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PREFACE

DEP (Design and Engineering Practice) publications reflect the views, at the time of publication, of Shell Global Solutions
International B.V. (Shell GSI) and, in some cases, of other Shell Companies.

These views are based on the experience acquired during involvement with the design, construction, operation and
maintenance of processing units and facilities. Where deemed appropriate DEPs are based on, or reference international,
regional, national and industry standards.

The objective is to set the recommended standard for good design and engineering practice to be applied by Shell
companies in oil and gas production, oil refining, gas handling, gasification, chemical processing, or any other such facility,
and thereby to help achieve maximum technical and economic benefit from standardization.

The information set forth in these publications is provided to Shell companies for their consideration and decision to
implement. This is of particular importance where DEPs may not cover every requirement or diversity of condition at each
locality. The system of DEPs is expected to be sufficiently flexible to allow individual Operating Units to adapt the
information set forth in DEPs to their own environment and requirements.

When Contractors or Manufacturers/Suppliers use DEPs, they shall be solely responsible for such use, including the
quality of their work and the attainment of the required design and engineering standards. In particular, for those
requirements not specifically covered, the Principal will typically expect them to follow those design and engineering
practices that will achieve at least the same level of integrity as reflected in the DEPs. If in doubt, the Contractor or
Manufacturer/Supplier shall, without detracting from his own responsibility, consult the Principal.

The right to obtain and to use DEPs is restricted, and is typically granted by Shell GSI (and in some cases by other Shell
Companies) under a Service Agreement or a License Agreement. This right is granted primarily to Shell companies and
other companies receiving technical advice and services from Shell GSI or another Shell Company. Consequently, three
categories of users of DEPs can be distinguished:

1) Operating Units having a Service Agreement with Shell GSI or another Shell Company. The use of DEPs by these
Operating Units is subject in all respects to the terms and conditions of the relevant Service Agreement.

2) Other parties who are authorised to use DEPs subject to appropriate contractual arrangements (whether as part of
a Service Agreement or otherwise).

3) Contractors/subcontractors and Manufacturers/Suppliers under a contract with users referred to under 1) or 2)
which requires that tenders for projects, materials supplied or - generally - work performed on behalf of the said
users comply with the relevant standards.

Subject to any particular terms and conditions as may be set forth in specific agreements with users, Shell GSI disclaims
any liability of whatsoever nature for any damage (including injury or death) suffered by any company or person
whomsoever as a result of or in connection with the use, application or implementation of any DEP, combination of DEPs
or any part thereof, even if it is wholly or partly caused by negligence on the part of Shell GSI or other Shell Company. The
benefit of this disclaimer shall inure in all respects to Shell GSI and/or any Shell Company, or companies affiliated to these
companies, that may issue DEPs or advise or require the use of DEPs.

Without prejudice to any specific terms in respect of confidentiality under relevant contractual arrangements, DEPs shall
not, without the prior written consent of Shell GSI, be disclosed by users to any company or person whomsoever and the
DEPs shall be used exclusively for the purpose for which they have been provided to the user. They shall be returned after
use, including any copies which shall only be made by users with the express prior written consent of Shell GSI. The
copyright of DEPs vests in Shell Group of companies. Users shall arrange for DEPs to be held in safe custody and Shell
GSI may at any time require information satisfactory to them in order to ascertain how users implement this requirement.

All administrative queries should be directed to the DEP Administrator in Shell GSI.
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1. INTRODUCTION

1.1 SCOPE

This new DEP specifies requirements and gives recommendations for generic design and
analysis specifications for Steel Catenary Risers and catenary umbilical systems for
offshore floating structures. It is applicable to:

a) Steel Catenary Risers of various configurations (e.g., import/export pipelines,
flowlines, water injection lines),

b) Steel jumpers (elastic spans) between fixed and/or floating facilities (e.g., offloading
risers, production jumpers between a wellhead facility and a storage facility),

c) Steel tube umbilical risers,
d) Steel tube umbilical jumpers suspended between fixed and/or floating facilities, and
e) Steel Lazy Wave Risers (SLWRs).

This DEP applies to all SCR systems and is intended to satisfy the need for a design basis
document for all future SCR projects. It covers the structural and mechanical aspects of
the design of the riser section of a flowline or a pipeline. It also covers analysis aspects of
catenary umbilical riser tube bundles for the purposes of determining global motions/loads
and fatigue life.

This DEP has been written based primarily on the API RP 2RD and API RP 111. Other
standards and specifications also referenced to prepare this DEP are listed in (7).

This DEP contains mandatory requirements to mitigate process safety risks in accordance
with Design Engineering Manual DEM 1 — Application of Technical Standards.

1.2 DISTRIBUTION, INTENDED USE AND REGULATORY CONSIDERATIONS

Unless otherwise authorised by Shell GSI, the distribution of this DEP is confined to Shell
companies and, where necessary, to Contractors and Manufacturers/Suppliers nominated
by them. Any authorised access to DEPs does not for that reason constitute an
authorization to any documents, data or information to which the DEPs may refer.

This DEP is intended for use in facilities related to offshore oil and gas production. This
DEP may also be applied in other similar facilities.

When DEPs are applied, a Management of Change (MOC) process should be
implemented; this is of particular importance when existing facilities are to be modified.

If national and/or local regulations exist in which some of the requirements could be more
stringent than in this DEP, the Contractor shall determine by careful scrutiny which of the
requirements are the more stringent and which combination of requirements will be
acceptable with regards to the safety, environmental, economic and legal aspects. In all
cases the Contractor shall inform the Principal of any deviation from the requirements of
this DEP which is considered to be necessary in order to comply with national and/or local
regulations. The Principal may then negotiate with the Authorities concerned, the objective
being to obtain agreement to follow this DEP as closely as possible.

1.3 DEFINITIONS

1.3.1 General definitions

The Contractor is the party that carries out all or part of the design, engineering,
procurement, construction, commissioning or management of a project or operation of a
facility. The Principal may undertake all or part of the duties of the Contractor.

The Manufacturer/Supplier is the party that manufactures or supplies equipment and
services to perform the duties specified by the Contractor.
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The Principal is the party that initiates the project and ultimately pays for it. The Principal
may also include an agent or consultant authorised to act for, and on behalf of, the
Principal.

The word shall indicates a requirement.
The capitalised term SHALL [PS] indicates a process safety requirement.

The word should indicates a recommendation.

1.4 ABBREVIATIONS

AFC Approved for Construction

AUT Automated Ultrasonic Testing
BOEM Bureau of Ocean Energy Management
C&M Civil and Marine

DBD Design Basis Document

DEP Design and Engineering Practice
DEM Design Engineering Manual

FBE Fusion-Bonded Epoxy

FPSO Floating Process Storage Offloading
ID Inside Diameter

oCs Outer Continental Shelf

oD Outside Diameter

PE Polyethylene

PIP Pipe-In-Pipe

PP Polypropylene

SCR Steel Catenary Riser

SLWR Steel Lazy Wave Riser

TA Technical Authority

TIARA Totally Integrated Approach to Riser Analysis
TLP Tension Leg Platform

VAR Value Assurance Review

VIM Vortex Indiced Motion

VIV Vortex Induced Vibration

1.5 CROSS-REFERENCES

Where cross-references to other parts of this DEP are made, the referenced section
number is shown in brackets. Other documents referenced by this DEP are listed in (7).

1.6 COMMENTS ON THIS DEP

Comments on this DEP may be sent to the Administrator at standards@shell.com, using
the DEP Feedback Form. The DEP Feedback Form can be found on the main page of
“‘DEPs on the Web”, available through the Global Technical Standards web portal
http://sww.shell.com/standards and on the main page of the DEPs DVD-ROM.
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1.7 DUAL UNITS

Amended per
Circular 28/12
Dual units have been incorporated throughout this DEP.

This DEP contains both the International System (SI) units, as well as the corresponding
US Customary (USC) units, which are given following the SI units in brackets. When
agreed by the Principal, the indicated USC values/units may be used.
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2 GENERAL

This DEP contains generic design and analysis specifications for Steel Catenary Risers and
catenary umbilical systems for deepwater offshore floating structures.

This DEP shall be applied to:

a) Steel Catenary Risers of various configurations (e.g., import/export pipelines,
flowlines, water injection lines),

b) Steel jumpers (elastic spans) between fixed and/or floating facilities (e.g., offloading
risers, production jumpers between a wellhead facility and a storage facility),

c) Steel tube umbilical risers,
d) Steel tube umbilical jumpers suspended between fixed and/or floating facilities, and
e) Steel Lazy Wave Risers (SLWRs).

Throughout this document the term “SCR” and “riser” shall be understood to refer to the
above applicable structures a) through e).

The term “riser section” shall be understood to mean the entire suspended span, including
the riser/host interface. It also includes the portion of the line, if applicable, that never
leaves the seafloor but is still subjected to the axial dynamic loading from the response of
the suspended portion. The importance of the distinction between the riser section and the
remainder of the line is that the riser section shall be designed to withstand the dynamic
loads.

The term “catenary” refers to the approximate catenary shape in which the riser hangs and
is used to differentiate this type of riser from vertical, or “top-tensioned” risers. Due to the
finite bending stiffness of the riser, the static shape assumed by the riser will always have
somewhat less curvature than a true catenary.

The criteria and practices set forth in this DEP shall be met and followed for systems within
its scope. Since the document is generic in nature, however, its specifications shall not be
construed as exhaustive for any system. Compliance with these specifications is therefore
mandatory but not wholly sufficient for the design of any given SCR system.

NOTE: This DEP is “generic” in the sense that it shall be applied to all SCR systems and is intended to satisfy
the need for a design basis document for all future SCR projects. It covers the structural and
mechanical aspects of the design of the riser section of a flowline or a pipeline. It also covers analysis
aspects of catenary umbilical riser tube bundles for the purposes of determining global motions/loads
and fatigue life.

The riser design summary report shall contain at least the information listed in default table
of contents in Appendix E.

For each project utilizing this DEP, a project-specific SCR Design Basis Document (referred
to herein as the Project Specific DBD) shall be created as an addendum to this DEP (i.e.
with the same DEP number and a project-specific extension). The project-specific DBD will
supplement this generic document by providing all project specific design criteria and
procedures and will refer to the generic design basis, so that, taken together, the two will
serve as the full design basis for the project. Component fabrication, installation, and
operation issues are outside the scope of this design basis.

Project specific DBD shall include:
i. Project overview from riser point of view,
ii. Design requirements and assumptions,
iii. Relevant geotechnical data and metocean data,
iv. Input parameter details used for riser design,
v. Summary of the load cases and the associated host motions,
vi. List of analysis performed for riser design, and

vii. List of deviations from this document.
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This DEP has been formed by a combination of industry code standards and practical
experiences gained from designing, installing, and operating steel catenary riser systems.
It is applicable to all steel pipe spans suspended from any type of floating platform.
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3. SYSTEM OVERVIEW

3.1 SYSTEM DESCRIPTION

For the purpose of this document, a typical flowline, pipeline, or umbilical system can be
considered as consisting of two parts: (1) the subsea section, which is that part of the
system that lies on the seafloor and is sufficiently remote from the host to be free of
dynamic loading, and (2) the riser section designed for dynamic service. The riser section
contains the entire suspended span from the host to the seafloor, including the riser/host
interface. It also includes the portion of the line that never leaves the seafloor but is
nevertheless subjected to dynamic loading from the response of the suspended portion.

3.11 SCR and SLWR

An SCR or an SLWR departs the host on a prescribed heading (the riser heading) and at a
prescribed angle with respect to vertical (the departure angle). Figures 3.1.1.1 and 3.1.1.2
define common terms used to describe the SCR and SLWR riser geometries, respectively.
These terms refer to the nominal geometry of the riser under calm, static conditions with no
vessel offset. An SCR consists of a suspended section and a bottom section (bottom
section remains on the sea floor extending to the transition point to the flowline). It is
important that the bottom section, although remains on the seafloor, shall be treated as part
of the dynamic riser, as it experiences the dynamic loads of the riser. Note also that the
point of first contact between the riser and the seafloor (touchdown point) will move as the
host moves.

3.1.2 Interface between Riser and Host

Proposed designs for the interface between the riser and the host vessel have included
tapered-wall stress joints, rotationally flexible elastomeric elements (flexible joints), and
flex-element used with flexible piping. This interface shall accommodate relative rotation
between the top of the riser and the host. The stress joints and the flexible joint-flexible
joint are the most common top terminations used with Shell SCRs to date. Figures 3.1.2.1
and 3.1.2.2 show typical designs for the stress joints and the flexible joints, respectively.

313 Riser Installation

Pipe sections are welded together on the lay vessel as the system is installed. For J-lay
installation, the suspended portion of the line is typically supported on a pedestal by J-lay
collars, which are welded between pipe sections during installation. For S-lay installation,
the suspended span is maintained in tension by track type tensioners on the lay vessel.

314 Production Risers and Gas-Lift Risers

In subsea developments, produced fluids exit the wells into a subsea flowline system,
which brings the production to a host facility for processing. Many flowline systems employ
some combination of pipe-in-pipe construction, insulation jacketing, or burial in the seafloor
in order to keep produced fluid temperature sufficiently high to maintain system operability.
Since flowlines are usually directly exposed to the wellbore, the internal pressures tend to
be high, resulting in thick-walled designs (D/t ~ 10) driven by burst considerations.

To facilitate transport of produced fluids up the riser from seafloor to host, a gas-lift
mechanism is sometimes employed. This typically involves the use of an additional gas-lift
riser that carries gas from the host down to a tie-in point on the flowline just far enough
upstream from its touchdown point to be free of loading due to riser dynamics. Gas-lift
risers are typically exposed to the same pressure environment as the flowlines they serve,
so their designs also tend to be thick-walled (D/t ~ 10) and driven by burst considerations.

3.1.5 Pipe-in-Pipe (PIP) Production Risers

Pipe-in-pipe flowline designs present the additional design considerations of thermal
loading, residual loading due to the installation process, and load sharing between inner
(carrier) and outer (casing) pipes. Carrier pipe designs tend to be burst-driven and thick-
walled (D/t ~ 10), and casing pipe tends to be less thick (D/t ~ 20) due to the absence of
internal pressure, with design typically driven by collapse. The annulus between the pipes
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is typically assumed to be at atmospheric pressure, but the appropriateness of this
assumption should be checked for each project.

When using a flexible joint or stress joint, the pipe geometry at the top of a PIP SCR
typically transitions between pipe-in-pipe and single-pipe construction somewhere below
the top termination. A forged and machined SCR transition bulkhead is used to provide this
transition, as shown in Fig. 3.1.5.1. Because of the relatively large dynamic bending
moments experienced near the top termination, the bulkhead shall be located far enough
away from the top of the riser that the bulkhead and associated welds have sufficient
fatigue life. A spacer pup joint provides the necessary spacing, as shown in Fig. 3.1.5.2.
Note that the dimensions of the spacer pup are typically not going to be the same as either
the inner or the outer pipe of the PIP SCR.

3.1.6 Export Risers

After undergoing separation and processing on the host, oil and/or gas may be introduced
into a pipeline system for transmission to shore. These pipelines connect to the host via
export risers, which tend to be larger and thinner-walled (D/t ~ 20) than flowline risers or
gas-lift risers, due to lower operating pressures. The wall thickness of these risers is
typically determined by collapse considerations.

3.1.7 Umbilicals

Umbilicals are generally utilized to control subsea equipments, and also to transport
chemicals either to protect the flowlines or avoid hydrates. Over the years umbilicals have
become larger and more demanding with respect to weight, size, length and carry more
power and fluids. In most projects, umbilicals are designed by vendors (e.g., Nexans, Duco,
and etc), and the Principal design team will review the design documents. 1ISO 13628-5
may be referenced for the design criteria of the dynamic umbilicals that are not covered in
this document.

Critical areas that are relevant to umbilicals are the top connection between I-tube and
umbilical bend stiffener, bend stiffener design verification, umbilical pull-in mechanism,
interference (clashing) issues, installation issues, such as tension loads and selection of the
installation vessel, changes in diameter and associated problems with respect to fairings or
strakes, I-tube design vs. required loads from umbilical (tension, bending, and fatigue), and
for turret based FPSO concept, swivels, power limitations, installation and possible
replacement.
3.2 SYSTEM FUNCTIONAL REQUIREMENTS

An SCR or umbilical system shall:

e Enable safe and effective transport of product to or from the host.

¢ Allow internal pigging for removal of flow obstructions if project requires.

e  Withstand environmental, operational and accidental loads.

o  Beinstallable from a pipe-laying vessel.

Quantitative functional requirements and project parameters such as service life, operating
pressures, water depth, etc., shall be defined in the Project-Specific DBD.
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Figure 3.1.1.1 Typical SCR Configuration and Terminology
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Figure 3.1.5.1 Typical Pipe-in-pipe SCR Transition Bulkhead
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Figure 3.1.5.2 Pipe-in-pipe SCR Typical Arrangement at Top of Riser
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4, GEOTECHNICAL DATA, METOCEAN DATA, AND HOST CONFIGURATION

4.1 GEOTECHNICAL DATA

Global dynamic analysis of marine riser systems requires a thorough description of the soil
conditions that the riser is likely to experience during its service life. This data is region-
specific, and very often may be site-specific within a region. General guidelines, definitions,
and some regional descriptions on soil conditions may be found in ISO 19901-4 as
background information. The site-specific design criteria shall be provided by a
geotechnical specialist.

4.2 METOCEAN DATA

Global dynamic analysis of marine riser systems requires a thorough description of the
environmental conditions that the host platform and riser are likely to experience during
their service lives. This data is region-specific, and very often may be site-specific within a
region. General guidelines, definitions, and some regional descriptions on metocean design
conditions may be found in 1SO 19901-1 as background information. The site-specific
design criteria shall be provided by a metocean

For proper VIV damage assessment and riser interference checks, extreme current
descriptions should reflect both the magnitude of the currents at various depths and the
directionality of the current. Should it be necessary to augment the extreme current criteria
in the project-specific Metocean Design Basis with criteria developed solely for riser
analysis; the additional criteria shall appear in the Project-Specific DBD.

4.3 HOST CONFIGURATION

Dynamic analysis of risers attached to a floating host is typically a two-step process. First,
the response of the host itself is determined using a detailed model of the host and a
simplified model of any risers that may be present. This is done for each set of
environmental conditions of interest, and the data are saved in host motion database files.
The detailed analysis of any given riser system can then be performed separately by
imposing this host displacement response at the riser/host attachment point(s) as
displacement boundary conditions on the interface elements (i.e., springs, rollers, flexible
joints, etc.) that connect the riser to the host.

Several platform configurations are likely to occur during the service life of a given riser
system. Variance in the number and size of installed risers, the presence or absence of a
drilling rig, and tendon/mooring line adjustments in response to environmental influences all
affect the motions of the host platform. In analyzing global riser response, a subset of
platform configurations will be selected which covers all possible configurations in a
demonstrably conservative fashion for the type of analysis being performed.

The spectral description of the host motions for wave-frequency and low-frequency shall be
proven to be satisfactory for both extreme event analysis and fatigue analysis. This proof
that the host motions are adequate to provide quality results for riser analysis is subject to
Principal approval and shall be documented in the riser design summary report.
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5. DESIGN CRITERIA

5.1 GENERAL

In developing design criteria for any system, it is important to account for all failure modes
(limit states) and system configurations.

The relevant limit states for SCRs shall be understood to include:
1. Burst (excessive net internal pressure)

Tension (excessive tension)

Collapse (excessive net external pressure)

Buckling (excessive bending)

Combinations of the above limit states

Stress (excessive Von Mises, mid-wall stress)

Fatigue (repeated loading and unloading)

Rotation and Fatigue of flexible joint, if present

Stress and Fatigue of stress joint, if present

= © ® N o g bk~ 0D

0. For umbilicals, there are additional requirements and limit states that shall be
considered, e.g. clamping forces to hold umbilical, minimum bend radius, tension
requirements, etc. These issues are outside the scope of this document and are
addressed in design specifications and industry standards covering detailed
umbilical design, such as ISO 13628-5.

All structural components of the SCR system (including but not limited to flexible joint
extensions, stress joints, transition joints, and other pipe joint components) shall satisfy the
design criteria in this section. Any deviations from the criteria in this section SHALL [PS] be
approved by the Principal.

5.2 APPLICABLE INDUSTRY CODES AND SPECIFICATIONS

Development of the design requirements of this document has been primarily based on the
API RP 2RD and API RP 1111. The design shall be in compliance with APl RP 2RD and
API RP 1111, unless otherwise specified in the project specific design basis document or
required by local regulatory requirements. Local requirements, e.g. compliance with ASME
B31.8 and B 31.4 may impose stricter criteria, in particular for internal pressure design.

5.3 STATIC CHECKS

Design criteria for the static checks of line pipes are defined in this section. The static
checks may be used to determine the required minimum wall thickness and the steel grade
of the line pipe, the maximum allowable operating pressure, and the maximum allowable
bending strains in the line pipe.

A riser is part of a pipeline system, and thus shall comply with the pipeline design code
DEP 31.40.00.10-Gen Pipeline Engineering.  Specific design checks to meet the
requirements of DEP 31.40.00.10-Gen are not listed in this DEP other than reference
therero in 5.3.

5.31 Internal Pressure Design (Burst)

Maximum Allowable Operating Pressure (MAOP) shall be determined in accordance with
API RP 1111 Section 4.3.1 and the requirements of DEP 31.40.00.10-Gen (Section 6.4).

Gas and QOil Export risers shall also comply with ASME B31.8 and B 31.4 respectively.
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