangement diagram of measuring devices;

method and rate of pressure relief;

method of test medium removal and drying;

emergency and safety procedures and precautions.
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6.11 The riser pipe shall be hydraulic strength tested by test pressure equal to at
least 1,25 times design pressure. When testing the riser pipe after installation the maximum
permissible environmental loads acting on the riser during the tests (waves, current,
displacements of the riser connections to FPU/FSPM or SPS) shall be agreed upon with the
Register. The test pressure holding time shall be not less than 12 h.

6.12 During the hydraulic strength tests the total stresses in the steel riser pipe shall
not exceed 0,95 of the pipe material yield stress. The strength requirements for polymeric-
metal riser pipes and polymeric composite riser pipes during the hydraulic strength tests shall
comply with 3.8, Part | "Subsea Pipelines" and Appendix 7.

6.13 Leak tests shall be carried out after the strength testing using the test pressure
equal to 1,1 times the design pressure. Holding time is 12 h. The riser shall be considered as
having passed the leak test, if no leaks are detected over the test period, and the pressure
variations do not exceed 0,2 % under continuous monitoring of pressure and temperature
values every 15 min.

6.14 When meeting the requirements of this Section and following the positive results
of all surveys prescribed by the List of items of the RS technical supervision (refer to 6.2) in
compliance with 1.3 the riser/riser system is assigned the RS class that means acceptance of
the riser/riser system under the RS technical supervision.
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7 RISER MAINTENANCE AND REPAIR

7.1 GENERAL

7.1.1 General requirements for operation maintenance of risers shall comply
with 9.1.1, Part | "Subsea Pipelines", as applicable.

7.1.2 The owner/operator of the subsea pipeline transport system comprising risers
establishes the procedure for inspections, examinations and riser maintenance regulations,
which specify their frequency and scope, including the scope of initial, periodical, special
inspections and examinations and methods of their performance (in-line inspection,
measurements of the external defects, etc.), as well as allowable defect sizes. It is
recommended to harmonize the riser owner's system of examinations and studies with the RS
system of periodical surveys (refer to 7.2.1). For this purpose the availability among the field
facilities of other RS-classed items requiring similar surveys shall be considered.

7.1.3 The document reflecting the provisions specified in 7.1.2 (operation regulations,
factory specification, etc.) is submitted to the Register for review prior to accept the riser/riser
system in operation.

7.1.4 General requirements for periodical examinations and studies of risers shall
comply with 9.1.3 and 9.1.4, Part | "Subsea Pipelines", as applicable.
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7.2 TECHNICAL SUPERVISION OF RISERS IN OPERATION

7.2.1 Risers classed with the Register shall be operated under the RS technical
supervision in the form of periodical surveys. The Register may apply to the requirements
of 1.4.3.2 — 1.4.3.4 and 1.4.4, Part | "Subsea Pipelines" as the general requirements for riser
surveys.

7.2.2 The RS surveys aimed at assessing technical condition and ensuring safe
operation of risers in the future, as well as at scheduling maintenance of risers, shall include:

.1 survey of underwater and above water (if there are riser sections above water) parts
of risers, including monitoring of:

general condition of structures, systems, equipment and facilities of the riser/riser system;

riser pipes and umbilicals;

riser connections to the SPS and FPU/FSPM/FOP components, including tension system,
angular and vertical motion compensators, on turrets or submerged buoys;

condition of corrosion-protection coating and cathodic protection/galvanic anode system;

condition of buoyancy elements/swamp weights and their connectors;

.2 in-line inspection and/or external non-destructive testing of the riser pipe, connectors
and end fittings;

.3 measuring thickness of the riser pipe wall and other structures and facilities (e.qg.,
buoyancy module);

.4 measuring thickness of corrosion-protection coatings and localizing damaged
corrosion-protection and insulation coatings;

.5 measuring cathodic potential of the riser metal components protected against
electrochemical corrosion;

.6 surveys and inspections of umbilicals, automation and alarm systems;

.7 surveys of valves (may be performed during the surveys of SPS and
FPU/FSPM/FOP, when installing fittings on these items).

7.2.3 Hydraulic tests of the riser pipes may be performed upon the RS request, when
surveys specified in 7.2.2.2 and 7.2.2.3 have not been carried out (have been carried out
incompletely), or after termination of the riser service life specified in the design.

7.2.4 Survey of the riser connections to the SPS or FPU/FSPM/FOP components on
agreement with the Register may be performed during periodical surveys of the
FPU/FSPM/FOP (including turrets and submerged buoys), and SPS (including riser
foundations and connections to the SPS components).

7.2.5 Frequency of the Register surveys specified in 7.2.2 shall be based on that
specified in 1.4.4, Part | "Subsea Pipelines" and shall be:

for above water parts of risers/riser system — once a year;

for subsea part of risers/riser system — once every 2 years;

for cathodic protection/galvanic anode system — once every 3 to 5 years;

for in-line inspection and/or non-destructive testing — in compliance with the Register, but
not less than once every 3 years.

7.2.6 Inspections and surveys of the underwater part of riser/riser system shall be
performed by divers or by means of remote control/autonomous unmanned submersibles.

7.2.7 Surveys specified in 7.2.2 shall be carried out with participation of firms
recognized by the Register and having the Recognition Certificate (CI1) (form 7.1.4.2).

7.2.8 The riser/riser system defects, which have been identified as the result of
surveys performed, shall be checked for compliance with the allowable defect values on the
basis of the RS-approved regulations (refer to 7.1.3) or the RS-recognized rules, standards
and regulations.

7.2.9 In the scope of periodical surveys the Register shall approve the following
calculations prepared by the owner/operator:

allowability of the minimum identified thickness of the riser pipe wall for further service;
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assessment of corrosive wear rate of the riser pipe;

residual service life of the riser pipe;

allowable working pressure value;

as well as the plan of actions to ensure safe operation of the riser in the future.

7.2.10  Proceeding from the results of surveys performed the Register issues standard
reports on the basis of which the riser class is assigned/confirmed given the positive survey
results.

7.2.11  After the effect of accidental (emergency) loads acting on the riser subject to
the RS technical supervision occasional survey shall be carried out, based on which results
the documents specified in 7.2.8 and 7.2.9 shall be submitted to the Register for approval.
Actions taken by the owner/operator based on the results of studies for further operation shall
be agreed with the Register.
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7.3 RISER REPAIR

7.3.1 Design process documentation on scheduled repairs or repairs after the effect
of accidental (emergency) loads shall be approved by the Register.
7.3.2 The riser repairs shall be performed under the RS technical supervision based

on the approved technical documentation which considers, inter alia, the last survey results
according to 7.2.2.

7.3.3 The Register shall survey all repaired riser sections at the next periodical
survey.
7.3.4 Upon completing the repairs the owner/operator shall prepare and submit to the

Register the documents conforming safe operation of the riser/riser system for approval (refer
to 7.2.9).
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APPENDIX 1

RECOMMENDATIONS ON PROVISION OF RELIABILITY AND SAFETY OF SUBSEA
PIPELINES ON SEABED SOIL

1 GENERAL

1.1 At the current level of technical development of subsea pipeline systems a
probability of their damage during construction and operation due to various causes may hot
be excluded. The following may be referred to the main causes:

pipeline vibration and movement under the effect of hydrodynamic factors;

physical damages of subsea pipelines and their coatings by anchors, trawls, scrapers,
vessel keels, ice formations, etc.;

external and internal corrosion (refer to Section 7, Part | "Subsea Pipelines");

improper ballasting of the pipeline (refer to Section 6, Part | "Subsea Pipelines");

weld defects of the pipeline base metal (refer to Section 5, Part | "Subsea Pipelines");

subsea pipeline buckling on the seabed soil (refer to Section 3, Part | "Subsea Pipelines");

pipeline free spans in the area of the seabed soil erosion;

inadequate monitoring of the subsea pipeline condition during construction and operation
(refer to Section 9, Part | "Subsea Pipelines").

The types of subsea pipeline damages are breaks and cracks on the pipe base metal and
on welds, through corrosion flaws, joint leakages, thinning of the pipe wall to unacceptable
limits in places of abrasion against the seabed soil, high corrosive wear, dents, discontinuity of
protective coatings, etc. The most severe consequences of the subsea pipeline damages are
leakages and emergency spills of oil and oil products, condensate, gases and liquefied gases
in case of seal failure.

1.2 Seabed soil may be washed out under the pipeline due to erosion processes
caused by waves and currents, lithodynamic processes of seabed shape changes, which may
result in the pipeline sagging at long distances. An opposite phenomenon — covering of the
pipelines laid on the seabed or in a trench without backfilling — may take place due to the same
causes. Under the effect of sand (movable) soil erosion, the pipeline may go deeper into the
seabed, self-deepening will occur, and its stability in the seabed soil will improve.

For the pipeline laying on the stiff and rocky seabed soil, underwater currents may cause
the lateral movement of the pipeline and excessive bending stresses.

Flow of the pipeline laid on the seabed creates depression area behind the pipeline (in the
direction of the flow). Seabed soil erosion becomes more intensive in the pipeline laying area
due to the differential pressure.

1.3 In the area of the seabed soil erosion below the pipeline, significant static
stresses act on the pipeline due to the internal pressure, its own weight, drag force, hydrostatic
pressure, and dynamic stresses due to alternating hydrodynamic forces that cause pipeline
oscillations (vibration).

1.4 One of the causes of the seabed soil erosion in the pipeline laying area may be
the action of the heavy water flows produced by a running vessel propeller in shallow water.
The danger of such effect increases with reduction in depth under the vessel bottom and
increase in vessel engine power.

15 A significant danger for subsea pipelines, especially in shallow water areas and
in the areas with considerable fluctuations of the water level are physical damages to pipelines
and their coatings by anchors, vessel keels, trawls, scrapers, ice formations and other objects.

1.6 Most dangerous for subsea pipelines in the regions, water areas of which are
covered with ice during long periods of the year, are ice formations. They are characterized by
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large diversity, variability of properties and can exist in different forms, such as: level ice, ice
with ice brash beneath, hummocks, stamukhas, icebergs. Different types of ice formations
affect the pipeline structures during installation and operation in different way.

Ice formation may be subdivided in terms of fast and drifting level ice thickness into four
categories, namely: light — up to 30 cm, medium — up to 100 cm, heavy — up to 200 cm and
very heavy — over 200 cm. Then all prospective oil-and-gas sea areas in Russia may be
subdivided into five categories (refer to Table 1.6). It should be noted that ice fields of the same
thickness in the seas of Russia are observed far from being everywhere.

Analysis of seasonal changes in travel time and morphological parameters of ice cover in
the water areas of oil and gas deposits in the Arctic and the Far East seas of Russia shows
that there exists nothing similar in the world practice.

Table 1.6
Classification of prospective oil-and-gas sea areas in Russia

Water area The Caspian and| South-western South-eastern Coastal shallow | Shelf of the Kara
the Baltic Seas, |part of the Barents|part of the Barents| water of the Kara Sea
the Sea of Azov Sea Sea, Sea
and the Black north-eastern
Sea basin, shelf of Sakhalin
south-western Island
shelf of Sakhalin
Island
Sea depths, inm 30-200 70 - 330 15-100 0-10 50 — 150
Ice conditions Light Light, medium Medium, heavy Very heavy Very heavy
Average ice period duration, 0-2 0-2 3-9 9-10 9-10
months
1.7 Special place among dynamic phenomena that take place in the sea ice cover

is taken by large ice formations drift movement, which in interaction with the seabed, may result
in its gouging.

Probability of seabed gouging by ice formations, possibility of occurrence of concentrated
additional loads on the subsea pipelines under the effect of stamukhas and icebergs settled
on the seabed soil may have a determining influence on selection of pipeline routes, pipeline
structure, burial depth into the seabed, seasonal periods for pipeline assembly, and, most
importantly, on safety of construction and operation.

1.8 The phenomenon of the seabed erosion by melt water plunge pools is not
ordinary process. Plunge pools are craters formed in shallow areas of the seabed. River and
melt water flowing to the fast ice surface when snow is thawing penetrate through scours under
the ice and flow very fast vertically down. Due to inertia forces and gravitation flows of this
water are vortexed and wash out plunge pools in the seabed for several meters in depth.

Wash-out plunge pools themselves are not dangerous for the subsea pipeline but through
stripping the pipeline they cause hazardous sagging of the pipeline and situate conditions for
pipeline vulnerability due to hummock and stamukha backbones, and in case of open water,
due to anchors and other objects.

1.9 Big areas of the Arctic seas are located under frozen soil with different
geocryological conditions. In case of pipelines conveying hydrocarbons at a temperature
higher than temperatures of frozen soils, the latter start to melt and settle. It can result in
pipeline stripping accompanied by occurrence of additional stresses in the pipe and other
associated negative phenomena.

In order to prevent the above phenomena, a feasibility study shall precede the selection
of the pipeline burial depth in the frozen soil, and additional protective measures shall be taken.
Application of pipes with thick insulation (up to several centimeters thick) covered with a
protective metal jacket, for example, may be referred to such measures. In case of short
lengths of frozen soils, a possibility of the pipeline engineering protection may be considered
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that provides combined laying in one trench of the main piping and a tracer line of a small
diameter that has a negative temperature.

1.10 In the regions of high seismic activity the soil sliding may occur especially in the
inclined layers forming seabed deformation. Tsunami may also lead to a great seabed erosion
and increase of the hydrostatic pressure on the pipeline. That is why it is necessary to perform

analysis of geological structure of the foundation soil and geodynamic risks to select the
pipeline route.
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2 PROTECTION OF SUBSEA PIPELINES AGAINST HYDRODYNAMIC AND
MECHANICAL EFFECTS

2.1 General.

211 In order to protect the subsea pipelines against damages and to ensure fail-safe
operation, use may be made of various methods, most of which shall be developed at the pre-
conceptual and conceptual design stages. Referred to such methods may be: redundancy,
restrictions on the minimum permissible distance between the parallel pipelines, laying in a
trench with subsequent backfilling, seabed reinforcement in shallow waters, inshore and coast
revetment in the transition section of the pipeline exposed to the greatest wave effects.

2.2 Redundancy.

221 In order to assure reliability of the pipeline system the redundancy of the subsea
pipeline by installation the booster pipeline parallel to the main pipeline may be allowed. The
expediency of redundancy shall be supported by technical and economic feasibility study.

2.3 Distance between the parallel pipelines.

2.3.1 The correct selection of a distance between the pipelines laid in parallel provides
to a considerable extent safety of the subsea pipeline operation and uninterrupted transfer of
transported media. The distance between the parallel pipelines shall be determined based on
the conditions, under which an accident or catastrophe of one pipeline does not cause failure
of the nearest parallel pipeline.

2.3.2 In general case, the distance between the parallel subsea pipelines shall be
specified based on geological and hydrological conditions, methods of digging underwater
trenches, if any, convenience of laying pipelines therein, safety of the pipeline in case of an
accident. In all cases, the minimum distance between the parallel subsea pipelines shall be:

for gas pipelines buried in the seabed:

30 m — at diameters to 1000 mm inclusive;

50 m — at diameters over 1000 mm;

for gas pipelines laid on the seabed:

100 m — at all diameters.

For oil- and oil product pipelines these distances may be the same as for gas pipelines;
they may be reduced subject to adequate substantiation and agreement by the Register.

2.4 Pipeline burying in a trench with subsequent backfilling.

241 An efficient protection measure of the subsea pipeline against a destructive
effect of waves, currents, storms, ice formations, physical damages by anchors, trawls,
scrapers, etc. is burying of the pipeline in a trench with subsequent backfilling. This is a labor-
consuming and expensive arrangement that requires performance of big volume of underwater
earthwork.

2.4.2 A necessity of the pipeline burying and burial depth are dictated by
hydrogeological conditions of the region, probability of the pipeline damage under external and
internal effects, economic considerations.

In shallow water, especially where a probability of ice formation occurrence exists, pipeline
burying is mandatory. Pipelines may be laid without burying and backfilling only at large depths,
however, burying is also required in the coastal areas. Depths from 25 to 30 m and over may
be considered to be fairly safe. Smaller depths are subject to special consideration. Most
reliable will be a decision that is based on the most thorough investigation of the pipeline
routing area for each particular case.

243 Burying of pipelines in the seabed shall be normally done by laying them in
preliminarily dug or washed-out trenches. Rocky soils excavation using both crushing
equipment or explosive methods may be allowed and such technology shall be approved by
the technical supervisory bodies. The designed trench profile is normally assumed to be a
trapezium. The requirements for trench construction and selection of main geometrical
parameters (slope grade, trench width, distance between the pipe side and a communication
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cable, etc.), with regard to a free passage for a diver for the pipeline inspection after laying of
the pipeline in the trench, seabed sediments, pipeline diameters and burial depth, shall be
specified in the technical design.

244 In certain circumstances, pipelines may be buried after laying them on the
seabed with the aid of pipe burying vessels or other special mechanisms. Pipe burying vessels
shall be used where pipeline can be preliminarily laid following the natural contour of the
seabed with acceptable bending radii and where there are no underwater rocks.

2.4.5 In case of ice cover in shallow water, a trench may be dug by a mechanism
operating through openings in the ice.
2.4.6 The increase of the trench depth requires a substantial increase of power inputs.

Therefore deep trenches shall be dug using several passages. Digging of more narrow
trenches with strengthening of their walls by temporary baffles to prevent their fall may be an
alternative.

2.4.7 Pipelines laid in trenches are backfilled with a soil to the design reference marks
selected so as to protect the pipeline against the physical damages. Having been laid in the
trench and tested before backfilling, the pipeline shall be examined by a diver.

The following shall be determined in the course of the diver's examination:

local soil erosion, pipeline sagging and displacements in relation to the design route,
deviation from the design reference marks;

damages to external corrosion-protection coatings;

breaks in solid weight coatings and correct arrangement of weights on the pipeline.

The defective places found are marked with buoys, and measures are taken to eliminate
the defects.

2.4.8 Upon laying, subsea pipelines are backfilled to the design reference marks
indicated in the design specification. The thickness of the seabed soil layer above the pipeline
shall be not less than the design value or shall exceed it by not more than 20 cm.

The method of trench backfilling shall be selected depending on the season of the year
(whether it is winter or summer), trench depth, water depth, current velocity and earthwork to
be done.

Where the local seabed soil in terms of its mechanical-and-physical properties is not
suitable for backfilling, it shall be substituted by a specially brought soil. Sometimes, under
special conditions where drifting sand currents occur, a sanding-up phenomenon can be used
for trench backfilling (refer to 1.1), as well as for plunge pool self-filling (refer to 1.8), which
allows considerable decreasing of the earthwork cost.

2.4.9 In exceptional cases, where the subsea pipeline burying is not economically
feasible, and the length of the subsea pipeline is relatively small, bags filled with sand or
stones, or mattresses of various types may be put above the pipeline or it is covered with
polymer boards, reinforced concrete slabs, or combinations of the above methods are used.

2.4.10 For safety reasons the pipeline route is sometimes transferred to the area with
more favorable conditions for pipeline construction and operation although it may result in
increase of the pipeline length and cost.

2.4.11 In any case, to determine the subsea pipeline routing and the required burial
depth, comprehensive investigation of the suggested area for the pipeline installation shall be
conducted. Such investigation shall include thorough studies of the seabed relief, depths,
composition of the seabed soll, statistical data on winds, waves, currents, local changes in
seabed shape, duration of ice coverage period, ice cover dynamics, especially of large ice
formation. It is also necessary to know local specifics, such as presence of frozen soils under
the seabed, probability of a thermal action of the product conveyed through the pipeline on the
frozen soils, formation of plunge pools in the seabed sail, etc.

2.4.12  There does not exist a strict regulation of the pipeline burial depth, and it cannot
basically exist. An issue of each pipeline protection and its safe operation shall be decided in
each particular case individually based on investigation of the situation in the area of the
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pipeline route. The more thorough investigation is conducted, the more exactly the burial depth
of the pipeline will be determined and the safer its operation will be.

Some generalized recommendations on burial depths of subsea pipelines in the sea bed
soil are specified in Table 2.4.12 below. Where no more reliable data are available, these
recommendations may be used at earlier stages of the subsea pipeline design (refer to 8.3,
Part | "Subsea Pipelines").

Table 2.4.12

Recommendations on selection of pipeline burial depth

Prevailing external factor

Burial depth

Note

Large ice formations

The burial depth shall be determined by the maximum depth of
gouging furrow plus 1,0 m

Recommendation does not
allow for extreme cases

Seabed plunge pools

The burial depth shall be equal to the depth of plunge pool plus
1,0m

Frozen soils

Where pipelines for conveying hydrocarbons at a temperature
higher than the surrounding frozen soils are laid, their burial
depth shall be selected based on the calculation made using
numerical methods that would allow to exclude melting and
settling process capable to result in pipeline stripping

Seabed soil erosion by currents,
waves, flows from operating
vessel's propellers

The burial depth shall be determined by the maximum possible
height of the washed-out soils plus 1,0 m

Currents and waves

Where rocks penetrate the seabed, the burial depth shall be
the sum equal to the pipeline diameter plus 0,5 m

Horizontal displacements

Where currents and waves shall be taken into account, the
burial depth shall be selected so as to exclude the dangerous
horizontal displacements

Anchoring of marine engineering
facilities

The burial depth in the area of possible anchoring of vessels or
other engineering facilities shall be assumed equal to 2,5 m

Use of trawls, scrapers and
other objects towed along the
seabed shall be taken into
consideration separately

Ecological water purity

Where pipelines are laid below the seabed of fresh water lakes
and basins, their burying depth shall be based on the
conditions that totally exclude loss of the water purity in the
lakes and basins

Problems with burying

Where it is impossible to provide the required burial depth, the
pipeline route shall be transferred to the area with more
favorable conditions for the pipeline construction and operation

Recommendations do not

allow for extreme cases

Large ice formations

In the areas with large ice formations, the burial depth may be
assumed equal to zero (laying on the seabed) at positive
results of morthometric anylisis of ice formations that prove the
absence of gouging with specified probability. Generally this
condition may be met at depths from 25 m till 30 m and over
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APPENDIX 2
INDICES OF RISK ANALYSIS
1 GENERAL PROVISIONS AND CHARACTERISTICS
1.1 The risk concept is used for measurement of hazards that objectively associated

with industrial activities and leading to accidents resulted in a loss of health and fatalities,
harmful effects on the environment, destructions of material objects and losses of property and
benefits.

1.2 The risk is measured by evaluation of the degree of risk as a set of risk indices
and their values. The degree is determined based on the results of the risk analysis which is a
means to identify existing and potential hazards, to determine undesirable events with
assessment of possible frequency and consequences of their occurrence, and to develop
recommendations on reduction of degree of risk in case of acceptable level of risk is exceeded.

1.3 Depending on the purpose of risk analysis and available information the
guantitative or qualitative indicators and methods of risk analysis are used.

In case of quantitative analysis, the results are obtained by calculation of numerical
indicators of the degree of risk.

In case of qualitative analysis its results are presented by ranking and/or classification of
accident frequency and consequences of accidents using the predetermined appraisals and/or
opinions of qualified experts.

Results of risk analysis are presented in the form of the text analysis, quantitative
indicators, tables, diagrams, charts and other means.

1.4 The degree of risk of accidents with an engineering system is determined based
on the analysis of all indices of risk found in analysis of undesirable events capable cause
accidents under certain circumstances (e.g., leakage of pipeline and equipment, failure of
warning, alarm and monitoring systems, errors of attending personnel, unfavorable weather
conditions, external mechanical impacts, etc.).

Based on the principal cause of risk occurrence, risks are subdivided as follows:

natural risks mean risks associated with the natural disaster, such as earthquakes,
floodings, storms, tornados, etc.;

engineering risks mean risks associated with the hazards caused by technical
objects;

Based on the objects exposed to danger, risks are subdivided as follows:

humanitarian (social) risks mean risks associated with danger to life, health or
living environment;

property (financial) risks mean risks associated with the hazard of inventory
loss, malfunction of the subsea pipeline, reduction of results of financial and economic
activities;

environmental risks mean risks associated with the adverse environmental impact.
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2 POTENTIAL TERRITORIAL RISK

2.1 Potential territorial risk means a spatial distribution of frequency of
consequences of a certain level or hazardous effects of a certain type leading to these
consequences over a certain period of time. For example, the potential risk of fatality on a
certain territory is determined by the frequency of at least one lethal of an accident on the
considered area (shock wave, thermal effect of fire, chemical contamination, etc.).

Potential risk characterizes the hazardous object and territory regardless of presence of
people in the area of hazardous exposures.

2.2 In practice the distribution of potential risk is defined as a set of frequency values
of a certain level hazard occurrence on the territories for all or single sources (objects and
accidents on them) and all or some damage effects of accidents.

2.3 Potential risk is an intermediate measure of a hazard used for assessment of
individual and societal risks.

Individual risk is calculated by a given territorial risk using distribution of frequency of
presence of an individual in the particular areas of the territory.

Societal risk is defined by a given territorial risk using distribution of number, places and
time of staying of people in the area under consideration.
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3 INDIVIDUAL RISK

3.1 Individual risk means a probability (frequency) of individual injury P of a
certain degree caused by action of type A hazard factors over a certain period of time.

In case of technical hazards, individual risk is basically determined by a potential risk and
probability of presence of an individual in the area of possible action of accident hazardous
factors during the time sufficient for lethal effect.

Individual risk is determined in many respects by the taken safety measures (e.g., timely
public alert, application of protection means, evacuation etc.), skills of people to act in
hazardous situations and their protectability.

3.2 Individual risk is measured by a probability of a certain degree of consequences
(fatality, injuries, disability) over a certain period of time (usually over a year).
3.3 At various effects (e.g., blast injury, thermal effect of fire, chemical poisoning

with harmful substances or combustion products, etc.), the total individual risk may be
determined as a sum of risks for separate effects provided their independence.

34 In practice, the individual risk analysis is made for groups of people
characterized by approximately the same time of staying in different hazardous zones and use
similar protection means rather than for an individual. Individual risk of attending personnel,
personnel of an object in general and population of surrounding areas is normally considered.
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4 SOCIETAL RISK

4.1 Societal risk characterizes the scale of possible accidents and
catastrophes and is determined as a function called FN-curve. Depending on the purpose of
the analysis, N may mean either the total number of people affected or the number of fatalities
or another indicator of severity of consequences. F means the frequency of events with a
severity of consequences exceeding the given value N. The example of plotting FN-curves is
given in the Rules for the Classification and Equipment of MODU/FOP.

4.2 The criterion of the acceptable degree of risk is determined in such case not by
damage from a single event but a curve plotted for all possible scenarios and consequences
of accidents.

A general approach for the analysis is use of two curves — for the calculated societal risk
and acceptable societal risk. Where the curve of calculated risk is above the curve of the
acceptable risk at least on one line portion (the greater number of injured at the same frequency
or higher frequency for the same consequences) then the relevant design decision and/or
taken safety measures shall be considered unacceptable and they shall be subject to review.
The area between these curves defines the intermediate degree of risk and the issue regarding
how to reduce it shall be decided based on the feasibility study and on agreement upon with
the Register.

4.3 Assumed as variable N may be proprietary or environmental damage, then,
corresponding to these values FN-curves that will serve as a measure of insurance or
environmental damage can be plotted.
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5 POTENTIAL LOSS OF LIFE (PLL)

5.1 Potential loss of life (PLL) is an integral measure of a hazard and
determines the expected number of injured resulted from an accident on the territory of an
object over a certain period of time (e.g., over a year or over the whole period of object
operation).

5.2 The individual and potential loss of life may be transferred into economic and
financial categories. For this purpose, various approaches to define "the cost of life" are used
in practice:

to develop safety measures — as a value of extra costs for object construction and
operation necessary to reduce potential loss of life per unit;

to evaluate damage — as a value of costs and compensations in case of fatality.

The concept content definition and relevant values shall be defined to establish acceptable
risks criteria.
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6 ENVIRONMENTAL RISK

6.1 Environmental risk means damage to the environment after the
accidents on hazardous obijects.
6.2 The following indicators may be used to assess environmental safety:

the value of the maximum calculated volumes, intensity and duration of emissions of
transported harmful substances into the environment at accidents on pipeline sections;

annual exceedance frequencies of the specified leakages (FN curves);

annual average frequency of leakages and emissions at pipeline leakage by any reason;

average volume and average total volume of leakages.

6.3 The following indicators may be used to determine environmental risk in value
terms (e.g., for insurance purposes):

statistically expected compulsory payments and obligatory indemnifications for harmful
substances emission into the environment;

statistically expected costs for remedial action.

The above indicators shall be calculated in direct value terms and as a risk of damage (the
value determined by the product of the accident frequency by a damage).

The principal methods recommended for application in risk analysis are given in this
Appendix. The representative scenarios of potential accidents at subsea pipelines are also
provided as failure trees and a tree of events, which may develop after the occurence of an
emergency event. For reference, the information on the accident rate of subsea pipelines is
added.
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APPENDIX 3
METHODS OF RISK ANALYSIS
1 Checklist and "What-if" methods or their combination refer to a group of

qualitative hazard assessment procedures based on studying compliance of the operating
conditions of the object (the subsea pipeline) with the safety requirements in force.

1.1 The checklist is a method for identification of compliance of a designed or
operated object with the existing standards. This method is used at any stage of the object's
life cycle and allows identification of the existing hazards.

1.2 The checklist method is drawn up, where necessary, for specific situations and
is used, for example, for assessment of correctness of marine operations, solution of the
problems that require careful attention.

1.3 The result of the checklist method is a list of questions and answers regarding
compliance of the subsea pipeline with safety requirements. An example of drawing up of the
checklist for the analysis of accident situation is given in the Rules for the Classification and
Equipment of MODU/FOP.

1.4 The checklist method differs from the "What-if" method in more complete
presentation of the initial data and results of safety violation consequences.
15 The "What-if" method uses the questions beginning with "What-if" and considers

the development of a situation after these words. The compilers of an analysis shall be very
cautious and adequately realistic in order to avoid improbable scenarios of the event
development in emergency situations.

1.6 The "What-if" method may be used during design, modernization or operation
of the subsea pipeline. It results in a list of hazard zones that are potential for accidents and
the methods supposed for accident avoidance and prevention.

1.7 The above methods are fairly simple if preliminary provided with auxiliary forms,
unified forms for analysis and presentation of the results, relatively inexpensive and most
effective in studying well- known objects with a minor risk of major accidents.

2 Failure Mode and Effect Analysis (FMEA) is used for qualitative safety
assessment of engineering systems and is applied for determination of failures causing or
contributing to occurrence of accidents. The specific feature of this method is consideration of
possible failures of each engineering system part (the pipeline component) or an individual
component (type and cause of failure) and failure effects during the subsea pipeline operation.

2.1 At the design stage of the subsea pipeline FMEA may be used to determine the
necessity of additional safety measures or their reduction. In modernization of the subsea
pipeline, FMEA permits to determine their influence on the existing structures and equipment.
The method may be applied during operation of the pipeline for identification of single failures
likely to result in severe consequences.

2.2 Subjectivity of FMEA method requires involvement of several experts in its
application, competent in issues of the pipeline transport processes and the equipment used.
The method of analysis of failure types and consequences may be used together with other
methods of hazard identification, e.g., HAZOP.

2.3 Failure Mode, Effects and Critical Analysis (FMECA) is similar to FMEA but,
different from that method, it allows to add results of analysis due to the fact that each type of
failure is ranked with regard to two criticality components — combinations of probability (or
frequency) and severity of failure consequences. Record of criticality parameters allows to
substantiate the priority of safety measures. The concept of criticality is close to the risk
concept and therefore may be used in quantitative analysis of accident risk.
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2.4 FMECA results are presented in the form of standardized tables with a full list
of equipment and components, types and causes of possible failures, frequency,
consequences, criticality, failure detection means (alarms, monitoring devices, etc.) and
recommendations on hazard mitigation.

2.5 The following criteria may be considered in terms of severity of consequences:

catastrophic — results in fatalities, causes long-lasting and large-scale damage to the
environment, significant damage to material objects;

critical (non-critical) failure — threatens (does not threaten) human life, environment,
material objects;

failure with negligible consequences — a failure which refers, in terms of its consequences,
to none of the above three categories.

2.6 Recommended indicators (indices) of the level and criticality criteria in terms of
probability and severity of consequences of failure (event) are shown below in the
"probability — severity of consequences" matrix (refer to Table 2.6).

Table 2.6
Expected frequency of occurrence (1/year) Severity of consequences Failure with negligible
Catastrophic Critical failure | Non-critical failure consequences
failure
Frequent failure >1 A A A C
Probable failure 1-107 A A B C
Possible failure 102-10* A B B C
Infrequent failure 10*-10° A B C D
Practically unlikely failure <10° B C C D

In practice, four groups of affected objects to which damage may be caused by an
accident, may be selected for the analysis, namely: attending personnel, population,
environment, material objects. In the case, under consideration, rank A corresponds to the
highest (unacceptable) risk degree that requires immediate safety measures to be taken.
Ranks B and C correspond to the intermediate risk degrees, and rank D to the safest
conditions.

Depending on the hazard rank:

A —thorough detailed risk analysis is mandatory, special safety measures are required for
reduction of risk;

B — detailed risk analysis is desirable, safety measures are required,;

C —risk analysis and safety measures are recommended;

D — no risk analysis and safety measures are required.

In risk analysis, contributions of risks of the subsea pipeline component failures to the joint
risk of an accident shall be assessed and these data shall be used for the development of
recommendations.

2.7 FMEA and FMECA methods may be used for analyzing designs or during
modernization of the subsea pipelines. The analysis with application of such methods is
normally made by a team of 3 to 7 people with mandatory involvement of the independent
experts.

3 Hazard and Operability Study (HAZOP) investigates the effect of deviations
of technical parameters (pressure, temperature, etc.) from normal operating conditions from
the viewpoint of hazard occurrence. HAZOP method may be used in design, modernization
and operation of the subsea pipelines. In terms of complexity and detailedness of the results,
the HAZOP method is consistent with the FMEA and FMECA methods.

3.1 In the course of analysis possible deviations in operation and their causes are
identified, and a list of measures and recommended alterations, proposals or actions to
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improve safety and/or operability aimed to detect and prevent the deviations is compiled for
each subsea pipeline and its equipment.

3.2 A standard set of key words that helps to reveal systematically all possible
deviations (such as "no", "more", "less", "as well as", "another", "other than", "opposite to", etc.)
are used to characterize the deviations. The concrete combinations of the words with technical
parameters are determined by specifics of the media transported through the pipelines and
appropriate conditions. The approximate combinations of key words are as follows:

NO — no direct supply of the transported medium when it shall take place according to the
process;

MORE (LESS) — increase (reduction) in values of operational variables in comparison with
the specified values (pressure, throughput, temperature, etc.);

AS WELL AS — new components included (air, water, impurities);

ANOTHER - condition different from normal operation (start-up, stop, etc.);

OTHER THAN - total change of the process, contingency, destruction, de-pressurization,
etc.;

OPPOSITE TO - logic opposition to intention, backflow of the transported medium.

3.3 The HAZOP method results are presented on special flow sheets (tables). The
degree of hazard may be determined quantitatively by assessment of probability and severity
of consequences of the accident under consideration, using criticality criteria similar to FMECA
method.

In addition to identification of hazards and their ranking, the HAZOP method similar to
FMECA permits to clear up uncertainties and inaccuracies in safety instructions and to improve
them. Efficiency and effectiveness of this method depend to a considerable extent on
gualification of experts. The disadvantages of HAZOP and FMECA methods can be explained
by the absence of possibility to analyze combinations and cause-effect relations of events
causing an accident.

4 Logic and graphic methods of "failure and event trees" analysis.

4.1 "Failure and event trees" analysis methods are logic and graphic methods used
to reveal cause-effect relations between the events.

4.2 Fault tree analysis (FTA) permits to detect combinations and sequence of

equipment and component failures, personnel errors and external (technogenic, natural)
effects causing the main event, i.e. an accident. The FTA method is used for analysis of likely
causes of accident occurrence and calculation of frequency based on the knowledge of initial
event frequencies. Examples of construction and application of the fault tree for analysis of
accidents is given in the Rules for the Classification and Equipment of MODU/FOP.

4.3 The Event Tree Analysis (ETA) is an algorithm of plotting sequence of events
resulted from some main event (accident), which under certain conditions (occurrence or
absence of other events, actions and/ or circumstances) may lead to an accident situation.

For analysis of accident development, the event tree is materialized in the form of risk
distribution diagram. The plotting of the event tree branches starts from events suggested by
information on accidents in the past, as well as compiling a priority list of hazards detected by
qualitative methods of analysis.

The frequency of each stage of development of an accident is found by multiplying the
previous stage by probability of occurrence or absence of the event or condition expected at
this stage. For instance, accidents with leakage of subsea oil or gas pipeline (occurence of
ignition source) can develop with and without ignition depending on the particular conditions.
In turn, the ignition under certain circumstances (drop of pressure in an accident section) can
develop following the jet fire or focal fire scenario (flood fire).

The tree is constructed until the occurence of events being subject of risk analysis (injury
of people, emission of harmful substances into the environment, etc.). Particular probabilities
of these events occurred during materialization of various scenarios are integrated to get
consolidated risk indicators for the main analyzed event.
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4.4 Fault and event tree techniques allow to review the events and conditions of
various nature in combination — initial failures of processing and monitoring equipment,
operation of safety systems, actions of operators, external effects, etc.

4.5 Fault and event tree techniques are labor consuming and shall be used for
analysis of designs or revamping of sophisticated engineering systems. Specific objects
subject to the quantitative risk analysis (the pipeline system in general, its part or production
assembly, certain types and scenarios of accidents, etc.) shall be determined at previous
stages of risk analysis.

5 Quantitative methods of risk analysis are characterized by calculation of risk
indices specified in Appendix 2 and can include one or several of the above methods or use
their results.

5.1 The efficiency of the quantitative risk analysis becomes mainly apparent:

at object design stage;

in safety assessment of the objects which have equipment of the same type;

where complex evaluation of accident impact on people, environment and material objects
is necessary;,

in development of a list of priority measures on protection of the hazardous object.

5.2 Performance of the quantitative analysis requires high qualification of
personnel, big volume of information on failure rate of equipment, consideration of specific
features of the locality, weather conditions, time of staying people in the risk area of the
hazardous object territory, the conditions of population staying in the neighbouring regions and
other factors.

Mathematical models and calculation procedures for the assessment of physical-chemical
and other events accompanying the accident shall be used at intermediate stages of the
analysis.

5.3 Limitations of the quantitative risk analysis methods include: high labour
intensity, cost and duration of preparation and analytical works, as well as possibility of
obtaining results characterizing significant statistical uncertainty, which doesn't allow to justify
practical safety measures.

6 Representative scenarios of potential accidents at subsea pipelines.

The example of the representative failure tree for the subsea pipeline is shown in Fig. 6-1.

The representative scenarios of potential accidents at subsea pipelines as the trees of
failures resulting in breaking the pipeline integrity at external and internal corrosive wear are
shown in Figs. 6-2 and 6-3.

The example of the tree of events, which may develop after the occurence of an
emergency event (breaking the pipeline integrity due to corrosive wear) is shown in Fig. 6-4.
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7 Information on the accident rate of the subsea pipelines on the basis of
foreign experience of subsea pipelines operation.

At present the systems of subsea pipelines in terms of their number, length and
operational experience have been established in the North Sea and the Gulf of Mexico. The
data on the accident rate of subsea pipelines for those systems are available in the following
sources:
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data of the Health and Safety Executive (UK) — on the North Sea pipelines;

data of the Office of Pipeline Safety of the USA Department of Transportation (USA) — on
the Gulf of Mexico pipelines.

The characteristics below feature the accident rate of subsea pipelines.

7.1 The North Sea pipelines.

1069 steel subsea pipelines of 40 inches in diameter with the total operational experience
over 300000 km x year have been in operation in the North Sea by the end of 2000 (refer to
Table 7.1-1):

Table 7.1-1
Pipeline diameter, inches Number of pipelines by the | Total length of pipelines by the | Lifelength for 1971 to 2000,

end of 2000 end of 2000 km x year

All steel pipelines 1069 22848,0 307246,0

By diameter, upto 9 552 5034,0 52973,0
inches 1010 16 266 3889,0 47536,0
18t0 24 126 4352,0 58843,0

26 to 40 84 8441,0 147571,0

no data 41 1131,0 322

The accident rate of the given system of subsea pipelines during the entire period of its
operation is characterized by the indices specified in 7.1-2:

Table 7.1-2
Pipeline diameter, inches | Lifelength, km Number of accidents Design frequency, 10~ (km x year)™
X year accidents followed | accidents with | accidents followed | accidents with
by repairs leakages by repairs leakages
Upto9 45679,0 11 7 2,41 1,53
=210 243843,0 15 4 0,62 0,16
Of them:
10to 16 44286,0 11 1 2,48 0,23
18to 24 56728,0 1 1 0,18 0,18
25 to 40 146052,0 4 2 0,27 0,27
7.2 The Gulf of Mexico pipelines.

The following accident rate on the accidents resulting in leakages into the environment
was the case in the Gulf of Mexico during a period of 1985 to 1999 with the operational
experience of 184000 km x year (refer to Table 7.2):

Table 7.2
Pipeline diameters and leakage volumes Lifelength, Number of leakages | Design frequency,
km x year for period 107 (km x year)™
< 10 inches in diameter 105390 7 0,66
by leakage volumes (barrels)
50 to 100 2 0,19
100 to 1000 2 0,19
1000 to 10000 2 0,19
> 10000 1 0,09
> 10 inches 78879 8 1,01
by leakage volumes (barrels)
50 to 100 1 0,13
100 to 1000 2 0,25
1000 to 10000 4 0,51
> 10000 1 0,13
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7.3 Based on the specified data, the following levels of risk management according
to the ALARP principle may be recommended in specifying the risk criteria of leakage
occurrence (environmental risk) for the subsea pipelines being designed:

inadmissible risk level — 1,0 x 10~ (km x year)™;

negligible risk level — 0,5 x 10=° (km x year) ~%;

risk level to be analysed — from 0,5 x 107°to 1,0 x 10~* (km x year) 2.

The establisment and observance of such levels of risk management shall allow ensuring
the safety of the new subsea pipelines being constructed at the level superior to that in world
practice.

While establishing the criteria and during the risk analysis it is necessary to consider the
details of subsea pipeline route sections which affect the degree of a hazard of accident
occurrence:

sections within the safety zones of offshore gas and oil producing facilities and wells with
underwater wellhead;

sections in areas with shipping, fishing and other activities in the water area;

sections in areas with hazardous geological phenomena;

sections in areas with deformation of the seabed and coastlines;

sections in areas with hazardous ice and cryopedological effects;

sections, which threaten with pollution of specially guarded and sensitive territories in case
of leakages.
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APPENDIX 4

SPECIAL TEST PROCEDURES FOR STEEL PIPES AND ROLLED PRODUCTS

1 DETERMINATION OF CRITICAL BRITTLENESS TEMPERATURE
USING DWTT PROCEDURE

1.1 The procedure is applicable to the test specimens cut out from the base metal
of steel pipes with a diameter equal to and exceeding 500 mm, wall thickness exceeding 7,5
mm and from rolled sheets, skelps (hereinafter referred to as "plate") of the same thickness as
for their manufacture. The test consists of impact bend loading of a specimen with the stress
concentrator provided by a free falling weight or impact-testing machine pendulum till fracture.
A series of 10 specimens is usually tested at room and low temperatures (two specimens per
the temperature) to determine the percentage of ductile component in fractures and drawing
up the fiber percentage to temperature ratio. As a result, the following shall be determined:

the temperature, at which the specimens meet the criterion to the specified content of fiber
component in the fracture;

average and minimum content of fiber component in the fracture at the operation
temperature for the steel grade to be tested.

The pipe sample (billet) shall be cut out transverse to the pipe longitudinal axis in
compliance with Fig. 1.1. The plate sample (billet) shall be cut out transverse to the rolled
product axis from the first quarter of the plate width.

Fig. 1.1
Specimen cutout:
a — longitudinal welded pipe with one longitudinal seam; b — longitudinal welded pipe with two longitudinal seams;
¢ — spiral welded pipe; L — specimen length

The quantity of pipes or plates to be tested is specified in Table 4.2.3.5.1, Part | "Subsea
Pipelines", unless otherwise stated. When a sample (billet) is cut out using flame cutting, the
machining allowance shall be at least 15 mm from the cut line to the specimen edge.

The pipe sample straightening shall be carried out using static loading. After completion
of straightening the bend deflection shall prevent the specimen from rotation in the plane of




Rules for the Classification and Construction of Subsea Pipelines (Appendix 4)
222

load application during the test. It is permitted to use specimens with their midsection not
straightened at the length equal to two thicknesses; in this case, simultaneous straightening of
both sample ends is recommended.

General requirements for specimen straightening are similar to those specified in
Section 2 of this Appendix for CTOD-tested specimens.

Where there is a difference in test results obtained on straightened and non-straightened
specimens, the preference shall be given to non-straightened specimens at arbitration tests.

1.2 The tests shall be conducted on prism specimens with a notch on a surface in
tension, from which crack propagation under impact loads may take place (Fig. 1.2-1). Milled
notch is not permitted. Pressed notch (refer to Fig. 1.2-1, A) and chevron notch (refer to
Fig. 1.2-1, B) are permitted.

30045

Fig. 1.2-1
Specimen and testing equipment (t — thickness)

In addition to percentage of fiber component it is reasonable to register the energy
consumed for the specimen destruction.

Basic diagram of appliers recommended for pressing in the concentrators and dimensions
of the hob working section are shown in Fig. 1.2-2. The chevron notch is made using the disk
cutter or metal slitting saw, radius at its top is not specified.

70,025 9025

ANNNN \\\\\\';\\\\\\\\\\\ N

Fig. 1.2-2
Notch pressing-in device
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The required capacity of an impact-testing machine may be evaluated by the formulae:
KDWTT, = 5,93t KV %54, (1.2-1)

KDWTT,, = 3,95t KV %544 (1.2-2)

where KDWTT = DWTT impact energy with a chevron (ch) and pressed notch (p);
t = specimen thickness, in mm;
KV =impact energy, in J.

The specimen is mounted on supports in such a way that the impact of striker shall break
the test specimen from the side opposite to the concentrator. The specimen shall be placed in
such a way as to provide the concentrator symmetrical location to supports and its axis shall
be aligned with the striker center line within £2 mm. The specimen shall be mounted on
supports of the impact-testing machine and be supported by special thrusts in such a way as
to prevent its axial rotation under impact when tested. The impact velocity shall be not less
than 5 m/s and, preferably, not more than 6 m/s.

The specimens are cooled in liquid (alcohol) at the temperature equal to the test
temperature with an accuracy of £2 °C. The specimens with thickness equal to 19 mm or less
shall be soaked for at least 15 min in a cooling bath after reaching the specified temperature.
The specimens with thickness exceeding 19 mm shall be soaked on the basis of 1 min per 1
mm of thickness. Pre-cooling in cryochamber is permitted.

The specimens shall be taken out from the thermostatic bath and be broken within 10 s
maximum. Where the specimens are continuously tested within the period exceeding 10 s after
being taken out from the bath, they shall be recooled to the temperature determined
experimentally, and the temperature measurement shall be carried out to the moment of impact
using a thermocouple inserted into the specimen orifice at least 15 mm deep.

1.3 When determining the percentage of shear area in the fractures of specimens with
thickness up to 19 mm inclusive, consideration shall not be given to t (specimen thickness)
fracture sections adjacent to the notch of the root and to the edge struck by the hammer. For
the specimens with thickness exceeding 19 mm, consideration shall not be given to fracture
sections 19 mm long from each side.

After testing, the compliance of the fracture within the account area with one or several
types of fractures as shown in Fig. 1.3 shall be determined. If fractures are combined, the total
crystalline component area is to be assessed using an approach as accepted for the fracture
of type lll.
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Fig. 1.3
Fractures within the account area

The account area [lh means the fracture area, within which the available
cleavage/brittle and shear/fiborous components are evaluated after testing. The dimensions of
the account area shall be determined before testing.

The cleavage/brittle and shear/fibrous component areas shall be determined as follows:

the cleavage area [y is measured with a manual measuring tool and the percent shear
area is calculated;

the same percent shear area B is calculated by the photograph of specimen fracture
surface with the help of computer software;

the values obtained from both methods are compared with each other. If the values differ
by more than 5 %, the measuring and calculation procedure shall be corrected. The value
measured by the photograph shall be considered as preferable.

The percent shear area B, in %, is determined by the formula

B = (Ily-11.)/11,100%, (1.3)
where I, = account fracture area, in mm2;
e = area of cleavage/brittle fracture spot(s), in mm?2.

The shear area in a fracture looks dull grey with typical "fibres", normally with
contraction and plastic deformation in the section, and includes shear lips adjacent to specimen
lateral surfaces located at an angle to the specimen notch plane.

The cleavage/brittle area is a part of fracture surface with no contractions or
visible signs of plastic deformation. The cleavage/brittle component normally has a crystalline
shine; for extra high strength steels, this component may have lighter colours only. The spots
of cleavage/brittle component may be both within the notch plane and be located at a
significant angle to this plane.

"Arrows" fracture means the triangular fracture areas with alternating strips of finer
structure. These areas may be considered as belonging to the shear area, if they are located
within shear lips. Otherwise, the fracture area corresponding to this type of fracture shall be
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referred to shear and cleavage components in the ratio of 1:1, unless any special fractographic
examinations are performed.

Alternating fracture means a vertical crystalline band in a fracture with thin
junctions of the shear component.

Separations mean the narrow splits, projections and recessions, "tongues” in a
fracture, which are parallel to rough metallic surface on the one or both pairs of fracture
surfaces. They are formed during testing. The separation surface may include cleavage areas
which are not taken into account during fracture assessment.

The procedure for attributing fracture regions to crystalline type (brittle fracture) and for
calculation of crystalline component area Iy according to Fig. 1.3 depending on fracture types
is as follows:

| — shear area, dull grey surface, 1, =0, B = 100 %.

Il — cleavage/brittle area, Iy =y, B = 0 %. If there are shear lips, these shall be not taken
into account, if they are not more than 0,5 mm wide per side.

lll — separate spots of cleavage/brittle component, [ = 27T,

IV — the arrow areas shall be taken into account as a crystalline component with knock-
down factor, unless located at within the shear lips: My = 0,5 277,

V — alternating fracture 1, = II, (t1;t3 + tz) /(2t), where t = thickness of a non-deformed

specimen before testing. The shear junctions are not taken into account if crystalline cleavage
spots are located throughout the height of the fracture. Otherwise, the fracture is classified as
type Il

VI —cleavage tab, I1,; = (

tyt+tytts
3 )b’

where b = a tab length.

VIl — separations perpendicular to the fracture surface are not taken into account as a
cleavage area, g = 0, B = 100 % (both halves of the specimen shall be analyzed). The
maximum separation height shall be measured within the fracture plane and reported.

VIII — area of cleavage spots located at an angle to the notch plane shall be taken into
account in the projection on the notch plane. In case of significant deviation from the notch
plane, both halves of the specimen shall be analyzed to distinguish the fracture of type VIl and
VIII.

If non-compliance with the temperature conditions, wrong specimen alignment,
misalignment of load application in relation to the concentrator axis and other malfunctions of
the impact-test machine have been detected during the tests, as well as if the specimen has
proved to be defective or poorly prepared, irrespective of whether it was detected before or
after the specimen fracture, the test results shall be considered invalid and repeated tests shall
be carried out on the same number of specimens.

The test results shall be recorded to the report containing the information specified
in 2.2.1.4 of the SP Guidelines and the following:

maximum impact energy margin during the tests;

load-lifting height;

impact rate.

Test results are presented in the form of the following table:

No. T, Thickness, in mm [Net height, in mm| Account area, in |Cleavage area, in Fibre, in % Note
in °C mm? mm?
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2 DETERMINATION OF CTOD

To determine the CTOD value specimens with a notch and fatigue ptecracked specimens
are used. Cutting out of specimens and notching on heat-affected zone (HAZ) shall be carried
out after final heat treatment, in this case, the notch location — through-specimen-thickness,
and the crack propagation direction shall be transverse to the pipe.

As the test result is considerably determined by the specimen thickness, the latter shall be
assigned as far as possible close to the base metal thickness. For pipe metal, especially as
regards the transverse specimens, billet straightening is inevitable (refer to Table 2). To limit
the plastic deformation additionally induced in the notched zone, the billet straightening in the
form of a "gull wing" is recommended (FEig. 2-1). After that the through-billet-thickness
mechanical treatment may be carried out.

Table 2

Billet straightening properties for three-point bend test

Wall thickness t; to | Height of non- First procedure: | Second procedure: | Thickness of the three-point impact bend test
outside diameter D, | straightened billet | straightening of the |  straightening of specimen
ratio h whole billet to the billet ends
height h;

<0,05 < 1,3t te Not required < 0,95t

<0,07 < 2,3t > 1,4t Required < 0,95t

<0,09 < 3,4t = 2,5t Required < 0,95t with permitted pittings

> 0,09 > 3,4t Compact specimens are recommended

Fig. 2-1
Transverse pipe billet straightening

Lateral pittings up to 20 % of thickness are permitted on specimens, except for the notched
zone (at least one thickness to both sides from the notch).
Preference shall be given to bend-type specimens the specimen height is equal to the
doubled width (Eig. 2-2).
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Fig. 2-2
Preferred specimen type for CTOD tests

The specimens shall be tested using testing machine with the crosshead-movement rate
under quasistatic load providing the stress intensity factor K growth within 0,5 — 3,0
MPa-m®®/s. In the course of the tests, a deformation curve shall be plotted as "load — crack
edge opening" coordinate system. The specimen shall be loaded up to total or partial
destruction or until the load reaches its maximum value. Verification of compliance with the
correctness conditions shall be carried out after test completion.

The angle between the notch line and lateral surfaces of the specimen shall be within the
range 90x5°.

When testing the pipe base metal, the preparatory edge milling procedure is
recommended to be carried out, as it is described in the welded specimen testing procedure
(refer to 5.3.4.4, Part | "Subsea Pipelines"). The necessity of stress relieving using such
method may be determined experimentally on the test specimen.

After completion of specimens manufacture the fatigue crack growth at room temperature
shall be conducted. The cyclic loading regime shall be chosen in compliance with the three
following conditions:

maximum value of Fy — cycle load at the final stage of crack propagation shall not exceed

F = B(W—a)Z(o'yts+Gytp), (2-1)
45
where B = specimen thickness;
w = specimen height;
a =current length of a crack;
S =span;

Oytss Oyep= Yield stress and tensile strength of the material at the crack growth temperature;
maximum cyclic value of stress intensity factor K; shall not exceed
Kf/E =3,2-107* m°3, (2-2)

where E =modulus of elasticity;
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in tests obtaining the correct K, .values of material the K; value shall not exceed
Oyts
K = 0,60Lyf51<1€, (2-3)

where o,,  =material yield stress at test temperature.

For low-alloyed steels, calculations made according to Formula (2.1), as a rule, result in
less load values, as compared to those according to Formula (2.2), and the correctness
conditions of K, . are not met even at the lowest test temperature. In this case, Formula (2.3)
is not used when selecting the load.

The load at the initial stage of fatigue crack growth shall be additionally limited: not
exceeding 1,3K; level with the crack equal to the notch depth.

Testing procedure:

to scale deformation curves meeting the standard recommendations to slope angle of the
curve elastic segment and to curve dimensions in Y-axis direction: to calibrate crack opening
Sensors;

to mount the specimen on supports, to fit crack opening sensor and to cool up to specified
testing temperature;

to load the specimen at the specified crosshead rate. The specimens shall be loaded up
to unstable fracture (obvious break of deformation curve) or until obvious exceeding of
maximum load. After that the crack opening sensor is removed and complete destruction of
the specimen is performed at the test temperature;

to make all necessary measurements in the specimen fracture: length of initial fatigue
crack and value of stable crack extension, if any.

The test load shall be measured with an accuracy of at least £1 %. The crack edges
opening shall be measured with an accuracy exceeding 0,003 mm when measuring the
displacements up to 0,3 mm and £1 % with larger displacements. Prior to commencement of
testing, the specimen thickness B and height W shall be measured with an accuracy of £0,1 %.
When testing the bend-type specimen, the span shall be within S = 4W+0,2W and the mounting
accuracy shall be £1 % of S with regard to the load application — notch alignment line. The
temperature shall be measured with an accuracy of 2 °C, actions shall be taken to the
specimen thickness temperature equalization.

Where a pop-in is available, number n is considered significant and the CTOD value shall
be determined just for this event if condition d, > 5 % is met, where the value of dn, in %, shall
be determined using graphical plotting (refer to Fig. 2-3) by the formula

_ _ Dy (Fn—yn _
d,, (Fy) = 100 (1 > (—Dn+xn)> %, (2-4)
where F =load;
D = displacement.

When analysis of fracture surface shows that load and displacement (crack opening) pop-
in is caused by the appearance of non-opened lamination parallel to the plate surface and
there are no crystalline type areas in the fracture, that pop-in may not be considered as a
critical event.

The fatigue crack length in the fracture shall be measured at nine equidistant points along
the specimen cross-section with an accuracy not less than +0,25 % of the average length.
Extreme measurements shall be made at a distance of 1 % of the specimen width from the
surface. The average length of the initial fatigue crack a, shall be calculated as a sum of seven
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internal measurements and half a sum of two near-surface measurements divided by eight.
The difference between any two out of seven internal crack length measurements shall not
exceed 10 % of the average crack length.

pop-in 1 pop-in 2 pop-in 3

Force F

Fy s t

Fy

=|
i
_ _Fy(Dytxy) _ F3(Dytxy)
Di=CiFy x, C }71‘1}’11 Xy Ds="Fry, X3

Venotch edge opening displacement or loading line displacement g

Fig. 2-3
The assessment procedure for pop-in significance on the deformation curve

Checking of ao/W ratio is additionally required: it shall be within the range
of 0,45 < ay/W < 0,55. Calculation of CTOD value (designated as & in formulae) shall be carried
out using the formula

5= [ FS’ f(@)]z (1-p2) + 0,4(W-ag)Vy (2-5)

BW15 w 20ysE  0,4W+0,6a0+2’
where F =load at the selected point on the curve;
V, =relevant ductile component of displacement;
E =modulus of elasticity and Poisson's ratio of material;
oys  =Yield stress of selected material at the test temperature.

The value of function f(a,/W) shall be determined by the following ratio:

3(ag/W)%5[1,99—(ag/W)(1—ag/W)(2,15-3,93a,/W+2,7a3 /W?)]
2(1+2aq)(1—ag/W)1L5 )

fap/W) =

(2-6)

The value of o,,, MPa, for the test temperature T, in °C, unless known from the
experiment, may be determined by the formula

Oye = Oy +10°/(491 + 1,8T)-189. 2-7
ys yts
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Test results are recommended to be presented in the form of a table as follows:

Standard No.

Material grade

Type of metal products

No. of cast

Condition of material (weld etc.)

No. of plate

Nominal thickness, in mm

Billet marking

Type of specimen

Welding procedure No.

Orientation of crack

Marking of specimen

Geometrical parameters

Thickness B, in mm

B after compression, in mm

Width W, in mm

Overall height C, in mm

Span S, in mm

Half-height H, in mm

Notch depth h, in mm

Orifice diameter d, in mm

Thickness of prismatic edges z,

in mm

Semi-distance between orifices
h, in mm

Crack propagation parameters

Final maximum crack load F¢in kN

Minimum-maximum load ratio,
R

Total number of cycles, N

Temperature and strength

Test temperature, in °C

Yield stress oy, in MPa

Tensile strength oy, in MPa

At a test temperature Oys, in

MPa

Fracture

ag az as Qa9

Average Note

a

Aa

Presence of an arrested brittle
crack extension

Welding defects

Metal delamination parallel to

"Steps" in the fracture

the surface
Test results interpretation
Ko, MPaym Critical event
Fmax/FQ CTOD, mm

Metallography (for specimens from the heat-affected zone)

Target structure to the scribe line

Metallography results

Weld

HAZ
at the fusion line

HAZ
distant

Base metal

Finding: target structure

%
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3 BEND TESTS

Bend tests on the mandrel are mandatory for the face-, root- and side-bends (side-bend
tests shall be carried out for welds only).

Face-bend tests shall be carried out on full-thickness specimens with rolled surface. Pre-
deformation between two planes is permitted only for specimens with the inner pipe surface to
be extended in tension, as stipulated by the personnel safety requirements. Side-bend
straightening of specimens is not recommended.

Where the plate thickness is up to 32 mm, the specimen thickness shall be equal to the
plate thickness; where the thickness exceeds 32 mm, it is permitted to carry out specimen
planning up to the thickness of 25 mm on one side. The specimen width shall range from 1,6
to 5 thicknesses. The specimen length shall be L = 2 (a + d) + 100™® mm, where a is the
specimen thickness, d is the mandrel diameter.

For side-bend use is made of ground smooth with thickness of 10 mm.

Test specimens shall be taken from the areas near those from which specimens for other
tests have been cut out to compare bend test results with other material properties. Sectioning
using guillotine shears is not permitted. When mechanical treatment is completed, the
specimen edges shall be free from transverse grooves made with the cutter. Roughness of
mechanically treated surface shall not exceed Rz 40 micron. Sharp edges shall be rounded to
the radius not exceeding 0,1a.

Unless otherwise specified in the regulatory documents on metal products, the mandrel
diameter shall comply with those given in Table 3, the mandrel hardness shall be from 55
to 60 HRC along the loading surface. The width of supports shall exceed the specimen width.
The diameter of support rolls shall be from 30 to 50 mm. Clear distance between supports,
unless otherwise specified in the regulatory documents on metal products, shall be taken equal
tod + 2,5a.

Table 3
Mandrel diameter during bend tests

Minimum guaranteed yield stress of |Face-bend/root-bend mandrel diameter (a is| Side-bend mandrel diameter, in mm
base metal, in MPa the specimen thickness) (specimen thickness is 10 mm)
Not higher than 390 2a 30
420 - 620 4a 40
690 6a 60

The tests consist of bend loading of specimens by concentrated load at the mid-span
between supports at the room temperature (Fig. 3, a, b).

In case the specimen is free from visible defects during the test, loading shall be applied
until the required bending angle is achieved. When the load is removed, the specimen shall be
tested for defects on its tension and side surfaces at the required bending angle.

In case there are visible defects on the specimen in the course of the test, loading shall
be stopped. After removal of load the specimen shall be tested for defects on its tension and
side surfaces at the achieved bending angle.

Side surfaces, edges and external surface of the specimen curved section shall be
examined. Determination of test results regarding permissibility of defects detected shall be
carried out in compliance with the regulatory and technical documentation on metal products.
Unless otherwise specified, the specimen is considered as having passed the test when it is
free from visible fracture, delaminations, tears and cracks with the bend angle a equal to 120°.

The bend angle q, if it is less than 180°, shall be measured in accordance with Fig. 3, d
after removal of load. The specimen sides shall be bent to an angle of 180° till they are parallel
(Fig. 3, c). Bending on supports is permitted till the bend angle reaches 140°.
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If the bend angle is 180°, some defects specified in 4.8.7.1, Part | "Subsea Pipelines" of
the SP Rules are accepted.

Fig. 3
Bend test
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4 PROCEDURE FOR DETERMINING SULPHIDE STRESS CRACKING RESISTANCE

The tests shall be carried out on three specimens taken from each tested pipe. Unless
otherwise specified in the regulatory documents on metal products, the test environment
will be a solution containing a sodium chloride aqua solution — 5 % NaCl and glacial acetic
acid — 0,5 % CHsCOOH (pH of solution is 2,7) saturated with hydrogen sulphide at the
pressure of 0,1 MPa.

The tests shall be carried out at a permanent four-point bend loading of a full-thickness
specimen or at tensioning of the cylindrical specimen being soaked in the test solution
within 720 h under the stresses of 85 % of the specified minimum yield stress for pipes. The
acceptance criterion — the absence of cracks proceeding from results of magnetic flaw
detection and metallographic examination on macrosections after the test.
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5 DETERMINATION OF HYDROGEN-INDUCED CRACKING

The tests shall be carried out on three specimens taken from each tested pipe. Unless
otherwise specified in the regulatory documents on metal products, the test environment
will be a solution containing sodium chloride aqua solution — 5 % NaCl and glacial acetic
acid - 0,5 % CH3COOH (pH of solution is 2,7) saturated with hydrogen sulphide with the
concentration of 3000 ppm at the pressure of 0,1 MPa.

The specimens shall be soaked in the test solution within 96 h, whereupon the quantity of
cracks in specimens shall be assessed.

The specimen size shall be 100 x 20 mm x product thickness.

Upon the RS request the quantitative assessment of the absorbed hydrogen (diffusion in
glycerin within 72 h at the temperature of 45 °C).

Internal cracking shall be assessed using micrograph method (section cutting and crack
measurement), criterion

CLR:ZWawO% < 15 %:

CTRzzT—b100%S5%;

Xab .
CSR—WIOO% < 2 %;

where a =length of crack, in mm;
b =width of crack, in mm:;
w = specimen length, in mm;
T = specimen width, in mm;
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APPENDIX 5

MODELS OF SUBSEA PIPELINE DYNAMIC RESPONSE TO
VORTEX-INDUCED VIBRATIONS!

1 IN-LINE RESPONSE MODEL

1.1 The in-line vortex-induced vibrations (VIV) induced stress range S;; shall be
calculated by the formula

A
S, =24y, D_leja, ILYS> (1.1)

where 4;;,  =unit stress amplitude (stress due to unit diameter in-line mode shape deflection A, = D,);
A, /Dg =the maximum in-line VIV response amplitude (relative), which depends on the reduced velocity
Vr and the stability parameter Ks;
Yo, =the correction factor for current flow ratio o;
Ys =the safety factor to be multiplied to the stress range (ys = 1,05).

1.2 When calculating relative vibration amplitude A, /D, the design values for the
reduced velocity and stability parameter shall be applied:

Vra = VrYr; (1.2-1)
Ky = % (1.2-2)
k

where yr and vy, = safety factors related to the natural frequency and damping respectively. In the absence
of experimental data it is recommended to take vy = 1,2; v, = 1,3.

1.3 Pipeline dynamic response model in the «A4,/D,—Vr» coordinates shall be
designed in accordance with the diagram in Fig. 1.3.

A/D,

A, /D,

-
R end

Al T e A
I R, oonised lg 7 I K 2 I R

Fig. 1.3
Response model generation principle

1 Appendix is prepared according to the regulations of a recognized classification society and is a
recommendation only.
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14 The response model is constructed from the coordinates in Fig 1.3 and shall be
determined by the formulae:
((LO/Yon) fOT' Ksq < 0,4
IL 0,6 + Kgq
VR, onset = ( —> for 04< K54 < 1,6
YOTL
\(2.2/von) for Keg > 1,6

A
v, 1
VI%,Ll = 10( D ) + VI%,Lonset;

a

)’

A
YV, 2
Vit = Viena = 2(22)
a

VIL — {4‘,5_ 0,8K5d fOT' st < 1,0
R end 3,7 for Kgg = 1,00

A K A
y,1 Sd v, 2
— 0,18 (1 ——)R (—) )
() max( 5) o (2

A K.
Y, 2 Sd
= 0,13(1——)R ,
( D, ) 1,8/ 182

where Ry 1(I, 6,¢1) and Ryg ,(I.) = reduction factors to account for the effect of the turbulence intensity and
angle of attack Brel (in radians) for the flow, which are determined as follows:

Rig,s =1 -1 (3= V26,0) U — 0,03), 0<Rp.<1; (1.4-1)
1.—0,03 .
Rgo=1- (OT) 0<Rp,<1; (1.4-2)

Y, 11, = correction factor to account for reduced in-line VIV in wave dominated conditions:

0,0 for a<0,5
Yo =4(@—0,5)/0,3 for 0,5<a<0,8
1,0 for a>10,8

Yon = 1,10 = safety factor for the initial value Vg;
I, = refer to 2.7.5.4 Part | "Subsea Pipelines"”;
a = refer to 2.7.5.3 Part | "Subsea Pipelines".
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2 CROSS-FLOW RESPONSE MODEL

2.1 The cross-flow vortex-induced vibrations (VIV) induced stress range S;r shall
be determined by the following formula:

Ay
Scr = 24cF D—aRsta (2.1)

where A = unit stress amplitude (stress due to unit diameter cross-flow mode shape deflection 4, = D,);
A,/D, =relative cross-flow VIV amplitude in combined current and wave flow conditions, which is taken
in accordance with diagrams specified in Fig. 2.2;

Ry =the amplitude reduction factor due to damping;
Ys =the safety factor to be multiplied on the stress range (y; = 1,05).
2.2 Model of pipeline dynamic response in the «A,/D,—Vr» coordinates is
constructed in accordance with the diagram specified in Fig. 2.2.
A4D,
AZ,J/D [l ; A 7/D(
0.1 Vil
2 e e,V
Fig. 2.2
Basic dynamic cross-flow response model principle
2.3 Coordinates of points on the broken line specified in Fig. 2.2 shall be determined
by the formulae:
CF _ 3'~|Jproxi, onsetqjtrench, onset
VR, onset — )
YOTL
CF
VCF — 7 _ (7 B VR, onset (1 3 Az, 1)_
e 1,15 D)’

CF _ y/CF 7\ (4z,1 CF  _ .
Vg = Vi~ () (422), V= 16

where Uproxi, onser = COITECtion factor accounting for the seabed proximity

d
1 a\ for —<0,8
Wproxi, onset = 15 (4 L2 D“> Za ; (2.3-1)
1,0 for 7= 0,8

Wproxi, onset = COrrection factor for onset cross-flow due to the effect of pipe in trench (refer to Fig. 2.3).
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llJ;aroxL', onset = 1+0,5 (lA)_Z)' (23-2)

where A,/D, =the relative trench depth determined by the formula:

b 1280 (g <o o), (2.3-3)

Da Da

Fig. 2.3
Location of pipes in trench

2.4 The characteristic amplitude response for cross-flow VIV may be reduced due
to the effect of damping. The reduction factor R;, is determined by the following ratio:

1—-0,15Ksq for Kgq < 4
k= -1,5 . (2-4)
32K, forKsq > 4
0,9 for a > 0,8 (M) <15
fn,CF
0,9 +0,5 (f’”—CF - 1,5) fora>08 15< (f”*—c") <23
fncF n,CF
Az,l) _ (Az,z) = f
( Da Dq 1,3 fora > 0,8 (;LCF) > 2,3 '
n,CF
0,9 fora < 0,8 KC > 30
0,7+ 0,01(KC —10) fora<0,8 10 < KC <30
\ 0,7 fora < 0,8 KC <10

where (fn+1, cr/fa, cF) = the cross-flow frequency ratio for two consecutive (contributing) cross flow modes.
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APPENDIX 6

BASIC REQUIREMENTS FOR SUBSEA STEEL PIPELINE STRENGTH TESTED
UNDER SEISMIC LOADS

1 INITIAL SEISMIC LOADS

1.1 Basic value to characterize seismic load is the design measure of earthquake
intensity | with the respective frequency of occurrence.
Calculation of SLE using linear spectral theory is based on linear spectral density:

SH(w) zzaﬂ (1.1)

m m*+2aw?+w?’

where «, 6 = spectral density factors;
a=6-85s7
0=14-20s7
m? = a? + 0?;
a=oa?—-0?%
w = frequency of seismic load, s™.

1.2 Spectral density of a random function of seismic ground movement with the
respective measure of earthquake intensity | is presented as Formula (1.2) (refer to Fig. 1.2):

S(w) = DSH(w). (1.2)

Dispersion values D for the magnitude 7, 8 and 9 earthquake are specified in Table 1.2.

§7(w)
35x107
28x10°
/
20% 107 / \\
1.4
Lax 0! % \\
N
0,7% 107 A N
=
4 8 12 16 2 24 29[34 36 4 44 4, 52 56 6(')
Fig. 1.2
Spectral density S7 (w) (with the spectral density factors « = 6 s™1; 8 = 14 s~! and dispersion D = 0,0625 m?/s?)
Table 1.2
Measure of earthquake intensity, | D, in m?/s?
7 0,0625
8 0,25
9 1,00
1.3 Calculation of non-linear impact with respect to the Ductility level earthquake

(DLE) is based on the accelerogram of standard earthquake with the respective measure of
earthquake intensity.
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Spectral density factors a and 6 may be taken within the ranges specified in 1.1, dispersion
D is determined according to the measure of earthquake intensity shown in Table 1.2. The
precise factor values may be obtained by processing the earthquake accelerogram for the

region in question.

The peak ground acceleration values according to the measure of earthquake intensity

shall correspond with Table 1.3.

Table 1.3
Peak ground acceleration values
Measure of earthquake intensity, | 7 8 9 10
Seismic acceleration a, in cm/s? 100 200 400 800




Rules for the Classification and Construction of Subsea Pipelines (Appendix 6)

241
2 SUBSEA PIPELINE PARAMETERS TO BE CONSIDERED IN SEISMIC STABILITY
ANALYSIS
2.1 When computation modeling the following parameters of the subsea pipeline

and its routes shall be considered:
pipe internal diameter;
pipe wall thickness;
pipe material density;
pipe weight coating thickness;
pipe weight coating density;
pipe burial depth (a distance between the subsea pipeline upper section and the seabed);
internal pressure of the transported product;
pipe dumping width and height;
mechanical and physical properties (specific weight) of the pipeline dumping;
pipe material "stress — deformation"” diagram;
sea depth in the specified area.
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3 SEABED SOIL PARAMETERS!

3.1 Seabed soil parameters are obtained based on the results of geotechnical tests,
which determine:

depth of the respective soil layer;

soil layer strength parameters, which usually include: soil density, Young's modulus,
cohesion and angle of friction.

3.2 In the absence of seabed soil strength characteristics data, the soil
characteristics according to their type may be taken in compliance with the following algorithm:

3.21 Lateral (horizontal) dynamic stiffness K;, in MPa, is determined by the formula

KL = AFL/ASL, (321‘1)

where AF,  =dynamic horizontal force between pipe and soil per unit length of pipe, KN/m;
A8,  =associated vertical displacement of the pipe, in m.

For determination of K;, the following expression may be applied:

K, =0,76G(1 + vy), (3.2.1-2)
where G =shear modulus, in MPa;
vy =the Poisson's ratio.
3.2.2 For the vertical dynamic stiffness Ky, in MPa, the following expression may be
applied
_ 088G
Ky = P (3.2.2)

Soil stiffness may be evaluated from the maximum shear modulus G, Of the soil.

OCR¥s
Gmax = 625W1/Ga05, (323)
where o, = mean effective stress in solil, in kPa;
o, = atmospheric pressure (100 kPa);
e =void ratio;
OCR =over consolidation ratio for clayey soils, to be set equal to 1,0 for sands;
ks =factor determined experimentally depending on the soil plasticity index Ip to be obtained from

diagram specified in Fig. 3.2.3.

1 Section of the Appendix is prepared based on the regulations of a recognized classification society and is a
recommendation only.
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0,51
0,41
0,31

0.2t

0 A
0 Iy

(4 20 ey a0 80 100 120 140

Iy plasticity index

Fig. 3.2.3
Dependence of kg from plasticity index Ip

3.24 The plasticity index I, shall be obtained by means of soil geotechnical tests
under the requirements of current standards, e.g., GOST 5180-84 and GOST 25100-95.
For clayey soils the plasticity index I, may be determined according to Table 3.2.4.

Table 3.2.4
Type of clayey soil Plasticity index I, Content of sand particles (2 — 0,5 mm), % by
mass
Sandy loam:
sandy 1-7 250
silty 1-7 <50
Clay loam:
light sandy loam 7-12 240
light silty loam 7-12 <40
heavy sandy loam 12 - 17 240
heavy silty loam 12 - 17 <40
Clay:
light sandy clay 17 -27 > 40
light silty clay 17 -27 <40
heavy > 27 Not regulated




Rules for the Classification and Construction of Subsea Pipelines (Appendix 6)

244
4 COMPUTATION SIMULATION

4.1 Computation scheme involves the finite element modelling which takes into
account pipe material properties, weight coating parameters, soil characteristics and sea water
effect for three pipeline section types:

shore approach;

linear section of unburied subsea pipeline, including that with dumping;

linear section of buried subsea pipeline.

Typical finite element model structures are shown in Figs. 4.1.1 t0 4.1.3.

Soil foundation
of the shore
area

Pipeline

Fig. 4.1-1
Typical finite element model structure of the subsea pipeline shore approach

Water

Seabed

Pipeline

Dumping

Fig. 4.1-2
Typical finite element model structure of the non-linear unburied subsea pipeline to be continued with dumping

Water

Seabed
Pipeline

Fig. 4.1-3
Typical finite element model structure of linear buried subsea pipeline to be continued with dumping
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4.2 Finite element model parameters.
4.2.1 The recommended mesh parameters may be taken as follows:

horizontal longitudinal size of computation modeling area — (180 — 200)D,;

vertical sub-size of the area between the bottom and upper surface of the modeling
area — min((20 — 25) D,; H); where D, is the external pipe diameter and H is the sea depth;

horizontal cross-sectional area — (90 — 100) D,;

vertical sub-size of the area between the bottom and lower surface of the model area —
(25 -30) Dg;

peripheral mesh size along horizontal and vertical edges of the model — D;

inner cross-sectional area of the pipe — (0,02 — 0,025) D,;

mesh size along the pipe — (0,04 — 0,05) D,,.

4.2.2 Finite element types to be applied:

for a pipe — shell elements with the possibility to consider physical and geometrical non-
linearity;

for soil — solid elements with the possibility to consider physical non-linearity of the soil
behavior according to the Ducker — Prager model;

for liquid — solid elements with the possibility to consider physical non-linearity;

for weight coating — solid elements;

for considering pipeline-soil interaction — friction element — one solid element or two solid
elements.
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5 CALCULATION PARAMETERS

5.1 Seismic stability of a subsea pipeline shall be calculated applying the following
methods:

linear spectral method for SLE;

direct dynamic method for DLE.

5.2 Linear spectral method.

5.2.1 The SLE impact on the given subsea pipeline section shall be calculated in the
following order (refer also to 5.4):

.1 characteristic points of pipeline deflected mode analysis shall be chosen;

.2 amplitude-frequency characteristics shall be drawn up for deformations within the
chosen characteristic points ¢;(w), where w is the frequency of induced seismic load;

.3 spectral deformation densities in i-point shall be calculated as follows:

— 2
Se,(w) = &7 ()5 (w), (5.2.1.3)
where S;(w) = the design spectral density of seismic load with the measure of earthquake intensity I;

.4 dispersion of deformations in the i-point shall be calculated as follows:
De, = [, Sei(w)dw; (5.2.1.4)

.5  the required design deformation value shall be calculated as follows:

€ip = 3/D;.

5.3 Dynamic design analysis method (time history analysis method).

Direct dynamic method is intended to fully solve the equation of the sub-sea pipeline
movement in the specified area under the effect of earthquake with the measurement of
intensity |, set accelerogram within the time period of at least 10 s. Moreover, the calculation
shall take into account physical non-linearity of the pipeline material and soil, as well as
geometrical non-linearity of all system elements. The maximum deformation values obtained
in the process of implementation may be taken as design parameters to be used in the criteria.
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Pipeline initial data:

- quter pipe diameter including any coating, £, m;

- pipeling spe Mass in Water, Mppe, K,

- water specific added mass (equal water mass in volume of
pipeling length units), !IL;;‘”Dkynl.

- bending stiffness of the pipeline, £/, KN-m?

- longitudinal force in the pipeline. & kN (taken into account if
the pipeline settlement A;> 0,10),

Flowchart of determining seismic loads for unburied subsea pipeline
using linear spectral method (refer to Fig. 5.4).

Pipeline route initial data:

- seismicily of the ares construction, 1.
considering soil conditions (refer to
Table 1.2 Appendix 6y

- unfastening steps and/or the permitted
free span lengths, &, m.

Geological con
the pips

- coellicient of stiffness for scabed soil
clastic base (bed cocfficient), e KN/’

A4

Analysis of settlement alony the pipeline route, A, in m
(refer 1o Fig. 2 Appendix 2 1w Section 4 of the SP Reeommendations)
by method of conditional limiting depth of compressed

width

Ai>0

Determination of the specific arca of contact
the pipeline with a seabed soil, b, m

b= 2 (D= ADA; ecm by < 0,50
ecmm Ay > 0,50

]

- end e

where h=4,73;

Determination natural frequency of pipeline

for the first mode of vibration at boundary conditions:

wu(l)——\j

hinge support: wy(l;) =

tor rigid soil.

wolh), sec™!, for the first mode of vibration:

—

pige ™M ne

3]

[

4,73 for end restrain;
J=m=3.14 for hinge support

where

Determination natural frequency of pipeline, as heams on the elastic
base, w, (1), sec!,

will) = [(%)k Ef+ G:)A N+e- b} : (mwa +m;‘i!;u)

v

Initial data for determination of seismic load
on the subsea unburied pipeline:

- assignment the structural pipeline damping coclficient and the scabed soil damping cocllicient, £, =
0,005 and &g = 0,02 ... (,035, respec

- seismic load spectrum dclmmzm. 1, respectively of carthquake intensity, £ (refer 1.2 Appendix63;

- definition of the amplitude-frequency characteristic of seismic load:

DGl = [Cd () — 020 + (2 + &) ) )|

- definition of system response dispersion (strain), D, ., 1o an external seismic influence in the
characleristic point

:[S“(m)-DU)IEb(fm)Izdm
o
- definition of pipeline strain. & , Irom scismic influence:

—
& =3 |Dy
N

Definition of seismic load on the subsca unburicd pipeline in the characteristic point, 8 , in kN

3t + M5he) - \IE

Fig. 5.4
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6 CALCULATION OF SEISMIC LOAD FOR SUBSEA PIPELINES BURIED INTO SEABED

6.1 Determination of the buried subsea pipeline natural frequency.

Based on the requirements of 3.7, Part | "Subsea Pipelines", the check for absence of
coincidence of its natural frequencies and seismic load shall be performed for the subsea
pipeline according to the spectrum method based on amplitude-frequency response of the
"pipeline-soil" system.

Natural frequencies of free vibrations in the axial direction of the buried pipeline for fixed
ends case shall be determined as:

wg =/ a2A\? + b2, (6.1-1)

where ag = EF /mp,;;, = specific stiffness of the buried pipeline, in N-m/kg;

EF = product of modulus of elasticity by the pipe cross-section area, in N;
Myipe = linear pipeline weight, in kg/m;
A =roots of characteristic equation, for fixed ends case and the first mode of vibration A = 4,73;
bg = frequency of free longitudinal vibrations of completely rigid pipe in soil, in s™.
Dyk
b2 = MPukx (6.1-2)
Mpipe
where k, =factor of soil resistance against longitudinal pipeline shifting (or factor of linear proportionality

of shear stresses in the pipeline to longitudinal resistance of soil, which can be determined by
experiments);
Dy = outside diameter of the steel pipeline, in m.

6.2 Determination of stresses in buried pipelines under seismic loads.

The stresses in buried pipelines under Strength Level Earthquake (refer to 2.8, Part |
"Subsea Pipelines") at the given subsea pipeline section shall be calculated based on the
spectrum method in the following order:

.1 probability calculation.

The spectral density of the random function of seismic ground motion, which corresponds
to the measure of earthquake intensity I, is approximated by the following expression:

SH(w) =28 ____a+® (6.2-1)

T (02-02-a?)+4a?w?’

where the spectral density factors a and 8 are determined according to 1.2 and 1.3 of this
Appendix;

.2 based on the seismic load transfer function |®(iw)|?, amplitude-frequency
characteristics S(w, I) shall be drawn up to determine deformations in the chosen points ¢;(w)
with account of damping features of the foundation soil:

1
(0)0(1)2_002)2+(2(§pipe+§soil)m0(l)w)2,

S(w, ) = [®(iw)|* = (6.2-2)

where wy(l) =frequency of free vibrations of pipeline section with length of I;

® =frequency of induced seismic load;
Epipe = damping ratio of pipeline metal;
&ou  =damping ratio of the foundation soil (depending on the soil type);

.3 spectral deformation densities in i-th point shall be calculated as follows:

Se,(0) = €7 (w)S;(w), (6.2-3)



Rules for the Classification and Construction of Subsea Pipelines (Appendix 6)

249

where S;(w) = design spectral density of seismic load with the measure of earthquake intensity I;

.4 dispersion of deformations in the i-th point shall be determined as follows:
De, = [ Se, (@) | P (i) [ dw; (6.2-4)
.5  required design deformation value shall be calculated as follows:

e = /Dy, (6.2-5)

.6 dynamic factor shall be calculated by the formula:

Be(w) = w§y/De/D, (6.2-6)
where D = seismic load dispersion, refer to 1.2 of this Appendix.

When determining seismic load value, the following shall be considered:

factor depending on the extent of permissible damage in the pipeline during earthquakes;

value of angle of the seismic wave directed towards the structure;

factor needed to account for the damping features of structures;

structure importance factor.

6.3 Example of determination of stresses in buried pipelines under seismic
loads.

.1 the pipeline is made of steel pipes with linear weight m,;,, = 1523 kg/m, with
external diameter of steel pipe Dn = 0,710 m, pipe wall thickness is 19 mm, cross-section area
is F = 0,401 m?, factor of soil resistance against pipeline shifting is k,= 0,026. The section with
length I = 20 m is considered.

As per the formulae (6.1-1) and (6.1-2)

b2 = T2H%% from which bs = 7,228 x 10 s71, (6.3-1)

Mpipe

EF

ag = = 54,239 N-m/kg;

Mpipe

.2 natural frequencies of free vibrations in the axial direction of the buried pipeline are
equal to:

wo(l) = /[@]2 a? + b2, (6.3-2)

As per the first vibration mode (i = 1) we get w, = 17,04 s;
.3 the amplitude-frequency characteristics of the system is expressed analytically by
the formula (6.3-3), and represented graphically in Fig. 6.3-1.

1

(wo(D)? _‘92)2+(2(Epipe+zsoil)m0(l)w)2 ,

S(w,1) = [(iw)|* = (6.3-3)

where w = frequency of induced seismic load, in s7;
wo (1) =natural vibration frequency of pipeline section with length I, in s71;
&pipe = 0,05 = damping ratio of pipeline metal
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&soit =0,026 = damping ratio of the foundation soil (depending on the soil type).
2 T T
1.5 -
So.). mm 1~ -
0.5 -
% ;0 jo 60 @
Fig. 6.3-1

Amplitude-frequency characteristics of buried pipeline

.4 dynamic factor shall be calculated by the Formula (6.2-6), refer to Fig. 6.3-2.

B(w, ) = wo(D2/S(w, D). (6.3-4)

B(w.7)

Fig. 6.3-2
Dynamic factor of buried pipeline

.5 spectral deformation densities in i-th point of pipeline D,, and seismic load standard
(root-mean-square deviation) g; = ‘/Dsi representing the required design value of pipeline
strain in i-th point are calculated, refer to Fig. 6.3-3.
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Design values of pipeline strain

.6 stresses in i-th point of the pipeline beam model for the first mode at point of time t
with seismic load duration of t are determined by deformation dispersion:
(6.3-5)

o(lt) = EXL, [(%lp(o) 0,308 [ sin(wo(Dsinwo (1)t — T)dv)],

where o =normal longitudinal stresses;
Y(x, 1) =vibration mode for pipeline beam model from longitudinal seismic load;

t = 3 =duration of seismic load, in s;
T = 1 =point of time for which the seismic load stresses are determined, in s.

Therefore, for the buried pipeline under consideration, with the duration of seismic load
t = 3 s and for the point of time t =1 s, we get 0 = 2,693 x 10~ MPa.
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APPENDIX 7

STRENGTH AND STABILITY OF RISER PIPES MADE OF COMPOSITE MATERIALS?

1 LOCAL STRENGTH CRITERIA FOR RISER PIPES MADE OF COMPOSITE

MATERIALS
11 General.
1.1.1 The main structural element of riser pipes made of composite materials is a ply
representing one of the armoring materials (fabric, tape, roving, fiber, etc.) bounded and cured.
1.1.2 Physical relations of the composite ply considering the ambient temperature and

humidity impact within the local system of coordinates (1, 2, 3) as related to the direction of
reinforcing fibers (axes 1 and 2 located within the armoring area are parallel and perpendicular
to the fiber direction, axis 3 is directed transversally), in the case of 3-D deflection analysis are
given as follows:

011 Q11 Q12 i3 0 0O 1 (€11 — AT — B1Am

022 Q12 Q22 Q23 0 00 €25 — 0 AT — BAm

033 _|Qiz (23 (Cs3 0 00 ) €33 — azAT — B3Am , (1.1.2)
023 0 0 O 2Q44 0 0 €53

013 0 0 0 0 20 0 | | €13 |

012 0 0 0 0 0 20l \ €1 )

where Qq; = E11(1 — vo3v32)/4, Qa2 = Ezp(1 — v43v31)/4;
Q33 = E33(1 — v1v21) /A,
Qa4 = G23, Qs5 = G13, Qe = G12;
Q12 = E11(va1 +v31V23) /A = E33(vi2 + vi3v3z)/A
Q13 = E11(va1 +v21V32) /A = E33(vy3 + v12V23)/A
Q23 = E32(v3z + v12V31) /A = E33(va3 + v13v21)/A
A =1—v15Vp1 — Va3V3y — Vi3V31 — 2Vq2V32Vs3
Ei1, E»y, E33 = modules of elasticity along axes 1, 2 and 3, respectively;

Gz = shear modulus within the reinforcement plane;
G13, G,z  =through thickness shear moduli within planes 1 — 3 and 2 — 3, respectively;
173 =Poisson's ratio (i, j = 1, 2, 3);

aq, oz, a3 =linear thermal expansion factors along axes 1, 2 and 3, respectively;

B1, B2, B3 =factors considering the ambient humidity impact on the composite ply along axes 1, 2 and
3, respectively;

AT =ambient temperature increment;

Am =ambient humidity increment.

If the composite ply is transversally isotropic, i.e. the properties in directions 2 and 3 are
equal, then V12 = V13, GlZ = 613, E22 = E33-

1.13 For approximate calculations (a case of plane deflection mode) application of
simpler relations is recommended:

011 Q11 Q12 0 €11 — ;AT — B1Am

022 = Q]_Z QZZ 0 " 822 - azAT - BzAm y (113)

012 0 0  2Qe €12

1 Appendix is prepared pursuant to the regulations of a recognized classification society and is a recommendation
only.
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where Qi1 = Eq1/(1 —Vv12V21), Q22 = E22/(1 — v12V21), Qes = G1a2,
Q12 = Q21 = V21E11/(1 = v12v21) = Vi Eop /(1 — vipvaq).

1.14

Physical relations of the composite ply arbitrary oriented relative to the riser pipe

(within the global system of coordinates X, y, z axis X is directed along the pipe axis, axes y
and z are oriented tangentially and radially, respectively) in the case of 3-D deflection analysis

are presented as follows:

Oxx [Q11 612 613 0 0 2@16 €11 — 0, AT — B Am
(ny\ Q1z Q22 Q2 0 0 2Qz €22 — 4y AT — ByAm
4 Ozz $ _ Q13 Q23 Q33 0 0 203 g €33 — A AT — B,Am

Oyz 0 0 0 2Qu 2Q45 O €23
lgxz J 0 0 0 2Q45 2Qs5 O 8113

xy Q6 Q26 Q36 0 0  2Qes! €12 = — 5 BryAm

where

Q11 = Quum* +2(Q1z2 + 2Q66)m®n® + Qzon*;
Q12 = (Q11 + Q22 — 4Qe6)m?*n? + Q12 (m* +n*);
Q13 = Q13m® + Qz3n%;

Q16 = Qu1m’n — Qzpmn® — (Qq2 + 2Qge) (M? — n*)mn;

Q22 = Qun* +2(Q12 + 2Qge)m*n® + Qzpm*;

s (1.1.4-1)

Q23 = Qu3n® + Qa3m?;

Q33 = U33;

Q26 = Quumn® — Qm3n + (Q1z + 2Qg6) (M* — n*)mn;

Q36 = (Qq3 — Qz3)mn;
Qaa = Quam? + Qs5n?;
Q45 = (Qs5 — Qua)mn;

Qss5 = Qqan® + Qssm?;

Qs = (Q11 + Q22 — 2Qge)m?n? + Qg (m? — n?)?;

o, = aym? + ayn?, B, = Bym? + Bn?;
oy, = xyn? + a;m?, By, = Byn? + Bym?;
a; = sz, Bz = 83;

Axy = (a; — az)mn, Bxy = (B — Bz)mn.

Here m = cosB, n = sinB, and angle 6 is measured in the positive direction. For approximate
calculations (the case of plane deflection) application of simpler relations is recommended:

Oxx 9_11 9_12 2916
{03/3/} = 912 922 2Qz6 |-
Oxy Qe Q26 2066

1.15
strength criterion:

€11 — A AT — B, Am
€32 — 0, AT — 3,Am

1 1
€123 Oy AT — 3 BxyAm

(1.1.4-2)

The composite laminate ultimate limit state is determined by a respective

R?(Fy10%1 + F,0%, + F33053 + F1,0%, 4 F130%3 + F23033) + R*(2H,,04102;, +
2H13011033 + 2Hp302,033) + R(F1 011 + F,0,;, + F3033) < 1.

in 2-D stress state:

R*(Fy10%1 + F2505, + Fi50%; + 2H1,01102;) + R(Fy041 + F,05,) < 1,

where R = YrYsaYmYrd;

_ 1 - F — 1 .
— =) () 133 T (5 ()
03203, 033033

1
Fii1=—m=—:F
~(H (122
011011

(1.1.5-1)

(1.1.5-2)
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1 1 1
Hyp, = _E\/Fanz? Hyz = 3V Fi1F33; Hyz = _E\/F22F331
where 65? =the maximum tensile composite ply strength in the direction of axis 1;
8&? =the maximum compression composite ply strength in the direction of axis 1;

62) =E,y/Ei; GS) —the modified tensile composite ply strength in the direction of axis 2;
6;) =E,y/Ei; 65? — the modified compression composite ply strength in the direction of axis 2;
~(+)

Gy,  =the maximum tensile composite ply strength in the direction of axis 3;

6(3;) =the maximum compressive composite ply strength in the direction of axis 3;

G,  =the maximum inplane shear strength of a composite ply;

G613  =the maximum through thickness shear strength of a composite ply within plane 1 — 3;

G,3  =the maximum through thickness shear strength of a composite ply within plane 2 — 3.
1.1.6 When calculating deflections of a riser pipe made of composite the following

ratios shall be used to determine longitudinal C;, bending Cz and torsional Cystiffness:

CB = nRtAlleq' 2E11R + 511); (116'2)
CT = 2T[R(/T66R2 + 2E66R + 566) (116‘3)

where Ay, = Y0 _ (@) (e — ny—1), (L m = 1,6);
Bim = 1/2 3% _ (@) (nf — nf_1), L, m = 1,6);

Dym = 1/3 3% (@i (ni —ni_y), (L m = 1,6);

R =the external radius of a riser pipe;
t, =the riser pipe wall thickness;
p =the number of pliers consisting of different materials (composite, steel, etc.), which form the
riser pipe wall;
ny =the coordinate system of a riser pipe wall pliers (-=t,/2 =ho<ni < ...<np =t,/2);
— N Q_%Z —_ N 6120_26 — N 6226
11 =011 =% q16 = Q16 =5 966 = Q66 — -
Q22 Q22 Q22
1.1.7 Failure in composite materials usually involves a sequence of failure

mechanisms (matrix cracking, delamination, fiber failure, etc.), each of which leads to local
change of material properties.

1.1.8 The development of local failure mechanisms, with corresponding local
degradation of material properties, may result in decreased values for the global stiffness
parameters. This may effect the overall global behaviour (e.g. displacements, bending and
effective tension) of the riser system. Thus, the parameters that serve as boundary conditions
for the local and global analysis shall be considered in the composite riser pipe design.

1.1.9 The parameters that serve as boundary conditions for the local and global
analysis shall be considered using one of the following methods:

global-local procedures;

global procedure with response surface.
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The principal difference between the methods is the level on which ultimate limit states
are evaluated. Another obvious difference, which follows from the prior, is the order in which
the global and local analysis is conducted.

1.2 Global-local procedure.

121 In order to evaluate the limit states one first performs global analysis of the entire
riser system. The resulting global load effects (e.g. effective tension, bending, torsion, internal
or external overpressure) serve as boundary conditions for the forthcoming local analysis (local
displacement fields, stresses and strains).

1.2.2 The local load effects resulting from the local analysis are finally applied in the
local acceptance criteria (or failure criteria) in order to detect possible failure mechanisms of
the riser components. If the local investigations are performed by progressive failure analysis,
it is possible to detect a sequence of failure mechanisms that may happen prior to the final
failure mechanism.

1.2.3 Local failures of riser pipe components lead to reduced riser stiffness, which
may influence the overall behaviour of the riser system. Therefore, it may be necessary to
repeat the global analysis (with degraded material properties where relevant) in order to
increase reliability of calculations. The resulting global load effects (e.g., effective tension,
bending, torsion, internal or external overpressure) serve as boundary conditions for the local
analysis (local displacement fields, deformations, stresses, internal and external overpressure)
of a riser pipe component.

This iterative local-global procedure shall be performed until a new failure mechanism is
observed (acceptable design) or until a crucial failure mechanism is predicted (unacceptable
design).

13 Global procedure with response surface.

1.3.1 As an alternative to the global-local procedure a procedure may be used that
requires extensive local analysis to be conducted prior to the global failure analysis. The local
analysis is used to establish response surface that can be used in subsequent global analysis.

1.3.2 Prior to the global analysis of the riser system, global limit states are established
by performing local failure analysis (of the pipes as well as the connectors/joints) for a large
number of combinations of global load effects (bending, torsion, effective tension and
internal/external overpressure). The global limit states are represented as surfaces in a
space/coordinate system with bending/torsion, effective tension and internal/external
overpressure along the axes. The surfaces are obtained by interpolating a collection of points
(load cases), from the local analysis. Such global limit states may be established for each
failure mechanism.

1.3.3 In the first step global analysis is performed with initial (non-degraded) stiffness
properties. Then a limit state corresponding to a non-crucial failure mechanism gets exceeded
in certain global elements. In this case the global analysis needs to be repeated using the
reduced stiffness properties of damaged system components. The stiffness properties shall be
reduced according to the observed local failure mechanism. This iterative procedure shall be
performed until a new failure mechanism is observed (acceptable design) or until a crucial
failure mechanism is predicted (unacceptable design).

134 Example of a global procedure with response surface.

The global failure criterion shall be established for a small section of the riser. Typically
such a section could be a riser joint of about 15 m length consisting of a pipe section with two
end fittings. A joint could also be modeled by establishing two separate response surfaces:
one for the pipe section and one for the joint. For a long continuous riser pipes a global failure
criterion would typically only be established for the pipe section.

A pipe section is analyzed for the following loads: pressure P, axial load A, bending
moment M and torsion T. The loads applied to the riser pipe section are shown in Fig. 1.3.4-1.
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It shall be stressed that torsion can often be neglected for metal risers. However, even
small torsional loads may cause damage in a polymeric composite riser, depending on the
particular layout and joint geometry.

For each combination a stress analysis of the section is carried out and all relevant failure
criteria are checked at all places of the section. As a result, a four dimensional failure envelope
can be defined for that section of the riser. A typical failure envelope for the 0°/90° composite
laminate is shown in Fig. 1.3.4-2.

+—] —» A
— — — P — — e o —
e Ty (TT
Fig. 1.3.4-1

General loading conditions for a composite riser pipe
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Fig. 1.3.4-2
Simple schematic of a failure envelope of a 0/90 laminate

If the pipe is put under internal pressure, the fibers in the hoop direction see twice as much
stress as the fibers in the axial direction (since we have the same number of fibers running in
both directions). The burst pressure will be related to the maximum stress the fibers can take
in the hoop direction, provided the laminate is thin and we have the same stress in the hoop
fibers through the thickness (a condition that is often not fulfilled for composite risers). The
calculation gives point P; in the global failure envelope on the pressure axis. This is shown in
Fig. 1.3.4-3 for a two dimensional "P — A" failure criterion.
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Fig. 1.3.4-3
Global failure envelope for composite riser pipe exposed to internal pressure and axial force

If the riser pipe is exposed to effective axial loads in addition to internal pressure, the
stresses in the axial fibers will increase. The strength of the axial fibers has to be large enough
to carry the applied axial load plus the end cap load from the pressure. This gives points P
and Ps in the global failure criterion. P, describes the maximum axial load under maximum
pressure. Ignoring Poisson's effects and interactions between the fibers, the failure envelope
is given by lines between Pi, P; and Ps.

Under external pressure, collapse is defined by a buckling criterion. The collapse pressure
is shown as P.. If we assume that the collapse pressure is not effected by an axial load, Ps
indicates the maximum external pressure and the maximum axial load combination.

Many risers are not exposed to compressive axial loads and the failure envelope is not
expanded in the negative direction along the "axial force" semiaxis.

If the riser pipe sees torsion, the fibers of the 0°/90° laminate will not be stressed. Torsional
load must be carried by the matrix. The torsional load is then proportional to the in-plane shear
strength of the matrix (refer to 1.3.4-4).

In reality, the failure envelopes tend to be more complicated, because fiber orientations
are more complicated, three-dimensional stresses shall be considered, and in particular the
composite metal interface may behave totally differently from the simple pipe. The intention of
this example was just to show the principle of the development of a global failure envelope.
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Fig. 1.3.4-4
Global failure envelope for composite riser pipe exposed to external pressure, axial force and torsion
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2 DETERMINATION OF WALL THICKNESS OF A COMPOSITE RISER PIPE

2.1 The selection of a composite riser pipe wall thickness is based on the necessity
to ensure strength (stability) and the required safety level of the riser. Calculations shall be
made for the most unfavorable combination of loads.

2.2 The riser pipe wall thickness shall be determined based on the following
conditions:

local strength of the riser pipe;

sufficient local stability of the riser pipe.

2.3 Strain vector components of any composite riser pipe section within the global
Cartesian coordinate system X, Y, Z {€xx, €y, €22, £z, £xz, £xy} Shall be determined using the values
of local displacement fields, deformations and stresses corresponding to the location of the
riser elastic static line under the most unfavorable combination of loads. For each composite
ply these strains shall be transformed to strains along the ply main axes 1, 2, 3 {€11, €22, €33,
€23, €13, €12} by the following formulae:

@ )
yy
€33 €2z
e (=T 2.3)
€13 €xz
€12 Exy
rm2 n?2 0 0 0 2mn
n? m? 0 0 0 —2mn
0 0 1 0 0 0
where [T] = 0 0 0 m -n 0
0 0 0 n m 0
—mn mn 0 0 0 (m?—n?)

Stresses {011, 022, Os3, O23, O13, O12} in each ply shall be calculated based on the
recommendations. After that, ultimate limit state shall be calculated by juxtaposing the obtained
stress values and strength criterion for each ply.

2.4 The following composite riser pipe safety factors shall be used in calculations:

.1 yr —the load effect factor to be taken in accordance with Table 2.4.1.

.2 Yysq IS the partial load model factor to account for inaccuracies, idealizations and
biases in the engineering model. When both analytical and numerical (e.g., FE-methods)
methods are used within their assumptions and limitations, a model factor ys; = 1,0 shall be
used. When these methods are used beyond the accepted assumptions and limitations, as a
minimum, a factor ys; = 1,1 shall be used. Besides, when numerical methods are used,
convergence of the computational procedure shall be confirmed.

.3 vy is the resistance factor to account for the material property uncertainties. The
numerical values of y,, are given in Table 2.4.3.

.5  vygraq is the resistance model factor to account for differences between true and
predicted resistance values given by the failure criterion. The numerical values of yrq for each
failure criterion are given in Table 2.4.4.



Rules for the Classification and Construction of Subsea Pipelines (Appendix 7)

259
Table 241
Load effect factors
Type of load Yr
External hydrostatic pressure
Internal fluid pressure: hydrostatic and dynamic 1,2
Water levels
Weight and buoyancy of a riser, coating, fouling, anodes, buoyancy modules, contents and outfit
Internal fluid weight
Riser tension 11
Applied displacements and loads induced by the active FPU/FSPM positioning ’
Thermal stresses
Interaction with soil
Waves
Internal waves and other effects due to the water density difference
Currents
Earthquakes 13
Offsets of FPU/FSPM due to the wind, waves and currents: ’
mean offset due to the steady wave drift forces, wind forces and currents;
vibrations;
low-frequency oscillations
Table 2.4.3
Material resistance factors y,,
Extent of operational reliability COV of the strength, v
v<10% [10% <v<125% [ 125%<v<15%
Brittle failure type
Heavy duty 1,22 1,33 1,49
For transportation of aggressive media 1,34 1,53 1,83
For seismically hazardous areas 1,47 1,75 2,29
Plastic or ductile failure type
Heavy duty 1,11 1,16 1,23
For transportation of aggressive media 1,22 1,33 1,49
For seismically hazardous areas 1,34 1,53 1,83
Table 2.4.4
Resistance model factors
Failure criterion YRrd
Fiber failure 1,0
Matrix cracking 1,0-15
Delamination 1,0-2,0
Yielding 1,0
Ultimate failure of orthotropic homogenous materials 1,25
Buckling 1,0-2,0
Displacements 1,0
Stress rupture 0,1-1,0
Fatigue 0,1-1,0
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STRENGTH CALCULATIONS FOR A COMPOSITE RISER
UNDER INTERNAL PRESSURE

3.1 Failure (rupture) of a composite riser pipe may occur due to the internal
overpressure or a combination of internal overpressure, axial force, bending and torsion. In
this case based on the calculation results of the riser elastic static line the location of cross-
section is determined in which the most unfavorable combination of loads occurs, for further
deflection analysis. The calculation results in the distribution of stresses and deformations in
each composite ply and their comparison with the criterion (refer to 1.1.5, Part Il "Risers").

3.2 If at least one composite ply reaches ultimate limit state, the main reason for it
(fiber failure or matrix cracking) needs to be determined. Special consideration shall be given
to the prevention of reinforcing fiber failure defined here as a composite ply fracture in fiber
direction (axis 1 of the local system of coordinates associated with the composite ply). Failure
of fibers exposed to force impact is not allowed. Failure (cracking) of matrix and fiber/matrix
interface (delamination) may be allowed provided that the riser pipe tightness is maintained.
As arule, matrix cracking is allowed for riser pipes containing metallic or polymeric liner. In the
absence of the liner tightness shall be tested experimentally.

3.3 The matrix cracking and fiber/matrix interface delamination may result in
degradation of the elastic properties and ultimate limit states of the composite ply under
compression or shear that shall be considered in buckling analysis (critical load value).
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4 BUCKLING ANALYSIS OF A COMPOSITE RISER PIPE

Two alternative approaches may be in analyzing buckling problems of a composite riser
pipe, which are based on the following:

analysis of isolated components of standard type, such as pipe sections, beams, plates
and shells;

analysis of an entire structure.

4.1 Buckling analysis of isolated components.

41.1 When a member or component of the riser pipe is analyzed separately a global
analysis of the structure shall be first applied to establish:

the effective loading applied to the riser pipe member/component by the adjoining
structural parts;

the boundary conditions for the structural member, in terms of translational and rotational
stiffness components in all relevant directions.

4.1.2 The following load conditions shall be considered when making buckling
assessment of a composite riser pipe isolated components:

axial compression;

bending;

torsion;

external overpressure,

as well as the impact of anisotropy and geometric imperfections on the critical load value.

It may be relevant to consider the simultaneous presence of axial tension along with
bending, torsion or external pressure, or of internal overpressure along with axial
tension/compression, bending or torsion.

41.3 Axial compression may cause global beam-column buckling or local buckling of
the riser wall, or a combination of the two. In this case the critical values of the mean axial
compressive stress for elastic buckling in the global and local modes, 6.y giopa1 @Nd O¢r jocar

and the buckling resistance, 6yckiing determined as follows:

1 1 1

_ — - ; (4.1.3-1)
Obuckling Obuckg lobal  Obuck local
~ -k _ R? kAglobalT[ZExx. 4.1.3-2
Opuck global = KA global Ocr global = 12 2 ) ( +LeO” )
~ tr  KailocalExxKi
o =k o = S 4.1.3-3

buck local Alocal Ycrlocal R [3(1—v,gvey)]t/2’ ( )
where L = effective length of the riser tube for global buckling;

R radius of the riser tube;

thickness of the riser tube;
axial direction;

tr
X

0 circumferential direction;
E,y = effective modulus of elasticity in the riser axis direction;
Vye, Vox = effective Poisson's ratios normal to the fiber plane;
K; = anisotropy factor determined as follows:
1/2 1/2 1/2
E E G
K, = {2 [1 v (22 ] (Geo) ﬁ} , (4.1.3-4)
Exx Exx Exx
where Eqq = effective modulus of elasticity in the circumferential direction;
G.g = effective shear modulus in the fiber plane.

Should be considered, that elastic engineering constants shall be defined only for symmetric laminates.
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The knock-down factors to account for geometric imperfections, k, giopar @nd ky 1ocq; Shall
be taken as 0,67 and 0,5 respectively.

Global buckling under conditions of displacement-controlled loading may be permitted,
provided it does not result in local buckling, unacceptable displacements, or unacceptable
cyclic effects.

41.4 For bending in the riser tube components, the critical bending moment for elastic
buckling, M_,., and the buckling resistance moment, Mbuckling, are determined by the formula:

_ 1,3kMTRtZEy Ky

Mbuckling = kMMcr = Bl-veove )72’ (4-1-4)
where R =radius of the riser tube;

t, = thickness of the riser tube;

x = axial direction;

0 = circumferential direction;

E,x = effective modulus of elasticity in the riser axis direction;

Vxo, Vox = effective Poisson's ratio normal to the fiber plane;

Ky = anisotropy factor;

ky =knock-down factor to account for geometric imperfections, which shall be taken as k;, = 0,5.

In design of the riser system a minimum effective tension that gives a margin above the
tension that is predicted to cause excessive bending moments shall be established.

415 For the case of torsional loading, the critical torsional moment for elastic
buckling, My ., and the buckling resistance torsional moment, M buckling are determined by
the formula:

3/8
7 R%/* [(AxxAgo—Are)t?
Mr buckling — kTMT cr — 21'7kTD96 L1/2t3/4 AgoDoo ) (4-1-5'1)
where R, L, t, =radius, length and thickness of the riser tube respectively;
Ay, Aog, Axe =laminate elastic constants for in-plane deformations;
D,x, Dgg, Dxg= laminate elastic constants for bending deformation;
ky =knock-down factor to account for geometric imperfections, which shall be taken

ky = 0,67.

This formula is valid only when the coupling factor B = 0 (i, j = x, 6) as in the case of a
symmetric laminate lay-up, and when

5/6 _ a2 2 1/2

1 Deo (AxxAo0—Axo)t7 500 ]
L2 = (Dxx) [ 12499 Dxx ] (Rtr). (415 2)
41.6 For the case of external pressure loading the critical pressure for elastic

buckling, p., and the buckling resistance pressure, ppycriing, May be estimated from:

_ 3kp (Dee—Bée/Aee)

Pbuckiing = KpPer = : (4.1.6-1)

R3

The knock-down factor, k,, to account for geometric imperfections shall be taken as 0,75.

The above formula applies for long tubes. For shorter lengths of tube the following formula
shall be used:
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Prcting = kg = S8t [t (4162
that assumes a symmetric lay-up and is valid only when:
(2—1?)3/2 [%]m (RL—:) > 500. (4.1.6-3)

Per IS the local minimum internal pressure needed to prevent the riser pipe buckling. For
installation with a drained pipe p,,i, equals zero. For installation with a water-filled pipe p,,in = Pe-

41.7 The failure criterion for all considered cases of loading shall be determined by
the formula:

YrYsaF < ——uking__ (4.1.7-1)
YMbuckleYRdbuckle
where F = characteristic value of the induced stress or stress resultant (g, M, T, p);
Fyuckiing = Characteristic value of the resistance obtained from the tests (o, M, T, p);
Yr = partial load or load effect factor;
Ysda = partial load or load effect model factor;

Ymbuckle = partial resistance factor;
Yrabuckle = partial resistance-model factor.

The partial resistance factors yypuckie @Nd Yravuere May be taken as 1,0, if the knock-down
factors are adopted.

The load effect model factor ys, shall take account of the accuracy of representation of
geometrical imperfections and boundary conditions.

For cases of combined loadings of the axial force, bending, torsion and external pressure
the riser stability shall be considered ensured, by assuming the following inequation satisfied:

F___9o0 . M . M ., P _ L , (4.1.7-2)

Fbuckiing  Obuckling  Mbuckling  MT buckling  Pbuckling ~ YFYSdYMbuckleYRdbuckle

where o, M, My and p =characteristic values of the axial compressive stresses, the bending moment, the
torsional moment and the external pressure.

4.2 Buckling analysis of an entire composite riser pipe.

Buckling analysis of an entire riser pipe structure shall be carried out using numerical
methods.

4.2.2 Application of numerical methods require convergence assessment of the
solution obtained. Therefore, initially critical loads shall be calculated using non-degraded
composite elastic properties as initial data. This shall be repeated with alternative, finer
meshes, until the lowest "eigenvalues" and corresponding "eigenmodes" shall not be
significantly affected by further refinement. The main purposes of this analysis shall be to clarify
the relevant buckling mode shapes and to establish the required mesh density for subsequent
analysis.

4.2.3 A step-by-step non-linear analysis shall be carried out. Geometrical non-
linearity shall be included in the model. The failure criteria shall be checked at each step. If
failure such as matrix cracking or delamination is predicted, any analysis for higher loads shall
be performed with the composite properties reduced.

42.4 The influence of geometric imperfections on critical loads shall be assessed on
the basis of production tolerances.
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4.2.5 The composite riser pipe containing liner shall be analyzed for buckling due to
hoop compression. Herewith the following shall be considered:

buckling due to the internal under pressure, i.e. vacuum, without external pressure;

buckling of the liner due to external pressure as a consequence of compression of the
main laminate due to external pressure;

buckling of the liner due to external water pressure. This is only relevant if the pressure of
the outside water can reach the outer surface of the inner liner;

explosive decompression causes a pressure to build up suddenly between the liner and
the composite riser tube, at the same time as the pressure inside the liner suddenly drops.

4.2.6 Buckling analysis of a composite riser pipe shall not be carried out, since local
buckling of composite riser pipes is not allowed.
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5 LOCAL STRENGTH CRITERIA FOR COMPOSITE RISER PIPES IN WAY OF
CONNECTORS
5.1 For metal end fittings connecting composite riser pipe sections the local strength
criteria shall comply with 3.4.1, Part Il "Risers".
5.2 Special attention shall be given to the strength of a joint connecting end fitting

with metal inner liner and a composite laminate and metal inner liner (the "metal-composite"
interface).

5.3 Calculation of local deflection mode and strength of a joint connecting an end
fitting with metal inner liner and the metal-composite interface shall be carried out based on
the loads and boundary conditions determined using the values of displacement fields,
deformations and stresses corresponding to the location of the riser elastic static line under
the most unfavorable combination of loads.

5.4 When carrying out local deflection mode analysis and calculation of strength of
a joint connecting an end fitting with metal inner liner and the metal-composite interface, the
following shall be considered:

possible discrepancies in linear factors of thermal expansion of the materials connected;

metal corrosion effect.

5.5 When carrying out local deflection mode analysis and calculation of strength of
a joint connecting the end fitting with metal inner liner, the following shall be considered:

axial force;

bending moment;

torsional moment;

internal/external pressure.
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