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reword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

nonfgovernmentatl, in_fiaison with 150, also take part In the Wwork. 150 collaborates closely with the
Intefnational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
Intefnational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
Thel main task of technical committees is to prepare International Standards. Draft) International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an
Intefnational Standard requires approval by at least 75 % of the member bodies'¢asting a vote.
Attention is drawn to the possibility that some of the elements of this document may be the subjgct of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.
ISO[13628-7 was prepared by Technical Committee ISO/TC 67, .Materials, equipment and offshorg structures
for |petroleum, petrochemical and natural gas industries, .Subcommittee SC 4, Drilling and| production
equfpment.
ISO[ 13628 consists of the following parts, under the general title Petroleum and natural gas ipdustries —
Design and operation of subsea production systems:
— | Part 1: General requirements and recommendations
— | Part 2: Unbonded flexible pipe systemsfor subsea and marine applications
— | Part 3: Through flowline (TFL) systems
— | Part 4: Subsea wellhead ahnd tree equipment
— | Part 5: Subsea umbilicals
— | Part 6: Subsea’production control systems
— | Part 7: Completion/workover riser systems
— | Part 8:-Remotely Operated Vehicle (ROV) interfaces on subsea production systems
_ Dart Q- Daopacntal, Miaprafad Tl (DOVT) fnfamianticn oo Q-

rmdure Jv. i1 \Vlllvtvly VNVI LZLAAY I iV | ‘l \Vl/ mreerveoriinovrt OJOLUIIIO
— Part 10: Specification for bonded flexible pipe
— Part 11: Flexible pipe systems for subsea and marine applications
© I1SO 2005 — All rights reserved \4
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Introduction

This part of ISO 13628 has been prepared to provide general requirements, recommendations and overall
guidance for the user to the various areas requiring consideration during development of subsea production
system. The functional requirements defined in this part of ISO 13628 allow alternatives in order to suit
specific field requirements.

This part g
component
analysis are

This part of
subsea pro

It is necess
needed for
the purchag

This is prg
alternative
provide det

f 1SO 13628 constitutes the overall C/WO riser system standard. Functional requirements
5 comprising the system and detailed requirements for riser pipe and connector design
included herein.

ISO 13628 was developed on the basis of API RP 17G:1995, and other relevant”document
juction systems.

Ary that the users of this part of ISO 13628 be aware that further or different requirements migHh
individual applications. This part of ISO 13628 is not intended to inhibit-a vendor from offering
er from accepting, alternative equipment or engineering solutions for.the individual application.

bably particularly applicable where there is innovative orideveloping technology. Whereg
s offered, it is the vendor's responsibility to identify any variations from this part of ISO 13628
ils.

for
and

b on

t be
), Or

an
and

Vi

© I1SO 2005 — All rights reserved


https://standardsiso.com/api/?name=b3ee2c5c08046f33b871ceb6d7cdce8b
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Petroleum and natural gas industries — Design and operation
of subsea production systems —

Part 7:
Caompletion/workover riser systems

1 |Scope
Thig part of ISO 13628 gives requirements and recommendations for the ‘design, analysis} materials,
fabrjcation, testing and operation of subsea completion/workover (C/WO)-riser systems run frofn a floating
vessel.

It is| applicable to all new C/WO riser systems and may be applied to modifications, operation of existing
systems and reuse at different locations and with different floating, vessels.

Thig part of 1SO 13628 is intended to serve as a commaon' reference for designers, manufagturers and
opefators/users, thereby reducing the need for company specifications.

Thig part of ISO 13628 is limited to risers, manufactuted from low alloy carbon steels. Risers fabricated from
spegial materials such as titanium, composite matéfials and flexible pipes are beyond the scope of this part of
ISO[13628.

Specific equipment covered by this part of ISO 13628 is listed as follows:
— |riser joints;

— |connectors;

— |workover control systems;

— |surface flow trees;

— |surface tregstension frames;

— |lower.workover riser packages;

— |lubricator valves;

— retainer valves;

— subsea test trees;

— shear subs;

— tubing hanger orientation systems;
— swivels;

— annulus circulation hoses;

© I1SO 2005 — All rights reserved 1
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2 Norm

The followi
references,
document (

ISO 148, S

ISO 377, S
testing

ISO 783, M|

ISO 898-1,
and studs

1ISO 898-2,
thread

ISO 1461, K

ISO 3183 (
conditions

riser spiders;
umbilical clamps;

handling and test tools;

p running tools.
equipment not covered by this part of ISO 13628 is listed below:

hangers;

and external tree caps;
hanger running tools;
coiled tubing units;
wireline units;

tree kill and production jumpers.

ative references

hg referenced documents are indispensable for the “application of this document. For d
only the edition cited applies. For undated references, the latest edition of the referer
ncluding any amendments) applies.

eel — Charpy impact test (V-notch)

btallic materials — Tensile testing .at elevated temperature

Mechanical properties of.fasteners made of carbon steel and alloy steel — Part 1: Bolts, sci

Mechanical properties of fasteners — Part 2: Nuts with specified proof load values — Co

ot dip galvanized coatings on fabricated iron and steel articles — Specifications and test meth

bll parts), Petroleum and natural gas industries — Steel pipe for pipelines — Technical deli

hted
ced

feel and steel products — Location and preparation of samples and test pieces for mechanical

ews

arse

bds

very

ISO 2566-1

, Steel — Conversion of elongation values — Part 1: Carbon and low alloy steels

ISO 4885, Ferrous products — Heat treatment — Vocabulary

ISO 6507-1

, Metallic materials — Vickers hardness test — Part 1: Test method

ISO 6892, Metallic materials — Tensile testing at ambient temperature

ISO 9327-1, Steel forgings and rolled or forged bars for pressure purposes — Technical delivery conditions —

Part 1: Gen

ISO 9606-1

eral requirements

, Approval testing of welders — Fusion welding — Part 1: Steels
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ISO 13628-

9712, Non-destructive testing — Qualification and certification of personnel

7:2005(E)

ISO 10423:2003, Petroleum and natural gas industries — Drilling and production equipment — Wellhead and
christmas tree equipment

ISO 10432, Petroleum and natural gas industries — Downhole equipment— Subsurface safety valve
equipment

ISO

ISO

10474, Steel and steel products — Inspection documents

10945, Hydraulic fluid power — Gas-loaded accumulators — Dimensions of gas ports

ISO

ISO

ISO
equl

ISO

ISO
Par

ISO|
sys

ISO
Pari

ISO|
sys

ISO

ISO
and

ISO
ino

ISO
and|

ISO

ISO

11960:2001, Petroleum and natural gas industries — Steel pipes for use as casing or tubing'fa
11961, Petroleum and natural gas industries — Steel pipes for use as drill pipe — Specificatio

13533:2001, Petroleum and natural gas industries — Drilling and production eqtipment — |
joment

13535, Petroleum and natural gas industries — Drilling and production equipment — Hoisting

13628-2, Petroleum and natural gas industries — Design and operation of subsea production
2: Unbonded flexible pipe systems for subsea and marine applicatiohs

13628-4:1999, Petroleum and natural gas industries — Design and operation of subsea
ems — Part 4: Subsea wellhead and tree equipment

13628-5, Petroleum and natural gas industries — DeSign and operation of subsea production
5: Subsea umbilicals

13628-6:2000, Petroleum and natural gasindustries — Design and operation of subsea
ems — Part 6: Subsea production control systems

14693, Petroleum and natural gas industries — Drilling and well-servicing equipment

15156-1, Petroleum and natural-gas industries — Materials for use in H,S-containing environ
gas production — Part 1: General principles for selection of cracking-resistant materials

r wells
n

Drill-through

equipment

systems —

production

systems —

production

iments in oil

15156-2:2003, Petroleum_and natural gas industries — Materials for use in H,S-containing efvironments

| and gas production -— Part 2: Cracking-resistant carbon and low alloy steels, and the use of @

15156-3, Petroleum and natural gas industries — Materials for use in H,S-containing environ
gas production = Part 3: Cracking-resistant CRAs (corrosion-resistant alloys) and other alloys

17025, General requirements for the competence of testing and calibration laboratories

15579, Metallic materials — Tensile testing at low temperature

ast irons

iments in oil

API

API

API

"")'Sper,—'l"'?')—RUTaTy'Dnﬂ'Stmn'E, [ ferments

Spec 16C, Specification for Choke and Kill Systems

RP 17B, Recommended Practice for Flexible Pipe

1)
2)

American Petroleum Institute, 1220 L Street, North West Washington, DC 20005-4070, USA.

For the purposes of this part of ISO 13628, API Spec 7 will be replaced by ISO 10424-1 and ISO 10424

become publicly available.

© I1SO 2005 — All rights reserved
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ASME 3), Boiler and pressure vessel code, Section VIII:2001, Rules for construction of pressure vessels,

Division 1

ASME, Boiler and pressure vessel code, Section IX:2001, Welding and brazing qualification

ASTM A193, Standard Specification for Alloy-Steel and Stainless Steel Bolting Materials for High-Temperature

Service

ASTM A194, Standard Specification for Carbon and Alloy Steel Nuts for Bolts for High Pressure and High
Temperature Service

ASTM A32Q,

Standard. Qpnnifinnfinn for. AIIny_annl and-Stainless Steegl Rnlﬁng Materials for L nw_Tnmpnr

ture

Service

ASTM4) A3

70, Standard Test Methods and Definitions for Mechanical Testing of Steel Products

ASTM A508, Standard Specification for Quenched and Tempered Vacuum-Treated CarbonCahd Alloy S

Forgings fo

BS %) 7201,
steel accuny

EN 6) 287-1
EN 288 (all

EN 1418, U
setters for fi

IEC7) 6008
Edition

MSS &) SP-
SAE 9) AS 4

r Pressure Vessels

Hydro-pneumatic accumulators for fluid power purposes — Part 1: Specification for seam
ulator bodies above 0,5 | water capacity

Qualification test of welders — Fusion welding — Part 1: Steels

parts), Specification and approval of welding procedures for metallic materials

Llly mechanized and automatic welding of metallic mateftials

D-0, Electrical apparatus for explosive gas atmospheres — Part 0: General Requirements, Fg

D5, Standard Marking Systems for Valves, Fittings, Flanges and Unions

059, Aerospace fluid power — Cleanliness classification for hydraulic systems

3 Terms, definitions, abbreviated terms and symbols

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

3.1 Ternm

3.1.1
accidental
load(s) whig

EXAMPLES

s and definitions

load
h are imposed on the C/WO riser system under abnormal and unplanned conditions

Loss of vessel station-keeping and heave compensator lock-up.

3) ASME International, Three Park Avenue, New York, NY 10016-5990, USA.
4) American Society for Testing and Materials, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, USA.
5) British Standards Institution, 389 Chiswick High Road, London W4 4AL, UK.

6) Europea

n Committee for Standardization, 36 rue de Stassart, B-1050, Brussels, Belgium.

teel

eSS

elding personnel — Approval testing of welding operators:for fusion welding and resistance weld

urth

7) International Electrotechnical Commission, IEC Central Office, 3, rue de Varembé, P.O. Box 131, CH-1211 Geneva 20,

Switzerland.

8) Manufactures Standardization Society of the Valve & Fitting Industry, 127 Park Street, N.E., Vienna, VA 22180, USA.
9) SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, USA.
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31.2

agreement

unless otherwise indicated, “by agreement” means “by agreement between manufacturer and purchaser at the
time of enquiry and order”

313

apparent weight

weight in water

wet weight

net lift

submerged weight

effective weight

submerged weight including content minus buoyancy

3.1 Jd
attachment weld
fillef or full penetration weld used for attachment of components to pipe or coupling

3.1.p
auxijliary line
confluit (excluding choke and Kkill lines) attached to the outside of the riser'main pipe

EXAMPLES Hydraulic supply line and annulus circulation line.

31.p
ball[joint
balljand socket assembly having a central through-passage equal to or greater than the riser internal diameter

NOTE This can be positioned in the riser string to reduce local bending stresses.

347
barrier
one|or several barrier elements that are designed to prevent unintended flow of formation fluid

318
barfier element
dev|ce that, alone, cannot prevent flow from one side to the other side of itself

3.1.p
bearing stress
avefage normal stress'on the contact surfaces of mating surfaces

3.1.410

blow-out preventer
BOP
dev|ce.installed at the wellhead to contain well-bore pressure either in the annular space between the casing
and|the)tubulars or in an open hole during drilling, completion, testing or workover

311

BOP stack

assembly of well control equipment including BOPs, spools, valves, hydraulic connectors, and nipples that
connect to the subsea wellhead

NOTE As commonly used, this term sometimes includes the LMRP.

© I1SO 2005 — All rights reserved 5


https://standardsiso.com/api/?name=b3ee2c5c08046f33b871ceb6d7cdce8b

ISO 13628-7:2005(E)

3.1.12

BOP adapter joint
BOP spanner joint
tubing hanger orientation joint
specialized C/WO riser joint used when the C/WO riser is deployed inside a drilling riser and subsea BOP to

install and r

3.1.13
BOP stack

etrieve an orientated subsea tubing hanger

assembly of well control equipment including BOPs, spools, valves, hydraulic connectors and nipples that

connects to

the subsea wellhead

NOTE A

3.1.14

s commonly used, this term sometimes includes the LMRP.

buoyancy module

structure of]
reduce the

3.1.15

calculation
use of anal
method, to i

3.1.16
Charpy V-n

low-mass material, usually foamed polymers strapped or clamped to the exterior| of riser joint
submerged mass of the riser

tical-based formulas or numerical-based methods, e.g. finite element method or boundary eler
hvestigate the structural safety of a component/system

otch test

test to indicate fracture toughness in terms of energy absorbed or lateral expansion or fracture appearance

3.1.17

choke-and
external co|
wellbore to

3.1.18

connector
mechanical
applied loaq

EXAMPLES
two pins, a g
types, includ

3.1.19

kill line
nduits, arranged laterally along the riser pipe, and used to circulate fluids into and out of
control well pressure

device used to connect adjacent.components in the riser system to create a structural joint resis
s and preventing leakage

Threaded types, including (i) one male fitting (pin), one female fitting (integral box) and seal ring(s), g
oupling and seal sea, fing(s); flanged types, including two flanges, bolts and a gasket/seal ring; clamped
ng hubs, clamps, bolts*and seal ring(s); dog-type connectors.

control m
assembly
surface

NOTE
a workover c

3.1.20

ule
subsea~control equipment for piloted or sequential hydraulic or electrohydraulic operations 1{

b

nent

the

ting

r (i)
hub

rom

ontrol module in tree mode for operation of the lower workover package.

completion riser

temporary r

NOTE

iser that is designed to run inside a BOP and drilling riser to allow for well completion

workover operations.

ras

Completion operations are performed within the drilling riser. A completion riser can also be used for open-sea

© I1SO 2005 — All rights reserved
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31.21

completion/workover riser

C/WO riser

temporary riser used for completion or workover operations

3.1.22
component
part of the pressure-containing equipment, which can be considered as an individual item for the calculation

NOTE Includes structural components like pipes, connectors, stress joints, tension joints, landing blocks, slick joints,
tubing hanger orientation joints, adapter joints, etc.

DN, erosion,

gation

open in the

assessment of a component for a load case by means of an application rule

3.1.p7
desjgn criteria
quaptitative formulations which describeeach failure mode the conditions shall fulfil

3.1.p8
desjign factor
factpr (usage factor) used in working stress design

3.1.29

desjign life
peripd for which a-riser can be used for its intended purpose with anticipated maintenance |but without
subgtantial repairior replacement being necessary including storage and working periods

NOTE The design life includes the entire period from start of manufacture to condemnation of the C/W({ riser system
or part of the'system.

3.1.30
design load
combination of load effects

3.1.31
design material strength
stress used for structural strength calculation

3.1.32

design pressure

maximum difference between internal pressure and external pressure that is unlikely to be exceeded during
the life of the riser, referred to a specified reference height

© I1SO 2005 — All rights reserved 7
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NOTE
allowable.

EXAMPLE
maximum su

3.1.33
designer

Design pressure is often named maximum allowable pressure or rated working pressure or maximum

Design pressure is the maximum pressure considering shut-in pressure at the wellhead (seabed) or at
the top of the riser with subsea valves open, maximum well fracturing pressure, maximum well injection pressure,

rge pressure or maximum well kill pressure.

individual or organization that takes the responsibility for the design of C/WO riser systems conforming with
requirements of this part of ISO 13628

3.1.34
drift
cylindrical n

3.1.35
meter
minimum di

3.1.36
drift-off
unintended
wellhead, g

3.1.37
drill pipe ri
single string

3.1.38

drilling riser

system use
vessel and

3.1.39
drive-off
unintended
station-keey

3.1.40
dynamic p

computerizéd means of maintaining a vessel on location by selectively activating thrusters

3.1.41

effective tgnsion

axial tensio
of the riser

ser

nandrel for verifying drift diameter of individual and assembled equipment

ameter that allows for the passage of the drift

lateral movement of a dynamically positioned vessel off its/intended location relative to
enerally caused by loss of station-keeping control or propulsion

of drill pipe with an attached hydraulic control umbilical and annulus umbilical

d with floating drilling vessel for guiding.the drill string and circulating fluids between the dri
he subsea BOP

movement of a dynamically-positioned vessel off location driven by the vessel's main propulsio

ing thrusters

bsitioning

h calculated at any point along a riser by considering only the top tension and the apparent we

the

lling

ight

bind.its contents (tension positive)

NOTE

3.1.42

Global buckling and geometric stiffness is governed by the effective tension.

emergency disconnect package
subsea equipment package that typically forms part of the lower workover riser package and provides a
disconnection point between the riser and subsea equipment

NOTE

drift-off or other emergency that could move the vessel away from the well location.

This equipment is used when it is required to disconnect the riser from the well, typically in case of a vessel
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3.1.43
emergency quick-disconnect
automatic activation of an emergency shutdown followed by an automatic disconnect of the riser

3.1.44

emergency shutdown

controlled sequence of events that ensures that the well is secured against accidental release of
hydrocarbons into the environment, i.e. closing of barrier elements

3.1.45
environmental loads
loads due to the environment

3.1.
fabyricator
indiyidual or organization that takes the responsibility for the fahfication of C/WO riser systems|conforming
with the requirements of this part of ISO 13628

3.1.48

factory acceptance test
FAT
test|conducted by the manufacturer to verify that the manufacture of a specific assembly meets gll intended
fungtional and operational requirements

A9
failisafe
applied to equipment or a system\so designed that, in the event of failure or malfunction of any part of the

evept causing an undesirable condition, e.g. loss of component or system function, or detgrioration of
fungtional capability to-slch an extent that the safety of the unit, personnel or environment is significantly

EXAMPLE Structural failure (excessive yielding, buckling, rupture, leakage) or operational limitatior]s (slick joint

rotary
component that sits on the drilling rotary and provides a slip profile for single, dual or triple tubing strings

NOTE This allows the workover control system umbilical to feed into the drilling riser without interfering with the slips.

3.1.52
fatigue analysis
conventional stress-life fatigue analysis using material S-N curves and specified fatigue design factors

3.1.53
fatigue crack growth analysis
analysis of crack growth from assumed initial defect size under the action of cyclic loading

NOTE Used to determine fabrication inspection requirements and in-service inspection plans.

© I1SO 2005 — All rights reserved 9
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3.1.54

finite element analysis
numerical method for analysing dynamic and static response, by dividing the structure into small continuous
elements with the given material properties

NOTE

3.1.55
flex joint

The analysis can be local or global.

laminated metal and elastomer assembly, having a central through-passage equal to or greater in diameter
than the interfacing pipe or tubing bore, that is positioned in the riser string to reduce the local bending

stresses

3.1.56

floating vepsel

buoyant ing

NOTE 1
dynamic pos

EXAMPLE

3.1.57
fluid
gases, liqui

3.1.58
fractile
p-fractile (d
distribution

3.1.59

tallation that is floating and positioned relative to the sea bottom by station-keeping)systems

'he following types of station-keeping systems are normally considered: catenary’mooring systems
tioning systems based on thrusters. Combination of station-keeping systems can be'Censidered.

Semi-submersible drilling vessels and drill ships.

is and vapour in pure phases as well as mixtures thereof

r percentile) and the corresponding fractile value Xy is defined as F(Xp)=p, where F is
function for Xy

fracture mé¢chanics assessment

assessmen
growth life,

3.1.60
frequency
dynamic arj
fundamentg
NOTE A
3.1.61

functional
load cause

| and analysis where critical defect-sizes under design loads are identified to determine the ¢
.e. leak or fracture

domain
alysis method based ©n the assumption that any applied irregular process is a superpositio)
I, regular processes

requency domain analysis is usually associated with linear systems.

oad

ressure loads

and

the

rack

n of

| by the physical existence of the riser system and by the operation and handling of the system,

excluding p

3.1.62
galling

cold welding of contacting material surfaces followed by tearing of the materials during further sliding/rotation

NOTE

Galling results from the sliding of metallic surfaces that are under high bearing forces. Galling can generally be

attributed to insufficient lubrication between the surfaces. The purpose of the lubrication medium is to minimize the metal-
to-metal contact and allow efficient sliding of the surfaces. Other ways to prevent galling are to reduce the bearing forces
or reduce the sliding distance.

10
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3.1.63

gasket

deformable material (or combination of materials) intended to be clamped between flanges to prevent leakage
of fluid

3.1.64

gimbal

device that interfaces with the spider and the riser joint and enables the riser to rotate about the horizontal
axis, thereby reducing the bending moments, which can otherwise occur due to vessel roll/pitch motions

3.1.65

global analysis
analysis of the complete riser string from the sea floor (wellhead) to top drive including tensioner-jgint, utilizing
beam element

NOTE Bending moments and effective tension distributions along the riser string due to.functional loads, vessel
motipns and environmental loads are determined by global analysis.

3.1.66

global buckling
elagtic Euler buckling

EXAMPLE End-to-pipe junction, connector-to-pipe junction, the junction of two pipes of differerlt diameters,

risel when disconnected fromseabed

NOTE Hang-off is usually differentiated from disconnected. Disconnected is normally the condition [directly after
discpnnecting the riser.Hang-off is normally associated with the riser suspended from the rotary table.

3.1.70
heat-affected-zone
regipn around.a weld that has been affected by welding

3.1.771
hea
floating vessel motion in the vertical direction

3.1.72

horizontal tree

subsea tree with production and annulus bore valves located external to the tree, where the tubing hanger or
dummy tubing hanger is installed after the tree

3.1.73

hydraulic connector
mechanical connector that is activated hydraulically

© IS0 2005 — Al rights reserved 1
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3.1.74
hydrodyna

mic loads

flow-induced loads caused by the relative motion between the riser and the surrounding water

3.1.75

integral riser
integral style C/WO riser is a riser in which the pressure-containing conduits are mounted into a common
assembly or joint

NOTE 1

production and annulus lines to be made up simultaneously.

An integral riser is typically classified as either jacketed or non-jacketed. The integral riser joint allows the

NOTE2 A
is typically us

3.1.76
jumper
short piece

3.1.77
landing str
all the equi
and up to th

NOTE i
shear sub, r
hanger runni

3.1.78
leak-tight

leakage that is acceptable for a particular component

g
\

NOTE

3.1.79
lifting devi

tool dedicafed for lifting

3.1.80
limit analys
method ussg

3.1.81
load
physical infl

3.1.82

jacketed C/WO riser can also contain hydraulic control lines inside the structural housing. This type.of
ed in applications where high tensile or bending loads are anticipated.

of flexible pipe

ng
bment of the riser above the tubing hanger that is contained wholly-or partly within the BOP s
e first standard riser joint

or live well operations, the landing string typically consists of a tubing hanger running tool, subsea test
ptainer valve and lubricator valve. For killed well operations, the\landing string typically consists of a tu
hg tool and tubing hanger orientation joint or slick joint.

ee 6.4.11.5.

Ce

bis
d to compute the resistance of a component made of ideally (rigid) plastic material

uence whieh causes stress and/or strains in the riser system

load case

riser

tack

tree,
bing

combination of simultaneously acting loads

3.1.83
local buckl

ing

buckling mode implying deformations of the cross-section

NOTE

3.1.84
load effect

This can e.g. be due to external pressure (hoop buckling) or moment (wrinkling) or a combination thereof.

effect of a single load or combination of loads on the structure, such as stress, strain, deformation,
displacement, motion, etc.

12
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3.1.85
low-frequency vessel motion
motion response at frequencies below wave frequencies typically with periods ranging from 30 s to 300 s

3.1.86

lower marine riser package

LMRP

upper section of a two-section subsea BOP stack consisting of the hydraulic connector, annular BOP, ball/flex
joint, riser adapter, jumper hoses for the choke, kill and auxiliary lines and subsea control modules

NOTE The LMRP interfaces with the BOP stack.

3.1.E7

lower riser package
subgea equipment package which forms part of the lower workover riser package and typically cpnsists of a
WCIT-BOP and tree running tool

3.1.B8

lower workover riser package
Iowfrmost equipment package in the riser string when configured for subsea tree installation/wgrkover and
inclliding any equipment between the riser stress joint and the subsea tree,~and typically consisting of a lower
risef package and emergency disconnect package

NOTE The lower workover riser package permits well control and.€nsures a safe operating status whilgt performing
coilgd tubing/wireline and well servicing operations.

3.1.89

lubricator valve
valMe assembly typically situated below the surface” tree and used to isolate the reservolr from the
envjronment when deploying long wireline/coiled tubing tool assemblies

3.1.p0
maintenance
tota| set of activities performed during the service life of the riser to preserve its function

3.1.p1
make-up tool
tool|to facilitate the make-up ©f the riser joint connectors

3.1.p2

manufacturer
indiyidual or organijzation that is normally responsible for the design and manufacture of the C/WO riser and
its gonformance-with this part of ISO 13628

NOTE The 'manufacturer can subcontract one or more of the above-mentioned tasks under its responsibjlity.
3.1.p3
manufacturing procedure-specification

document prepared by the manufacturer to demonstrate how the specified properties can be achieved and
verified through the proposed manufacturing route

3.1.94

mean static offset

(of vessel) mean static offset includes static offset due to steady forces from current, wind and wave, offset
due to low-frequency motions and active positioning of the vessel

3.1.95

mill/FAT test pressure

hydrostatic test pressure applied to riser components upon completion of manufacture and fabrication to test
the riser components for strength and/or tightness
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3.1.96

nominal value

dimensions

3.1.97

as specified on the drawings and specifications

non-integral riser

riser which

NOTE

is made up of independent production and annulus strings or bores

This type of riser is normally run with joints slightly staggered to allow conventional tubing or drill pipe-handling

tools to be used for make-up of joints. Clamping the tubular members as they are assembled provides ease of handling
and some structural stiffening. A non-integral C/WOQ riser can be grouped into two types: a drill pipe riser and a tubing riser.

3.1.98

notch stregs range

sum of the
stress rang

3.1.99

brimary stress range plus the secondary stress range plus the peak stress range, forming the
b (see Annex C), as applied to fatigue assessment of unwelded parts

operating eénvelope

limited rang

3.1.100

e of parameters in which operations will result in safe and acceptable equipment performance

operating mnode

condition th

NOTE )
verify lockdg
overpull to rg
or anchor lin

3.1.101

at arises from the use and application of the equipment or risef. System

[ypical operating modes are racking of riser components, running/retrieval, landing/connecting, overp
wn, system pressure testing, normal operation, surface shut-in, subsea shut-in, disconnecting, han

ES.

out-of-roundness

deviation of

NOTE )
numerical de

3.1.102
ovalization
deviation of

3.1.103

the circumference from a circle

[his can be an ovalization, i.e. an €lliptic cross-section, or a local out-of-roundness, e.g. flattening.
finition of out-of-roundness and ovalization is the same.

the circumference from.a circle which has the form of an elliptic cross-section

qualified personnel

individuals
against the

3.1.104

ith characteristics or abilities gained through theory and training and/or experience as meas
manufacturer’'s established requirements

b

peak stres

trieve tubing hanger, failure of dynamic positioning system,failure of tensioner system and failure of ang

otal

Il to

o,

hors

The

ired

part of stress, which is additive to the respective primary and secondary stresses, to form the total stress

NOTE

conjunction with primary and secondary stresses.

3.1.105
pitch

nominal distance between two adjacent threads roots or crests

14
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3.1.106

primary load
load which is independent of structural deformation in the riser and induces an internal force that is necessary
to satisfy the laws of static equilibrium

NOTE The internal force acts as long as the load is applied, and does not diminish when yielding occurs.
EXAMPLE Internal pressure, external hydrostatic pressure, self-weight, contents and buoyancy of the riser.
3.1.107

primary stress

strefps that satlisfies the Taws of equilibrium of pressure, external force and moment (i.e. Toad effecty

)

NOTE 1 Regarding the mechanical behaviour of a structure, the basic characteristic of this type of-stress i that in case
of (pon-admissible) increment of external load, the deformations upon full plasticification of the' s€ction |considerably
incre¢ases without being self-limiting.

NOTE 2  Regarding primary stress, distinction is made between membrane stress andybending stress with respect to
theirl distribution across the cross-section governing the load-carrying behaviour. Primary_ membrane stress |s defined as
the @iverage value of the respective stress components distributed over the section governing the load-carrying behaviour.
Prir{ary bending stress is defined as primary stress distributed linearly across the(censidered section and pfoportional to
the dlistance from the neutral axis.

NOTE 3 Regarding the distribution of membrane stress along the wall, distinction is made between general primary
menpbrane stress and local primary membrane stress. Membrane stress due to gross structural disconfinuities (e.g.
intergIraI attachments) is considered as local.

3.1./108

progess shutdown

confrolled sequence of events that ensures that\the well is secured against accidental |release of
hydfocarbons to the environment

3.1./109

prying

magnification of an external load by a pseudo-lever action when the load is an eccentric tensile loaf

3.1./110

pup joint

join{ of pipe or tubing shorter than standard length

31111

purgchaser

organization that buys the C/WO riser system on behalf of the user and/or operator or for its own uge

3.1./112

ratgheting

progressive inelastic deformation or strain which can occur in a component that is subjected to yariations of

meghanical stress, thermal stress, or both (thermal stress ratcheting is partly or wholly caused| by thermal
stress)
NOTE Ratcheting results in a plastic deformation, which increases by about the same amount at each cycle and

quickly leads to an unacceptable value.

3.1.113

re-entry spool
uppermost part of a subsea tree to which the C/WO riser is attached to gain vertical well access or the
uppermost part of a lower workover riser package to which an emergency disconnect package connector is
attached to provide a single disconnect point

© I1SO 2005 — All rights reserved

15


https://standardsiso.com/api/?name=b3ee2c5c08046f33b871ceb6d7cdce8b

ISO 13628-7:2005(E)

3.1.114

resistance

mechanical property of a component, a cross-section, or a member of the structure, e.g. bending resistance,
local buckling resistance

3.1.115

response amplitude operator

RAO

relationship between wave surface elevation amplitude and the vessel response amplitude, and the phase lag
between the two

3.1.116

retainer vajve
valve assembly in the C/WO riser used to retain fluid within the riser and hence preventing its escape tq the
environmert during a riser disconnect operation

NOTE Typically located just above the disconnect point.

3.1.117
return peripd
average pefiod of time between occurrences of a given event

NOTE The inverse of the return period is the statistical probability of such an evéent occurring in any given year.

3.1.118
riser discohnect
operation of unlatching a riser connector

EXAMPLE Disconnecting the emergency disconnect package from the lower riser package and/or disconnecting the
riser from thg subsea test tree.

3.1.119
riser joint
joint consisting of a tubular member(s) midsection,.with riser connectors at the ends

NOTE Riser joints are typically provided in 9,14 m to 15,24 m (30 ft to 50 ft) lengths. Shorter joints, pup joints| can
also be provided to ensure proper space-out while running the subsea tree, tubing hanger, or during workover operatigns.

3.1.120
riser mode]
structural njodel, established.-from the tabulated data of the riser, to describe the actual riser, and used |in a
global analysis of the riser system

3.1.121
riser pipe
seamless plpe which forms the principal conduit of the riser joint

EXAMPLE The riser pipe is the conduit for containing the production fluid flow from the well to the surface tree.

3.1.122
riser system
comprises the riser and all integrated components including subsea and surface equipment

EXAMPLE In tubing hanger mode, the system includes all components from tubing hanger to the top drive; in tree
mode, the system includes all components from the wellhead to the top drive.

3.1.123
rotary table
device used to apply torque to the drill string during drilling and normally located in the centre of the drill floor

NOTE Can be rotated and can support wear bushing or spider.
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3.1.124
running tool
specialized tool used to run equipment in a well

EXAMPLE

Wireline running tool or various types of tubing-type running tools.

3.1.125

wave scatter diagram
table listing occurrence of sea-states in terms of significant wave height and wave peak period or mean
upcrossing period

7:2005(E)

31

sear

26

barfier to prevent the passage of fluids

31127

seamless pipe

tubdlar product made without a welded seam, manufactured in a hot-forming pfocess using an
drawing process that can be followed by cold sizing or cold finishing to produce the des
dimgnsions and properties

3.1./128

secpndary load

loaqd induced by structural deformation (or the prevention thereof)jin)the riser which is necessary t
lawg of compatibility of strain and deformation

NOTE The internal forces induced by a secondary load diminish when yielding occurs. Secondary loadd
to bg taken into account where they do not affect the resistancé of the member/component to resist other loag

bolts

drilli
excH
afte

3.1.
sec
stre
mMoq
that

NOT
lineg

NOT
that
Cha

bl:(t»j
EXAMPLE

in flanges is an example. During make-up of a flange; the torque/tension applied by the tool on the bol
fter make-up, the residual bolt preload is secondary;

An example of a secondary load (s the bending caused in the C/WO riser during operati
ng riser due to flex joint/ball joint angles. Bending moments that exceed yield, in this case, do not ge
ssive yielding and failure. Other examplés)are differential temperature in restrained sections and resi
welding.

129

pndary stress

5s developed by constraint'due to a geometrical discontinuity, by the use of materials of diff
uli under external load, by constraint due to differential thermal expansion, or by assembly lo
does not impair thé.sealing performance of a connector

E1 Only stfesses that are distributed linearly across the thickness are considered secondary stresg
rly distribute@sstresses, the secondary stresses are those of the equivalent linear distribution.

E2 With respect to the mechanical behaviour of the structure, the basic characteristic of secondar
theyilead to plastic deformation when equalizing different local distortions in the case of excess of the y
racteristic for a secondary stress is that it is self-limiting, i.e. local flow deformation leads to a limitation of

extrusion or
red shape,

b satisfy the

do not have
s. Preload of
ts is primary,

bn within the
erally cause
ual stresses

rent elastic
d (preload)

es. For non-

y stresses is
eld strength.
he stress.

NOTE 3

NOTE 4

Secondary stresses can be of the membrane or bending type.

Bending stresses caused by gross structural discontinuities and acting across the wall thicknes

are classified as secondary stresses.

3.1.130
secure status
establishment of two independent barriers between the reservoir and the environment

© I1SO 2005 — All rights reserved
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3.1.131

service life
duration of time in which the equipment performs under the specified design conditions, i.e. time in active
operation excluding storage periods

NOTE

3.1.132

The service life is normally a small fraction of the design life.

shearing valve
gate valve or ball valve designed to shear wireline or coiled tubing and that can seal the bore

3.1.133
slick joint
special rise
rotary table
NOTE |

3.1.134
S-N curve

graphical pfesentation of the dependence of fatigue life, N, on fatigue strength, S

NOTE |

3.1.135
sour servig
service con
pressure

3.1.136

specified minimum yield strength

minimum y

material is purchased

[ joint designed to prevent damage to the riser and control umbilical where they pass through

sually included in C/WO risers and is sometimes named “cased wear joint”.

is also known as the Wohler curve.

e
ditions with H,S content exceeding the minimum spegified by ISO 15156 (all parts) at the de

eld strength at room temperature prescribed by the specification or standard under which

the

5ign

the

3.1.137

spider

device havipg retractable jaws or dogs(Used to support the riser on the uppermost connector support shoylder
during runnjng of the riser

NOTE The handling spider sits“either on the rotary bushing or in the rotary table. It provides a hang-off point fof the
integral C/WD riser. Some spidérs 'will lock to the rotary via the kelly drive pinholes in the master bushing. With the[pins
engaged, thg spider can resist torque. For non-integral risers, tubing slips and false rotaries are used in lieu of the spider.
3.1.138

splash zone

part of the rjsersubjected to repeated wetting and drying by seawater

3.1.139

stab

mating box and pin assembly that provides pressure-tight engagement of two pipe joints

NOTE An external mechanism is normally used to keep the box and pin engaged. For example, riser joint annulus
stabs can be retained in the stab mode by the make-up of the riser coupling.

3.1.140

stab sub

male half of sealing mechanism between component interfaces

NOTE

18

Stab subs can use elastomeric or metal seals or both.
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3.1.141
strength
mechanical property of a material, usually given in units of stress

3.1.142

stress concentration factor

SCF

local peak alternating stress in a component (including welds) divided by the nominal alternating stress in the
pipe wall at the location of the component

NOTE This factor is used to account for the increase in the stresses caused by geometric stress amplifiers, which
occyrimtheTiser component:
3.1.0143

strgss intensity factor
(frag¢ture mechanics) factor used to define the local conditions of stress and strain around a crack|tip in terms
of global parameters such as of loads, geometry and crack size

3.1./144

strgss joint
spegialized riser joint designed with a tapered cross-section, in order to. control curvature and reduce local
bengding stresses

NOTE It is the lowermost riser joint in the riser string when configuredfor workover.

3.1./145
strgss range
diffgrence between stress maximum and stress minimum ifa stress cycle

3.1./146
strgke
tota] upward and downward vertical movements of the riser relative to the vessel, i.e. travel pf the riser
tengioner, draw works and slick joint

NOTE It includes effects from envirohmental loads, functional loads (i.e. top tension, temperature and mean static
vesgel offset) and pressure.

3.1.147

subsea test tree
assembly of valves positioned above the tubing hanger running tool located inside the subsep BOP and
equjvalent to the lowerworkover riser package

NOTE It is used‘to’ secure the well and provides a disconnect point for the C/WO riser. The subsea test tree can be
confjgured for operation on horizontal or vertical trees.

3.1./148
subseactree
assembly of valves attached to the uppermost connection of the subsea wellhead and used to [control well
production

3.1.149

subsea wellhead

wellhead assembly used during drilling and completion operations that has provisions to lock and seal to a
subsea BOP stack and to the subsea tree

3.1.150

surface tree

device which provides flow control of the production and/or annulus bores during both tubing hanger
installation and subsea tree installation/workover operations

NOTE It can also have provisions to support the mass of the C/WO riser system.
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3.1.151
surface tree adapter joint
crossover from the standard riser joint connector to the connection at the bottom of the surface tree

NOTE Its bore configuration is consistent with the standard riser joint. This speciality joint is usually made up to the
surface tree prior to installation.

3.1.152

support shoulder

shoulder or projection on the external surface of a connector or the riser component for supporting the riser
system or well control equipment during riser running operations

3.1.153
surge
vessel motipn along the fore/aft axis

3.1.154
surge pressure
pressure prpduced by sudden changes in the velocity of the moving stream of fluids inside the riser

3.1.155
sway
vessel motipn along the port/starboard axis

3.1.156
system prgssure test
field hydrogtatic leak-tightness pressure test of the complete riser system performed after installation [and
before start|of operation

3.1.157
system test pressure
test pressufe applied to the riser during system fieldpressure test of the C/WO riser system performed after
installation and before start of operation

3.1.158
minimum design metal temperature
lowest metal temperature likely to be réached in operation, normally taken as the lowest fluid temperatune to
which the riger will be exposed in service

3.1.159
room temprrature
any tempefature between“4/°C and 40 °C (40 °F and 104 °F), i.e. temperature corresponding to the [test
conditions ¢f the material

3.1.160
tension joint
special riser §oint that provides a means for tensioning the C/WO riser with the floating vessel's tensiohing
system during open-sea workover mode

NOTE When in use, the tension joint is located below the slick joint, which has a provision for attaching the tensioner
unit to the riser.

3.1.161
tension ring
attachment point on the tension joint for the floating vessel tensioning lines

3.1.162

tensioner system

device that applies a close to constant tension to the riser string while compensating for the relative vertical
motion (stroke) between the floating vessel and the top of the deployed riser string
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3.1.163
time domain
timewise, incremental simulation of riser response

NOTE Offers the capability of modelling hydrodynamic and structural non-linearity.

3.1.164

top tensioned riser

vertical or nearly vertical riser supported by top tension in combination with boundary conditions that allow for
relative riser/vessel motions in vertical direction and constrained to follow the horizontal vessel motion at one
or several locations

3.1./165
treg running tool
dev|ce used to run and land the subsea tree on the subsea wellhead

3.1./166
tubing
pipg used in wells to conduct fluid from the well's producing formation into the subsea tree

3.1./167
tubing hanger
conjponent used to support the downhole completion tubing string

NOTE It is also typically used to seal and contain the completion.annulus from the environment.

3.1./168
tubing hanger running tool
dev|ce used to run, land and lock the tubing hanger inside the wellhead, tubing spool, or subsea trge

3.1./169
tubing riser
risef which consists of one or more individual-strings of production tubing and a hydraulic control umbilical

NOTE If multiple tubing strings are used, they can be left either independent of each other, or secured tggether using
somg type of clamping device. The hydraulic control umbilical is normally clamped or strapped to one of the {ubing strings
as itlis run.

3.1.0170
umbilical
flexible hose consisting,of a group of electrical cables, optical fibre cables, hoses, pipes, either on their own or
withl combinations<of each other, cabled together for flexibility and oversheathed and/or angmoured for
meghanical strength, used to transmit fluid/electrical signals to and from a power source to a remofe station

3171
umbilical\¢clamp
clampoused to attach the umbilical(s) to the riser joints

3.1.172
user and/or operator
organization that uses and/or operates the C/WO riser system

3.1.173
verification
examination to confirm that an activity, a product or a service is in accordance with specified requirements

3.1.174

vessel mean offset
offset created by steady forces from current, wind and waves
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3.1.175

vessel offset
total offset of the vessel, taking into account the vessel mean offset, wave frequency motions and low-
frequency wind and wave motions

3.1.176

vertical tree
subsea tree with either multiple or concentric bores and production valves located in the vertical bore of the

tree, where

3.1.177

the tubing hanger is installed before the tree

vortex-ind{iced vibration

in-line and

3.1.178
wave frequ
motion of th

3.1.179

ransverse oscillation of a riser caused by current-induced periodic shedding of vortices

ency motion
e vessel at the frequencies of incident waves

wear bushing

bushing to
level

3.1.180

be installed in the rotary table, to provide a smooth lateral support to the“workover riser at drill

well completion

well operati

3.1.181

bns including tubing installation, well perforation and test production

wireline/cdliled tubing BOP

WCT-BOP
subsea BO

NOTE

3.1.182
work

all activitieg
fabricator o

3.1.183
workover r
jointed rise
passage of
conditions

NOTE H
can be perfo

P that attaches to the top of a subsea tree to faeilitate wireline or coiled tubing intervention

VCT-BOP rams are designed to shear wirelineor coiled tubing and seal the bore, in one operation.

to be performed within relevant contract(s) issued by designer, owner, operator, contra
- manufacturer

ser
that provides a~conduit from the subsea tree upper connection to the surface and allows for
tools during workover operations of limited duration, and can be retrieved in severe environme

listorically, workover operations have normally been performed in open sea (i.e. for vertical tree systems
med. inside a drilling riser, provided sufficient barrier elements are available.

loor

ctor,

the
ntal

, but

3.2 Abbreviated terms

ASTM
BOP
CTOD
C/WwO
EDP
EN

22

ASTM International

blow-out preventer

crack tip opening displacement
completion/workover
emergency disconnect package

European Standard
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FAT factory acceptance test

FMECA failure mode, effects and criticality analysis

GPS global positioning system

HAZOP hazard and operability

HV Vickers hardness

IMO International Maritime Organization

LMRP lower marine riser package

MP magnetic particle inspection

NA not applicable

NDT non-destructive testing

OOR out of roundness

PWHT post-weld heat treatment

RAQ response amplitude operator

SCk stress concentration factor

SC$SV surface controlled subsurface safety.valve

SS¢ sulfide stress-cracking

uT ultrasonic testing

WCIT-BOP wireline/coiled tubing:BOP

3.3|] Symbols

Ay bolt root.area

Ap g balt-stress cross-sectional area

A pipe cross-section area

Ajnt internal cross-section area of the pipe

A, external cross-section area of the pipe giving buoyancy if submerged

At1s tensile test specimen cross-section area

As elongation after rupture, expressed in percent; for a tensile test piece with gauge length,
Ly =5,65VA71g or 5dg

a crack depth for surface flaws or half depth for embedded crack

as final crack size

ag initial crack size

a characteristic fatigue strength or intercept of the design S-N curve with the log N axis

© I1SO 2005 — All rights reserved
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as intercept of the design S-N curve with the log N axis, left part of S-N curve
as intercept of the design S-N curve with the log N axis, right part of S-N curve
a1 thick intercept of the design S-N curve with the log N axis, left part of S-N curve, size corrected
@3 thick intercept of the design S-N curve with the log N axis, right part of S-N curve, size corrected
C constant crack growth-rate parameter

Cs design condition factor

Deat fatigue damage

Dg design fatigue factor

Dajign pipe/connector alignment (line-up tolerance) on diameter

Dejear minimum drift clearance on diameter

D gyrift major drift diameter

Djnt inside diameter of pipe

Dint min minimum inside diameter of pipe

D, specified or nominal pipe outside diameter

Do max maximum outside diameter at any cross-section

Do min minimum outside diameter at any cross-section

Dgp accumulated long-term fatigue damage or Miner-Palmgren damage ratio
Dgy fatigue damage in the sea-state, j, and wave direction, i

Dyyeid weld root bead finishr(height) on weld root diameter

d minor drift dianeter

dy, nominal (basic major diameter) bolt diameter

dp ¢ mean€ffective bolt diameter

dpp, balt hole diameter

dy tensile test specimen diameter

Amax maximum depth below the surface for a blend

d, effective contact diameter of nut-bearing surface

dog nut diameter across flats

dy effective contact diameter of the threads

E modulus of elasticity

e axial misalignment (eccentricity or centre-line mismatch)
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e misalignment (eccentricity) inherent in the S-N data

€00R max maximum misalignment resulting from out of roundness

€t max maximum misalignment resulting from difference in wall thickness
Fy pipe burst design factor

Fy design factor

Frp pipe hoop buckling (collapse) design factor

Fy wave and current forces

S(Saim) Weibull probability density function for the stress amplitude, S, |,
Jm stress range reduction factor

AN stress cycles probability density function

Jo initial pipe ovality

g acceleration due to gravity

Hg significant wave height

H i weld root bead finish

h height difference between the actual location and the internal pressure reference point
1 moment of inertia of section

1, nth order response spectral moment

Lyitch pitch of the threads

Ig zero-order moment of stress spectrum

I second-order moment of stress spectrum

i summing index

J polar moment of inertia of section

j summing index

AK stress intensity factor

Ke flex-joint rotational stiffness

K geometric stress concentration factor

Kiotch notch stress concentration factor

AKy, threshold stress intensity factor range below which fatigue crack growth does not occur
k number of stress range bins (blocks)

kcg crack growth exponent
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4

mp

26

thickness exponent on fatigue strength
clearance

calculated fatigue life

service life

vessel static offset

tensile test-specimen gauge length

bolt clamp length (clear distance between engaged threads)
length of stud engagement

bending moment

maximum torque during make-up

nominal torque during make-up

bending moment range

single load ultimate bending capacity

bending moment required to bend C/WO riser

global bending moment acting below marine tiser flex-joint
plastic bending moment capacity of the pipe

applied torque

negative inverse slope of the’S-N curve

negative inverse slope of the S-N curve, left part

negative inverse\slope of the S-N curve, right part

number ofZeycles to failure at constant stress range

numberof cycles to failure at constant stress range S, in each stress bin (block) i

design operating cycles to failure

point of discontinuity on a bilinear S-N curve

point of discontinuity on a bilinear S-N curve, in air or non-corrosive environment

point of discontinuity on a bilinear S-N curve, in seawater with cathodic protection

number of occurrences in stress range bin i
number of threads per inch
average bearing stress

primary bending stress
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P local primary membrane stress

P general membrane primary stress

Pg, primary average shear stress

)2 burst pressure of the pipe

Pb,min minimum pipe burst pressure

De pipe hoop buckling (collapse) pressure

Pe.rin minimum pipe hoop buckling (collapse) pressure

Dec single load ultimate pressure capacity due to end cap effect

Del elastic hoop buckling (collapse) pressure (instability) of pipe cross-section
Pel rhin minimum elastic hoop buckling (collapse) pressure (instability)-of pipe cross-segtion
DFAT hydrostatic FAT test pressure

Dint internal pressure at a reference point

Pint 4 internal design pressure

Pint.nin minimum hydrostatic internal pressure

Pint, internal operating pressure

Pling local internal pressure at a specified point

Do external pressure at a reference point

Pod external design pressure

Po.nfin minimum external hydrostatic pressure

Pp plasticpressure at hoop buckling (collapse) of the pipe cross-section
Ppnlin minitnum plastic pressure at hoop buckling (collapse) of the pipe cross-section
Omd Secondary membrane stress

Os secondary stress

q; probability of wave direction i

q; probability of sea-state ;j

R, arithmetical average roughness

Re test ultimate capacity (resistance)

Ry design capacity (resistance)

R, specified minimum ultimate tensile strength at room temperature

Rt specified minimum ultimate tensile strength at a specific temperature
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Rnc

Ryg 5
Ry 57

Ryo 5/T stud

Rt0,5/T,tapped

normal operation capacity
specified minimum yield strength for 0,5 % total elongation at room temperature
specified minimum yield strength for 0,5 % total elongation at a specific temperature

specified minimum yield strength for 0,5 % total elongation at a specific temperature for
a stud

specified minimum yield strength for 0,5 % total elongation at a specific temperature for
tapped hole material

Snotch

Sp+as
Sp+Qs+F
Sy

4 thick

S

(e]e)

Tb,max

plastic collapse or ultimate capacity

pipe mean radius

mean section radius

section radius

stress range

local stress maxima (amplitude)

bending component of the primary plus secondary_principal stress range
design load effect

geometric stress concentration stress range

constant stress range in each stress block

membrane (average) component-of the primary plus secondary principal stress range
notch stress range

primary plus secondary stress range

maximum primary-plus secondary plus peak stress range

stress range ‘at the point of discontinuity (bi-linear S-N curve)
stress@range with thickness correction

autospectral density of the stress response

maximum bolt preload (tension) during make-up

Tb,min
Tb,nom

Te

Te

AT,

Teq

28

minimum bolt preload (tension) during make-up
nominal bolt preload (tension) during make-up
single load ultimate tension capacity

effective tension

cyclic effective tension range

equivalent effective tension due to bending moment
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total effective tension from the marine riser and C/WO riser acting at the flex-joint
wave peak period

plastic tension capacity of the pipe

total axial load

vertical tension component of T ;¢

true wall tension

n,max

Atpas

Iref

wave zero-upcrossing period
pipe wall thickness
corrosion/wear/erosion allowance
is the absolute value of the negative tolerance taken from the material specificatign/standard
nominal (specified) pipe wall thickness
percentage negative wall thickness tolerance
maximum nominal wall thickness

minimum nominal wall thickness

percentage positive wall thickness tolerance

reference thickness equal to~25 mm (0,984 in) for welded connections and Qolts (stress
diameter)

minimum pipe wall thickness without allowances and fabrication tolerances as gppropriate
pipe wall thickness without allowances
current velogity

sheatforce acting at the flex-joint due to environmental loading on the marine risgr and BOP
total shear force acting at the marine riser flex-joint
wave velocity

submerged weight of the BOP and LMRP including bore contents

effectivetapparent)-weight

weight of the pipe

pipe/connector alignment tolerance

stress intensity correction factor

ultimate tensile strength reduction factor at elevated temperature
yield strength reduction factor at elevated temperature

pipe plastic section modulus
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Tpm

aL

B
Pipr
()
r(l;
(1))

Hn

Hst

Y

LGRS

Pint

Po

30

variable in the gamma function

Weibull distribution scale parameter

pipe cross-section slenderness parameter

linear coefficient of thermal expansion

Weibull distribution dimensionless shape parameter

half-angle of the threads, equal to 30° for UN threads

gamma function

complementary incomplete gamma function

incomplete gamma function

bolt transfer loss for tension tool

horizontal distance between the flex-joint and point of interest

horizontal distance from the BOP centre of gravity to the{oint of interest
scatter in preload during make-up

equivalent plastic strain

scatter in applied torque during make-up

deviation angle of the BOP and high-pressure wellhead housing vertical axis relative to
global vertical axis

marine riser upper ball-joint-angle relative to diverter vertical axis

marine riser lower flex-jeint angle relative to BOP vertical axis

global marine riser [ower flex-joint angle relative to the global vertical axis
main wave direction

coefficient of friction between nut and bearing surface

coefficient of friction between nut and bolt threads

statistical moment for local maxima

PU;OOUI I’D 1 atiu
average zero-crossing frequency of the stress response
average zero-crossing frequency for the service life
density of the internal fluid
density of sea water

stress

the

© I1SO 2005 — All rights reserved


https://standardsiso.com/api/?name=b3ee2c5c08046f33b871ceb6d7cdce8b

ISO 13628

-7:2005(E)

Oact actual average (minimum three specimens) yield strength from test specimens at test
temperature

oy bending stress

Opr average bearing stress

Oeq von Mises equivalent stress

Aogq equivalent von Mises stress range

OHs structural hotspot stress

Oint stress at inside of section/wall

Om membrane stress

Omak maximum cyclic principal stress

Omean mean cyclic stress

Omin minimum cyclic principal stress

ON notch stress

I stress at outside of section/wall

ogp standard deviation of the stress response process

Ot statistical moment for local-maxima

oy, ultimate tensile strength'to be used in design at maximum design temperatufe

oy yield strength to.be-used in design at maximum design temperature

oqloo 03 principal strésses in directions 1, 2 and 3, respectively

(Aol)1, (Ao )y, (Ao )z principal stress ranges in directions 1, 2 and 3, respectively

(Gbr)p+as average primary plus secondary bearing stress

(oed)p primary membrane von Mises stress

(Fed)Pm+ams£Pbs primary membrane plus secondary membrane plus secondary bending von Mjses stress

(Aaxq)p,,Qs primary plus secondary von Mises stress range

(CeqIFi tocat-primary-membrane-von-vises-stress

(Ueq)Pm general primary membrane von Mises stress

T time

Trg average shear stress
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Tss

(7sh) Pm
Pns

¢

WOsRr

duration of short-term sea-states
average primary shear stress
ductility reduction factor

variable in the gamma function

angular frequency of stress response

4 System requirements

4.1
Clause 4 sq
4.2 Desc

A completipn riser is used to run the tubing hanger and tubing through a drilling riser and BOP into

wellbore. A
tree in oper
common sy
Both riser ty
loads and p
external log

joint angles
waves and

4.3 Syst
System eng
that the C/V
and regulat
establi
establi
system

system

verificd

Purpose

ecifies system requirements for C/WO riser systems.

ription of C/WO riser systems

workover riser is typically used in place of a drilling riser to re-enter‘the well through the sukf
sea, and may also be used to install the subsea tree. A completion and workover riser may
stem with items added or removed to suit the task being perfermed.

pes provide communication between the wellbore and thersurface equipment. Both resist extg
ressure loads and accommodate tools for necessary operations. The completion riser is expose
ding such as curvature of the drilling riser, especially*at the upper and lower joints (flex-joint/
current in addition to vessel motions.

bm engineering

ineering shall be performed to ensure that engineering activities are performed in such a ma
VO riser system complies with thé.provisions of this part of ISO 13628, purchaser’s specificatig
bry requirements. System engineering shall as a minimum include the following:
shment of a design basis, see 11.3 and Annex F;

shment of the system definition, see 4.4;

design, see 45;

review;-see 4.6;

tion, see 4.17.

the
sea
be a

rnal
d to
ball-

. The workover riser is exposed to ocean environmental loads such as hydrodynamic loads from

nner

n(s)

A typical en

32

gineering-process flow chart is shown in Figure 1.
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INPUT
Design principles
Operational principles
Safety principles
Operational requirements
System and component functional requirements
Barrier requirements

Design basis

Y OUTPUT
- System description
- S){stﬁm > System schematics
definition

C/WO riser modes of operation

Control system modes of operafion

OUTPUT
System drawings

System design Component design specifications
Material selection

Global riser‘anatysis
Control system-response analysis
Outline testprogramme

- System External interface plan
D NOT review
oK INPUT
OK

System definition
System design

Vessel operating philosophy
- Detail design Riser operating philosophy
OUTPUT
> Design analysis
Manufacturing and fabrication documentatipn
- NOT Verification
OK INPUT
A OK Component design specifications
Design analysis
Manufacturing and fabrication documentatipn
Manufacture
> and
fabrication INPUT
As-built documentation
Manufacturing and fabrication documentatipn
- NOT Verification Marking, Inspection,
OK _ storage _ maintenange,
A OK o and o reassessment
shipping and monitofing
|—> Testing
Y NOT Verification - \ |

OK
OK .
A Documentation

Figure 1 — Typical engineering-process flow chart
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4.4 System definition

A system solution shall be defined that meets the following requirements:

a) regulatory requirements;

b) barrier requirements; see 4.11;

c) purchaser specification requirements; see Annex F;

d) design

asis; see 11.3 and Annex F;

e) design

brinciples, see 4.8;

f) operatignal principles; see 4.9;

g) safety

rinciples; see 4.10;

h) operatipnal requirements; see 4.13 and Annex B;

i) system
The system
— system
— system
— riser sy

— workoV

4.5 Syst

System des

and component functional requirements; see 5.2 and 5.4.

description;
schematics;
stem modes of operation; see 4.7.1;

er control system modes of operation; see(4.7.2.

em design

minimum bé¢ defined in terms of the following:

— system
— compo
— materia

— global

drawings;
hent design specifieations;
| selection; see 6.4.3 and 7.2.1;

iser,analysis; see Clause 6 and Annex B;

definition shall as a minimum be defined in terms of the following:

ign shall be based on the design basis and the system definition. The system design shall as a

Worko\ rtcontrolsvestam analysice ncludina -emeraencv—shutdown-—and disconnect resnonse—times- see
Vie—GoRHO—SYStom—aHanfSis—HRedaig—emergehey—sHthaowh—ahea—at RO+ TO5PORSE—+HRES;

5.5.5and 5.5.6;

— outline

test programme;

— external interface plan.

34
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System review

4.6.1 General

A systematic review or analysis shall be performed according to a clearly defined review basis and shall
include the following:

verification of system compliance;

risk assessment.

4.6.2 System compliance

A sy

4.6.

The]
the
and

Alth

ala

The)
cou

regulatory requirements;

barrier requirements; see 4.11;

purchaser specification requirements; see Annex F;

design basis; see 11.3 and Annex F;

design principles; see 4.8;

operational principles; see 4.9;

safety principles; see 4.10;

operational requirements; see 4.13;

system and component functional reguirements; see 5.2 and 5.4.

B Risk assessment

operator shall specify thé extent of the risk assessments and the risk assessment methods. T
pssessment or analysis shall reflect the criticality of the C/WO riser system, the criticality of the
previous experience-Wwith similar systems and operations.

pugh the integrity’of the C/WO riser system is the primary concern, the risk assessments shall

purpose of the risk assessments shall be to identify possible critical items, operations or acti
d-cause or aggravate a hazardous condition, and to ensure that effective corrective measure

stematic review shall be performed to verify that the C/WO riser system complies with thé following:

he extent of
operations

encompass

rger scope, including the subsea well, drilling riser and BOP, surface vessel, environmental copditions and
sysfem interfaces at the top and bottom of the C/WO riser.

ities, which
s are taken

(eg

. either by design or operational procedures).

Quantitative risk analysis may be conducted to provide an estimation of the overall risk to health and safety,

envi

ronment and assets and typically includes the following:
hazard identification;

assessment of probabilities of failure events;

accident developments;

consequences and risk assessment.
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NOTE It should be noted that legislation in some countries requires risk analysis to be performed, at least at an
overall level to identify critical scenarios that might jeopardize the safety and reliability of the C/WO riser system. Other
methodologies for identification of potential hazards are failure mode and effect analysis and HAZOP studies.

Conditions that may require system review or risk analysis include:

— newor

non-standard operations;

— operations in new areas;

— operations to be performed by new or modified vessel or installation;

— operati
— operati

— operati
simultd

4.7 Mod

4.7.1 Risé¢r system

The C/WO

a) well co

b) run/retfieve the subsea tree;

bns using new or modified equipment;
bns including contractor(s) not familiar with the surface vessel, area or operation;

bns that are considered hazardous (e.g. high temperature/high pressure, dynamic positior]
neous operations, deep water or cold climate).

bs of operation

fiser system is normally used for the following operations:

mpletion, i.e. run/retrieve tubing and tubing hanger threugh the drilling riser and BOP;

ing,

pres.

the
d in

c) workoMer operations to provide wireline/coiled tubing*access into the production and/or annulus wellb
A typical arfangement for a connected C/WO riser;in tree mode is illustrated in Figure 2. In the tubing hapger
mode, see fFigure 3 for a typical arrangementthe system is used to run the downhole completion through
drilling rise and BOP stack. The typical modes-of operation for vertical and horizontal subsea trees are liste
Table 1.
Table 1 — Typical modes of operation
Operation @ Tubing hanger mode Tree mode

Well completion b+c c

Well intervention — open sea NA b+ec

Well intervention — inside drilling riser b+ec NA

Fulkwerkover b+ec c

|2 These mades of operation are typical for harizontal and vertical frees Qther mades of operation may

apply for existing and future tree designs.

b Horizontal tree.

€ Vertical tree.

Typical schematics for each mode of operation and for both types of subsea trees are shown in Figures 4 to 7.

36
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4.7.2 Workover control system

The modes of operation for the control system shall be defined for each mode of operation (i.e. tubing hanger
and tree mode) and subsequent operations. The following shall be defined for each mode:

— automatic shutdown and disconnect sequences including sequenced response times, time delay
functions and interlock functions;

— control function failure mode, where applicable (i.e. fail-safe close or fail as is);

— function type (i.e. hydraulic, electrical, pneumatic or chemical injection);

— |line number, line size, displaced volume and maximum line pressure;
— |instrumentation location and type;

— | chemical/methanol injection points, injection pressure and flow rate.
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—— 7

G 8

\
9
- 8§ 10
10 1
Key

13 — 1L top drive
drill sub

surface-tree tension frame
coiled tubing injector
roller bushing

surface BOP

surface tree

surface-tree adapter joint
_I 9  umbilical (to hose reel)
10 drill floor

11 slick (cased wear) joint
—l 12 moon pool area

H 13 riser tension wires

14 tension joint

il

15

0 N O b~ WN -

‘|6 1o stdnddard riser JOInts

17 16 stress joint
18 17 wellhead

19 20 18 emergency disconnect package
21 19 guide base

22 — 20 lower riser package

\ N I 21 subsea tree
7 22 seabed

Figure 2 — Typical C/WO riser general arrangement — Tree mode
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riser tension wires

=

16
18

20

.

|
:

e

11
19
21

N N 2 A a A a
- O © 00 N O O H

drilling riser joints
standard C/WO riser joints
wellhead

flex-joint

guide base

LMRP

seabed

BOP

Figure 3 — Typical C/WO riser general arrangement — Tubing hanger mode
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a) "Killed Well" b) "Live Well"
Key
1 surface tree 6  tubing hanger 11 BOP Stack
2 lubricator valve 7  chemical injection 12 C/WO riser
3 retainer valve 8 landing string 13 production bore
4  subsea test tree 9  disconnect point 14 annulus bore
5  tubing hanger running tool 10 marine riser

Figure 4 — Typical C/WO riser system schematic — Vertical tree — Tubing hanger mode
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1 surface tree 6  lower riser package 11 tubing hanger
2 |C/WVO riser 7  disconnect point 12 production bore
3  emergency disconnect package 8  chemical injection 13 annulus bore

4  WCT-BOP 9  tree running tool

5 lower workover riser package 10 vertical tree

Figure 5 — Typical C/WO riser system schematic — Vertical tree — Tree mode

© 1SO 2005 — All rights reserved 41


https://standardsiso.com/api/?name=b3ee2c5c08046f33b871ceb6d7cdce8b

ISO 13628-7:2005(E)

9 |15 16

Y
]
|

B A
29 ///§>—>7+ 10 13
8  J

L e
! | 1k

_N_

| J
Key
1 marine riser 7  chemical injection 13 landing string
2  BOP stack 8 disconnect point 14  horizontal tree
3  internal tree cap 9  retainer valve 15 C/WO riser
4  tubing hanger 10 subsea test tree 16 choke/kill line
5  surface tree 11 slick joint 17 production bore
6 lubricator valve 12 tubing hanger or tree cap running tool

Figure 6 — Typical C/WO riser system schematic — Horizontal tree — Tubing hanger mode
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Key
1 surface tree 7 WCT-BOP 13 retainer valve
2  C/WOrriser 8 internal tree cap 14  lubricator valve
3  emergency disconnect package 9  chemical injection 15 production bore
4 lower workover riser package 10 tree running tool 16 annulus circulation hose
5 lower riser package 11 tubing hanger
6  disconnect point 12 horizontal tree

Figure 7 — Typical C/WO riser system schematic — Horizontal tree — Tree mode
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4.8 Design principles

All equipment in the C/WO riser system included in the scope of this part of ISO 13628 shall be designed in
accordance with the requirements specified in this part of ISO 13628.

The overall

system design shall be fail-safe.

The system shall be designed to ensure that no single failure will cause an unacceptable risk to personnel
safety, the environment and to loss of financial assets.

The possib

lity of common cause failures shall be identified and measures shall be implemented to minimize

their probalj

4.9 Oper

The C/WO
guidance gi

As far as p
that single

financial as
as well as ¢

For all ope
environmery
shall be pg
station-kee
magnitude
elements) g

The operati

NOTE
loads.

1

4.10 Safe

The safety
requiremen

assurance dluring all relevantiphases.

To ensure
when selec

a) eliming

ility of occurrence.

ational principles

riser system shall be operated in accordance with the requirements specified)ir’ 4.13 and
ven in Annex B.

actical, all activities associated with the C/WO riser system shall be coriducted in such a ma
ailures shall not lead to an unacceptable risk to personnel safety, the-environment and to log
sets. This applies both to operational errors and to failure of equipment used directly in operati
quipment used for auxiliary functions.

rations, the system design shall account for the most unfavourable combination of functig
tal and accidental loads, which can be predicted to occur.simultaneously, see 6.3. Furthermo
ssible to document that during the development of an.unforeseen situation (i.e. loss of ve
bing, heave compensator lock-up, etc.), the C/WO risef’system is unable to transmit forces of §
bs to threaten the barriers. This requirement applies; both locally (i.e. C/WO system and its ba
nd globally (i.e. drilling riser, BOP, horizontal tree; wellhead, conductor, etc.).

bn of the C/WO riser system shall be limited)by the weakest component in the system.

'his requirement is applicable to component design pressure, design temperature and allowable exts

ty principles

within this part of 1ISOY1:3628 requires that gross errors (human errors) shall be controlleg
s to organization of the work, competence of persons performing the work, verification, and qu
otal system-safety, the manufacturer shall apply the following principles, in the order preser]

ing apprepriate solutions:

te of reduce hazards as far as is reasonably practicable;

the

hner
s of
bns,

nal,
e, it
ssel
uch
rrier

ernal

by
ality

ted,

b) applya

c)
special

ppropriate protection measures against hazards wnich cannot be eliminated,

measures to reduce the risks at the time of installation, use and/or retrieval.

if appropriate, inform users of residual hazards and indicate whether it is necessary to take appropriate

If a potential for misuse is known or can be clearly foreseen, the C/WO riser system shall be designed to
prevent danger from such misuse or, if that is not possible, adequate warning shall be given so that the C/WO
riser system is not subject to misuse.
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4.11 Barrier requirements

ISO 13628-7:2005(E)

For all operations, a barrier philosophy shall be established and implemented to meet the national regulations
under which the C/WO riser shall be operating. General guidance on barrier philosophy can be found in

ISO

13628-1[22],

At least two independent and tested barriers between the reservoir and the environment should be available in
order to prevent unintentional flow from the well.

No single failure of a barrier or a barrier element, whether caused by operator error or equipment failure, shall
lead to a loss of well control.

4.1

The)

the

The
mar

Con
mar

sysfem review.

P Regulations, codes and standards

Table 2 — Equipment references; codes and standards

C/WO riser system shall comply with the applicable regulatory requirements. User/operator ghall specify
regulatory jurisdictions in which the system is intended to operate.

C/WO riser system equipment included in the scope of this part of ISO13628 shall b¢ designed,
ufactured, and tested in accordance with the references, codes and standards specified in Taljle 2.

nponents which are outside the scope of this part of ISO 13628, and have an influence on [the design,
ufacture, test and operation of the C/WO system shall be accounted for and shall be inclided in the

/WO workover

Materials and

Component

- Functional Design - e System
riser system . . manufacturing qualification . .
requirements requirements . - intedgration test
components requirements testing

Tuling hanger ISO 13628-4 ISO 13628-4 ISO 13628-4 1ISO 13628-4 Jlause 8

Tuling hanger ISO 13628-4 ISO© 13628-4 ISO 13628-4 ISO 13628-4 (lause 8

runfing tool

Treg cap running ISO 13628-4 ISO 13628-4 ISO 13628-4 ISO 13628-4 Clause 8

tool (horizontal trees)

Tuling hanger Clagse-5 Clause 6 Clause 7 Clause 8 Clause 8

origntation system

Subjsea test tree Clause 5 Clause 6 Clause 7 Clause 8 (lause 8
ISO 10432°

Shear sub Clause 5 Clause 6 Clause 7 Clause 5 Clause 8

Clause 8

Rethiner valve Clause 5 Clause 6 Clause 7 Clause 8 Glause 8
SO 10432P

Lubricator valve Clause 5 Clause 6 Clause 7 Clause 8 (lause 8
ISO 104320

Lower workover riser Clause 5 Clause 6 Clause 7 Clause 8 Clause 8

package

Subsea WCT-BOP Clause 5 Clause 6 ISO 13628-4af Clause 8 Clause 8

ISO 13628-4 ¢ ISO 13628-42¢
ISO 13533 ¢ ISO 13533 ¢d

Emergency Clause 5 Clause 6 ISO 13628-42af Clause 5 Clause 8

disconnect package ISO 13628-4 ¢ ISO 13628-42

connector

© I1SO 2005 — All rights reserved
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Table 2 — Equipment references, codes and standards (continued)

C/WO workover . . Materials and Component
- Functional Design . e System
riser system . . manufacturing qualification . .
requirements requirements . - integration test
components requirements testing
Tree running tool Clause 5 Clause 6 ISO 13628-4 af ISO 13628-42 Clause 8
1ISO 13628-4 ISO 13628-4 ¢
Riser connector Clause 5 Clause 6 Clause 7 Annex | Clause 8
Stress joint Clause 5 Clause 6 Clause 7 Clause 8 Clause 8
Riser jOintS Clatse5 Clatse6 Clatse—F Clatse5 Clatse8
Tension joinft Clause 5 Clause 6 Clause 7 Clause 8 Clause 8
Slick joint Clause 5 Clause 6 Clause 7 Clause 8 Clause 8
Surface treq adapter Clause 5 Clause 6 Clause 7 Clause 8 Clause 8
joint
Swivel Clause 5 Clause 6 Clause 7 Clause 8 Clause 8
Surface treg Clause 5 Clause 6 ISO 104232f Clause.8 Clause 8
ISO 10423 ¢ ISO 104232acd
Wireline/coiled Clause 5 Clause 6 Clause 7 Clause 8 Clause 8
tubing adapiers
Surface treq tension Clause 5 Clause 6 Clause 7 Clause 8 Clause 8
frame
Riser spider Clause 5 1ISO 14693 ISO 14693 Clause 8 Clause 8
1ISO 14693
Handling anfd test Clause 5 Clause 6 Clause 7 Clause 8 Clause 8
tools ISO 13535 ISO 13535
Umbilical clamps Clause 5 Manufacturer's Manufacturer's Clause 5 Clause 8
written spee. written spec. Clause 8
Annulus cirdqulation Clause 5 API Spec 16C API RP 17B Clause 5 Clause 8
line API RP 17B ISO 13628-2 Clause 8
ISO 13628-2
Workover cgntrol Clause 5 Clause 5 ISO 13628-6 ISO 13628-6 Clause 8
system ISO 13628-6
Control umbilical Clauses ISO 13628-5 ISO 13628-5 ISO 13628-5 Clause 8
2 Product ppecification level, dnaterial class and performance requirement level as designated in 1ISO 10423 and ISO 13628-4 $hall
be specified Ry the purchaser:
b Class of service as designated in ISO 10432, any wireline and coiled tubing cutting requirements and more stringent leak-tightpess
criteria shall Qe specified\by purchaser, if applicable.
¢ Any wirdline and coiled tubing cutting requirements and more stringent leak-tightness criteria shall be specified by purchaser, if
applicable.

d  Components qualified in accordance with 1ISO 10423 and 1SO 13533 are qualified for pressure and temperature loading conditions
only. ISO 10423 and ISO 13533 components that are connected to a C/WO riser shall be qualified for their intended use.

€ It is standard industry practice to design and qualify this type of equipment for designated sizes and rated working pressures.
Design methods in ISO 13628-4:1999, 5.1 and ISO 13533:2001, 5.4 are based on rated working pressure and hydrostatic test pressure
only. For C/WO riser applications, it is normal industry practice to ensure that the load combinations determined in this part of
ISO 13628 (i.e. normal, extreme and accidental loading conditions) do not exceed the equipment rated capacity. In cases where the
rated capacity is exceeded, the equipment may be designed, manufactured and qualified in accordance with this part of ISO 13628.

f

More stringent material Charpy V-notch impact energy values may be specified to meet regulatory and purchaser requirements.
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4.13 Operational requirements

4.13.1 General

7:2005(E)

A C/WO riser is classified as a temporary riser and normally has a limited operating envelope. In situations
where operating conditions are expected to exceed the allowable, the riser shall either be disconnected and
hung-off or retrieved.

C/WO riser system operational parameters shall be monitored to ensure that the riser is being operated within

retri

Saf¢

Ves
Cer

require shutdown, depending on vessel motions and environmental limits. Sequences for both p

eme
nati

The
disd
eme
detd

4.13
Spe
Pre
imp
revi

Pre

a)

val, in-service operations, inspection and maintenance philosophy.

operation of a riser requires that
the designer takes into account all realistic conditions under which the riser will be operated;
the operations personnel are aware of and comply with its limits,for safe operation.

sel motion and station-keeping performance can have a significant effect on the riser design ar
ain operations such as riser running or pulling, workover.and through-bore operations can be

rgency shutdowns and disconnects should be accounted for. These sequences shall comp
bnal regulatory and operator requirements.

re are two levels of riser disconnection,ynormal or planned disconnection and quick or
pnnection. Quick or emergency disconngction of the riser system can be necessary if vessel or

rgencies occur, the vessel station-keeping system fails or the weather suddenly and u
riorates beyond the riser's operating envelope.

.2 Operations from a dynamically positioned vessel

cial consideration shall'be given to C/WO riser system operations from dynamically positioned
entative measures"*to reduce both the probability and consequences of drift-off/drive-g
emented. Type.and degree of implementation of preventative measures shall be determined

bW, see 4.6

entative-measures relating to drift-off/drive-off can be split into two main categories:

measures directed towards reducing the probability of experiencing a drift-off/drive-off situation;

fine how to
ons include
allation and

d operation.
restricted or
lanned and
y with both

emergency
well system
hpredictably

vessels.

ff shall be
n a system

b)

The

measures directed towards reducing the consequences following a drift-off/drive-off.
consequences following a drift-off/drive-off can be split in three main categories:
possibility of blow-out due to drift-off or drive-off;

consequences for the subsea equipment (including BOP, subsea tree, wellhead, etc.);

consequences for risers (C/WO riser, drilling riser, LMRP, etc.) and the topside equipment (d
works, drill floor, jumpers, etc.).

© I1SO 2005 — All rights reserved
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Typical preventative measures for reducing the probability of drift-off/drive-off are listed in Table 3.

Table 3 — Typical preventative measures to reduce the probability of drift-off/drive-off

System

Preventative measures

Comments

Dynamic positioning system

Specification of dynamic positioning
consequence class

Typically IMO consequence class 3.
Not less than IMO, class 2 [23]

Reference system

Specification of minimum number of
independent position reference systems,
positioning accuracy and repeatability

A minimum of three independent systems
is recommended, irrespective of dynamic
positioning class

For shallow water (< 350 m), special
consideration shall be given to positioning
accuracy and repeatability

Typical reference systems:

GPS
Hydro-acoustic
Taut wire
Riser angle

Power systegm

Maximum utilization of the dynamic
positioning system during operation

Weather criteria fof the' 80 % limit shodild
be established and*documented

Should not exceed 80 % of total capacity

Typical pre

Table 4 — Typical preventative measures to reduce the consequences of drift-off/drive-off

entative measures for reducing the consequences following drift<off/drive-off are listed in Tablg 4.

System

Preventative measures

Comments

Reservoir

Operations performed with welkin
overbalance

Drilling riserfand C/WO riser

Weak link philosophy

Risers unable to transmit forces of sugh
magnitude as to threaten the barriers

BOP, LMRH, lower workover riser
package, supsea test tree

Rapid emergency:shutdown and
emergency disconnect response

Fully automated and tested emergency
disconnect systems

Vessel

Active pasitioning of vessel

Suitable for drift-off only. Increase timd
reach critical limits

BOP, LMRP, subsea test tree

Precedures

Combined operating procedures for
drilling riser and C/WO riser systems

The factors

listed below’ should be included in the system review as aid to the determination of

the

consequenges of dynamic positioning system failure and the selection of preventative measures:

a) mode g¢f opetation (tree mode or tubing hanger mode);

b) resultirg vessel offset due to loss of vessel anﬁnn-kppping (i e drift-off dri\/p-nff)'

c) environmental conditions (i.e. water depth, sea-state and current);

d) C/WO riser system emergency shutdown and emergency disconnect sequences and response times;
e) emergency disconnect package disconnect angle;

f)  structural capacity of subsea barriers (i.e. wellhead, subsea tree, lower workover riser package, subsea

test tree, etc.);

g)

48

pull-out of upper landing string assembly from drilling riser BOP;
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h) clearance of surface tree to drill floor;
i) stroke of the vessel's draw works constant tension motion compensator;
j) drilling riser's BOP emergency shutdown and emergency disconnect sequences and response times.

4.14 Requirements for organization and personnel qualifications

The organization of key personnel with defined responsibilities and lines of communication shall be
estabhshed pr|or to start of any work covered by th|s part of ISO 13628 The organlzatlon of the work during all

4.1

ifications of personnel shall be available.

b Quality system

A quiality system shall be applied to assist compliance with the requirements of this part of ISO 136

> with good

portunity to
and - written

NOTE ISO 9000-1 [20] gives guidance on the selection and use of quality systems.

4.16 Documentation, records and traceability

Dodumentation required in order to ensure that operations of the C/WO riser system are cafried out in
accprdance with this part of ISO 13628 shall be prepared. The documentation shall be available during the

diffe
rela

All ¢
Dod
prog
for

cald

Red

rent phases, i.e. design, manufacture, fabtication, operation and storage. Requirements

and criteria

ed to equipment and components of significance to safety shall be specified. The documentation shall
incliide a description of the testing and the maintenance required in order to maintain a specified

ocumentation requirements shall be.reflected in a document register.

umentation shall be available toe the purchaser or the purchaser's agents. Submittals and
edures shall be agreed. Thesdocumentation shall be presented in such a form that it is readil
eview and verification. Design documentation shall include construction drawings, parts lists

cafety level.

or approval
y applicable
and design

ulations. Documents that\are considered proprietary and confidential shall be available for revigew.

ords of the C/WO. riser system shall be kept and maintained to demonstrate complian

req

irements of this-part of ISO 13628 throughout its lifetime.

There shall be_traceability for all relevant data, which have significant influence on the safety and
capability of\the C/WO riser throughout its lifetime.

4.1

Verification

ce with the

operational

Verification of design, fabrication and testing shall be carried out and implemented in accordance with an
overall and clearly defined verification programme and verification basis. Regarding the organizing and
reporting, there shall be independence in organization between those who carry out the work, and those who
are responsible for the verification.

It shall be verified that provisions contained in this part of ISO 13628, purchaser’s specification(s) and
regulatory requirements have been met.

The extent of the verification and the verification method in the various phases shall be assessed. The
consequences of any failure or defects that can occur during construction of the C/WO riser and its anticipated
use shall receive particular attention in this assessment.
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The design verification shall be performed to confirm that the C/WO riser system meets the requirements of
this part of ISO 13628 with regard to materials, design details and dimensions and that the requirements of

procedures

and personnel can be met during fabrication and operation.

The verification shall be documented.

The verification may take the form of a checking of analyses, drawings and fabrication by reviewing the work
conducted, or by carrying out independent analyses. The verification may also include trials or testing of
equipment and systems.

Design reviews involving multiple disciplines may also be used as part of the verification.

4.18 Purc

It is the res
the C/WO 1
shall contai
with this pa
specificatio

4.19 Man

The manufacturer is responsible for conformance with all requirements.©f)this part of ISO 13628 which

required tg
manufactur

Requireme

and fabrica

5 Funct

5.1 Purp

Clause 5 sp

5.2 Syst

The C/WO

provide
vessel;

haser/user’s responsibility

ifacturer’s responsibility

br's documentation in accordance with Clause 11.

l

allow for well testing;-well servicing with wireline and coiled tubing and well isolation;

ser system to be constructed in accordance with this part of ISO 13628. The design specifica

meet the conditions in the purchaser's/user's design{specification and provided in

ts not specifically required by the purchaser, that can-affect the design, materials, manufactu
on, testing and operating of the C/WO riser system shall be specified by the manufacturer.

ional requirements

ose

ecifies the functional requirements for the C/WO riser system, subsystems and components.

em functional requirements

riser system shall'fulfil the following requirements as appropriate:

a canduit from the individual bores of a subsea tree or tubing hanger to the surface work

ponsibility of the purchaser/user or his designated agent to provide a user’s design specificatiof for

tion

h sufficient details to provide a complete design basis for the design of a C/WQ(riser that complies
It of ISO 13628. The purchasing guidelines in Annex F give a sample format for the user’s de
.

5ign

are
the

ing,

pver

the workover vessel;

wellbore;

act as a guide for all tools and equipment being run into or pulled out of the wellbore;

on the drill floor or designated work area;

50

serve as a running string for the subsea tree;

allow passage of fluid and tools through the single or multiple bores of the subsea tree/tubing hanger from

provide a conduit to contain all fluids for the application and permit their circulation to and from the

provide for the means for connecting workover riser components together in a safe and efficient manner
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ISO 13628

serve as a running string for the tubing hanger;
allow for running the C/WO riser through the drilling riser and BOP system;

allow for running the completion riser through the open sea;

-7:2005(E)

provide a means for attaching external or connecting internal control lines to the subsea tree or running

tools if required.

Drift requirements

The)

drift requirements stated here apply to the riser components in addition to any drift requirenier

ts specified

by gther documents.
The| purchaser shall state the drift requirements of the tubing hanger through-bores.
Each tubular section of a C/WO riser, or component within the riser, that requires)a-tool to be passed through
it, shall be drift-tested.
If ppssible, the riser components should be designed and drift-tested in”accordance with one|of the drift
clagses specified in Table 5. Drift type and lengths are shown in Figure 8:
Deviation from these drift sizes may be agreed.
As an alternative to these drift sizes, the actual tool profile may:be used as a drift.
Corsideration should be given to riser pipe deflections;{low-by area during tool string operations,|changes in
cenjre lines and steps in equipment packages when selecting the actual minimum tubular inside diameter.
Table-5 — Drift dimensions
Minor diameter Major diameter Corrgsponding
) ISQ 10423
Drift class ¢ Darit valvé/nominal
+0,71 . +0,027 +0,71 . +0,027 flange size
mm 0 (in 0 mm 0 (in o
1a 35,51 (1,398) 38,51 (1,516) 2-1/16
1b 37,03 (1,458) 40,03 (1,576) 2-1/16
1c 45,29 (1,783) 48,29 (1,901) 2-1/16
1d 48,56 (1,912) 51,56 (2,030) 2-1/16
2a 67,82 (2,670) 72,82 (2,867) 3-1/16
2b 71,96 (2,833) 76,96 (3,030) 3-1/16
3a 91,36 (3,598) 97,36 (3,833) 4-1/16
3D 96,30 (3,794) 102,56 (4,030) -1/16
4a 123,29 (4,854) 129,29 (5,090) 5-1/8
4b 115,08 (4,581) 121,08 (4,767) 5-1/8
5a 153,04 (6,025) 161,04 (6,340) 6-3/8
5b 149,45 (5,884) 155,45 (6,120) 6-3/8
5¢c 145,44 (5,726) 151,44 (5,962) 6-3/8
6 164,69 (6,484) 170,69 (6,720) NA
7 172,56 (6,794) 178,56 (7,030) 7-1/16
8 221,84 (8,734) 227,84 (8,970) 9
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5.4 Component requirements

5.4.1 Pur

In 5.4, the
Each comp

5.4.2 Con

Requirements that are common to all components in the riser assembly are listed below.

a)

b)

c)

d)

e)

f)

9)
h)

52

Dimensions in millimetres

(Dimensions in incl

-
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hes)

The de
cleanin
the sy
dismarn
vessel,

All compponents in the C/WO riser system shall be qualified for all relevant make/break loads, pressu

temper

Resilie
control

to-metal seals are not utilized, redundant seals (primary plus backup) shall be provided.

Conne
the larg

AL 1 O\
VL7 (&Z])

A
 J

Figure 8 — Drift type and lengths

DOse

requirements for the individual components that comprise the £/WO riser system are speci
bnent is defined in terms of its function and system interfaces.

hmon requirements

sign of the C/WO system shall also consider the;maintainability of the components. Inspection
g shall be easily carried out both externally“and internally. BOP adapter joints and other part

tled. Seals and gaskets shall be available for inspection and easily replaceable on the work

atures and external loads.
nt, elastomeric or metal-to-metal seals may be used as primary seals to contain hydrocarbons,

completion and kill‘fliids on riser system assembly interfaces and riser connectors. Where m

ction pressurerseparation loads shall be based on worst-case sealing conditions (i.e. leakag
est diameter redundant seal shall be assumed, unless relief is provided).

In the
possibl

vent an environmental seal is used, consideration should be given to pressurizing control line

fied.

and
s of

stem where seawater or well fluids can<become trapped in enclosed volumes shall be easily

pver

res,

well
btal-

e to

5 by
bver

communication with the production or annulus bore. Effects of pressure end loads acting

the area enclosed by the environmental seal should also be considered in the design since one or more
of the interior seals could leak.

Connections subjected to net external pressure shall be provided with a seal system(s) design with
external and internal integrity.

All seals shall be qualified for all relevant pressures, temperatures, fluids and services.

Component body and connector leak-tightness shall comply with 6.4.11.5.

Well barrier elements shall be leak-tight after an accidental condition has occurred; see 6.4.11.5.
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Component through-bore leak-tightness requirements that are more stringent than the applicable codes

and standards, see Table 2, shall be according to purchaser's specification.

The inside surfaces of all vertical bores shall be smooth and free of sharp shoulders, and sha
pass appropriate drift tools.

All valves in the vertical bore(s) shall be driftable.

Il be able to

m) All valves shall be capable of closing in the flowing direction under maximum flow and pressure

conditions.

n)

t)

5.4.

The
mar

A corrosion allowance shall be assumed whenever relevant, unless corrosion-resistant materials are used.

A corrosion allowance and/or the use of corrosion-resistant materials shall be considered give
of hydrocarbons, well completion, stimulation and Kill fluids that will be introduced into the’sys
maintenance and storage conditions; see 6.4.4.

All components which can be subject to net external pressure (e.g. from hydrostatic heg
designed to withstand hydrostatic collapse; see 6.5.2.3 and 6.5.3.3.

For all components that can be subject to BOP pressure (e.g. BOPest pressure, BOP ch
pressures), account shall be taken of any axial load effects due to differential seal areas (i.e. p|
in combination with other loading conditions.

The workover riser system shall be designed for either guideline or guideline-less installation 3
where applicable.

Design of guidance systems shall address seal make-up tolerance, angle of re-entry a
damage to control interfaces and seal surfaces, *ability to access existing guidelines, posts
funnels, wherever appropriate.

Padeyes and other lifting devices used. for general handling of equipment shall be ¢
accordance with ISO 13628-4:1999, 5.1.3.7.

Bolted flange connections shall be"assembled and made up in accordance with a written proct
has been qualified by test to achieve the specified bolt pretension. A general guideline on b
joint assembly is given in ASME PCC 1-2000 [371,

Bolted flange connections shall be assembled by qualified bolted-connection assemble

n the types
em and the

d) shall be

bke and Kill
iston effect)

nd retrieval

nd release,
or re-entry

esigned in

edure which
blted flange

brs. Bolted-

connection assemblers shall be qualified by test to demonstrate that they can apply the qualified

procedure and achiéve the specified bolt pretension.

B Landing string

landingstring shall comprise all the equipment required to install and retrieve the tubing hang
ner,

Th

landina strina-shall
) )

er in a safe

permit orientation alignment of the tubing hanger if required;

permit testing of the BOP when installed within the bore of the BOP stack;

provide the same structural and functional requirements (e.g. axial load support, fluid and pressure

transmission) as a standard C/WO riser joint;

be designed to withstand external pressure (i.e. BOP pressure testing, BOP choke and kil
etc.) in combination with other applicable loading conditions;
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isolate

the well;

provide a means of disconnecting the landing string from the tubing hanger;

equipment within the landing string and tubing hanger as required by the system;

secure

status.

allow the well to be isolated by the BOP or by components within the landing string if the BOP cannot

provide the control-line termination at its top and route all hydraulic/electrical lines from there to the

provide a contingency method of disconnecting the riser from the tubing hanger and leaving the well in a

The IandinJ; string assembly and its individual components shall include anti-rotation feature(s) to {pe

torque tran
stabs. Max
downhole g
The torsion
speed). For

mum expected rotation required for tubing hanger orientation and the torsional resistance of
ompletion and C/WO riser shall form the basis for determining requirements for torque capa
bl resistance shall account for both static and dynamic effects (i.e. orientation at maximum lan
non-oriented tubing hangers, anti-rotation features might not be required.

5.4.4 Subsea test tree

The subses

The subsed
stack and pj

The subsed
shall be cay

The subseg
and-seal ty,
cutting coile

The valves
valves shal
However, c

The subseq
through thg
pressure ed

test tree shall be fail-safe and ensure the well can be left in a securée.status.

test tree shall be configured such that it can be contained entirely within the envelope of the H
test tree should include an upper isolation valve and lower shear/seal valve. The shear/seal V|
able of cutting coiled tubing and wireline as per purchaser's requirements.

test tree should include a minimum of two fail-safe close safety valves. If both valves are sh
be the lower valve should be the primary shear valve. The shear/seal valve(s) shall be capab
d tubing, braided wireline and slick line as(per purchaser's requirements.

shall be able to retain pressure from-below without the aid of control-line pressure. One off
bntrol-line pressure assist maythe used to satisfy this requirement.

closed valves in therevent of hydraulic system failure. Valves shall automatically reseat U
ualization.

rovide a disconnect point to permit retrieval of the riser independently from the subsea test tred.

also be able to retain pressure from above to permit pressure testing of the C/WO riser stf

test tree shall provide pump-through capability that permits the well to be killed by bullheagdi

rmit

sfer during orientation of the tubing hanger and to prevent application of torque to the~hydraulic

the
city.
ding

BOP

alve

ear-
e of

If the desigh of the subsea.tést tree includes a grip/hold device for coiled tubing, this shall be incorporatgd in
the design pf the lower.valve while the upper valve acts as the primary shear valve. The grip/hold valve ghall
have bi-dirdctional sealihg capabilities and be capable of suspending the full weight of the coiled tubing bglow
the subsea
trapped/sug

engagemer

suspended

The subsea test tree should include an integral slick joint to allow for closure of a BOP pipe ram between the
tubing hanger and subsea test tree. The slick joint shall include a load shoulder at its lower end. The load
shoulder reacting against the closed pipe ram shall prevent release of the subsea test tree in the event of an
unintentional unlock of the tubing hanger running tool. The slick joint shall be provided with hydraulic through-
porting to facilitate control of necessary tubing hanger running tool/tubing hanger functions.

The disconnect point shall be above the isolation valve and below the BOP's blind shear ram to ensure that
the BOP can isolate the wellhead.

For closure of BOP rams, sufficient clearance shall be provided to account for stack-up tolerances in the BOP
stack and landing string.
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Distance between the top of the subsea test tree disconnect connector (latch) and the bottom of the blind
shear ram shall be sufficient to allow milling and fishing. An internal fish-neck may be provided as back up for
running an overshoot tool.

The subsea test tree disconnect connector shall be designed for remote make-up of the main bore(s) and
control lines and shall include full orientation prior to final connection. The connector shall have an active
pressurized latch function to be engaged during the entire operation. The connector shall be designed to allow
for tagging on a BOP ram.

The hydraulic couplers in the disconnect connector (latch) shall be designed such that trapped pressure is
vented when disconnecting the riser. Ingress of ambient fluid shall be minimized to avoid contamination of the

hyd
An

the
logi

The
ope

The

raulic lines. Pressure testing from surface shall be possible to verify sealing integrity after make

nterlock shall be incorporated to prevent unlatch of the disconnect connector without aiminimy
subsea test tree safety valves being closed. The interlock may be either physicalr via corn
C. It shall be possible to override the interlock at any time.

subsea test tree configuration shall not prevent the BOP from isolating thef wellhead at any
Fations.

up.

m of one of
trol system

time during

subsea test tree should include independent primary and secondary“disconnect and cutting features.
Safgty features shall be incorporated to avoid unintentional activation ©f*both primary and secon

dary cutting

and|disconnect functions.

The| subsea test tree design shall have a contingency procedure/method that will operate the [valves and
conpectors of the subsea test tree in the correct sequencecto)secure the well. This would be used in case of
faildre of the primary control system.

The| subsea test tree shall include a chemical_injection line/port with a dual sealing/backflow valve
arrgngement, located between the valves.

Thel| subsea test tree shall incorporate an anti~totation feature to permit torque transfer during orienfation of the
tubipg hanger and to prevent application oftorque to the hydraulic stabs.

5.4.6 Shear sub

A shear sub may be includegd-in-the landing string to allow isolation of the well by closing of the|BOP shear
ram|.

Thel shear sub shall be located at the BOP shear ram elevation and above the subsea test tree.

Thel| shear sub shall-be designed for shearing by the BOP shear ram without damaging the other gomponents

in th

Hyd
pre

e landing-string.

raulic\piping shall be clamped to the shear sub in a manner that ensures cutting by the shear
ent difficulties in engaging a fishing tool during recovery operations.

ram and to

The

shear sub can be the weakest component within the riser string.

Shear ram qualification shearing trials of the shear sub shall be conducted by the purchaser/user. The shear
trials qualification specimen shall include external hydraulic lines and internal, slick line, braided wire and
coiled tubing (single or multiple) as specified by the purchaser.

The

orifice of the sheared tubing shall have sufficient flow area to allow for bullheading.
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5.4.6 Retainer valve

5.4.6.1

General

A retainer valve may be used in tubing mode and tree mode.

The valve s

hall be remotely operated, “fail in position” or “fail-safe close”.

The failure mode of the valve shall be determined from a system FMECA and/or HAZOP study.

5.4.6.2 1
The valve s
The valve s

The valve s

If designed
withstand th

The valve §
drilling riser

There shall
cannot be (
of pressuriz

The interlog
any time.

The retaine

546.3 1
The valve s
The valve s

There shall
C/WO riser

It shall be
disconnect

The retaine

abinghangermode
hall be designed to isolate the C/WO riser bore(s) from the drilling riser prior to disconnegt.

hall be capable of sealing full design pressure from above.

hall be positioned as close to the subsea test tree disconnect connector as practically possible
for closure of the BOP annular preventer around the valve housing, the.valve shall be designe
hall include features to facilitate pressure equalization between, the C/WO riser bore(s) and
prior to disconnection.

be an interlock between the retainer valve and the subsea,test tree such that the C/WO riser s
nlatched unless the retainer valve has reached its fully closed position. This shall prevent leak

ed gas into the drilling riser.

k may be either physical or via control system (ogic. It shall be possible to override the interlog

r valve may include facilities for circulation of the C/WO riser.

ree mode
hall be designed to isolate.the C/WO riser bore(s) from the environment prior to disconnect.
hall be capable of sealing full design pressure from above.

be an interlock-between the retainer valve and the lower workover riser package such that
string cannotbe disconnected unless the retainer valve has reached its fully closed position.

possible Mo override the interlock at any time (e.g. automatically during an emergency q

e combined loading of the closed annular preventer compression forces.and external pressure]

d to

the

ring
age

k at

the

uick

r Valve may include facilities for circulation of the C/WO riser.

5.4.7 Lubricator valve

A lubricator

valve may be used in tubing hanger mode and tree mode.

The valve shall be designed to isolate the reservoir from the environment when deploying long wireline/coiled
tubing tool strings.

The valve shall be designed to retain pressure from below without the aid of control-line pressure to provide
reservoir isolation.
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The valve shall be designed to retain pressure from above to permit pressure testing of the lubricator section
of the C/WO riser. Control-line pressure assist may be used to satisfy this requirement.

In the event of hydraulic system failure, the lubricator valve shall permit the well to be killed by bullheading.
This requirement may be achieved by, but not limited to, either overriding the valve to open, use of an isolated
bypass line or by designing the valve to be pumped through when in the closed position.

The lubricator valve assembly shall be situated below the surface tree.

If installed inside a drilling riser, the lubricator valve shall be located outside the stroke of the inner barrel of
the drilling riser telescopic joint (slip joint).

Thel valve shall be remotely operated, “fail in position”.

A chemical injection port with an isolation check valve may be implemented.

5.4.8 Tubing hanger orientation system
The| orientation system may be active or passive. A passive orientation system is one in which the tubing
hanper is orientated during the initial lowering of the tubing hanger into thetwellhead/tree. An active orientation
sysfem is one in which additional operations (other than the initial lowering) are required to orientate the
tubipg hanger.

Theldesign of the orientation system shall address the following:

— |torque transmission through the riser string;

— |accumulated rotational misalignment due to tolerance stack-up;
— | positive indication of tubing hanger alignments;

— |variations in BOP stack configurations\(if specified by purchaser).

Theorientation system shall allow orientation of the landing string prior to engaging an installed tuling hanger.

NOTE For concentric tree designs, orientation of the tubing hanger might not be required.

5.4.p Lower workover riser package

Thel| lower workover-tiser package shall include all the equipment necessary to perform safe well gervicing by
coil¢d tubing and-wireline equipment. The equipment used in the lower workover riser package shall ensure
that{the well cansbe left in a secure status and the riser system disconnected from the subsea tree pt any time.

A lgwer workover riser package may include an emergency disconnect package, WCT-BOP and {ree running
tool| compatible with the subsea tree; see Figure 9 b) and c).

The tree running tool shall interface with the subsea tree's re-entry spool and may be integral with the WCT-
BOP or a separate item. For separate tree running tool designs, a standard interface to the WCT-BOP is
proposed in Annex A, for vertical trees. The tree running tool shall comply with the requirements specified in
ISO 13628-4:1999, 7.15.

The WCT-BOP may be equipped with an upper re-entry spool to interface with an emergency disconnect
package or with a connection to mate with the lower end of the riser.

Both interfaces should include control-line connections to interface with the WCT-BOP and the subsea tree,
as required.
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Other interfaces may be a guidance structure for re-entry and/or diver or remotely operated vehicle control
function interfaces, as required.

Unless otherwise agreed, the WCT-BOP for vertical subsea trees should be configured with its re-entry spool
connector profile identical to that on the subsea tree, so that the subsea tree may be run by the emergency
disconnect package without the WCT-BOP.

The lower workover riser package should include a crossover loop between the riser tubing bores to allow for
circulation prior to subsea disconnection. The crossover loop shall include an isolation valve.

The lower workover riser package should allow for pressure testing of the riser to a point below the
disconnectipn point and above the WCT-BOP valves.

Bores in thp lower workover riser package should be the same or larger than the bore of the supsea {ree.
Necessary fransitions shall be provided in mating riser components to accommodate changes in"bore sizgs or
bore spacing of the tree, to allow for the passage of required drifts.

The lower Workover riser package should include a guidance system for installation and’retrieval of the fiser
with or withput guidelines as applicable.

Consideratipn shall be given to the possibility of overhead clearance problems whenh stacking or handlindg the
lower workgpver riser package and subsea tree together in the cellar deck. Stack-up height will affect fiser
design relafive to moment loading at the subsea tree and lower workover riser package interfaces. Allowgable
stack-up hdlight shall therefore be agreed in each case.
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Riser
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Riser E_mergency
disconnect
package
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Riser WCT-BOP WCT-BOP
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Emergency
disconnect . _
package or tree ‘Free running tool Tree running tool
running tool
Y ] v
Subsea tree Subsea tree Subsea tree
a) b) c)

Figure 9 — Lower workover riser package interface configurations
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5.4.10 Emergency disconnect package

The emergency disconnect package shall provide a quick disconnect of the riser in the event of a loss of
vessel station-keeping or unexpected environmental conditions (e.g. dunning).

The emergency disconnect package may be located just above the WCT-BOP [see Figure 9 c)], or,
alternatively, the emergency disconnect point may be at the tree re-entry spool interface [see Figure 9 a)].
Choice of configuration will depend on the type of subsea tree and system requirements, see 4. For example,
for vertical tree systems, in the case shown in Figure 9 a), the tree running tool may serve as the emergency
disconnect package and the tree valves may be used for well shut-in.

The emerg
with the W(

bncy disconnect package shall include a remotely operated lower connector suitable for mg
T-BOP re-entry spool (or optionally with the tree spool).

ting

The upper d of

the riser. A

end of the emergency disconnect package shall have a connection to mate with thé\lower en
flange, hub or a proprietary riser connector may be used.

The emerggncy disconnect package should include control line connections at its lower.connector to interface
with the WQT-BOP (or, optionally, with the subsea tree).

structure, either guideline or guideline-less shall be included for.re-entry onto the WCT-BOP
ol.

A guidanceg
re-entry spq

The lower donnector shall provide for high-angle (moment) release.

The minimym allowable disconnect angle of the emergency disconnect package shall allow for an emergegncy
quick-discopnect of the riser at the maximum operating conditions specified for the C/WO riser system. [The
minimum d|sconnect angle should be 10°. A verification of thexminimum required disconnect angle shall be
conducted in the system review; see 4.6.

Disconnectjangles shall be qualified by testing.

5.4.11 Subsea wireline/coiled tubing BOPs (WCT-BOP) and shearing valves

The interfage at the lower end of the WET-BOP or shear valve package shall be compatible with the [tree
running toql. The upper end shall be~compatible either with the emergency disconnect package or|the
connection pn the lower end of the riset:

Interface cgnnections shall be compatible with the size and bore of the subsea tree.

The numbef of BOP rams @r)shearing valves used in the WCT-BOP may vary depending on the design of the

closure devjce and purchaser requirements. The WCT-BOP shall include as a minimum the following valvgs:

— an uppgr bi-directional isolation valve in every through-bore;
— a shedribg valve or ram in any bore that will have coiled tubing or wireline equipment (or any gther
tool/device)imtteborethat tanmot be withdrawnfrom the bore durinmgamemergency shatdowr.

The WCT-BOP body shall provide all mechanical support and be able to withstand the combined effects of
both riser tension and bending as well as internal and external pressure.

Shearing/cutting devices may shear in either a “single shear” or “double shear” manner. A double shear
device will leave a slug of coiled tubing or wireline behind when activated. In such cases, the system shall be
designed to accommodate the spent slug.

If the design of the WCT-BOP includes a grip/hold device (i.e. pipe/slip ram) for coiled tubing, it shall be
located below the shear ram. The pipe slip ram shall have bi-directional sealing capabilities and be capable of
suspending the full weight of the coiled tubing below the WCT-BOP. The distance between the shear ram and
the pipe/slip ram shall be sufficient to allow fishing of trapped/suspended coiled tubing. The sheared coiled
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tubing shall be centralized after cutting to enable engagement by an overshoot fishing tool. Provision may be
made to allow for circulation of the suspended sheared coiled tubing. To enable circulation, the shear ram
shall be designed such that the orifice of the suspended sheared coiled tubing has sufficient flow area.

Provision shall be made for circulation of the C/WO riser and circulation/bullheading of the production tubing
via the annulus bore.

All valves/rams shall be capable of closing in the flowing direction under maximum flow and pressure
conditions.

All valves shall be capable of opening with a differential pressure across the valve equal to the maximum

wor

The)
with

Ap
she

The]
des

The

The

All'y

Ran
pre

All'y

Ina
the

a)

ing pressure.

aring valve or ram.

effects of unidirectional or bi-directional sealing of the bore cavities shall be considered in
gn.

system shall be designed to accommodate field-replaceable seals.

alves/rams shall have position indicators observable\by ROV/diver.

ns with bi-direction hydraulic actuators shall\iAclude an automatic and mechanical locking
ent unintentional opening.

alves/rams shall include an override.from closed to open.

Hdition to testing and documentation of the WCT-BOP or shearing valve assembly as specified
following guidelines for acceptance shall be followed.

ISO 13533:2001, 5.5.

ISO 13533:200¥; 8.5.8.6.

Qualification testing of shear valves shall be conducted as specified in ISO 10423 followed by
testing.according to the manufacturer's written specification.

d)

Shear specimen sizing shall be in accordance with the purchaser's requirements

5.4.12 Connectors

5.4.12.1 General

WCT-BOP should include a methanol injection line/port with a dual sealing/backflow yalve afrangement,
the injection point being between the upper isolation valve and the lower shearing valve or ranp.

ressure sensor may be located in the production bore, between the upper isolation valve and the lower

the system

ram assemblies with actuators should be designed for offshore/in-situ redressing/change put, without
bregking the hydraulic circuits.

system to

in Clause 8,

Qualification testing of-rams shall be conducted in accordance with procedures 9gpecified in

Hydrostatic preof-testing of WCT-BOPs shall be conducted in accordance with procedures [specified in

shear/seal

The connector shall allow for multiple make-up and breaks applicable for the application and design life.

The

internal bore should be smooth to allow for passage of tooling, etc.

The design shall ensure that any trapped fluid does not interfere with the installation or operation of the
connector.
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Multiple bore designs shall have seal subs or gaskets to isolate each bore.

The connector shall be provided with seals that keep the connector tight for both internal and external
pressure during running, installation and operation, see also Annex H.

Where multiple bore seals are enclosed within an outer environmental or secondary seal, bi-directional seals
close to the bore shall be provided to prevent cross-communication between individual bores.

If an environmental seal is used, consideration to pressurizing control lines by possible communication with

the production or annulus bore should be given.

Effects of pressure end loads acting over the area enclosed by the environmental seal should alsq be
considered [in the design since one or more of the interior seals could leak.
Connector pressure separation loads shall be based on worst-case sealing conditions (i.e. lI€akage to| the
largest diameter redundant seal shall be assumed, unless relief is provided).
All seals shall be qualified for all relevant make-up/break-out loads, pressures, temperatures, external loads,
fluids and sprvices.
The design|of the connector shall also consider the maintainability of the components. Inspection and cleahing
shall be easily carried out both externally and internally. Areas where seawater or well fluids can becpme
trapped in gnclosed volumes shall be easily dismantled.
Seals and gaskets shall be available for inspection and easily replaceable on the surface vessel. Reusge of
seals, seal fings/gaskets shall be as specified by manufacturer.
The connefctor and/or associated running tool(s) should provide positioning and alignment of mating
component$ such that connection can be accomplished without damage to sealing surfaces or structural
connection devices.
The externgl profile shall not restrict the passage of equipment and special tooling required.
All vertical Bore(s) including seals and gaskets shall be driftable; see 5.3.
5.4.12.2 Emergency disconnect package connectors
The connegtors shall provide a means for quick and reliable connecting and disconnecting in a manner
consistent ith the assumptionszmade in the design analysis used to demonstrate compliance with strerigth,
leakage andl fatigue criteria.
The conneg¢tors should ‘be-designed and preloaded such that the relative movements between parts [and
sealing facgs are minimized due to the cyclic nature of the external loading. For normal operating conditipns,
the connecfor mating.Hub faces shall remain preloaded. For accidental loads, the connector mating hub faces
can be allowed to separate provided that the connector seals remain fluid-tight.

King

The connector shall be designed to prevent release due to loss of hydraulic locking pressure. This may be
achieved by the connector self-locking mechanism or backed up using a mechanical locking device or other
demonstrated means. The design of the locking device shall consider release in the event of malfunction.

The connector shall be designed with a secondary release method which may be hydraulic or mechanical.
Hydraulic open and close line piping shall be positioned to allow cutting by ROV/diver or contain a means to
vent pressure if needed for the secondary release function.

Metal-to-metal seals shall be used as primary seals on the emergency disconnect package connector.

62 © ISO 2005 — All rights reserved


https://standardsiso.com/api/?name=b3ee2c5c08046f33b871ceb6d7cdce8b

ISO 13628-7:2005(E)

An external position indicator shall be provided suitable for observation by ROV/diver.

The connector should allow for low-pressure back seal testing to ensure that the connector/seal is correctly
made-up.

Machining tolerances and clearances shall be set such that all connectors of the same size and configuration
are interchangeable. Production dimensional control shall be performed to ensure interchangeability.

The design shall ensure that any trapped water/fluid does not interfere with the connection/disconnection or
operation of the connector.

5.4.12.3 C/WO riser joint connector

The| connector type shall be of a robust and reliable type, and allow for quick and reliable make-ug, break-out,
runming and retrieval of the riser joints.

Theyriser joint connector shall permit for interchangeability between connector halves to allow riserjoints to be
run jn any sequence.

Thel level of safety against failure by yielding, leakage and fatigue should be©on a level that is comparable to
that|of the attached pipe.

The| connector design shall prevent loosening under the dynamic conditions of operation.

The| connector may also provide a support to transmit the weight of the suspended riser string o the riser-
hanfling spider while installing or retrieving the riser including-possible hang-off.

Risg¢r connectors should be designed with rotational orientation to enable monitoring of tubing hanger angular
orieptation prior to landing or subsea test tree latch.angular orientation prior to re-entry.

Connector torque capacity shall be sufficinet taallow for the following where applicable:
— | connector make-up and break-out;

— |vessel weather vaning;

— |tubing hanger orientation;

— |subsea test tree cofnector orientation during re-entry;

— | shearing of any.mechanical secondary release mechanisms.

In chses whete)the connector provides support for auxiliary lines or buoyancy, the induced support loads shall
be ipcludedin the connector design.

The| cennector bore should match the internal diameter of the adjoining pipe (flush with no obstructjons).

Sealing surfaces in riser connections shall be designed to minimize damage during handling of the riser joints.

Sealing surfaces should be corrosion-resistant inlay welded or coated with a corrosion-resistant overlay.
Corrosion-resistant overlays shall be suitably qualified for the application.

Resilient, elastomeric or metal-to-metal seals may be used as primary seals on C/WO riser connectors. If
metal-to-metal seals are not utilized, redundant seals (primary plus backup) shall be provided.

Connector pressure separation loads shall be based on worst-case sealing conditions (i.e. leakage to the
largest diameter redundant seal shall be assumed).

© IS0 2005 — Al rights reserved 63


https://standardsiso.com/api/?name=b3ee2c5c08046f33b871ceb6d7cdce8b

ISO 13628-7:2005(E)

The connection may provide a means for pressure testing of the connection after make-up without
pressurizing the C/WO riser. A back-seal test, i.e. a low-pressure test to check correct installation of seal can
achieve this.

Machining tolerances and clearances shall be set such that all connectors of the same size and configuration

are interchangeable. In production, dimensional control may be performed with go/no-go gauges in place of
regular interchangeability tests.

5.4.13 Stress joint

The stress jaint shall provide the riser system with a transition zone of stiffness intermediate to thase af the
subsea treq and the riser. It shall be efficient in reducing highly localized stresses, thereby increasing fat|gue
life and improving the operating envelope of the system.

The upper ¢nd of the stress joint shall connect to the lowermost riser joint using a riser connector compatible
with a standard riser joint.

The lower gnd of the stress joint shall be suitable for connecting to either the emergengy disconnect package
connector dr the tree running tool. A suitable flange, a hub, or a proprietary riser conpector may be used.

The length|and stiffness distribution of the stress joint shall be carefully coordinated with the global fiser
system analysis and the subsea tree and wellhead system design, to. avoid overloading of individual
components.

The diametpr of the stress joint (including connectors) shall be small:enough to pass down through the rgtary
table.

Ease of fie|d installation of the stress joint to the lower workover riser package in the moon-pool shall be
emphasizedq.

5.4.14 Risg¢r joints

Standard riger joints should have a minimum_length of 13,7 m (45 ft). All standard joints should have efual
length.

Shorter joirts, “pup joints”, shall be provided to ensure correct space-out of the riser string. Pup joints shall
have the sgme connector as standard riser joints.

The standgrd riser joints (and-pup joints) shall, when connected together, act as an extension of|the
production pnd annulus bores-from the subsea tree or tubing hanger up to the surface. Their basic fungtion
shall be to gontain wellboré fluids during completion or workover operations while providing vertical acceds to
the productfon and annulus bores for wireline or coiled tubing operations.

The standafld risersjoints shall all have identical connectors, to enable connection to any number of speciality
joints such as the\BOP adapter joint, stress joint, tension joint, slick joint, and surface tree adapter joint.

A control umbiticatts)mmay beused-toprovide hydrautic suppty and-efectricat sigmatfpower tothe—subsea-tree

and tubing hanger functions. Suitable umbilical clamps shall be installed to attach the umbilical(s) to the riser
joint at specified intervals.

Riser joints

shall not comprise loose parts or parts which can break loose during running and retrieval.

Riser joints, connectors and all appurtenances shall be designed to prevent snagging during running and

retrieval.

Riser joints
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shall be designed for racking in stands of two or more joints.
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5.4.15 Tension joint

The tension joint shall include, if possible, an adapter ring designed to interface with the vessel’'s marine riser
tensioner ring.

On vessels not equipped with a marine riser tensioner ring, the tension joint shall be provided with padeyes, or
similar, to enable attachment of tension wires from the vessel's tensioner system. A sufficient number of
padeyes shall be used to allow for alignment with the vessel's tensioners and minimize torque in the riser
system. Alternatively, the padeyes may be allowed to swivel freely on the tension joint by use of a swivel ring
to enhance alignment with the vessel’s tensioners.

For|turret-moored and dynamically positioned vessels the swivel ring shall be equipped with| low-friction
bearings. The break-out and running torque of the swivel ring, under operating conditions, shall\be sufficiently
low [to prevent unacceptable misalignment of the vessel’s tensioners and torsional load on the-fiser,
Theljoint shall provide continuity of the production bore and annulus bore where applicable.
Thejupper end of the tension joint shall be connected to the slick joint or spacer joint{pup joint).
Thel bottom of the tension joint shall be connected to a standard riser joint.

Theltension joint, including the adapter ring, padeyes and swivel ring, etc."shall be designed

— |to support the total weight of the C/WO riser, including lower workover riser package, tree, oyer-pull and
dynamic effects;

— |to accommodate the asymmetric pull caused by malfanction of at least one tensioner;
— |to accommodate skew loads due to misalignment'of the vessel’s tensioner wires;

— |if applicable, to accommodate static andydynamic effects of the vessel's marine riser tensioner ring.
Consideration shall also be given to the load effects due to intermittent or permanent penetiation of the
tensioner ring through the splash zang;

— |if applicable, to accommodate, torsional effects due to torsional resistance of the swivel ring| or vessel’s
tensioner ring.

5.4.16 Slick (cased wear)joint

The|slick joint or casédhwear joint, if installed, shall provide a protective sleeve that extends through the rotary
table. Unless otherwise agreed, the sleeve shall be removable to enable inspection and maiptenance of
intefior pipes. Jhe length shall be sufficient to pass through the rotary table, diverter and bgll/flex joint
incliiding extra‘length to allow for vessel motions relative to the riser string.

Thel| outérprotective sleeve profile shall be smooth to ensure the slick joint will not snag while rulpbing inside
the |vessel's heaving rotary table. The bending stiffness introduced by the sleeves should be|reduced to
reduce the bending moments introduced i the conmecting Tiser jomts. Continuous or Segmented Sleeves may
be applied.

The slick joint shall, unless otherwise specified, be equipped with standard riser connectors. The top end of
the slick joint is connected to the surface tree adapter joint. The bottom end of the slick joint may be
connected to the tension joint or a spacer joint (pup joint).

A control umbilical may run in parallel with the slick joint. In such cases, it shall either run inside the outer
sleeve or be properly supported on the outside in a suitable groove or recess in the sleeve, in order to prevent
damage to the umbilical as it passes through the rotary table, diverter and ball/flex joint.

Ease of handling and field installation shall be emphasized.
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5.4.17 Surface tree adapter joint

The top of the surface tree adapter joint connects to the bottom of the surface tree. This connection may be a
flange, threaded or other proprietary connection as dictated by the surface tree design. The bottom of the
surface tree adapter joint is connected to the slick joint using a matching riser connection. Alternatively, the

surface tree adapter joint may be integral with the slick joint.

The adapte

r joint shall be made as short as possible.

5.4.18 Surface tree

The surfacs

The surfacs
riser design

The vertica

The surfacg tree valve arrangement shall consist of at least one valve in each vertical bore and one

valve for eg
valves shal
be remotely
Production
The design
The surfacq
Wing and K
pipes or sw,
internal pre

The surfacs

The surfacs
tree, and aq

tree shall provide the facility to shut-in production flow and kill the well.

tree shall be a vertical through-bore design. Number of bores shall be compatible withthe C
and operation.

bore(s) shall permit the clear passage of wireline/coiled tubing tool strings.
ch bore unless specified otherwise by the purchaser. All valves shall be,remotely operated. V
be remotely operated, fail-safe close with bi-directional sealing. Master and/or swab valves 5
operated, fail-in position with bi-directional sealing.
wing valve closure time shall be compatible with the processishutdown requirements.
of the surface tree shall be in accordance with ISO 10423-0r equivalent.

tree shall be drifted in accordance with ISO 10423 requirements, or equivalent.

ill outlets should be arranged 90° down. Outlets shall have provisions for attachment of fle
vel connections. Bending, tension and shear loads induced by the flexible jumpers, combined

5sure, shall be considered in the designof the outlets.

tree shall include pressure monitaring of the vertical bore(s).

commodate “overpull” requirements to verify that the subsea equipment has been properly lan

WO

ving
Ving
hall

ible
with

tree shall be capable of lifting-the entire C/WO riser string, including the tubing hanger system or

ded

and locked jn place.
The top of {he surface tree shall Ssupport the wireline/coiled tubing adapter. The wireline/coiled tubing adapter
may be separate or an integral part of the tree.

Bending loz

Riser top te

ds on the-wifeline/coiled tubing adapter shall be considered in the design of the surface tree.

hsion'shall typically be applied via one of the following:

tensio

casing

H H H bopl aka Llo b 4
mry g nmeurpuratcu immu 1ui1c suiialt Uict,

surface tree tension frame attached to the surface tree or wireline/coiled tubing adapter;

elevator attached to the wireline/coiled tubing adapter;

padeyes attached to the surface tree block.

If a tensioning ring is incorporated into the surface tree design, consideration shall be given to number of
tension points, ability of the ring to rotate and the possibility of side loading. Tension rings shall facilitate the
use of elevator bails or heavy duty slings. Padeyes shall be adequately sized to support the required
tensioning loads.

66 © ISO 2005 — All rights reserved


https://standardsiso.com/api/?name=b3ee2c5c08046f33b871ceb6d7cdce8b

ISO 13628-7:2005(E)

If included, the surface tree tension frame shall be properly designed to accommodate any realistic loading
condition. The tension frame shall ensure that the loads and deformations of the equipment installed on top of
the surface tree (e.g. coiled tubing BOP and injector head) are kept within acceptable limits.

Surface trees equipped with an integral wireline/coiled tubing adapter shall include a profile on the adapter to
interface with a standard casing elevator. The outer diameter and load shoulder in such cases shall be
consistent with standard casing collars of similar size.

Surface trees equipped with padeyes for the attachment of elevator bails or heavy-duty slings shall include
padeyes adequately sized to support the required tensioning loads.

Thel design of the surface tree and its appurtenances shall allow for safe and efficient handling te_gnd from the
drillffloor.

Thel| surface tree shall be equipped with a protection frame to prevent damage during handling.
Thel| surface tree shall be provided with a platform(s) to allow for safe working.

Thel bottom of the surface tree shall interface to the surface tree adapter joint,

5.4.19 Wireline/coiled tubing adapters

Wirgline or coiled tubing adapters shall be used to connect wireline/coiled tubing BOPs and lubridators to the
surfpce tree or directly to the riser.

The|adapter may be integral or non-integral with the surfacettree or riser.

Thel| top of the adapter shall be provided with a threaded union, flange or speciality connector. For wireline
operations threaded union connectors are preferred. For coiled tubing operations a flange qr speciality
conpector is preferred. The connection shall be~qualified for all relevant make/break loads,| pressures,
temperatures and external loads.

The| adapter shall be provided with a profile to interface with a standard casing elevator. The outer diameter
and|load shoulder in such cases shall be consistent with standard casing collars of similar size. The adapter
shal|l be capable of maintaining the pressure integrity/seal between the wireline/coiled tubing BPP and the
adapter under all operational conditions.

5.4.20 Surface tree tensjon frame

Theltension frame shallsupport the C/WO riser on the travelling block motion compensator.
Theltension framg.shall typically support the C/WO riser from either above or below the surface treg block.
Thel tension-frame shall be capable of lifting the entire C/WO riser string, including the tubing hanger system
or subseactree, and accommodate “overpull” requirements to verify equipment has been properly|landed and

Iockied in'place. In addition, axial capacity of the tension frame shall be not less than that of the [C/WO riser
joints,

The manufacturer shall determine (based on a global riser analysis) the required bending capacity of the
tension frame. The global analysis shall include both dynamic and static effects.

The required fatigue design life of the tension frame shall be documented by a global analysis of the C/WO
riser system.

The tension frame shall have sufficient height to allow for installation of the wireline/coiled tubing units.
Provisions should be made for handling and make/brake of the bottomhole assembly in the frame.

The frame shall contain a work window in which the coiled tubing injector head, stripper and BOP can operate
isolated from the motion of the vessel.
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The design of the frame shall allow for relative rotation between the frame and the surface tree. Typically,
90° rotation about the vertical axis should be accommodated.

The frame shall be provided with a work platform(s) to access relevant working areas.

The frame shall have a system to guide and prevent horizontal movement of the coiled tubing injector head
during operations.

The frame shall be supplied with a permanently mounted winch for installation of wireline/coiled tubing
equipment and other hook-up equipment. The winch shall be remotely operated from the work platform on the
tension frame and/or from the drill floor. The winch shall be capable of lifting with a speed that is greater than

the heave 1
maximum W
release inje

The frame
platform on

Provisions §

5.4.21 Swi

A pressuref
the riser an
and surfacq

landing of the tubing hanger and due to heading variations on dynamieally positioned vessels.

The swivel
The pressu

Redundant
injected flui

Seal surfac

The swivel
past the bo

The swivel
rotational r
torsional re

The swivel
pipe deck tq

notion of the vessel. The load capacity of the winch shall be as a minimum 30 % greater than
eight to be lifted (i.e. coiled tubing injector head, heaviest bottomhole assembly, force require
ctor head quick connector, etc.).

should have an integrated hydraulic man-rider winch that is remotely operated-from the \
the tension frame and/or from the drill floor.

shall be made for anchoring personnel safety harnesses at suitable areas,

vel
containing swivel may be included in the C/WO riser string to-allow for relative rotations betw
d the workover vessel. The main purpose of the swivel shall bé’to maintain the same surface

tree tension frame orientation relative to the drill floor. Relative rotations normally occur dy
Shall be located between the surface tree and the slick joint.

e and temperature rating of the swivel shall bé-equal to or greater than that of the surface tree

resilient or elastomeric seals (primary. plus backup) shall be used to seal against produced
1s.

bs shall have corrosion-resistant inlay welding.

bearing housing shall be provided with a pressure relief device to vent pressure in case of leaK
e seals.

break-out torque~and running torque shall allow for free rotation. When establishing the

psistance of thé swivel consideration shall be given to the riser string torsional stiffness,
bistance of the‘tension joint swivel ring, marine riser tensioner ring, elevator and top drive swive

drill floor.

The swivel

the
d to
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ring

and

age

free
and
l.

shall be-designed to withstand loads due to handling of surface tree and slick joint assembly from

hall ha canabhle of withstandina thae ralevant desian-loads and load combinations-as snecifi
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d in

Clause 6. S

pecial consideration shall be given to fatigue loading when used in tree mode.

The swivel shall be qualified for the application, based on calculations in combination with qualification testing,
see 6.6 and Annex |.

5.4.22 Annulus circulation line

A flexible circulation line(s) may be used to provide annulus fluid access. The line(s) shall normally be used for
C/WO riser circulation, tubing annulus circulation, tubing annulus pressurization and well kill. The circulation

line(s) may

The size of
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be included in the workover control umbilical.

the line(s) shall be selected to allow for well kill.
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Pressure rating of the line(s) shall not be less than that of C/WO riser.

Test pressure and minimum burst pressure shall comply with the requirements for choke and Kill lines
specified in API Spec 16C.

The circulation line may have either an unbonded or a bonded structure.
Design, material selection, manufacture and testing shall be conducted according to API RP 17B for bonded

structures and ISO 13628-2 for unbonded structures. The following qualification tests shall be conducted as a
minimum:

— | burst test;

— |tensile test;

— |crush test;

— | cyclic hydrostatic pressure test;
— | external hydrostatic collapse test;
— | cyclic bend fatigue test;

— |exposure test.

5.4.p3 Riser spider
Risg¢r spiders shall sit either in the rotary table or onop of the master bushing. The spider shall |support the
C/WO riser system, plus all suspended weights of(the tubing hanger system or subsea tree system while the
risef connection is being made-up or broken-out:

Retractable dogs, bushings or slips shall pravide support of the C/WO.

Spiders shall be equipped with suitable open/close mechanisms that are manually, hydraulically or
pnepmatically operated.

Manual spiders shall be desighed considering the “human factor” to prevent fingers or hands from getting
pinghed or trapped.

Dur|ng operation, all.work on the spider should be possible by personnel, while they are standing on the drill
floof.

For|pneumatic jor hydraulic spiders, locking devices to hold the spider in the open and closed pogitions shall
be included\io prevent any possibility for accidental operation of the spider.

SpiderS which are required to provide torque transfer to the rotary table (required for threaded riser
connectors) shall have pins which engage in the kelly drive pin holes, or similar.

Spiders, which have sliding surfaces, shall be designed to minimize the amount of dirt, trash, and drilling fluids,
which could interfere with its operation.

Spider designs shall accommodate the relevant umbilicals/control lines when applicable.

The spider shall be designed to interface with the size and type of rotary table and rotary bushings specified
by the purchaser.

Interface of all tools used during the completion and workover operations shall be considered, including tubing
hanger running tool, tubing make-up tools, and stress joint, etc.
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The design

of the spider shall account for the following loading conditions:

package, tree running tools, stress joint, surface tree, and completion fluid;

static e

shock |

dynamic environmental load effects due to vessel motions and waves;

nvironmental load effects due to current and drilling riser ball joint angles;

oads;

static load effects due to the weight of the tubing hanger, tubing, riser joints, subsea tree, lower riser

load ra
with IS

To reduce
advantaged
dynamic loé

Gimbals sh
maximum s

5.4.24 Handling and test tools

Unless othg¢rwise agreed, handling tools shall have an API Spec,7+tool joint at the top and a riser couq
facing down.

As agreed,
the safe wo

The handlin
shall be prg

The length
of the drill p

Handling to

hanger system and the subsea tree system.

The followin
horizor

vertica
workoV

torque fransfer due to make-up and break-out of riser connectors;

ing, design factor, qualification testing and proof load testing of the spider shall be in.accorda
D 14693.

static and fatigue loading in case of a hang-off in severe weather, a gimballed spider may
us. If a rigid spider is used during severe weather hang-off, it shall be demonstrated that static
ding in the riser is acceptable.

bll be designed to accommodate maximum rotation about two perpendicular horizontal axes,
uspended weight.

handling tools may be designed to interface with the casing elevators if handling loads are bey
rking capacities of APl Spec 7 tool joints.

g tool shall enable pressure testing of-the riser. For jacketed integral risers, control-line coupl
vided to allow testing and operation-of the tubing hanger control lines while running the riser.

pf the handling tool shall be minimized, but have sufficient length to allow make-up and break
ipe or casing elevator and adequate space for make-up of any control or test lines.

pls shall support the fdll'riser weight (static and dynamic), including suspended loads of the tu

g loading conditions shall be considered when designing handling tools:
tal and vertical riser joint handling;

suspended loads (i.e. riser joints, landing string, tubing hanger, tubing, subsea tree, Id

nce

be
and

with

ling

ond

ngs

-out

bing

wer

erTiser package, weight of the completion fluid, overpull);

effects

of vessel motion, wave loading and current.

Load rating, design factor, qualification testing and proof load testing of handling tools shall be in accordance
with ISO 13535.

5.4.25 Umbilical clamps

Umbilical clamps may be permanently mounted to the C/WO riser or be loose appurtenances.
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Umbilical clamps shall be designed to accommodate the following:

operation in open sea and inside a marine drilling riser;

7:2005(E)

provision of sufficient clamping force to support the weight of the filled umbilical(s) between clamps. The
required clamping force shall account for umbilical outside diameter tolerances, operational friction
coefficient of the umbilical outer sheath, outside diameter contraction due to clamping force and external

hydrostatic pressure;

reliable, quick and easy to operate with minimum wear/chaffing of the umbilical(s);

Qus
wor

5.4.

Mis
moq
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and
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loag

Falg
strir
squ
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ratin

provision for snag-free running and retrieval through the rotary table, riser spider and marine-d

provision for protection of the umbilical during running and retrieval and operation within
drilling riser;

provision for C/WO riser storm hang-off inside the marine drilling;
elimination of loose parts that can fall into the marine drilling riser.

lification testing shall be conducted on unproven design of clamps,The testing should simula
ing conditions or be more severe.

6 Miscellaneous auxiliary components

Cellaneous and ancillary special components include; but are not limited to, make-up toolg
ules, gimbals, and false rotaries.

erally, these components shall be designed toZinterface with C/WO riser joints, with due cons
relevant type of riser connectors, type of riser-and water depth.

e-up tools (e.g. spanners, wrenches or-hydraulic torque wrenches) shall be designed to be fit

itionally, consideration shall be given to method and ease of handling on deck (i.e. lift points).

environmental loads. The type of attachment to the riser shall be reliable and easy to operate.
ules shall be manageable, and be agreed upon. Reaction rings on riser joints shall transfer th
s. Strapping and balting shall be corrosion-resistant.

e rotaries shallkbe designed to have a slot, which allows the false rotary to be put aroung
g(s). On top.of the false rotary, a slips bowl for tubing slips shall be provided. False rotar
brely on ¢he' rotary table/bushing. False rotaries shall be designed to withstand the combi
Jitions ‘due to the weight of the riser system, weight of the production tubing and vessel ma
g, design factor, and proof load testing of the false rotary shall be in accordance with ISO 1469

rilling riser;

the marine

te expected

, buoyancy

ideration to

or purpose.

imum riser coupling make-up or~break-out forces shall be considered when designing these tools.

yancy modules shall be rated to the maximum water depth of the riser and shall sustain nornal handling

The size of
e buoyancy

the tubing
es shall sit
hed loading
tions. Load
3.

5.5

5.5.1

The

Workover control system

General

workover control system shall provide the means to remotely control all

functions on the

completion/workover equipment including tooling and subsea tree systems during the following phases and
operations:

installation, retrieval and testing of the tubing hanger and downhole completion system;

installation, retrieval and testing of the subsea tree system and auxiliary support equipment;
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initial well completion operations and subsequent well workover during the life of the well;
process shutdown;
emergency shutdown;

emergency quick-disconnect.

The workover control system shall facilitate normal and emergency shutdowns, normal and emergency
disconnects in automatic sequences upon activation from the workover vessel.

The workov

5.5.2 Fail

The systen

safety, the ¢nvironment and to loss of financial assets.

An overall
shutdown o)
of failure or

The syste
system’s a
towards a
control or td

5.5.3 Safety measures

When the
installation
system may

The worko

redundancy.

The overall
shall be ta
system.

5.5.4 Sec

A reduction

er control system shall facilitate methanol injection.

Lire modes
shall be designed to ensure that no single failure will cause an unacceptable'risk to perso
bbjective shall be to design the system to ensure that no single failure(will cause a total syg
I prevent the ability to secure the well. Consideration shall be given in\the design to early deted
redundancy for critical components, which cannot be designed according to this principle.
shall be designed so that any failure in the system or damage to components affecting
ility to carry out operations or control functions shall result/in the system moving automati

safe position. This can apply to loss of electrical power, hydraulic power, pneumatic powg
tal failure of parts of the system.

workover vessel has assumed well controf via the workover control system, the produg
shall not be able to influence the control possibilities for the intervened well. The production co
be utilized for workover control, provided primary control is from the workover vessel.

ver control system shall comply™~with regulatory requirements regarding safety aspects

arrangement of the workover vessel with regard to area classification and total safety philosd
en into consideration in° design, fabrication, installation and operation of the workover co

uring measures

of the possibilities for and the consequences of operator error shall be emphasized in the de

of the systg

running tog

m. Thi$ may, for instance, apply to the securing of connecting system (e.g. subsea tree,
I, subsea test tree and tublng hanger runnlng tool connectors) functlons dur|ng handllng

hnel

tem
tion

the
cally
r or

tion

htrol

and

phy
htrol

5ign
tree
and

reconnection [ 3 and
securing of functlons that can cause hazardous S|tuat|ons Protectlon may be provided by posmve locking of
connectors, mechanical override of valves in open position, interlocks between functions, automatic time delay
sequences between functions, overlay panels and protective covers on push buttons. In the case of interlocks,
it shall be possible to override these at any time.

It shall be possible to operate the control system from independent panels located at designated sites. It shall
not be possible to operate the equipment from more than one site at any one point in time. The system design
shall ensure that critical emergency shutdown and disconnecting functions can be performed from all of the
designated sites at any time.

72 © I1SO 2005 — All rights reserved


https://standardsiso.com/api/?name=b3ee2c5c08046f33b871ceb6d7cdce8b

ISO 13628-

5.5.5 Shutdown and disconnect functions

7:2005(E)

The workover control system shall include the necessary functions for automatic, sequential shutdown and
disconnection of modules by activation from surface control panels. Typically two levels of shutdown (process
and emergency shutdowns) and an emergency disconnect function shall be provided. The sequence and
timing of each individual function included in these automatic operations shall ensure that hazardous
situations do not occur.

A process shutdown shall provide isolation of the C/WO from the workover vessel process equipment.

Typi

cally, a process shutdown shall include closure of the surface tree wing valve(s).
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The)

emergency shutdown shall consist of a sequential establishment of the barrier elements.
hent closing sequence shall consider the presence of coiled tubing and wireline and.(whe|
Its in falling or raising of the coiled tubing and wireline.

emergency disconnect shall consist of a sequential establishment of the barriep-glements
onnection at a level above the top barrier (e.g. emergency disconnect package-and subsea teg

workover control system shall be designed to perform an emergency-shutdown within an
onse time based on a total assessment of the possible emergency situations and the consg
h situations.

workover control system shall be designed so that emergency‘disconnection can be carried
interval determined in relation to the development of unforeseen situations on the workover
of station-keeping), after the barriers against blowout have been established.

ne case of an unplanned disconnection, all fail-safecfunctions shall move automatically tow
tion.

bwing disconnections, the system shall be designed to minimize ingress of ambient fluids (i.

drilling riser contents) into the hydraulic control circuits of the disconnected modules (i.e.
onnect package, lower workover riser package, subsea test tree, etc.).

b General requirements

workover control system shalltypically be used to control the modules listed in Table 6.

Table 6 &—)Typical modules controlled by the workover control system

The barrier
ther cutting

followed by
t tree latch).
acceptable
quences of

put within a
vessel (e.g.

ards a safe

B, seawater
emergency

Tubing*hanger mode Tree mode

Surface flow tree Surface flow tree

Lubricator valve Lubricator valve

Retainer valve Retainer valve

Subsea test tree

Emergency disconnect package

Tubing hanger running tool WCT-BOP

Tubing hanger Tree running tool

Tree cap running tool Subsea tree

Internal tree cap Internal tree cap

Subsea tree

Downhole monitoring and flow control functions

Downhole monitoring and flow control functions SCSSV

SCSSV
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The workover control system shall typically consist of the following modules:

high-pressure unit;
main control panel;

remote-control panel;

— process shutdown panel;

_ emerg nr\y shutdown pannl;

— riser cgntrol module;

— workoMer control module;

— umbilical;

— umbiligal winches.

Emergency| shutdown and emergency disconnect function buttons shall be clearly identified and locateq
the master fontrol panel, remote control panel and emergency shutdown panels.

The remotefcontrol panel shall be located on the drill floor, preferably in the drill-floor control room.
Emergency|shutdown panels shall be provided at main escape routes or bridge.

The procesp shutdown panel shall be located at the production test area.

In the casg of common functions between workover and production control, the control fluids should
identical and should be subjected to the same requirements with regard to purity and properties.

An uninterruptible power supply shall be provided to maintain control during loss of main electrical pd
supply. The uninterruptible power supply shali“ensure normal control for 30 min and successful emergg
shutdown and emergency disconnect within, 1"h from loss of power.

All electricil equipment shall be designed according to requirements for explosion zone 1, gas group IIB
temperaturg class T3 in accordanceywith IEC 60089-0.

A hydraulig

electrical response "analysis shall be performed to ensure adequate sizing of components

service at the required range’ of water depths. The analysis shall ensure that the design provides the requ

response fg
All hydrauli

Surface an

r the shutdewn and emergency disconnect sequences.

pipingitubing and hose shall comply with ISO 13628-6:2000, 7.3.1.3.

i on

be

wer
ENCy

and

for
ired

1 ‘stibsea accumulators shall comply with ASME Boiler and pressure vessel code, Section

VI,

Division 1 and BS 7207, Part T, and ISO T10945.

Accuracy of pressure gauges and transmitters shall be + 1 % full-scale or better.

Protective covers shall be provided for all external control panels, umbilical terminations and multi-quick
connector plates to prevent damage and/or contamination of couplers during transportation and operation.

The workover control system shall be designed to meet the environmental conditions of an exposed deck of

the specifie

Equipment

74

d workover vessel.

shall be shock/vibration-resistant to withstand normal transportation and vessel motions.
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All units shall be skid-mounted and designed for offshore lifting, onshore handling either by forklift or crane.

All units to be lifted shall be supplied with padeyes and loose lifting gear certified for offshore lifting.

All units shall be designed with seafastening to withstand 45° listing.

All enclosed working areas/containers shall have two separate means of personnel exiting the area/container.

5.5.7 High-pressure unit

Th

hiah-pressure unit shall include numns hiah- and low=pressure accumulators._sunnly and r
I AR o ™ 7 ) g T Ll s 4

turn tanks,

flus

The
with

The
ser

Per!
preg

The)
and

The)

The)
The)

The]
and

Hyd
flus
the
unit

Red

with
bas

The)

sysfem pressure during all operational modes.

Acc]

hing/filtering facilities and a high-pressure unit control/alarm panel.

high-pressure unit shall be capable of supplying hydraulic power to operate all the required to
in the required response times.

design shall allow to a maximum extent, components within the high-pressure”unit to be i
iced without interrupting normal operation.

manent pressure gauges shall be installed to measure upstream (héader) and downstream
sures.

high-pressure unit should contain a high-pressure circuit for' SESSV and other high-pressu
a low-pressure circuit for valve and connector operation unléss*otherwise specified.

same type of fittings shall be used for each pressure class throughout the system.

high-pressure unit shall store and maintain the specified hydraulic control fluid to the required
fluid shall have the same standard as the fluid ysed in the production control system.

hydraulic fluid tanks shall be equipped with visual level indicators, preferably also with audi
low-low level.

raulic fluid tanks shall be made from stainless steel, equipped with circulating pump(s) arn
ning/filling of new fluid from barrels. Sample points shall be made at the lowest point of the rese
bump. Control fluids from the.return lines shall be filtered and cleaned before re-entering the hi
supply system or dumped-to-a waste tank.

undant fluid filters shalF'be provided to achieve required fluid cleanliness. They shall be eas
minimum contamination risk to the system. A clogged filter indicator shall be provided. In ca
bd system, water'removal shall be included.

pump system shall be capable of pressurizing the topside accumulators within 15 min, and n

umulators shall be provided for the high-pressure and low-pressure systems.

ol functions

solated and

(regulated)

re functions

cleanliness.

D-visual low

d filters for
rvoir and at
jh-pressure

ily replaced
5e of an oil-

naintain the

Accumulators for the high-pressure system shall have sufficient capacity to operate the SCSSV five times plus
50 % reserve before it reaches the minimum system working pressure without being recharged by the pump.

The accumulators for the low-pressure system shall have sufficient capacity to operate all functions with the
system as specified below:

a)

b)

lower workover riser package operations: Operate subsea valves and WCT-BOP valves (close-open-

close + 25 % of close operation) before it reaches the minimum system working pressure;

tubing hanger operations: Operate all subsea tree valves, subsea test tree, retainer valve and lubricator
valve (close-open-close + 25 % of close operation) before it reaches the minimum system working

pressure.
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For last closing functions, there shall be sufficient pressure capacity to accomplish cutting coiled tubing
containing logging cable (as specified by purchaser) and finally disconnect the riser.

If separate accumulators are located on the lower workover riser package or landing string, these may be
included in the volume calculations.

The accumulators should have individual visual indication of low nitrogen pressure.

Maximum n

5.5.8 Master control panel

The master
pressure ur

The maste
equipment
functions sh

Pressure in
provided fo
isolation of

of the isolafjon valve shall be vented prior to the commencement of pressure‘testing.

Unintended
connectors
dedicated h

All controls
environmen

5.5.9 Remote-control panel

The remot
emergency

The remote
shall have

The remotsd
controlled G
panels.

A cable mo
panel cable

oise levels shall not exceed regulatory authority requirements.

control panel shall be designed to provide for the distribution of hydraulic supply from-the H
it to the control umbilicals.

igh-

control panel shall include a mimic type display featuring the general layout(of the system,

to be operated and all associated functions. All subsea tree, landing stringyand running
all be available together with signals for verification of output of each function.

dicators/gauges for monitoring of pressure outputs and control of functign line pressures sha
 each function. All functions related to pressure testing shall be provided with isolation valve
external circuits and a pressure monitoring device to record the pressure test. The upstream

operation of connectors during running shall not be possible. Critical functions such as openin
and closing of shear rams shall be protected by interlocks or protective covers or isolation of
ydraulic lines.

and indicators shall be properly labelled, and all*components shall be suitable for the oper3
t.

p-control panel shall be designed’to operate process shutdown, emergency shutdown
disconnect functions together with any other functions specified by purchaser.

-control panel shall be €lectrically connected to the master control panel. The electrical ca
ufficient length for direct,connection to the master control panel.

-control panel shall*operate as a slave to the master control panel. Panel activation shal

y a selector switch on the main control panel. Active panel indicators shall be provided on

hitoringzsystem shall be included to notify the operator of cable failures. In case of remote-co
failure, the master control panel shall automatically be activated.

tool

| be
5 for
side

g of
the

ting

and

bles

be
both

htrol

5.5.10 Emergency shutdown panel

The emergency shutdown panel(s) shall be designed to operate process shutdown, emergency shutdown and

emergency

disconnect functions.

The emergency shutdown panel shall be electrically connected to the master control panel. The electrical
cables shall have sufficient length for direct connection to the master control panel.

A cable monitoring system shall be included to notify the operator of cable failures.

Indicator lamps shall provide function activation status.
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The

ISO 13628

11 Process shutdown panel

process shutdown panel shall initiate a process shutdown.

-7:2005(E)

The workover control system shall have a connection to the topside well testing emergency shutdown system
to allow a process shutdown on receipt of a shutdown signal. Absence of a signal shall cause a shutdown.

The process shutdown panel shall be electrically connected either to the master control panel or remote-
control panel. The electrical cables shall have sufficient length for direct connection.

A cable monitoring system shall be included to notify the operator of cable failures.

Indi

5.5.

An
rise

The]
valy

The
sha
vibr
rack

The)

5.5.

An
the

The)
emd

The)
con

cator lamps shall provide function activation status.

12 Riser control module
blectro-hydraulic system contained within a riser control module mounted on‘or“internal with
F may be used in tubing hanger mode to control the operation of the landing string and downho
es and electronics.

riser control module shall be designed to be suitable for operation inside a drilling riser. Cq
| be given to operating temperature, ambient external pressufe, drilling riser fluids, shock,
htion loads generated during transportation, handling on pige deck and drill floor, drill floor fung

ing in derrick, running and retrieval and during storm hang-off.

riser control module shall be designed in accordance with 5.5.14.

13 Workover control module

blectro-hydraulic system contained withip-a workover control module may be used in tree mog
bperation of the lower workover riserpackage, tree and downhole functions.

workover control module shall be mounted on to the emergency disconnect package of
rgency disconnect package:

workover control module shall typically contain hydraulic couplers, electrical pin connector
rol valves and electfenics.

The]
be

duripg transportation, handling on pipe deck and drill floor, drill floor function testing, running g

thr

The| werkover control module shall be designed in accordance with 5.5.14.

iven to operating temperature, ambient external pressure, shock, impact and vibration load

gh thessplash zone and during storm hang-off.

the C/WO
e functions.

riser control module shall typically contain hydraulic couplers, electricahpin connectors, hydraulic control

bnsideration
impact and
tion testing,

e to control

above the

5, hydraulic

workover copfrol module shall be designed to be suitable for tree mode operations. Consideration shall

5 generated
nd retrieval

5.5.14 Control module design

The riser control module and workover control module shall be designed in accordance with the following.

a)

b)

The system shall be fail-safe on loss of hydraulic pressure.

The system shall be designed to ensure that loss of electrical power and/or communication does not
result in a total system shutdown or prevent the ability to secure the well. This may be achieved by the

system being fail as-is on loss of electrical power and/or communication.
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c) The response of the control module shall be compatible with the required emergency shutdown and
emergency disconnect response times.

d) The control module shall have a communication rate with the top side system that is compatible with the

require

d emergency shutdown and emergency disconnect response times.

e) All active electronic circuits should be enclosed in nominal one atmosphere gas-filled enclosures
designed for full external pressure conditions.

f)  Electrical elements of electro-hydraulic components shall be mounted in a dielectric fluid-filled and
pressure compensated housing.

g) Fullyre
h) All suf
soleno
i) Eachh
i)  The cg
operati
k) Leakad
system|.
) Return

enviror

dundant electronics shall be included.

ply and function line control may be performed by hydraulically latched, electrically pul
d valves.

ydraulic supply and function line shall be internally monitored by pressure transducers.

ntrol module shall be capable of providing feedback to topside systemyin order to verify co
On.

e in the hydraulic section of the system shall not impact the integrity of the electric/electr

hydraulic fluid may be returned by dedicated return lings\in the supply umbilical and/or expellg
ment by an internal check valve system.

m) Direct hydraulic lines shall not have any associated control valves within the control module.

n) Eachh

5.5.15 Um

Umbilical h
subsea fun

The contro
control and

The umbili
requiremen

The umbilig
capable of
operation o

ydraulic supply line shall have a filter.

pilicals and jumpers

bses shall transmit the necessary control and monitoring functions from the surface controls to
ttions. Signals to be transmitted* may be both hydraulic and electrical.

umbilical shall take the form of a composite construction and accommodate all the neces
monitoring lines required of the workover system during the specified modes of operation.

cal hoses and jumpers shall be capable of withstanding specified hydraulic and elect
S.

al shall-have sufficient mechanical strength such that internal hoses and electrical cables sha
withstanding both the static and dynamic forces encountered during all specified mode
the workover system.

rect

pnic

d to

the

sary

rical

| be
5 of

Hose material selected shall be compatible with the specified control fluid.

The materials used in the umbilical shall not produce debilitating gases in the case of fire.

Hose sizes shall be dimensioned to allow for sufficient volume flow to achieve the minimum required operating
times for valves and connector functions. Hose dimensions shall be verified by conducting a hydraulic
response analysis.

A minimum

of one spare line should be included in the umbilical, unless specified otherwise by purchaser.

Bend restrictors shall be fitted to umbilical end terminations and individual hose end terminations shall be
protected from accidental damage.
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Umbilical(s) may be clamped to the riser string or a separate tensioned guide wire.

The design, manufacturing and qualification of the umbilical shall comply with requirements given in

ISO

5.5.

13628-5.

16 Multi-quick connector plates

Umbilicals and umbilical jumpers should be terminated in multi-quick connector plates.

Multi-quick connector plates shall be designed for easy make-up and break-out and provide guidance,

alig

nment_arientation and flm(ihilify to_ensure caorrect col |Inlnr nlignmpnf and prn\/nnf col |Inlnr dama

Mul

A locking mechanism shall be provided, designed to withstand relevant separation, ‘forces.

med

A lif

5.5.

The]
of 2

The
pow
ava

The

The)
on{

Con

The)
han

The)

pro

The|l winch<shall be equipped with a fail-safe brake system for stop and hold. It should alg
indgpendent manually operated static brake. The brake shall have sufficient braking capacity to st

the

Suf]iecient filterings lubrication and pressure regulation of the air/oil supply shall be provided on

i-quick connector plates should be designed for make-up and break-out by hand.

hanism shall include a securing mechanism to prevent accidental disconnection.

ling eye shall be provided to allow for lifting to the correct position for make-up.

17 Umbilical winch

umbilical winch shall be capable of handling the complete fluid-filled”umbilical length plus a su
D %.

winch shall be either pneumatically powered from available workover vessel air supply or
ered hydraulically from the workover control system ‘high-pressure unit or electrically po
lable vessel supply.

winch shall be designed to provide sufficient tarque and speed for efficient running.

winch should be equipped with a transverse reciprocating guidance system to evenly spool t
he drum during wind-in retrieval.

nponents required for operation of the winch should be mounted on the winch.

winch should be skid-mounhted with a protective frame and equipped for top four-point lift
dling.

winch power unit sheuld have controls for forward, reverse and centre for stop.

ct the air/hydraulic motor from excessive wear or damage.

Lmbilical when subjected to maximum operating tension.

je.
The locking
rplus length

blternatively
wered from

ne umbilical

and forklift

the reel to

o have an
bp and hold

The winch should be equipped with a quick-disconnect junction plate for attachment of the umbilical jumper.

A safety interlock shall be provided on the winch to immobilize the motor drive to the reel when the umbilical

jum

per is connected.

The winch should be equipped with a hot-line connection or multi-quick connector plate, isolation valves and
gauges to allow selected tool functions to be pressurized and isolated. All functions should be mounted in an
isolating/monitoring panel on the winch.

The winch should be equipped with a mobile remote-operation control in addition to local control on the reel.
The length of the remote-control cables should be 20 m (65,6 ft) as a minimum.

© I1SO 2005 — All rights reserved

79


https://standardsiso.com/api/?name=b3ee2c5c08046f33b871ceb6d7cdce8b

ISO 13628

-7:2005(E)

5.5.18 Umbilical sheaves

The sheave

s shall be provided to support the umbilical during installation, retrieval and operation.

The sheaves shall be designed to protect the umbilical from exceeding its minimum bending radius and shall
allow for smooth movement of the umbilical.

Padeyes on sheaves and appurtenances for attachment of sheaves shall have a safe working load equal to,
or greater than the tensile breaking strength of the umbilicals they support.

5.5.19 Tes

The worko
electrical ju

6 Desig

6.1 Purp

This clause
including pi

6.2 Desi

6.2.1 Pur

In 6.2, the g

6.2.2 Fundamental requirements

A C/WO ris

 auxili ot

er control system shall be delivered with all necessary test and auxiliary equipment,inclu
mpers, water coolant hoses and nitrogen boost with filling hoses.

n requirements

ose

specifies requirements for design principles, loads, load effect analysis and design of compon
bes and connectors.

gn principles
Dose

esign principles and applicable design methodsare given.

br system and its components shall be designed, manufactured, fabricated and maintained so
D its intended use. In particular the C/WO riser system shall be designed to

load effects likely to occur during its intended life;
n acceptable safety for personnel and environment;

Hequate resistanege-against deterioration for its intended life.

eral design(considerations

of the~C/WO riser system, its components and details shall, as far as possible, account fon
neiples.

Hing

Ents

that

the

Riser joints and components shall possess ductile resistance.

catastrophic failure.

Riser joints and components shall be designed such that an unintended event does not escalate into a

Riser joints and components shall be designed with the aim to minimize stress concentration (overall

cyclic stress range and cyclic damage accumulation), e.g. by means of a stress-flow related design of
cross-section transitions and reduce complex stress-flow patterns.

it is suited t
a) sustain
b) mainta
c) havea
6.2.3 Gen
The design
following pr
a)
b)
c)
d)

recogn
80

ized techniques and practices.

Riser joints and components shall be made such that fabrication can be accomplished in accordance with
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e) Design of structural details and use of materials shall be done with the objective to minimize corrosion,
erosion and wear.

f)  Permit simple and reliable installation, retrieval and be robust with respect to use.
g) Provide adequate access for inspection, maintenance, replacement and repair.
h) Facilitate monitoring of its behaviour in terms of tension, stroke, stresses, angles, vibrations, etc.

Inspection philosophy should be an integral part of the design. Criticality of components and ease of
inspection should be considered early to ensure that provisions are made for adequate inspection.

The] designer should ensure that necessary inspection methods or replacement procedures areyayailable and
are [scheduled and described in adequate detail as part of the operating and maintenance decunientation for
the [C/WO riser system.

6.2.4 Design methods
Thel C/WO riser system design shall be based on calculations supplemented by necessary testing.

NOTE 1 Calculation methods imply use of analytical-based equations or numerical analysis, e.g. finite elerpent analysis
or bpundary element analysis.

NOTE 2  Where this part of ISO 13628 does not indicate an applicablé calculation or testing method, it is the designer’s
responsibility to use widely recognized methods to justify the dimensions*and materials selected.

Thel C/WO riser system and components shall be designed,against all relevant failure modes.

NOTE 3 A failure mode is a condition beyond which the riser or component of the riser exceeds a spdcified design
requirement. Examples of failure modes are loss of strugfural resistance (excessive yielding and buckling), fI;tigue failure,
leakpge, unstable fracture, motions that exceed the* limitations of components, exceedance of minimum clearance,
mechanical malfunction of a component.

Thel| design shall incorporate appropriate design factors or safety factors using comprehensive nmjethods that
are known to result in adequate safety'margins against all relevant failure modes in a consistent manner.

The| general ultimate strength safety format in this part of ISO 13628 is expressed as Equation (1):
Sq < Rq = Ryc x Fy (1)
where

Sy is the design load effect;

Ry isthe design capacity (resistance);

R/ is the ultimate capacity (resistance);

Fy4 s the design factor.

This design format is named the working stress design method, which is a design method by which the safety
is obtained by applying design factors to the resistance of the component. The design factor depends on
failure mode and design conditions.

NOTE 4  The design factor(s) accounts for the integrated uncertainty and possible bias in load effects and resistance.

The inverted design factor (< 1) can be considered as a safety factor (> 1). The design factor is also named “allowable
stress factor” or “usage factor” in some working stress design codes and standards.
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As an alternative to the working stress design method or as a supplement to analytical methods,
determination of load effects and resistance may in some cases be based either on testing or on observation
of structural performance of models or full-scale riser systems with valid methods. A probabilistic approach
based on recognized structural reliability analysis may also be applied. Direct reliability analysis methods are
mainly considered as applicable to special case design problems, to calibrate design factors to be used in the
working stress method for failure modes not covered in this part of ISO 13628 and for conditions where limited
experience exists. Load effect and resistance factor design method with calibrated load effect and resistance
factors may also be applied.

The reference values or characteristic values of Sy and R, to be used in the design process are normally
based on lower fractiles for resistance and upper fractiles for the load effect.

For the calqulation of load effect:
a) for envjronmental load effects:

— fon permanent operational conditions the most probable extreme combined load effeet for a 100-year
refurn period (10~2 annual exceedance probability) shall apply;

— fonl temporary operational conditions the most probable extreme combined load effect for|the
following return period values shall apply:

—] a 100-year return period if duration (i.e. continuous operation).is in excess of 6 months,

—1 a 10-year return period for the actual seasonal environmental condition if duration is in excegs of
3 days but less than 6 months,

—| specified extreme load condition for duration less than 3 days or operations which car| be
terminated within 3 days;

b) values for pressure and temperature unlikely to be,exceeded during the life of the riser may be used for
minimdJm/maximum design pressure and design temperatures;

c) the selffweight and buoyancy may be calculated on the basis of nominal dimensions and mean unit mass;
d) the nonpinal top tension may be applied for top tension;
e) the limif values may be used as characteristic values for effects which are bounded;

f) the makimum and minimum~extreme values in a given period may be used for load effects caused by
deformjation, e.g. intended’vessel offset or thermal effects;

g) the acc|dental load effect values shall be individually specified.

NOTE 5  The characteristic values of pressure and temperature describe the pressure-temperature regime |that
envelopes thpse pressures and temperatures that are unlikely to be exceeded during the life of the riser.

For the calculation of characteristic resistance:

a) the nominal values of the geometric data may be used with the exception of thickness for which the
following applies:

— the nominal value minus the corrosion allowance shall be used for combined loading,

— the nominal value minus the fabrication tolerance and corrosion allowance shall be used for pressure
design, e.g. see 6.5.2;
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b) the 2,3 % fractile for relevant experimental data (mean resistance minus two standard deviations) or the
minimum specified values shall be used for strength data at the design temperature, i.e. yield and
ultimate tensile strength;

c) for other properties, e.g. modulus of elasticity, coefficient of linear thermal expansion, nominal or mean
value may be used.

The safety format for fatigue design in this part of ISO 13628 is expressed as given in Equation (2):

where

Lg s the calculated fatigue life;

Dg is the design fatigue factor;

Lg is the service life.

For the calculation of fatigue load effects, the expected load effect history.shall be used.

Forlthe calculation of fatigue resistance:

a) |the 2,3 % fractile shall be applied for relevant experimentaldata, i.e.:

— the design S-N curve shall be based on the mganminus two standard deviations curves,
— the design crack growth parameters shall e based on the mean plus two standard deviatjons data;

b) [the expected initial crack size after fabrication and NDT (50 % probability of detection) shall be|used.
6.3| Loads and load effects

6.3. Purpose

In 63, the loads to be considéered in the design of riser systems are defined and the requirements for global
risef analysis are given.

6.3.2 Definition-of load classes

6.3.2.1 General

Thelloads 'shall be categorized as functional, environmental and accidental defined as follows:

a) functional loads are loads arising from the physical existence and intended use of the C/WO riser system,
without consideration of environmental or accidental loads;

b) environmental loads are those caused directly or indirectly by the ocean environment on the C/WO riser
system, and that are not classified as functional or accidental loads;

c) accidental loads (or low probability of occurrence loads) are loads related to abnormal operations or
technical failure.

Unless specific exceptions apply, the characteristic loads defined in 6.2.4 shall apply.
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6.3.2.2

Design pressure and design temperature

The C/WO riser system should be designed to operate in one of the design pressures specified in Table 7.
Valves, flanges, connectors, and other components should have design pressures (or pressure ratings) equal
to or greater than the design pressure of the C/WO riser. The design pressure of the lowest rated component

shall define

the design pressure of the riser system.

For deep-water applications where differential pressures are controlled by water depth, segmented pressure

ratings can

The intern

I
greater tha1

steady-stat

The maxim
exceeded ¢
flowing pre
pressure (i.
injection op
(e.g. SCSS

For the pu
external pre

In deep-ws
reduced by
determining
conditions s

The design
The referen

The pressy
hydrostatic

be considered in order to avoid unnecessary conservatism and save mass.

——————Fable-7—linternal-design-pressure;prgrclasses
Pintd
MPa (psi)
34,5 (5 000)
69,0 (10 000)
103,5 (15 000)
138,0 (20 000)

design pressure or pressure rating at any point in the C/\WO Tiser system shall be equal
the maximum working pressure. Pressures due to static hgadvof the fluid shall be included in
pressures.

um working pressure or internal design pressure isdhe internal pressure that is unlikely tq
uring the life of the riser. This means that the internal design pressure shall not be less thar
ssure, shut-in pressure including surge pressure, maximum accumulated pressure, relie

erations. Higher pressure ratings may berequired where leakage from higher pressure sou
V/ control lines) can become trapped.

pose of design, pressure shall be interpreted as the difference between internal pressure
ssure acting on the component.

the effect from the external’hydrostatic pressure. This effect may be taken into consideration w
the actual workingpressure for such components. Note that pressure tests under atmosph
hall be modified accordingly. For examples, see ISO 13628-4:1999, 5.1.2.1.1.

pressure shall’bé specified at a reference level with corresponding temperature and fluid densi
ce level may’be the wellhead (seabed) or the top (surface) of the riser.

re difference between internal and external pressure shall be used for design as the
pressures inside and outside the riser vary with depth. The local internal pressure, p iy, i.€,

local intern

D or
the

be
for
ving

b. set pressure of the relief valve plus over-pressure) and pressure during well-kill, stimulation, or

[Ces

and

ter applications, the differential pressure across pressure-containing bodies is substanfially

hen
eric

lies.

fluid
the

bl pressure at a specified point in the C/\WO riser system relative to the internal pressure

ta

reference point, p;;, is given by Equation (3):

Pljnt =
where

h

g

Pint + Pint X g x h

is the height difference between the actual location and the internal pressure reference point;

is the acceleration due to gravity;

Pint 18 the density of the internal fluid.
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Gas mixed with oil in the riser could reduce the hydrostatic pressure acting downstream of a closed valve.
This factor shall be taken into account when calculating the maximum allowable shut-in pressure for the
specific application.

The C/WO riser system should preferably be designed to operate in one or more of the temperature classes
as specified in Table 8.

Table 8 — Temperature design classes based on fluid temperature

Operating range
—Femperature—classifieation ey
Minimum Maximum
K - 60 (- 75) 82 (180)
L —46 (- 50) 82 (180)
P —-29 (- 20) 82 (180)
R Room temperature
S -18(0) 66 (150)
T -18(0) 82 (180)
u -18(0) 121 (250)
\Y 2 (35) 121 (250)
X -18 (0) 180 (350)
Y —-48(0) 345 (650)

Var
con
be

The)
or s
calg
sea

The)
the

The]
tem

All
den

Sidered to determine the appropriate design cases. Intermediate pressure and temperature g
onsidered where appropriate.

design maximum metal temperature shall not be less than the fluid temperature unless calcul
ervice experience based on_measurements, support the use of another temperature. Any h
ulation shall be performed(on: the assumption that there is no heat loss due to wind. Heat
ivater can be considered fon submerged parts.

minimum design metal temperature shall be determined by considering the lowest temperaty
component will normally be exposed to in service, including controlled blowdown.

fluid temperature range for the selected temperature class shall be considered when
perature-induced loads.

omfpohents shall also be designed for net external pressure when applicable. Annual averag

ous combinations of internal and external pressure in combination with coincident temperatiire shall be

lasses may

ations, tests
eat transfer
loss due to

re to which

determining

e seawater

sity)and mean sea levels shall be used to establish the external hydrostatic pressure cau

sed by the

sea

water.

Special consideration shall be given to external pressures that exceed the environmental (open sea or drilling
riser) hydrostatic pressure.

EXAMPLES Annulus pressure for a concentric riser and BOP pressure (during setting of production pa
hanger pressure testing, BOP pressure testing, annulus circulation to choke/kill lines, operation of landing string
secondary functions, etc.) are examples of external pressure which need special consideration.
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6.3.2.3

6.3.2.3.1

Environmental loads

General

All relevant environmental phenomena for the particular location and operations, including storage and
transportation, shall be taken into account in the calculation of loads on the riser.

EXAMPLES

Hydrodynamic loads on the riser induced by direct action of waves and current are examples of
environmental loads. Loads caused by environmentally induced vessel motions are also defined as environmental loads.

6.3.2.3.2  Environmentalconditions

Data for thq joint occurrence of e.g. waves and current conditions should be applied.

NOTE The principal environmental parameters are waves, currents and vessel motions.

If sufficient|data are not available for the geographic location in question, conservative.éestimates based on

data from ofher relevant locations may be used.

Ice and earfhquake load effects shall be considered in regions where relevant.

Statistical data shall be utilized to describe environmental parameters of a.-random nature (e.g. waves). [The

parameters| shall be derived in a statistically valid manner using recognized methods. The statistical

description [ shall describe the extreme conditions as well as the {fohg- and short-term variations, [e.g.

parameters| for describing maximum wave load effects, wave-induced fatigue load effects, and other effects,

such as vortex shedding.

6.3.2.3.3 |Surface waves

The wave data shall include the following:

a) sea-stgte characteristics in terms of significanttwave height, spectral peak period (or average upcrossing
period), spectral shape and directionality;

b) long-tefm statistics of these characteristics in terms of seasonal wave scatter diagrams giver| as
significant wave height and spectral~peak period (or average upcrossing period) or wave heights |and
wave periods for single design waves.

NOTE 1 Qther wave parametefs~of interest, such as the maximum wave height and the associated wave pé¢riod

(design wave), can be derived from'these data.

NOTE 2 Vind-driven surface waves exert significant oscillating forces directly on the risers. Such waves are irregular in

shape, can Mary in length 'and height and can approach the riser from one or more directions simultaneously. Waves|also

induce steadly and oscillatory forces on the vessel to which risers are attached.

If directiongl information on waves is not available, wind direction may be used for wave direction.

Combination of wind-driven waves and swell from different directions should be included if relevant.

NOTE 3

moments due to beam-sea swell in combination with wind-driven head sea.

6.3.2.3.4

Current

This has particular relevance, e.g. for mono-hull vessels, where large roll motions can introduce high bending

The design current velocity, profile and direction shall be selected using recognized statistical methods. The
resulting current velocities shall include contributions from all relevant phenomena including, but not limited to,
tidal current, wind-induced current, storm surge current, density-induced current, global ocean current, eddies
that spin off from a circulating current, solitons, internal waves and other effects due to differences in water
density.
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Special attention shall be given to provide associated current profiles with the specified limiting operating sea-
states, especially for deep-water applications.

Various current profiles (current velocity vs. water depth) and wave combinations should be considered.

6.3.2.3.5 Water depth and tide

The water depth at the location shall be defined. Effects from tide and storm surge shall be considered if the
water depth is a significant parameter.

Mez

nwater level may he used to determine seawater pressure

6.3.2.3.6 Temperature

The)
theq
The)

Max

NOT

6.3.

The)
env

NOT
API

Ves
freq

The
amf
free
suc

maximum, average, and minimum seasonal air and sea temperatures at the site ‘shall be
e temperatures are likely to be relevant to riser design. This is of particular relevance to ar
most conservative ambient temperature should be applied for design and cheice)of materials.
imum and minimum storage and transportation temperatures shall be spécified.

E Temperature and humidity are important for storage, preservation, désign of workover control sys

.3.7 Vessel offset and motions

effect of vessel offset and motions shall be included n\the riser design. Vessel response

ronmental loading that shall be specified are the following:

static offset: mean offset due to wave, wind and current loads;

wave frequency motions: first=order wave-induced motions;

low-frequency motions: motions due to wind gust and second-order wave forg

set-down and draught variations: d;er to the combined effect of mooring line constraints
offset.

E1 For guidance regarding calculation of representative vessel offset, reference is made to secti
RP 2SK:1997 (31,

sel offset and metions constitute a source of both static and dynamic loading on the rise
uency motions,may be considered as static in the riser load effect analysis.

vessel wave frequency motions shall be given in terms of RAOs and with a clear-cut

specified if
tic regions.

em, etc.

data due to

es,

and vessel

bn A.6.2.2 in

r. The low-

Hefinition of

litudestand phase angles as well as wave directions. The RAOs shall be defined for all six
domi (Surge, sway, heave, roll, pitch and yaw), and for a sufficient number of discrete wave
N that the RAOs are particularly well defined near any resonance peaks in the dynamic system

atta

In terms Of origin,

degrees-of-
requencies,
The vessel
i.e. motion

y y
reference point, and directions of coordinate axis. The vessel RAOs shall be applicable for relevant vessel

draughts. Dynamic positioning system performance, e.g. positioning tolerances, should be provided if
applicable.

If applicable, vessel motion data for damaged conditions, e.g. mooring line failure, shall be specified.

NOTE 2  Vessel RAOs depend on vessel draught and thruster-assisted positioning.
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6.3.2.3.8 Determination of hydrodynamic loads

Hydrodynamic loads shall be determined by analysis; see 6.3.4. If theoretical predictions are subject to
significant uncertainties, theoretical calculations shall be supported by model tests or full-scale measurements
of existing C/WO risers or by a combination of such tests and full-scale measurements.

6.3.2.4 Accidental loads

The C/WO riser system shall be designed for accidental loads. Accidental loads are defined as events with a
probability less than 10-2 and larger than 104

Relevant a be

defined by s

ccidental loads, both magnitude and frequency, for a specific C/WO riser and vessel may
bystem review, risk analysis and relevant accumulated experience; see 4.6.

EXAMPLES
tension or H
accidental Iqg
unintended
dropped objq

Loads caused by vessel tensioner system failure or motion compensator system failure,” e.d. loss o
eave compensator lock-up, loss of dynamic positioning system (drive-off or drift-off)‘are examplg
ads. Loads caused by emergency operation, loss of buoyancy, change in intended;pressure differg
Change in ballast distribution, fire, explosions, collision impact from infrequent vessel/riser interferg
cts and extreme environmental conditions are also accidental.

f top
s of
nce,
nce,

Safety joint ntal

loads; see §

5 or weak links may be used to ensure that unacceptable escalation does not occur for accidg
7.

Accidental
if the C/W(
resulting frg

oads for the C/WO shall also be considered for other affected \systems/components. For exani
riser failure inside the drilling riser is a result of an accidéntal load case, the internal pres
m this failure shall be considered also for the drilling riser.

ple,
sure

6.3.3 Load combinations and conditions

Loads and
use and ot
design.

The C/WO
given in 6.3

oad effects, which can cause or contribute to:failure of the C/WO riser system during its inter]
her reasonably foreseeable operational cenditions, shall be identified and accounted for in

riser system shall be shown to meet‘the design criteria in 6.4 to 6.7 under the load combinat
3.

ded
the

ons

When esta
environmen

blishing ultimate strength-design load effects, the most unfavourable combination of functig
tal and accidental loads, which can be predicted to occur simultaneously, shall be considered.

nal,

The worst-g
be establish

ase orientation of-coited tubing frame or bails with respect to worst-case loading conditions ghall

ed and shall in,general be used in the global analysis.

To find the
profiles, m
considered

maximum.and minimum load effects, different combinations of wave heights and periods, cufrent
nimum_‘and maximum vessel offsets, fluid densities, temperatures, pressures, etc. shall be

NOTE 1
ignored.

Lload’ combinations with a probability of occurrence less than 10~4 for the period under consideration cah be

Unless they can be reasonably expected to occur together, it is not necessary to consider a combination of
accidental loads in combination with extreme environmental loads.

NOTE 2  Restricted operating or maximum operating condition typically includes specification of wave height including
relevant wave period range in combination with associated current profile and vessel mean static offset range.

Environmental limits should be determined for all modes of operations (see Annex B) including but not limited
to the following:
a) racking of equipment, e.g. surface tree assembly;
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b) installation and retrieval of relevant equipment, e.g. subsea tree, tubing hanger and completion string;
¢) landing and latching;
d) each mode of connected mode operation, e.g.:

— testing, e.g. overpull to verify lockdown and system hydrostatic pressure test,

— normal operation with well access or surface shut-in,

— extreme nppratinn with suibsea shut-in and pressure bleed-off:

e) |unlatching:

— normal disconnect,

— emergency disconnect;

f) |overpull to retrieve stuck equipment, e.g. tubing, subsea tree;

g) |storm hang-off;

h) |accidental conditions, e.g. in connected mode:

— motion compensator failure, e.g. loss of tension or compensator lock-up,

— tensioner failure, e.g. loss of tension or tensioneriock-up,

— loss of vessel station-keeping, e.g. dynamic positioning failure or anchor failure.
In the case of installation/retrieval, varying lengths of riser deployment shall be considered.
The|l combined environmental load effeets for hang-off conditions shall be taken for a 10-year return period (or
10-] probability of exceedance in a_ period of one year) for the actual seasonal environmental ¢onditions if
nothing is specified by the purchaser.
Set{down masses prior to orientation of tubing hanger and prior to locking of connectors shall be established
inclfiding maximum angle(for entry of connectors. Values of overpull to verify lock-down, for normgl operation,
and| for emergency dis¢onnect shall be established/specified. Maximum allowable overpull to refrieve stuck
tubipg in combination‘with drilling riser ball/flex joint angles shall be established/specified; see Table 12.
For|latching operations, e.g. of emergency disconnect package, lower riser package and subséa tree, the

follqwing may ‘be considered: allowable latching angles, maximum relative landing velocity and set-down
weight.

For|untatching operations, e.g. of emergency disconnect package, lower riser package and subsga tree, the
following may be considered: allowable unlatching angles in combination with overpull and moment for both
normal and emergency quick-disconnect.

Vessel drift-off/drive-off, emergency shut-down and emergency disconnect operating limits shall be
established for dynamically positioned vessels in the case of vessel drift-off/drive-off. These limits shall be
defined to ensure the establishment of well barrier elements and safe disconnection of the C/WO riser before
any critical limit is exceeded; see 5.5.5. This assessment shall consider vessel drift-off/drive-off response (i.e.
offset and velocity) and the establishment of critical limits, see 4.13.2. The total time to perform an emergency
disconnect shall be established, including the time to recognize drift-off/drive-off, the time to initiate the
emergency disconnect function and the time for performing the emergency disconnect. Vessel operating
watch circle limits shall be established that ensure sufficient time to perform an emergency disconnect of the
C/WO riser before any critical limit is exceeded.
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An operation manual (see 11.9) shall define the riser operational limitations for the relevant modes of
operating.

Normal or planned disconnection of a C/WO riser shall be performed if a critical value for the operating limits
of the riser is about to be exceeded. After disconnection, the riser shall be brought into a safe position, i.e.
hung-off or retrieved. C/WO riser system operational parameters shall be closely monitored at all times to
ensure that the riser is being operated within prescribed limits. Reliable weather forecasts shall be used to
monitor the environmental conditions.

6.3.4 Load effect analysis

6.3.4.1 eneral
The globall analyses shall be based on accepted principles for static and dynamic analysis, mpdel
discretizatign, strength of materials and environmental loading to reliably determine load effects on the fiser
system. The load effect analysis may be based on analytical calculations, numerical simulations, physical
testing, or § combination of these methods.

Load effects, in terms of motions, displacements, or internal forces and stresses of the C/WO riser system,
shall be determined with due regard for the following:

a) the spdtial and temporal nature including:
— popsible non-linearities of the load,
— dypamic character of the response;
b) the relgvant failure modes for design check;
c) the degired accuracy in the relevant phase.
Functional [loads and certain accidental loads ,can generally be treated by static methods of analysis.
Environmental (wave) loads and certain accidental’loads (impacts) require dynamic analysis. In addition tq the
static and dynamic analysis, the global analysis-for open-sea operations shall include natural period and node

shape analysis. General guidance on global I6ad effect analysis of risers is given in Annex B.

NOTE 1 Inertia and damping forces arejimportant when the periods of steady-state load are close to natural periogls or
when transient loads occur.

Load effecfl analysis of the fiser shall be conducted for all relevant operating modes and design cases to
check the felevant failure‘modes of the riser components, to determine operating limits and establish fiser
interface dqta.

The structural riser-analysis should be carried out with linear elastic material behaviour. If plastic or elaptic-
plastic anallysiscare used for C/WO riser systems exposed to cyclic loading, e.g. wave loads, checks shall be
carried out ta”verify that the riser system will shake down without excessive plastic deformations or fradture
due to repeated-yietding:

NOTE 2 In cases where global riser analysis is performed with linear elastic material properties and with design factors
set down in this part of ISO 13628, shakedown can be assumed for pipe cross-sections without further checks.

Uncertainties in the analysis model should be included in the design factors. If uncertainties are particularly
high, conservative assumptions shall be made.

If analytical models are particularly uncertain, the sensitivity of the models and the parameters utilized in the
model shall be examined.

NOTE 3 The main purpose of sensitivity analysis is to quantify model uncertainties, support rational conservative
assumptions and identify areas where a more thorough investigation is needed to achieve an acceptable modelling (e.g.
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calibration of computer model against physical testing). Parameters to be considered include hydrodynamic parameters,
wave period, current profile, top tension and tensioner spring stiffness characteristics, wellhead inclination angle and level,
stack-up length, slick-joint stiffness, slick-joint contact level with drill floor, vessel offset, structural damping, submerged
weight and internal fluid density.

Global riser analysis should be performed to optimize the top tension to improve the performance of the riser

with respect to combined load effects.

NOTE 4

on the vessel motions.

Coupled analysis can be considered for applications where the anchor lines and risers have a significant effect

6.3.A-2— Modelling

6.3.4.2.1 Riser structural model

Thel global riser model shall include the complete riser system considering accuraté-modelling pf stiffness,
mags, damping and hydrodynamic load effects along the riser string in addition to-fop’ and bottom equipment
and|boundary conditions. In particular, appropriate drag and inertia coefficients, fon the selected nmethod shall
be applied.

NOTE Top-end equipment and boundary conditions typically include modelling of surface equipment, bails, tension
frame, draw works, slick joint, drill floor (rotary/spider) contact, tensionersyand vessel motion RAOs. Bottom-end

equi
incly

Top)
join

The]
stru

Loa

pment and boundary conditions typically include modelling of the stress joint, subsea equipment and wel
ding wellhead/soil flexibility as required.

tensioned risers should be modelled with the appropriatestension acting on the tension ring at
and at the top of the riser (motion compensator) and with appropriate stiffness characteristics.

riser shall be discretized with a sufficient number~of elements to represent environmental
ctural load effects and to resolve load effects incall critical areas.

i effect calculations should be performed: applying nominal cross-section properties and nomi

properties.

6.3.

The

#.2.2 Hydrodynamic loads

maximum operating conditions shall be analysed by appropriate combination of magnitude an

of maximum waves, currents.and vessel when determining the most probable maximum hydrody

effe

In ¢
by t

Wa
dep

Wh

Cts.

hses where only-a_Wwave height is specified, the wave period range to be considered may be
he 90 % confidence interval from the wave scatter diagram.

h and.description of wave kinematics at the surface and the water column below.

pn“determining the hydrodynamic loads, the relative liquid particle velocities and accelerations

head system

the tension

oading and

nal physical

d directions

namic load

determined

e theory'and kinematics shall be selected to recognized methods with due considerations of actual water

used in the

calculations shall be established, taking into account contributions from waves, current and riser motions.

NOTE 1

in te

NOTE 2

The hydrodynamic loading on slender structures like C/WO risers can be expressed by the Mori
rms of the relative fluid-structure velocities and accelerations.

son equation

The selection of appropriate wave theory depends on the actual application and link to assumptions made to

vessel motion RAOs. Normally, linear wave theory, e.g. Airy, combined with Wheeler stretching can be considered in
addition to distributed kinematics, if relevant. For the part of the riser below the splash zone, linear wave theory is usually
adequate in connection with irregular sea-states. Note, however, that distributed kinematics, e.g. for semi-submersible
vessels, can effect the kinematics close to the vessel.

Time and/or frequency discretization shall be verified to ensure that desired accuracy is obtained.
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Possible effects of adjacent structural parts shall be taken into account when determining the wave and
current loads. The increased accelerations and flow velocities in the flow around a cylinder, e.g. columns, can

lead to addi

tional forces on the riser.

Possible loads from vortex shedding shall be considered. Concerning vortex shedding-induced transverse
vibrations, the increase in drag coefficient shall be taken into account. The effect of VIV suppressing devices,
if included as part of the riser system, shall be analysed.

6.3.4.3 Extreme load effect analysis

Static anal

sis should he carried out using a full non-linear approach One or combinations of the follo

ving

methods sh
a) irregula
b) regulan
c) irregula
The irregulg
effect analy

analyses nj
domain ang

It shall be documented that the duration of irregular time domain analyses is sufficient to obtain load e

estimates W

Any use off
and/or ana
representat]

Wave perio
and irregulg
for regular

different pe
diagram) sh

ould be applied in the subsequent dynamic analysis to establish hydrodynamic load effects:

r wave analysis in the time domain (design storm);

wave analysis in the time domain (design wave);

r wave analysis in the frequency domain.

r wave analysis refers to modelling of water particle kinematics and vessél motions. Extreme
ses should preferably be carried out by use of time domain analyses. However, frequency dor
ay be applied if the adequacies of such analyses are documented by validation against
lysis.

ith sufficient statistical confidence.

simplified modelling and/or analysis technique shall be validated by more advanced mode

ysis, see Table 9. In particular, the validation~as specified in 6.3.4.6 shall be considered
ve (critical) load cases.

Table 9 — Validation‘analysis methods overview

Applied method Method for validation
Linearized time domdin-analysis Non-linear time domain analysis

Frequency domain analysis Time domain analysis

Regular wave analysis Irregular wave analysis

d variation shalhbe performed to identify the most unfavourable loading condition for both reg
r wave analyses to identify the most unfavourable loading condition. This is of special importe
vave analysis, which can be subjected to severe bias for dynamic sensitive systems. At least t

oad
nain
ime

fect

ling
for

ular
nce
ree

riods _covering a realistic variation range (e.g. 90 % confidence interval from the wave scatter
all.be'analysed. The period variation shall be performed with due consideration of the following:

a) statistical variation of wave period;

b) natural
c) peaksi

d) wavep

frequencies of the riser system;
n vessel motion transfer function;

eak periods from the wave scatter diagram.

NOTE Maximum wave load effects might not always be experienced during the passage of the design wave
(maximum wave height). The maximum wave loads can be due to waves of a particular length, period or steepness.
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Fatigue analysis of the riser system shall consider all relevant cyclic load effects, including the following:

a) first-order wave effects (direct wave loads and associated vessel motions);

b) second-order vessel motions or vessel-induced motions (quasi-static offset motions);

c) vortex-induced vibrations;

d) thermal and pressure induced stress cycles.

Thel fatigue load effect due to first-order wave effects and second-order vessel motions may bé ¢algulated with
the [same methods as for extreme load effect calculation in 6.3.4.3. If frequency domain@nalysis or regular
wave analysis is used, validation against irregular sea, time domain analysis should“be: performed. Cycle
coupting, e.g. rain flow cycle counting, should be used for irregular time domain fatigué’analysis.

Varijation in pipe wall or component wall thickness over the service life of the riser_system shall be| considered
in the fatigue life calculations, i.e. running, operational and hang-off conditiens.” The global fatigue analysis

may
wall

Fati
Stre

NOT
fatig

6.3.

If th
stat
and
flex

The)
the

Both extreme load effect:and fatigue damage shall be determined at critical locations along the risg

6.3.

The)
mot}

#.5

#.6

thickness, i.e. the nominal wall thickness minus half the corrosion allowance.
jue analysis should cover the sea-states lying within the operating limits of the various activitie
sses to be considered in the fatigue analysis are given in Table C.2, for further details, see Anr

E First-order wave-induced fatigue under normal operation in open sea is normally the governing c3
ue damage accumulated in disconnected or hang-off mode, can be significant.

Inside drilling riser mode

e C/WO riser is operating within a drilling riser, the C/WO riser may be analysed using a non-|
c approach. The C/WO riser analysis_shall include effects from top tension, fluids, tubing, tu
C/WO riser weight, fluids, pressure, temperature, C/WO and drilling riser contents, top

ball joint angles and drilling riser ‘deflections.

minimum top and bottom flex/ball joint angles may be calculated by a separate drilling riser|
values in Table 12 may.be-applied.

Modelwalidation

global-analysis models shall be checked for errors. Emphasis shall be given on correct input g
on transfer functions for the actual computer programme.

be based on nominal wall thickness while the fatigue stresses may be based on average representative

L
D.

ex C.

se; however,

near quasi-
bing hanger
and bottom

analysis or

r string.

f the vessel

A H b L - L - L - L £l b L 1_E s, i £ | H
NIMatoT STOWg - VeSSEr MotonNs,- waves and rSeraerectons may o usSed Tor- Veriication o vesse motions.

The following analytical checks shall be performed of the riser model:

a) verification of static effective tension distribution including top and bottom tension;

b) calculated natural periods and mode shapes.

NOTE 1 Analytical calculation of static effective tension represents a verification of the riser mass, buoyancy and
tensioner modelling of the system.

NOTE 2  Natural periods and mode shapes of top tensioned risers can be verified by analytical calculations.
Approximate solutions are given in terms of closed form expressions for tensioned beams; see Blevin [25],
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6.4 Component design criteria

6.4.1 Scope

General design requirements applicable to all components within the scope of this part of ISO 13628 including
connectors and bolts are provided in 6.4. Design requirements for components that are governed by other
applicable codes and standards (see Table 2) are outside the scope of this part of ISO 13628.

Specific component subclauses providing component-specific design requirements are included in this part of
ISO 13628. In case of conflict between 6.4 and the component-specific subclause design requirements, the

Component epnr\lflr\ rlnelgn rnqnlrnmnnfc shall govern

6.4.2 Failpre modes
It shall be ghown that the C/WO riser system has the required structural safety against allrelevant fa|lure
modes. As g minimum, the riser components shall be designed against the following possible modes of fa(lure,
as approprigte:

a) excessjve yielding;
b) buckling;
c) fatigue
d) brittle ffacture;

e) excessjve deflections;

f) leak-tightness;

g) corrosipn and wear;

h) sudder disengagement;
i)  mechapical function.

For design against corrosion and wear, see 6.4.4 and Clause 7.

The requirgments given in 6:4~are valid for pipes having materials meeting the general requirements of
Clause 7 and especially the-tefisile requirements of 7.2.9.

6.4.3 Matgrial selection

Materials tq be selected for C/WO riser systems shall be suitable for such application during the design life
unless replacement is foreseen. Due consideration shall be given to external and internal fluids, loads,

temperaturg¢_and possible failure modes during all phases including operation, fabrication and testing. [The
selection of materials shall ensure compatibility of all components in the riser system.

Materials shall have appropriate properties for all fabrication steps, testing, operating and storage conditions,
and shall have sufficient strength, ductility and toughness; see Table 15. Furthermore, the C/WO riser system
shall be free from surface or internal defects, which might impair their usability.

Risk for sour service conditions shall be evaluated for all parts of the C/WO riser which during the lifetime can
be exposed to reservoir fluids during operation; see 7.2.4.
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6.4.4 Corrosion allowance

Whenever the word “corrosion” is used in this part of ISO 13628 it shall be taken to mean corrosion, oxidation,
scaling, abrasion, erosion, wear and all other forms of metal loss. The manufacturer shall consider the effect
which corrosion (both internal and external) can have upon the useful life of the component; see 7.2.13. When

in doubt, corrosion tests should be undertaken.

In all cases where a reduction in wall thickness is possible as a result of surface corrosion of either internal or
external surfaces, provisions shall be made for such loss during the design or specified life (operation and
storage) of the component by a suitable increase to the thickness of the base metal over that determined by

the design formulas or stress analysis.

Thel| evaluation to quantify a suitable increase in wall thickness (i.e. corrosion allowance) shall take into
congideration material properties, internal and external environment, internal and external ¢oatingd, inspection

intefvals and routine preservation; see 7.2.13.

A ninimum corrosion allowance shall be applied and shall be documented in design ealculations jor specified

by purchaser.

NOTE This corrosion allowance does not ensure safety against the risk pf\deep corrosion or strgss corrosion

cracking. In these cases a change in material, cladding, etc. is the appropriate means.

6.4.6 Thickness

Unl¢ss otherwise stated, all design calculations shall be made.in'the corroded condition with a cansistent set

of dimensions (thickness, diameter, etc.).

Poskible beneficial strengthening effect of cladding or<liner on a pipe shall not be taken into ac¢ount in the

des|gn, unless the strengthening effect is documented:

6.4.6 Design material strength and properties

The]yield strength, oy and ultimate tensilé.strength, o, to be used in design shall be as follows:
oy =¢pa5 X Rig 51 = Pa5 x Yy %R 5

Oy = Pa5 X Ry = Pas XV X Ry

where

N is the.ductility reduction factor; see Equation (6);

Ryp 57 \is'the specified minimum yield strength for 0,5 % total elongation at a specific tempergture;

Ry 5 is the specified minimum yield strength for 0,5 % total elongation at room temperaturT;

Y, is the yield strength reduction factor at elevated temperature;
Rt is the specified minimum ultimate tensile strength at a specific temperature;
Y, is the ultimate tensile strength reduction factor at elevated temperature;

is the specified minimum ultimate tensile strength at room temperature.

(4)

(®)

NOTE 1 The total extension of 0,5 % used to define minimum specified yield strength is valid for yield strength up to

655 MPa (95 000 psi). A value of 0,6 % applies for minimum specified yield strength up to 758 MPa (110 000 psi).
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The ductility reduction factor, ¢y5, may be applied for materials not fulfilling the ductility requirement in
Table 15. The ductility factor is 1,0 when the minimum elongation after fracture, 45, is equal to or larger than

14 % and for A5 < 14 % the ductility factor is calculated as given in Equation (6):

Pas =

15

2_ /ﬁ
56

If o is greater than 0,92 x g, then use 0,92 x ¢, instead of o, in Equation (4); see Table 15.

(6)

| for
: h a
temperaturg¢ above 50 °C (122 °F), de-rated material properties at design temperatures shall be establighed
as input to[the design. If no specific documentation of the material properties at elevated temperaturds is
available, the yield and tensile strength values at room temperature may be reduced in aceordance with
Table 10.
Table 10 — Optional reduction factors for elevated temperatures of carbon\manganese
and low-alloy steels
Temperature
Temperature o (o
reduction factor cCh
Room temperature 66 (150) 82 (180) 121 (250) 180 (350)
Yy 1,00 0,99 0,97, 0,91 0,85
u 1,00 1,00 1,00 1,00 1,00
For carbon| and low-alloy steels at temperatures up to. @20 °C (250 °F), the following values for physical
properties may be used:
a) modulys of elasticity: £ =205 000 MPa (29 730:ksi);
b) Poissop’s ratio: v=0,3;
c) linear doefficient of thermal expansion: ¢, = 12 x 108 m/m/°C (5,73 x 10-8 in/in/°F).
For the uItiJFate tensile and the _yield strength, the values shall be those which apply to the materials in| the
final fabricgted condition. Any difference in strength- and temperature-de-rating effects for strength in tengion
and comprégssion shall be .accounted for. If the material or weld metal gives lower strength or toughness
values after] fabrication, these shall be used in design; see 7.2.14 and 7.2.16.
6.4.7 Excpssive yielding
Components forwhich excessive yielding is a possible mode of failure shall be investigated for yielding;|see
6.2.4.

The design capacity for pressure-containing components, including bolts, shall be determined from the
material properties as defined in 6.4.6 and the design factors as defined in Table 11. Excessive yielding
capacities of components shall be achieved by one of the methods in Annex D.

For cyclic thermal loads associated with permanent loads, thermal ratcheting, i.e. a mechanism of incremental
collapse, should be considered.

Special considerations may require lower design factors, e.g. risk of stress corrosion cracking, hydrogen-
induced cracking.
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Table 11 — Design factors, Iy

Load condition Fy Failure mode calculation basis

Assembly (bolting-up or make-up) and 0,90 Based on actual design values at assembly/disassembly

disassembly (break-out) temperature

Mill/FAT hydrostatic pressure test 0,90 Based on actual design values at test temperature, fluid
(hydrostatic)

Normal operation 0,67 Based on corroded wall thickness at design metal
temperature

Extreme upc|at;un 086 Based-on—corroded-wat-thickness-at dCD;UII metal
temperature

System (in-service) pressure test 0,67 Based on corroded wall thickness atrtest temperature

Temporary operation 0,80 Based on corroded wall thickness at actual metal
temperature

Acdidental (survival) 1,00 Based on corroded wall thickness at actual metal
temperature

6.4.8 Buckling

The]
stre

possibility of buckling shall be considered of members in compression or components with a dompressive

5s field.

EXA
buch

MPLES One or more of the following two buckling modes can be possible: local buckling of the
ling of the pipe as a bar in compression.

ipe wall and

Buc
stre
the

kling analysis shall be based on the most unfavourable buckling mode. Initial imperfections gnd residual
5ses shall be accounted for. It shall be insuredithat there is conformity between the initial impgrfections in
buckling resistance calculations and the tolerances in the fabrication.

Con
cas
pert

If be

nponents may be designed according-to provisions in recognized standards, e.g. APl RP 2A
bs where plastic analyses are performed using large deformation theory, see D.2.4; wher
ormed, see D.2.5; the design factors given in 6.4.7 shall apply.

am-column buckling is unavoidable, it shall be documented that the riser or component will ng

wsD (1], In
e testing is

t suffer any

faildre in the post-buckled mode.

[«

An S
sho
cas
Mer

rise

pgative effective ¢gension can cause a riser to buckle as a beam column in compression.
Ild be taken when a small decrease in top tension could cause excessive bending moments. In these
bs, a margin“above the minimum tension causing excessive bending moments should be established.
nbers above the tension joint for top tensioned risers can be subjected to compressive forcg¢s for some
[ configurations.

pecial care

6.4.pC-Fatigue and fatigue inspections

In this part of ISO 13628, requirements are given in relation to fatigue analysis based on fatigue tests and
fracture mechanics. Reference is made to Annex C for practical details with respect to fatigue design.

The aim of the fatigue design is to ensure that the C/WO riser has an adequate fatigue life. Calculated fatigue
lives can form the basis for a fatigue crack inspection programme during fabrication and the service life of the
C/WO riser.

All cyclic load effects imposed during the entire life that have magnitude and number large enough to induce
significant fatigue damage effect shall be taken into account; see 6.3.4.4. All modes of operation, including
open-sea mode and tubing hanger mode (inside marine riser) and temporary conditions like running and
hang-off, should be considered. As a minimum, fatigue analysis shall be performed in connected conditions
for open-sea mode and tubing hanger mode (operation inside marine riser) when appropriate.
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C/WO risers should be designed so that vortex-induced resonant vibrations are prevented, whenever practical.
Vortex suppression devices may be used as a method to minimize the strength of vortex-induced resonant
vibrations; for further details, see API RP 2RD [2].

Fatigue-sensitive points shall be identified and a fatigue analysis shall be performed for each point. Emphasis
should be on bolts, welds and details with stress concentrations, in addition to locations with high surface
roughness and surface marks. If there is a significant risk of fatigue failure, the design should be reviewed to
reduce the risk by considering changes to the configuration to lower peak stresses, e.g. by reducing girth weld
eccentricities, the provision of smooth profiles, particularly at welds, and the use of less susceptible materials.

The fatigue

life may be calculated by methods based on cumulative damage and/or crack growth anal

Sis.

Normally, th
due to its g

e methods based on cumulative damage should be used during design for fatigue life assessn
implicity and efficiency. Fatigue crack growth analysis may also be applied to specify detet

limits for the¢ NDT methods to be applied during fabrication and in-service inspection planning.

If the servid

minimum caa

calculated
inspection
10 times th
life, riser cq

e life has not been specified by the purchaser, a minimum of 5 years shall be used/ The requ
Iculated fatigue life shall be based on the intended service life and the inspection schedule.
atigue life shall be at least 3 times the service life for all components considered acceptable
Dg = 3). For components that cannot be inspected, the calculated fatigueife shall be at |
b service life (D = 10). Unless the calculated fatigue life is at least 10times the intended ser
mponents shall be inspected periodically for fatigue cracks. The inspection interval/replacen

interval shall not be more than one-tenth the calculated fatigue life.

6.4.10 Brit
Riser comp

The safety
testing are

6.4.11 Exc

6.411.1 (

tle fracture

onents shall have adequate resistance against initiation\of brittle (unstable) fracture; see 7.4.

against brittle fracture is normally considered satisfactory if the materials, workmanship,
n accordance with Clause 7 and 8.3.

pssive deflection

seneral

Maximum fiiser deflections limits may include“assessment of stroke, riser interference and flex/ball jq

angles.

9

L

6.4.11.2

C/WO rise
component
a) stroke

b) stroke

troke

systems shall be designed to have sufficient stroke capability such that damage to
5 and equipment-is.avoided. Riser stroke limitations typically include consideration of the follow

range of draw-work motion compensator;

range:of\tensioner system;

hent
tion

ired
The

for
bast
vice
nent

10.
and

ints

iser
g:

>

c) slick jo

nt-*heave protection length”, i.e. length of cased wear joint section;

d)

NOTE

surface equipment down-stroke.

parameters for operation limitations.

Slick joint “heave protection length” and surface equipment down-stroke normally are the governing

Current-induced stroke can be reduced by increased top tension. This is of special importance for deep-water
applications where realistic current profiles and speeds should be applied.

The tension capacity of the motion compensator and tensioner shall be addressed.
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The up- and down-stroke calculations shall include effects from environmental response, tension, pressure
(end-cap effects), temperature, tide, storm surge, swell, riser space-out and stack-up tolerances, set-
down/pull-down effects and vessel draught.

Environmental response includes static and dynamic stroke. The static stroke is due to current loading and
set-down effect due to vessel mean offset. The vessel mean offset includes effects from static wind and mean
wave drift. The wave loading introduces relative motions between the vessel and the riser, i.e. dynamic stroke.

Stroke requirements should be determined from the effects above multiplied by an appropriate safety factor.

A safety margin of 10 % on upstroke and downstroke may be applied.

6.4.

Inte

inclfide evaluation of or analysis of potential interference with other risers, anchprtines, moo

sea
orc
land
feas

No
part
avo

If nggative clearance (contact) is permitted, resulting impact loads should be determined to demd
ctural integrity is maintained. This requiresan assessment of collision frequency, location, forcg¢ impulse or

stru
rela
ass

6.4.

Unlg¢ss otherwise agreed, the minimum values of the maximum drilling riser angle of deflection at

join

11.3 Interference
[ference shall be considered during all phases of the riser design life. The riser system ¢
ped, the motion limits of the upper riser assembly so as not to interfere with otherriser systen
ontact the vessel (tension frame, surface tree or jumper hose), and with any other obstructior]
ing string clearance to bottom flex joint and subsea equipment clearance to seabed during
ible design approach may be categorized as follows:

no collision allowed;

collision allowed.

Collision allowed (no impact or interference) should be the*aim due to potential damage to the r

of the system if interference occurs. An appropriate/Safety margin on minimum clearance n
d collision should be considered.

ive riser velocity prior to impact. Separate local calculations/analysis are in general 1
pssment of pipe or riser component stresses during impact.

11.4 Drilling riser flex/ball joint angles

for inside drilling riseroperations shall be in accordance with Table 12.

Table 12 — Drilling riser ball/flex joint angles

esign shall
h-pool, hull,
equipment
s, including
hang-off. A

ser or other
ecessary to

nstrate that

equired for

the flex/ball

Minimum values of the maximum drilling
Load condition riser angle ball/flex joint angle
degrees
Running and retrieval @ +1,0
Normal operation + 3,0
Overpull to retrieve stuck tubing +2,0
@  The angle shall allow for passage of tubing hanger, tubing hanger running tool and landing string.

6.4.11.5 Leak-tightness

A leak-tight component shall meet the following maximum allowable tightness test leakage rates for internal
pressure:

a)

for a liquid tightness test: no visible leakage shall occur for the duration of the test;
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b) no sustained bubbles shall occur for the duration of the test. If leakage is
observed, the rate shall be less than 1 x 10~3 cm3/s (3,6 cm3/h), measured
at atmospheric pressure, for the duration of the test. The leak rate shall not

have an increasing character.

for a gas tightness test:

The test medium for a liquid tightness test may be water, while nitrogen may be used for a gas tightness test.
Minimum duration for tightness tests shall be 15 min. Unless specified otherwise, the test temperature is room
temperature.

NOTE The leaked volume of 0,9 cm?3 in a 15 min period corresponds to 1 x 1073 cm?/s.
A compongnt shall be gas-tight for extreme operating conditions and liquid leak-tight for accidental defign
conditions. [The purchaser may specify more stringent requirements to leak-tightness, test temperature’[and
test set-up for very hazardous products and high-temperature applications.
The internal pressure leak-tightness requirements may also be applicable for external pressure.
6.5 Pipe|design criteria
6.5.1 Gernleral
In 6.5, the grovisions are given for checking of the ultimate strength capacity,(burst, yield, buckling) of strgight
pipes and straight pipes with small tapers in pipe wall (e.g. taper joints). The ‘capacity check shall consider the
following:
a) pressufe design:

— internal pressure,

— exfernal pressure;
b) combingd loading:

— net internal pressure, effective tension-and bending moment,

— net external pressure, effective tension and bending moment.
For other rglevant pipe failure modes to be designed against, see 6.4. A pipe calculation example is inclyded
in Annex E| The background forinternal pressure (burst) design and net internal pressure combined |oad
design can pe found in References [35] and [36].
Full utilizatipn of the riser*pipe capacities, calculated in accordance with the equations given in 6.5, reqyires
that the risgr connectors have a level of structural safety comparable to the pipe; see 6.6.
6.5.2 Pressure design

6.5.2.1

General

In 6.5.2, the requirements are provided for design against internal and external pressure, i.e. determination of
minimum required wall thickness to resist internal and external pressure.

Pressure design, i.e. minimum burst resistances and minimum hoop buckling (collapse) resistances, shall be
calculated based on minimum wall thickness, ¢, as given in Equations (7) and (8):

a)

t1=1n

100

Mill/FAT pressure test:

—liab

7)
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where

t is the nominal (specified) pipe wall thickness;

n

tiap IS the absolute value of the negative tolerance taken from the material specification/standard.
b) Operating conditions and system pressure test:
19=1In —Itfab ~lca (8)

where ¢, is the corrosion/wear/erosion allowance and the other variables are the same as for Equation (7).

6.5.2.2 Internal pressure (burst) design

Thel minimum burst pressure of the pipe shall exceed the net internal pressure at all cross-sectionjs along the
risef string as given in Equation (9):

(pint,d _Po,min)
Fy X b min

<1 9)

where

Pintd IS the internal design pressure;
Pomin IS the minimum external hydrostatic pressure;

Fy is the pipe burst design factor obtained fromi\TFable 13;
Pob,min IS the minimum pipe burst pressure; seeEquation (10).
The) internal design pressures and design temperatures in Table 7 and Table 8, respectively, nofmally apply
for internal pressure (burst) design. For hydrostatic pressure testing at room temperature, see moye details in
8.3,| adjustment of test pressure is not-required to account of derated material properties. Test gressure will
normally not govern wall thickness.

Minjmum external hydrostatic pressure may be set to zero.

Table 13 — Burst (pressure containment) design factors, F,

Internal design pressure Hydrostatic test pressure

0,60 0,90

Thel minimum pipe burst pressure, py, i, is determined by Equation (10):

pb’min:1’1x(0y+0u)xD0L1—t1 (10)
where
oy is the design yield strength; see 6.4.6;
oy, is the design ultimate tensile strength; see 6.4.6;
1 is the minimum pipe wall thickness without allowances and fabrication tolerances as appropriate;
see 6.5.2.1;
D, is the specified or nominal pipe outside diameter.
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NOTE The failure mode covered is pipe wall ductile rupture due to net internal pressure, frequently referred to as
“ductile pipe burst.” The burst criterion is based on the burst resistance for pipes with closed (capped) ends.

The various pressure definitions and levels are illustrated in Figure 10.

Minimum burst pressure 1,002
resistance, py, i,

Mill/FAT test pressure, pear 0,907
Internal design pressure, p; 4 0,60°

Internal operating pressure, p, ,

Pressure Description Maximum fraction of py, min
Db, min Minimum burst pressure\resistance 1,00
DFAT Mill/FAT pressure 0,90
Dint.d Internal-désign pressure 0,60
Pinto Internaloperating pressure 0,60
8 [ Maximum fractin of pp, min.

Figure 10 — Pressure level relations

6.5.2.3  External pressure (hoop buckling) design

The hoop bjuckling (collapse) pressure of the pipe shall exceed the net external pressure at all cross-sectjons
along the riger string-as follows:

P ] pinfmin)
(Pod = (11)
Frb X Pemin

where
Pod is the external design pressure;
Pintmin 1S the minimum hydrostatic internal pressure;
Fop is the pipe hoop buckling (collapse) design factor, obtained from Table 14;

Pemin 1S the minimum pipe hoop buckling (collapse) pressure.
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If the riser pipe is subjected to internal pressure, then the minimum internal pressure may be taken into
account provided that it can be continuously sustained, otherwise zero or vacuum [- 0,1 MPa (- 1 bar)]

internal pressure should be applied.

NOTE The C/WO riser can experience high external pressure when operating within a drilling riser; see 6.3.2.2.

External hydrostatic test pressure may be as given in I.7. Test pressure will normally not govern wall thickness.

Table 14 — Hoop buckling (collapse) design factor, 7|,

iy E . E | desi Hvd :

Seamless 0,67 0,80

The{ minimum hoop buckling (collapse) pressure, p. iy, shall be calculated as given in Equation (12):

2 2 D¢
(pc,min - pel,min) X (pc,min - pp,min) = Pemin X Pelmin X Pp,min X 2% fo % T

whdre

Pp,min is the minimum plastic pressure at hoop buckling (collapse) of pipe cross-section;

/o is the initial ovality;
D, is the specified or nominal pipe outside diameter;
1 is the minimum pipe wall thickness without allowances and fabrication tolerances as
see 6.5.2.1.
and
; 3
2xEx| 1
Dyg — 14
Pelmin =
elmin 1 V2
whdre
E is thésmodulus of elasticity;
v is\the Poisson’s ratio;

l4

D

PPmin = 2% oy X

(12)

Pelmin 1S the minimum elastic hoop buckling (collapse) pressuré(instability) of pipe cross-section;

hppropriate,

(13)

(14)

~o
where the variables are the same as for Equations (12) and (13).

D D

_ Yo,max ~ “o,min
fo

D +D

0,max o,min
where
Dy max 18 the maximum outside diameter at any cross-section;

Dy min I8 the minimum outside diameter at any cross-section.
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The initial ovality, f;, shall not be taken less than 0,002 5 (0,25 %). Maximum initial ovality should not be
greater than 0,015 (1,5 %). Ovalization caused during manufacture and fabrication shall be included in the
initial ovality. The solution of Equation (12) can be found in Annex E.

For deep-water applications, initial pipe ovality should generally not exceed 0,005 (0,5 %).

The external design pressure to be taken into account for calculation purposes shall be the maximum external
pressure under operating conditions or test conditions, whichever is the greater.

The failure mode covered is hoop buckling (pipe cross-section collapse) under external hydrostatic pressure.
The hoop buckling pressure predicted by these equations should be compared to the hydrostatic pressure due

to water de
external prg
with open g

6.5.3 Con

6.5.3.1 (

The thickng
allowance ¢

NOTE |
with the resi
the pipe stre

6.5.3.2 N

Pipe mem}
overpressu
Equation (1

Te

bth to ensure adequate wall thickness is chosen for the range of water depths to be encounte
ssure for concentric pipes, etc. The design formula is based on hoop buckling resistance_forp
hds.

hbined load design

eneral

ss for pipe used in combined load effect checks shall be the nominalthickness minus corro
iven by Equation (16):

—leca

he pipe wall thickness without allowances;
he nominal (specified) pipe wall thickness;
he corrosion/wear/erosion allowance.

h case of design load effects based on.glebal riser analysis models with linear elastic materials, comb
stance equations set down in this part.of 1ISO 13628, shakedown can be assumed without further check
ngth criteria.

let internal overpressure

ers subjected to effective tension, primary (load controlled) bending moment and net inte

red,
pes

sion

16)

ined
s for

rnal

e shall be designed to satisfy the following condition at all cross-sections as given in

7):

Pint — Po Pint — Po

A

X 4

™ y

2
= + 1
pc FyxMpe

2 2
1- + < int =
[Zm=bo ', (Lmuro) -

where

Te

TpC
Mbm
Mpc

Pint

104

is the effective tension in the pipe;

is the plastic tension capacity of the pipe;

is the design factor as given in Table 11;

is the bending moment in the pipe;

is the plastic bending moment capacity of the pipe;

is the internal pressure in the pipe;
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po isthe external pressure;
)2 is the burst pressure of the pipe.

pipe capacities are given in Equations (18), (19), and (20):
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Mpc:abmxayxZ:abmxayx%[Dg—(Do—thz):ﬂ (18)
where

apy  is the pipe cross-section slenderness parameter,

Z is the pipe plastic section modulus;

D, s the specified or nominal pipe outside diameter;

ty is the pipe wall thickness without allowances; see 6.5.3.1;

TpczayxAczayxnx(Do—tz)xtz (19)
where

A is the pipe cross-section area;

oy is the design yield strength; see 6.4.6;

Pp =11 X(Gy +o-u)><D0t2_t2 (20)
whegre g, is the design ultimate tensile strength;’see 6.4.6.
Thej cross-section slenderness parameter; oy, is given by Equations (21) to (23):

Oy X D,
apm =1,00 for Ethé 0,0517 (21)
oy xDg oy xDg
abm:1,13—2,58x[Ex—t2J for 0,051 7<Ex—t2<0,1034 (22)
oy xDg oy xDg

Apm :0,94—0,76x[Tt2J for 0,1034<Tt2<0,170 (23)
Theleffective tension, T, is given by Fquation (24) (tensile axial force is positive); see B.3.2.1:

Te =Ty = Pint X Aint + Po X 4o (24)
where

T, is the true wall tension (i.e. axial stress resultant found by integrating axial stresses over the cross-

section);
4t is the internal cross-section area of the pipe, might be occupied by fluid content;
A, is the external cross-section area of the pipe giving buoyancy if submerged.
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NOTE 1 The failure modes controlled by this design equation include excessive yielding and local buckling of the
compression side of the pipe (wrinkling) due to effective tension, bending moment and net internal overpressure.

NOTE 2  The design criterion is the von Mises criterion in terms of cross-sectional forces and plastic cross-sectional
resistance.

NOTE 3 A conservative estimate is to assume the external pressure, p,, equal to zero in these checks.
6.5.3.3 Net external overpressure

Pipe members subjected to combined effective tension, primary (load controlled) bending moment and net
external ovérpressure shall be designed to satisfy the conditions given in Equation (25) at all cross-sectionk:

\ﬁ

2 2
M ~p
+ bm + Po ~ Pint <1 Pint < Po 25)
FdXTpc O,95><Fd><MpC Fyqxpe

where
Ty i the effective tension in the pipe;

i the plastic tension capacity of the pipe; see Equation (19);

Fy is the design factor as given in Table 11;

My, 16 the bending moment in the pipe;

M is the plastic bending moment capacity of the pipe;see Equation (18);

Do is the external pressure;

Pint 1B the internal pressure in the pipe;

De is the pipe hoop buckling (collapse) pressure;

and
D
(pc_17e|)><(l7§_Pg):l’cxpe|><pp><2><fo><t—° 26)
2
¢ 3
ZXEX[D 2 ]
o 12
Pel = 27)
° e
=2xo Xt_z (28)
pp y DO
where

De 18 the elastic hoop buckling (collapse) pressure (instability) of pipe cross-section;
Pp is the plastic pressure at hoop buckling (collapse) of the pipe cross-section;
is the specified or nominal pipe outside diameter;

to s the pipe wall thickness without allowances, see 6.5.3.1;

106 © 1SO 2005 — All rights reserved


https://standardsiso.com/api/?name=b3ee2c5c08046f33b871ceb6d7cdce8b

The

ISO 13628-7:2005(E)

v is the Poisson’s ratio;

O

y is the design yield strength, see 6.4.6.

design factors are given in Table 11.

NOTE 1 A conservative estimate is to assume the internal pressure, p;,t, equal to zero in these checks.

NOTE 2

The failure modes controlled by this semi-empirical design equation are excessive yielding and combined local

buckling of the compression side of the pipe and hoop buckling of the cross-section due to combined bending moment,
effective tension and net external pressure.

6.6

6.6.

6.6.[1.1 Purpose

In 6

6.6.

The)
resi
imp

Risg¢r connectors should preferably have a level of structural safety that is comparable to

con

Con
exc

Connector and component materials jncluding seals and bolting shall conform to the requireme
Clayise 7.

Fati

All

with qualification testing;see Annex I. Connectors of the same type, but of a different size may be
calqulation; see 1.1.11«

Thel| seal and the-eonnector including any bolts, preload and friction forces shall be considered tg
system to determine capabilities of the connection.

6.6.

Connectors

1 Introduction

6, requirements and recommendations are given in relation to design of C/WO riser connector:

1.2 Overall requirements

aim of the design is to ensure that connectors have adequatetstructural resistance, leak-tightn
stance and functionality for all relevant load cases. Resistance against accidental loads such
hct shall be considered when applicable.

hecting pipe or piping component.

nectors shall be designed such that a smooth transfer of loads is made without high localized
pssive deformation of the attached pipe.

hjue criteria are given in 6.4(9'and guidance on fatigue analysis and assessment is given in Anrj

C/WO riser system cofnectors shall be qualified for the application, based on calculations in

P _‘Loads and load conditions

ess, fatigue
as fire and

that of the

stresses or

nts given in

ex C.

combination

qualified by

gether as a

As a minimum, the following loading parameters/conditions shall be considered and documented by the
manufacturer when designing connectors:

make-up and break-out loads (e.g. tension and torsion);
internal and external pressure including test pressure;
external loads (e.g. bending moments and effective tensions);
cyclic (fatigue) loading;

thermal load effects (trapped fluid/water, dissimilar metals) and thermal transients.
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Pressure separation loads shall be based on worst-case sealing conditions (leakage to the largest redundant

seal diamet

er shall be assumed).

For connectors which require connector or bolt preload, the following shall apply.

Consideration shall be given to maximum and minimum assembly preload and possible loss of preload

during operation due to the combination of minimum assembly load, pressure, external loads and thermal
effects.

method, short-term and long-term relaxation.

Minimum assembly load shall be determined based on assessment of accuracy (scatter) of the preload

External pr
connectors

The minim
operations.

bssure shall be considered for both inside drilling riser and open-sea operations in the desig
with respect to both strength and leakage.

m mechanical preload shall be sufficient to seat seal rings/gaskets and ,ensure leak-
Corrosion effects shall be considered.

Design loadl effects should be based on global riser analysis of the riser system-including environme

functional,
lines and b
the riser fro

6.6.3 Fail
Riser conng
a) excess
b) leak-tig
c)
d) deform
e)

f)

g)

fatigue
galling
functio
The relative
effects and

overlap sha

Make-up/br]

bressure load effects during all phases of use. Connectors can also provide support for auxi
loyancy, which induces loads on the connectors. Temporary loads during handling or suspen
M the handling tool or spider should be accounted for including possible hang-off loads.

Lire modes
ctors shall be designed against the following possible medes of failure, as appropriate:
ve yielding; see 6.4.7;

htness; see 6.4.11.5;

fracturg; see 7.2.10;

ations and sudden disengagement,_such as thread jump-out;

failure; see 6.4.9;

tendency between sliding-elements;

nality, e.g. multiple-make-up and break-outs, interchangeability, multiple latch/unlatch.

radial displacement between mating threads resulting from the combination of pressure, the
external {0ad effects shall not be greater than 10 % of the minimum thread overlap. The minin

Il be determined considering the most unfavourable combination of tolerances.

bak-out tests are considered successful if no galling is observed or if repairable damage meg¢

n of

ight

htal,
iary
ding

mal
hum

ting

the manufa
galling that

can be repaired by the use of abrasive paper on contact or seal surfaces is acceptable.

u‘LUICI,b IC[Jdil bliiUlid ib UIL)DUIVUUI dlluI lcpailcu', dlll.lI “IU bUIIIIUbi.UI Pl IrUIIIIb Wli.i |uul iCdi’\ng. Only

Sufficient resistance against the relevant failure modes shall be demonstrated by applying calculations, see
Annex D, supported by necessary qualification testing; see Annex I.

The sensitivity of the calculation model and the parameters utilized in the model shall be examined.

Calculations shall be performed using dimensions of the component in the corroded and the uncorroded

condition, a

nd the more severe case shall govern.

Strains developed under all relevant load conditions should be limited such that the sealability or mechanical
functionality of the component is not adversely affected.
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NOTE The main purpose of sensitivity analysis is to quantify model uncertainties, support rational conservative
assumptions and identify areas where a more thorough investigation is needed to achieve an acceptable modelling.
Parameters included in strength, leak-tightness and fatigue analysis typically are preload, machining tolerances and
friction coefficients.

6.6.4 Connector make-up and break-out

Connectors shall be made up and broken out in accordance with a written procedure that has been qualified
by tests to achieve the specified minimum preload. Factors affecting the preload, such as friction and

lubrication, shall be considered.

Con
doc
test

The]
star
cali

The]
thre

nectors shall be made up and broken out by qualified personnel. The personnel shall be
imenting their basic knowledge on how the connector and applied tools work, combined Wwith
5 to demonstrate that they can apply the qualified procedure and achieve the specified minimur

applied tools used shall be calibrated against a reference with a calibration traceable to a
dard. It is important that the whole preload system, consisting of tools and, measuring
brated as one unit.

manufacturer shall specify make-up/break-out procedures that shall \include procedures f
Aad lubricants to ensure correct make-up without galling.

6.6.

Corlnectors shall provide a seal between the mating segments.that is compatible with any fluid th

thr
incl

Inc
des

Sea
Gal
pres

The)
surf

Con
not

Sea
pip§
resi

Furt

Seals

gh the riser. The seal shall maintain its integrity under all external and internal loading
ding both short-term and long-term conditions.

gned for guiding loads.
Is shall be made from metallic materials or elastomers that are resistant to the internal and e
anic corrosion shall be avoided. Mechanical and physical properties shall be maintained at the

sure and temperatures.

sealing faces of connectors:shall have a surface finish and hardness suitable for the ma
pce on the connector or seal.

nector designs where'the seal acts as a primary load bearing member, e.g. API 6A type 6B fl
be utilized for applications exposed to cyclic loading, in order to maintain high reliability against

| rings wetted/with internal fluid shall include the same internal corrosion allowance as the
/equipment\@nd be of compatible material. Alternatively, seals and seating surfaces shall b¢
stant in thesactual environment.

her seal requirements are given in 5.4.2, 5.4.12 and Annex H.

qualified by
conducting
n preload.

recognized

devices, is

or applying

at will pass
conditions

bses where seal rings are used to guide the confectors during make-up/break-out, the seal rings shall be

ternal fluid.
anticipated

ting sealing

hnges, shall
leakage.

connecting
B corrosion-

6.6.6 Threaded connections

Because of the many variables involved, and in order not to restrict innovative designs, detailed rules are kept
to a minimum. The effects of the total load to be resisted, the number of threads, the thread form, the relative
stiffness of mating parts and friction shall be considered in both static and fatigue analysis of threaded
connections. Stresses can be minimized by providing generous undercuts (dummy threads not engaged)
ahead of the first thread and providing flexibility in mating parts to promote equalization of the thread loads.

The designer shall identify the weakest area/section and the areas with highest stress concentrations of the
threaded connection. This is generally the area of the root of the most highly loaded thread, which is usually
the first or second thread. Calculation of stresses requires consideration of the actual thread load, SCF due to
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thread form (in particular, the thread root radius or elliptical transition), thread bending stress, and the
membrane and bending stress in the pipe at the thread.

In general, the threads do not carry the end load uniformly. The designer shall determine the thread load

distribution.

Limits on to

rque for make-up shall be specified by the manufacturer.

Limits on angle of rotation for make-up should also be specified by the manufacturer.

6.6.7 Flanged connections

All flanged
designed f¢
connections

Self-energiz
transferred

Prying may
connection
profile.

Flanges in
for cyclic lo

Examples ¢
factors givel
instead of t
calculations
The stress

Examples

API Bull 6A
as the anal
flange face

connections used on the C/WO riser subjected to cyclic loads shall be of the sealcring
r face-to-face make-up for transfer of the bulk bolt loading through the flange facés, Flan
shall be designed to avoid bolt prying.

ed and pressure-energized metal seal rings may be used to allow for the Bulk” bolt load tq
through the flange faces.

be avoided by an axial clearance outside the bolt circle diameter for atdeast one of the flanges
that is large enough to avoid bolt prying, e.g. by a raised face or by an initial conical flange

SO 10423 are applicable primarily for static load conditions @nd’qualification should be considé
hding applications.

f strength calculations of flanges can be found in ENA1591-1[24] and ENV 1591-2 [25] with de
n in 6.4. If not justified by tests or finite element analysis, the total bolt hole diameter shall be |

(not for flexibility calculations) in EN 1591-1[24} Bolts shall be designed in accordance with 6
imits for load bearing and shear stresses given in Annex D shall apply.

pf mechanical capacity charts for.flanges in 1SO 10423 can be found in API Bull 6A
F1 051, and API Bull 6AF2 [6] for stétic'loading conditions. These charts should be used with o
sis models used do not fully address gasket seating or retaining forces in a realistic manner.
5 can begin to separate at the-listed external loads, hence, flange face-to-face capacities hay

ype
ged

be

ina
ring

bred

5ign
sed

he effective bolt hole diameter to estimate the gffective flange width for use in the flange capacity

6.8.

- [4]

are,
The
e to

be calculat¢d separately. Flanged joints’/subjected to cyclic (dynamic) loading shall in general have face-to-

face contag
gasket.

6.6.8 Bolf

In connect
assembled
reduce cycl

t during operation to reduce the risk of bolt fatigue failure and leakage due to damage of

S

brs, suchas flanges and clamps, bolts are the primary means to transfer load across
connector.”Bolts shall normally be pre-tensioned to provide resistance against disengagement
c load’effects in the bolt and connection.

the

the
and

£

Strength ar

4 . H A7 Lo 4.0
Ialyuc Ulliclia arc yivelr nrv.«.7 dliu U.%.J.

Make-up preload should be sufficient to seat seals during assembly and to provide a leak-tight joint during
operation without any bolt failure. Bolt preload methods are described in Annex G.

Cyclic stress shall include effects from axial and bending stress in the bolts due to cyclic external loads and
possible thermal effects. For more details, see Annex C.

Finite element analysis may be used to evaluate bolt force fluctuation due to external loads, especially
bending stress.
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6.7 Design criteria for miscellaneous components

6.7.1 Safety joint or weak link

Measures should be taken to avoid damage to the C/WO in case of overloading due to accidental load effects.
A weak link may be considered for accidental loads caused by excessive top tension (motion compensator
lock-up) and excessive vessel offset (drive-off, drift-off, anchor line failure) to ensure that unacceptable
escalation does not occur. This may be achieved by introducing controlled riser failure or a weak link above
the subsea isolation valve.

A S":'Fni'y jninf orweak link shall he dneignnd tofailor break under cpnr\ifind loads

The| yield and ultimate tensile strength values applicable for weak-link assessment shall be-thge maximum
spegified values. The maximum strength values to be used shall be the mean strength’ plus two standard
devlations or equivalent.

A safety margin of 10 % in the weak-link assessment may be applied.

All jser system components shall be capable to safely resist the same loads@s generated in the p|pe(s) of the
risef string when subjected to accidental loads, except safety joints designédyinto the riser system fo fail under
spegified loads.

Safety joints or system components where the ultimate (failure) resistance is not known shall be validated for
fitngss by either

a) |calculations with maximum specified values supported by-testing;
b) |documented full-scale testing of the components orspecial assemblies; or

c) |a history of successful usage of these components or special assemblies produced by the same design
method. Care should be exercised in any new application of existing design to ensure suitability for the
intended service.

Thel calculation of riser load effects should take into account the fact that the riser moment-tension [relationship
can|change before final failure, i.e, for ductile materials a bending dominated load condition can change to
tengion as a plastic hinge forms=As a minimum, the tension-pressure weak-link capacities for all gomponents
shall be established in the riser system.

6.7.2 Non-pressurized-primary structural components

Norl-pressurized sfructural components shall be designed in accordance with accepted industry practice and
docpmented in @accordance with Clause 11. A safety factor of 1,5 (design factor of 0,67) or more shall be used
in the design{calculations or industry codes, like API RP 2A-WSD ['], which may be used. Alterngtively, finite
element analysis or load test may be used. In cases where a load test is performed to 1,5 timeqg the design
load, the\component shall sustain the test load without any deformation to the extent tha{ any other
perfofmance requirements are affected.

6.7.3 Design of padeyes and lifting devices

Padeyes and other lifting devices used for general handling of equipment shall be designed and qualified in
accordance with 1ISO 13628-4:1999, 4.1.3.7, or equivalent.
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7 Materials and fabrication

7.1 Intro

duction

Clause 7 includes requirements and guidelines for material selection, manufacture, testing, corrosion
protection, fabrication and documentation. These requirements are applicable for all components assembled
in equipment included in the scope of this part of ISO 13628 with exception of equipment that is governed by

other applic

able codes and standards; see Table 2.

7.2 General material requirements

7.21 Selection

Materials shall be selected to

— be suit

— have th
design

— havep
— be suit

— be suit
and stg

— avoid
— have m

— have s
and op

Critical com

For components with high sliding contact stresses, e.g. threaded connections, special consideration sha

given to gal

Non-metalli
environmen
appropriate

— adequg
moduly

hble for all operations, test conditions and storage;

e mechanical properties, such as strength, ductility and toughness, necessary to comply with
requirements of Clause 6;

roperties necessary to comply with the functional requirements of Clause 5;
hble for the intended fabrication steps, including welding if applicable;

bble for the internal fluid, external fluid and external enviropment during testing, running, operg
rage;

se of dissimilar metals in an assembly if this can gcreate a risk of galvanic corrosion;
aterial performance due to ageing above the-minimum requirements;

ifficient resistance to abrasion/wear orsthechanical damage likely to occur during handling, run
eration.

ponents in the C/WO riser shall. not be manufactured from castings.

ng.

C (polymer) matérial selection shall be based on evaluation of compatibility with sen
t, functionality<under service and the design lifetime. The following should be considered
to critical nonémetallic seal requirements and evaluated when selecting the material:

te physical and mechanical properties, such as hardness, tensile strength, elongation at br
s of-elasticity, compression set, tear resistance, etc;

the

tion

hing

| be

vice
as

pak,

— resista

heato-hiah-bressiira-axtrusion-orcraen-
5E+6-+rHgH-Pt FE-EX I SHOH-O—61HeeP;

— resistance to thermal cycling and dynamic movement;

— resistance against rapid gas decompression;

— long-te

7.2.2 Spe

rm behaviour and low-temperature flexibility.

cifications

All materials for riser pipe, components, welding consumabiles if relevant and coatings shall be manufactured
and used in accordance with the requirements of the relevant product standard and of this part of ISO 13628.
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Requirements of this part of ISO 13628 not included in the relevant product standard shall be specified and
supplemented to the applicable standard.

Detailed specifications shall be prepared for materials if a relevant product standard is not available. The
specifications shall define requirements for method and process of manufacture, chemical composition, heat
treatment, physical and mechanical properties, weldability if appropriate, dimensions and tolerances, surface
conditions, testing, inspection, marking, temporary coating and protection, certification and documentation.

The material specification may be a material data sheet referring to the relevant product standard including
supplementary requirements by this part of ISO 13628, requirements subject to agreement, etc.

The)
fabr

Mar
The)
and
sha
mar
all 4
exe

7.2.

The
sho
qua
qua

Red

eac
sup

7.2,

fabrication of riser components shall be performed according to a specification giving the requ
cation methods, procedures, testing, acceptance criteria and required documentation.

ufacture and fabrication shall be performed in accordance with a manufacturing procedure s
manufacturing procedure specification shall demonstrate how the specified propérties may h
verified through the proposed manufacturing/fabrication steps. The manufacturing/procedure 9
| address all factors, which influence the quality and reliability of the production or fabricati
ufacturing/fabrication steps from control of received material to shipment.of finished product(
xamination and checkpoints shall be covered in detail. References tothe/procedures establis
Cution of all steps shall be included.

B Qualification of materials and manufacturers

need for qualification of materials for the service condition should be considered. The c

Uld be based on the internal and external fluids, loads, temperatures and the material
ification of materials is required, the extent of testingZand investigations to be performed for
ification shall be specified.

uirements for the qualification of processes, \tests, manufacturers and fabricators shall be cg
N case. The consideration shall take inteyaccount the complexity and criticality of the pr
blied and available experience of the potential manufacturer and fabricator.

B Materials for sour service

RisH
be

for sour service conditions-shall be evaluated for all parts of the C/WO riser, which during the
xposed to reservoir fluids during operation, i.e. production testing and well circulation. Requ

metpllic materials in sour service shall comply with ISO 15156 (all parts) with amendments given ir

IS

Sp

13628.

ifications for materials in sour service shall include requirements for performance testing to g

resigtance to sulphide stress cracking and hydrogen-induced cracking, if the suitability of the mater
seryice is notrstated in other standards.

Requirements to prevent hydrogen-induced cracking can include reduction and/or shape con

me

ltic, inclusions.

rements for

becification.
e achieved
pecification
n. All main
5), including
thed for the

bnsideration
selected. If
a complete

nsidered in
bduct to be

lifetime can
rements for
this part of

emonstrate
ials for sour

rol of non-

Qualification testing shall be in accordance with ISO 15156 (all parts) for carbon steel. The qualification shall
include testing of sulfide stress cracking resistance of base material and welds, with a minimum threshold
stress equal to 85 % of specified minimum yield strength, or higher if recommended by the applicable
standard.

7.2.5 Consistency of requirements

Requirements shall be specified consistently for all pressure-containing and load-carrying components in the
C/WO riser system.

EXAMPLES Chemical composition to ensure weldability; toughness to prevent brittle fracture.
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7.2.6 Steel making

The steel shall be manufactured in a manner ensuring uniform composition, properties and soundness.

7.2.7 Chemical composition and analysis

The steel shall have a chemical composition, with specified manufacturing, fabrication and welding

procedures,

if applicable, that ensure sufficient strength, ductility, toughness and corrosion resistance.

Chemical composition shall be determined by analysis in accordance with recognized standards. All elements

listed in the—material Qpnr‘ifir‘aﬁnn shall he determined and rppnrfpr‘l As a minimum_the fnllnwing sha

be

reported by
element (N
shall be rep

Low-alloy S
S: 0,025 %

NOTE I
application a

7.2.8 Med

The extent
applicationg
relevant red

mass percent: carbon, manganese, silicon, phosphorus and sulfur. Any other intentionally<ag
, Cr, Mo, V, N, etc.) and trace elements of importance for mechanical and corrosion prepe
orted.

teels, including AISI 4130 and AISI 4140 should be modified as follows: P: 0,025 % max.
max.

nd precision of the various methods.

hanical and corrosion testing

And type of testing shall be specified considering the type, dimensions, processing, manufactu
and intended service of materials for various componénts and shall be in accordance
ognized product standards or specifications such as ISO,"EN, ASTM or equivalent.

Testing sh
equivalent

Selection ¢
conditions

standard orj
affected reg

Test sampl
condition, W
sized to req

Tensile tesfing shall be done¢dn.accordance with ISO 6892, ISO 783, or ISO 15579 as appropriate.

Samples fo
tested.

7.29 Gen

!

Il be carried out in a laboratory that meets the“requirements of ISO 17025, or an acce
nd shall be performed according to the relevant;standard or specification.

f samples and preparation of mechanicalytest pieces shall be in accordance with the ger
bf ISO 377, as far as applicable. Samples shall be taken in accordance with the recogn
specification. Where thermal cutting:has been used to remove samples, the full extent of the h
ion shall be removed during the pfeparation of the test pieces.

bs for pipes and componentstshall be taken from products or welded joints in their final deli
hich are suitable for subseguent extraction of mechanical test specimens. Test samples sha
listically represent the itemat the critical cross-section after final forming and/or heat treatment

I corrosion tésting shall be taken such that the surface exposed to the corrosive medium wi

eral mechanical requirements

ded
rties

and

S5O/TR 9769:1991 [21] covers a list of standards providing chemical analysis methods, with information of the

ing,
with

bted

eral
zed
eat-

very
| be

| be

Requireme

S TOr mechanical properties of Territc, Territic/austenitic or martensitic stainless or carbon st

eels

including welded joints (excluding bolts) of pressure-containing and/or load-carrying components are given in

Table 15.

If high-strength materials are used, the designer should take necessary precautions to avoid possible failure
mechanisms such as brittle fracture, stress corrosion cracking or hydrogen-induced cracking caused by
cathodic protection systems. Special precautions should be taken when welding high-strength materials.
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Table 15 — Requirements for carbon and low-alloy steel

Property Requirement
Minimum percentage elongation after Transverse or critical direction: 14 (16) @
irs it%r,%’S/\l/SAf?TrSgg? gjdlength, Longitudinal or less-critical direction: 16 (18) @
Minimum reduction in area for forgings or castings, % 35 %
Maximum yield strength to tensile strength ratio P 0,92
Impact test temperature © Minimum design temperature
Minjmum impact energy in transverse or Rip 5 < 310 MPa (45 ksi) 27 (20) / 20.(15)

critical direction, full-size Charpy V-notch

spelcimens, average/individual, J (ft-Ibs) © Rio,5 > 310 MPa (45 ksi) 40 (30)430 (R2)

Maximum hardness Vickers, HV10 d Non-sour service and cathodic protection 350 parent, weld gnd heat-
affected zope

Sour service 250 root ar¢a

275 cap arga

@ |Values in brackets are for specimens with a gauge length/diameter ratio of 4. Higher safety factors or testing demongtrating ductile
behviour may be used to justify lower values; see 6.4.6. For conversion to other gaugetlengths, the conversion tables |n ISO 2566-1
apply for carbon and low-alloy steels.

See 6.4.6 for more details.
¢ |See 7.2.10 for more details.

See 7.2.11 for more details.

7.2.10 Prevention of brittle fracture

7.2/10.1 General
Materials in the C/WO riser system shall be selected and applied in such a way that brittlel fracture is
preyented. One of the following metheds shall be used to determine toughness requirements to pvoid brittle
fracture in metallic materials:

a) |application of the CharpyV=notch impact energy method;

b) |application of fracture,mechanics testing and analysis.

The| brittle fracture<requirements shall be met in parent metal and for welded components, weld metal and
heal-affected zon€s at minimum design temperature; see Table 15.

7.2/10.2 _Charpy V-notch impact energy method — Code of practice

Thel impact energy requirements are given in Table 15. The requirements in Table 15 are for the V-notch
transverse 1o the grain orientation and/or in the fransverse direction o the highest applied tensile stress in the
component. If geometry does not allow for transverse testing, longitudinal testing may be used instead. The
minimum average and individual values when test pieces are taken in the longitudinal direction shall be
1,5 times the values stated for the transverse test pieces.

Full-size Charpy V-notch tests shall be carried out in accordance with ISO 148. Each set of impact tests shall
consist of three adjacent test pieces. The alternative, tapered test pieces specified by 1ISO 3183 (all parts),
ISO 11960, etc., may also be used. Charpy V-notch impact energy testing shall be performed for all items
where test pieces with thickness of > 5 mm (0,197 in) are obtainable. Where standard specimens cannot be
made, subsize specimens may be used, i.e. 10 mm x 7,5 mm (0,394 in x 0,295in) or 10 mm x5 mm
(0,394 in x 0,197 in). The required impact values shall then be reduced to respectively 0,80 and 0,70 of the
value of the standard 10 mm x 10 mm (0,394 in x 0,394 in) test specimen.
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Impact testing of welded components shall include test of base material, weld metal, fusion line, fusion line
+ 2 mm (0,079 in) and fusion line + 5 mm (0,197 in).

Fracture toughness testing and analysis shall be considered for materials and welded joints if the
manufacturer cannot document satisfactory experience or testing from previous similar applications with
Charpy V-notch impact energy requirements. Fracture toughness testing and analysis should be considered in
each individual case for materials and PWHT weldments if the thickness exceeds 40 mm (1,57 in) for
Ry 5 < [560 MPa (81 ksi)] or for thickness exceeding 30 mm (1,18 in) for Ry, 5 > [560 MPa (81 ksi)].

7.2.10.3 Fracture mechanics testing and analysis

Fracture méchanics testing and analysis may be used to determine the suitability of a particular component for
the intended service, when agreed between the purchaser and the manufacturer, in the following cases:

— if matefials are not currently covered by standard product codes;
— if the Gharpy impact requirements in 7.2.10.2 cannot be adhered to;
— if defedts detected by the required NDT are outside the specified acceptance critetia;

— if it is groposed to use a material thickness greater than permitted by the Charpy V-notch impact engergy
method in 7.2.10.2.

Fracture me¢chanics may also be used to establish inspection programmes.
For materigls not covered by Charpy V-notch impact energy requifements, a similar level of tolerancg to
fracture carn be obtained by specifying fracture toughness requirements, such as described in API RP 579 [10]

and BS 7910 [16] with

— arefer¢nce defect size as agreed by the parties invelved (e.g. a through-the-wall flaw of total length equal
to 10 mm (0,39 in) or a quarter wall thickness surface flaw with length six times its depth); and

— using the calculated stresses or strains at'the location of defect for design conditions, including resigual
stressgs.

Fracture tolighness properties should pe,'obtained using full thickness single edge notched bend specimgns,
such as described in BS 7448-1[14@nd BS 7448-2 [15] or equivalent standards. As the resistance to fradture
depends or] the crack tip constrainty test specimens with reduced notch depth, e.g. equal to reference degfect
size, may He used for deriving fracture toughness values for sections predominantly subjected to membrane
stress, e.g. [pipe wall.

The fracturg toughness:-values to be applied shall be representative for the coincident temperature and depign
load effects| with associated relevant crack tip constraint (crack depth).

NOTE mirimum fracture toughness value of CTOD in the range of 0,15 mm to 0,20 mm (0,006 in to 0,008 in) at the
actual opera{ing-temperature is appropriate.

If the NDT methods employed allow accurate sizing of defects, these flaw sizes, together with information on
the stress state of the critical regions of the component, can be used with an appropriate fracture assessment
procedure to specify more accurate Charpy V-notch impact energy requirements.

For materials which are covered by the Charpy V-notch impact energy method, but where the Charpy energy
requirements cannot be met, a fithess-for-purpose assessment procedure, such as APIRP 579101 or
BSI 7910 [16], using representative fracture toughness data and inspection requirements may be employed to
determine the integrity of the component for its intended use.
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7.2.11 Hardness

Requirements applicable to maximum final hardness shall be specified dependent on the sensitivity of the
steel material with regard to hydrogen-induced cracking and to whether the exposed fluids can cause stress
corrosion cracking. The hardness shall meet the requirements in Table 15.

Hardness testing of welding procedure qualifications shall be performed using the Vickers method in
accordance with ISO 6507-1 with a test force of 98,07 N (22,05 Ibf), i.e. HV10.

Macro section test and hardness measurements shall be performed on a cross-section part of the weld during
welding procedure qualification when specified in the purchase order, see 7.4.3. Indentations shall be made at
maximum 1 mm intervals along a line across the fusion line from the weld metal into the base material or vice
verga. Indentations shall be made along traverses, each 1,5 mm + 0,5 mm below the surface(@at ejther side of
the weld.

7.2.12 Retesting

If any test fails to meet the specified requirements, the manufacturer may, by agreement, carry olit additional
tests on two other items from the same heat/heat treatment batch.

If onrl:e of the additional tests or sets of tests still fail to meet the specified ‘requirements, then all pf the items
fronp the heat/heat treatment batch shall be rejected. If both retests are ‘acceptable, then the rest of the test lot,
minps the one component that failed, is acceptable.

7.2.13 Corrosion

7.213.1 General

All tomponents of a riser system shall have adequate corrosion protection to avoid damagel caused or
initigted by corrosion, both externally and internally. Corrosion protection shall be provided by|either or a
conbination of material selection, coating system, control of internal media, cathodic protection [and routine
pregervation. Selection of the appropriate-corrosion protection measures shall consider, as a m|nimum, the
follgwing: marine environmental conditions, drilling riser internal conditions, external fluids, internal fluids,
corrpsion properties of welds, crevice ‘eorrosion, dissimilar metals effects, cathodic protection effects, anodic-
cathodic reactions inside a drilling fiser and coatings.

For|C/WO risers manufactured from carbon manganese steel, reduction in wall thickness due {o corrosion
during operation and storage-‘shall be evaluated. An appropriate corrosion allowance shall be included in the
desjgn, see 6.4.4.

7.2.13.2 Internal.corrosion

Thel type of fluids being handled by the riser shall be considered and special allowances made fqr fluids that
are |particularly corrosive. Corrosion rates due to produced fluids and any treatment fluids shall be| considered
whgn determining wall thickness.

NOTE Care in selection of connectors can minimize corrosion in dead spaces.
Where necessary, internal corrosion may be mitigated by one or more of the following: flushing/scouring at
regular intervals with inhibitors, bactericides, dehydrators, etc.; applying a temporary coating, such as grease,

to minimize surface exposure; end capping; and applying a more permanent internal coating such as plastic or
€poxy.

7.2.13.3 External corrosion

The external surface shall be protected by a suitable coating system in addition to routine coating repair and
preservation of damaged coating. Cathodic protection systems may also be considered.
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Permanent external coating such as epoxy or thermally sprayed aluminium may be applied. Thermally
sprayed aluminium may be used for elimination of coating maintenance. Wax coating may be considered for
bolts, nuts, flanges, etc.

ired, selection of external coating systems should include the following considerations:

mechanical loading considerations, including thermal growth (or contraction), handling/installation loads,

fatigue loads, damage due to make-up and break-out of riser connectors, and friction against riser
connectors mating components;

resistance to damage from temporary exposure to internal fluids during make-up or break-out of riser

Where requ
a)
b)
conneq
c) resista
d) resista
€) easyre
f) assura
should
The design

external cofrosion protection is based on cathodic protection.

If the riser|is not equipped with own anodes, it is recommended\that the cathodic protection system
adjacent equipment are designed with sufficient capacity to include;current drain to the riser.

7.2.13.4 (Corrosion testing

For certain material and fluid combinations where improper manufacture or fabrication can cause suscepti
to corrosior) damage, the need for corrosion testing during qualification and/or production shall be asses
and agreed. Corrosion testing for carbon steels-may include hydrogen-induced cracking and sulphide st
cracking; sge 7.2.4.

7.2.14 Weld strength

The mechapical properties of the weld metal shall, as a minimum, meet the requirements of the base matg

Excessive
balance b
consumab

For girth

combinations shallbe qualified by testing.

Sufficient o

%Iween the requirements for toughness, ductility and overmatch for base material and wel
I

tors;

nce to under-film migration;

nce to debonding, cold flow, embrittlement, chalking and cracking;
pair and/or reapplication;

nce that metals are well coated to discourage galvanic corrosion. Specifically, cathodic mate
be well coated with respect to adjacent anodic materials (small cathede=large anode rule).

should ensure reliable electrical continuity to each individual element for the exposed period, if

vermatched yield ahd tensile strength shall be avoided. Consideration shall be given to obtg
S.

velds, testing of batches of consumables used in production including possible wire

ermatch can be achieved in two different ways.

rials

the

5 of

bility

sed
ress

rial.
ina
Hing

flux

a)

actual tensile strength of the base material.

b)

material.

The weld metal should be selected with a guaranteed minimum yield strength at least 5 % higher than the

The minimum yield strength of the weld metal should be above the maximum yield strength of the base

If weld overmatch cannot be guaranteed, special care shall be taken to ensure sufficient strength and
toughness of the welded connection.
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7.2.15 Properties at elevated temperatures

The mechanical and physical properties at the maximum design temperature of the materials for operations
above 50 °C (122 °F) should be documented unless specified in the referenced product standard or
complementary justification.

A material shall only be used within the range of temperatures for which the material properties required by
Table 8 are defined in the product standard. If the product standard does not contain the specific material
values required for the maximum design temperature, the values proposed in 6.4.6 may be applied.

For ferritic materials, where no values are available between 20 °C (68 °F) and 100 °C (212 °F), the yield
strepgth for 20 °C (68 °F) may be used for temperatures up to and equal to 50 °C (122 °F).

7.2.16 Properties after forming and heat treatment

n affect the
pcumented.
1 metal and

For|materials subjected to heat treatment, hot or cold forming, welding or other progesses that c3
material properties, compliance with the specified requirements in the final condition shall be d
Dodumentation shall be provided for parent material and, in case of welded components, for wel
heal-affected zones.

Suitable allowances for possible degradation of the mechanical propefties of a materiel, e.g. ag a result of

subgequent fabrication activities, should be included in the specification.

7.2/17 Soundness

Visyal examination and NDT shall be performed on all items*\{o verify that they are free from defects that make
the material/weld unsuitable for the intended use. Visuahinspection and NDT shall be carried ouf| by suitable

qualified personnel.
The
imp
acc

NDT shall be carried out using a combination of methods capable of detecting surface and internal
prfections. The applied NDT methods shall be in accordance with relevant specified procedures and
bptance criteria given in recognized standards.

7.2.18 Traceability

Trageability shall be verifiable(during manufacture, with suitable identification at all stages of manufacture,
fabrjcation and during subsequent handling and use. This shall be ensured with suitable marking| i.e. unique
idenjtification for each individual item, with references to material certificates. Care shall be exergised during
storpge and handling te'preserve the identification of materials.

7.2.19 Marking

Materials and.components shall be marked in accordance with the requirements of the applicgble product
starjdard or, if not specified, the requirements of MSS SP-25. All marking shall be such that it will be easily
identifiable, retained during subsequent activities and at locations where the marking will not pbe harmful.

Mar

king by die stamping shall be done in a manner resulting in minimum stress concentrations.

7.2.20 Inspection documents

The compliance with the requirements of the order shall be checked for products manufactured in accordance
with this part of ISO 13628 by specific inspection and testing.

All materials shall be supplied with an inspection document in accordance with ISO 10474, which can be
traced to the riser component. For materials for pressure-containing and load-carrying components including
welding consumables if applicable, an inspection certificate type 3.1.B in accordance with ISO 10474 shall be
supplied as a minimum. Non-metallic materials should be certified to a comparable standard.
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7.2.21 Records

Specifications with agreed deviations, design dossier such as calculations and drawings, test and inspection
results, and certifications shall be collected for retention during operations, in accordance with the design and
fabrication résumé requirements in 11.8.

Records from the qualification of the manufacturer's procedure specification and complete statistics of
chemical composition, mechanical properties and dimensions for the quantity delivered, shall be included in
the final documentation.

7.2.22 Protection and handling

Items like ri
the time of

ser pipe, components and riser joints shall be adequately protected from harmful deterioration from
manufacture and fabrication until taken into use and during use including storage.

All pipe/con
ends/conneg

nector ends shall be fitted with suitable end caps/covers to seal the bore andtto protect
ctor ends during handling and storage.

bipe

7.3 Products

7.3.1 General
sed

Ce.

If there are
for manufag

conflicting requirements between this part of ISO 13628 and.the/referenced standard or code |
ture of pipes and components, the requirements of this part of ISO 13628 shall have preceden

7.3.2 Pipe¢
C/WO riser|pressure-containing pipes shall be made of seamless pipes.

As a minilnum, pressure-containing pipes shall bey manufactured and tested in accordance with|the

requirements given in ISO 3183-3, ISO 11960, ISQ 11961 or equivalent industry standards for metallic pip

Hardness tgsts shall be performed on all pipes$ in*accordance with ISO 3183-3, ISO 11960 or equivalent.

7.3.3 Forging and extrusion

7.3.31 eneral

Forgings shall be mechanically hot worked throughout section and length to reach a shape as close as
possible to [the final. The-method of hot working shall be selected to give the most favourable grain flow|and
texture for the intendedscomponent and its application. Care shall be taken that no harmful segregation|can
appear on rhachined{surfaces in the finished component. The reduction ratio shall be a minimum of three.

A range of chemical specifications may be considered suitable for forging, depending on the depign
requiremenfs-)Forgings shall meet the requirements of ISO 9327-1. Recognized specifications [like
ASTM A18ZTTI"ASTM A694 1'<I'or ASTM A707 I">I'may be used for forgings and extrusions.

7.3.3.2 Manufacturing

The steel shall be fully killed and made according to a fine grain and inclusion control practice.

Heat treatment shall be in accordance with ISO 4885. The final heat treatment for mechanical properties shall
be by quenching and tempering at a subcritical temperature after rough machining. The martensite content
shall be controlled to minimum 90 % by hardness testing prior to tempering as outlined in ISO 11960:2001,
6.2.10. Carbon content shall relate to material where the hardness test has been conducted. The heat
treatment shall be performed in accordance with a documented procedure.
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A record (heat-treatment chart) shall be maintained of each treatment and shall be included in the inspection
document. Heat treatment of materials exposed to well and injection fluids shall be according to ISO 15156
(all parts).

Quenching shall be arranged, wherever possible, from outside and inside. Quenching shall be conducted such
that mechanical property variations through the cross-section are minimized. The manufacturer shall provide
evidence that tempering practice will ensure that correct temperature has been achieved for all forgings.

Welding repair of forgings and extrusions shall not be performed without written approval of the purchaser.

7.3.3.3 Chemical compaosition and mechanical testing

Thel purchaser shall specify details of the post-weld heat-treatment cycle to be used during welding if
applicable. The test requirements and acceptance criteria shall be by agreement.

A simulated heat treatment of the test piece shall be performed if welds between the)component and other
iterms are to be post-weld heat-treated.

A tdst unit shall consist of a prolongation, or sacrificial forging or extrusion.
Thel extent of testing to be performed during production shall be as stated in Table 16 for each heat. Locations

of tgst pieces to be taken from a forging or extrusion shall be in accordance with ASTM A370, Y4 ¢ x ¢, or as by
ement. The manufacturer shall prepare sketches for purchaser acceptance showing locafions of the

imen orientation is transverse relative to the directioniof major working during forging or ektrusion, as

Intepral prolongations for test sampling shall be;fitted onto the forging according to the pfovisions of
ASTM A508. The prolongations shall have a size representative of the thicker sections of the forging they
represent and shall normally include a thermal buffer. The size shall be sufficient to perform gll tests and

tensile, Charpy and hardness properties shall meet the requirements in Table 15. If nominal thickness
exceeds 25 mm (0,984 in), tensile;and Charpy samples shall be extracted and tested at 50 % thi¢gkness. The
gh-thickness ductility testing:shall be carried out for every heat. Corrosion tests shall be pg¢rformed by
ement; see 7.2.13.4. The\hardness shall be measured at several locations along the length and the
periphery of the rough machined units.

Table 16 — Chemical analysis and mechanical testing of forgings

Type of test Number and frequency of testing
Chemical composition 1 per heat
Tensile 1 per melt and heat-treatment batch
Charpy V-notch 1 set per melt and heat-treatment batch
Through-thickness hardness 1 per heat for sour service
Surface hardness By agreement
Metallography 1 per heat for sour service

All large forgings or extrusions shall be tested, i.e. for stress joints and tensioner joints. The extent of testing
may be reduced for small forged items, i.e. forgings for mechanical connectors as follows: 100 % of the first
10 forgings of each size and type, thereafter 10 % of each size and type. If any test fails to meet the specified
requirement in the first 10 forgings or during the 10 % testing, all forgings or extrusions of this size and similar
type shall be 100 % tested.
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7.3.3.4

Visual inspection and NDT

Forgings shall be inspected by means of appropriate NDT methods to make sure that no significant internal or
external defects are present.

Requirements for personnel, methods, equipment, procedures and acceptance criteria for NDT are given in

7.5.

Each forging or extrusion shall be subject to 100 % visual inspection of the external surface and accessible
parts of internal surfaces under adequate illumination.

Forgings or|

MPI shall b
accessible
laminar imp
and regiong

extrusions shall be subject to 100 % MPI and 100 % UT.

e performed on the entire surface (inner, outer and ends/end bevels to the extent possible) o
surfaces after final heat treatment and machining. The end face shall be tested for, detectio
erfections in accordance with 1ISO 3183-3. Special attention shall be given to seal seating fa
with stress concentrations. If access limits the possibility for MPI at a bore, UTrshall be perfor

on solid forgings before drilling of the bore, or before final machining of the bore. MPI shall-be performed o

forged item

UT shall be
heavy forgi
tested by U
mechanical
found, the

items for eg
of the forgin

7.3.4 Stry

Structural it
considered
category ag

L

D.

performed of the entire forging with angle and normal beam probes, UT shall be performed o
ngs, i.e. forgings for stress joints and tensioner joints. Each end of the forging or extrusion sha
T for linear imperfections in accordance with ISO 3183-3. For‘smaller forgings, like forgings
connectors, all the first 10 forgings of each size and type ordered shall be tested. If no defectg
pxtent of UT may be reduced to random testing of 10 %.of ‘each size and type of the remai
ch heat/heat treatment batch. If defects are found in the\first 10 forgings or during testing of 1
gs, all forgings of this size and similar type shall be 100, % tested.

ctural items

ems such as supports and protective structures that are not welded onto pressurized parts
as structural elements. The material. requirements shall be relevant for the structural elen
cording to a recognized structural design code, e.g. API RP 2A-WSD [1].

Structural items that are welded directly tq, or act as a pressure-containing part of the riser system shall 1

the materia

7.3.5 Bolf

Bolts, studs
in 7.3.5 and

requirements for the riser system where they are located.
ing

and nuts shall betested according to recognized standards in addition to the requirements g
Table 15.

The gener

| bolting 4naterial should be carbon or low-alloy steel selected in accordance with the stand

listed in Table 17. Equivalent standards may be used, subject to agreement.

Hydrogen gmbrijttlement, fatigue and relaxation properties shall be taken into account where appropriate.

h all
n of
ces
med
n all

n all
| be
for
are
ning
0 %

are
hent

heet

ven

ards

If other bolting materials are required due to corrosion resistance or other reasons, the material shall be
selected in accordance with the general requirements given in this part of ISO 13628. Of special importance
are the requirements in Table 15.

The hardness of bolts in carbon steel and/or low-alloy material shall be less than 350 HV10.

Carbon steel and/or low-alloy bolting material shall be hot-dip galvanized, electrolytic galvanization or have
similar corrosion protection. Hot-dip galvanizing shall be in accordance with ISO 1461. Hot-dip and electrolytic
galvanization shall be followed by post-baking.
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Service

Bolt

Nut

Minimum design
temperature

Subsea

ISO 898-1: Grade 8.8

ISO 898-2

> 0°C (32 °F)

ASTM A193: Grade B7

ASTM A194: Grade 2H

> 0°C (32 °F)

ASTM A320: Grade L7 ASTM A194: Grade 4/S3 >—100 °C (— 148 °F)
ASTM A320: Grade L43 ASTM A194: Grade 7 >—100 °C (— 148 °F)
Sour service ASTM A193: Grade B7M ASTM A194: Grade 2H > 0°C (32 °F)
Grade 2HM or Grade 7M
ASTM A320: Grade L7M ASTM A194: Grade 2H, > —100°C’(—{148 °F)

Grade 2HM or Grade 7M

1ISQ 15156 (all parts) SSC-resistant bolting (ASTM A193 L7M and ASTM A320 L7M) is not necessary for risgrs designed
for |[SO 15156 (all parts) sour service if the bolting is in an environment that would not allow-H3S to concentrate. H,S can
concentrate due to thermal insulation, flange protectors, or certain design features. Designers should notg that bolting
megting ISO 15156 (all parts) requirements has derated tensile properties.

For|submerged applications, it should be verified that a possible dissolGtion of the zinc layer will hot cause a
sigrfificant loss of the bolt pretension.

7.3.p Syntactic foam buoyancy

The| type and quantity of materials to provide the required buoyant lift over the intended design life while
accpunting for the predicted degradation of buoyancy shallbe selected.

Syntactic foam exhibits a progressive buoyancy.loss resulting from water absorption over time. [The rate of
buolancy loss (due to water absorption) is inversely proportional to the strength (and density) of the syntactic
foam. Typically, heavier or stronger syntactic<foam materials are required for service at greater dgpths and/or
ovef longer periods in service.
Syntactic foam manufacturers maintain’ extensive data on the performance of specific material$ in various

dengities at various depths, as welkas extrapolation methods which permit the prediction of degradation of lift
ovef extended time in service. Selection of particular syntactic foam should be based on test data.

7.4| Manufacture and fabrication

7.41 General

Thel manufagturer shall implement a system covering all aspects of quality control involving| competent
pergonnel with-defined responsibilities.

Thel materials shall be identifiable during all stages of manufacturing and fabrication.

Dimensional tolerances and surface roughness assumed in the design analysis of the C/WO riser system
shall be complied with during the manufacture and fabrication.

All defects and deficiencies shall be corrected before the structural components or equipment are painted,
coated or made inaccessible.

The fabricator shall apply a weld numbering system for identification on all relevant drawings and as reference
in all documentation.

All welded parts shall be post-weld heat-treated.

No welding is permitted in cold work areas.
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7.4.2 Welding procedure specifications

Welding procedure specifications shall be established in accordance with EN 288-2, ASME Boiler and
pressure vessel code, Section IX or equivalent codes.

7.4.3 Qualification of welding procedures

Welding procedures for steel shall be qualified in accordance with EN 288-3, EN 288-8, ASME Boiler and
pressure vessel code, Section IX or equivalent codes.

Mechanical

fpcfing shall he pnrfnrmnd as cppnifind in ASME Baoiler and pressure vessel cade_Section X,

EN 288 (all
mechanical
hardness of

The test w
methods. T

parts) or equivalent codes and the additional requirements in this part of 1SO 13628-
testing shall include the tensile properties, bend capacity, Charpy V-notch impact energy
the welded joints. Fracture mechanics testing should be considered if relevant, see 7.2.10.

eld shall be 100 % examined for both surface and volumetric defects with the)relevant |
ne soundness of the weld shall comply with the requirements given in Table 18!

7.4.4 Qugdlification of welders and welding operators

Bracers, wi
Section IX,

blders and welding operators shall be approved to ASME Boileri.and pressure vessel ¢
EN 287-1/ISO 9606-1, EN 1418 as applicable or equivalent codes.

7.45 Wel

ing consumables

Welding cohsumables shall be suitable for their intended use with the parent metals, the welding proces
and the fabrication conditions, giving welds with the requiredproperties and corrosion resistance in the

condition.

elding consumables shall comply with a recoghized standard. Welding consumable mate

shall be selected such that the weld metal satisfies the-specified mechanical properties as specified for
welding procedure specification.

Requirements should be stipulated for maximumthydrogen content of the weld metal. In the selectio

weld heat t

welding copsumables, consideration should be\given also to corrosion properties and properties after p
atment.
ce is specified, the chemical composition of welding consumables shall comply with ISO 15156

If sour serv
parts). We
acceptable
ISO 15156

All welding

ding consumables for girth welds that produce a deposit containing more than 1 % Ni
after successful weld® sulfide stress cracking qualification testing in accordance
0:2003, Annex B.

consumables,shall be stored and treated in accordance with specified requirements.

7.4.6 Forming of materials

Forming of

plates, pipes, etc. shall be carried out according to a specification outlining the successive

The
and

NDT

bde,

ses
final
rials

the

n of
ost-

(all
are
with

and

controlling §

teps.

If cold forming is used during manufacturing or fabrication, the need for strain ageing testing shall be

considered.

Such testing shall always be performed if the total strain exceeds 5 %.

Hot forming shall be carried out within the minimum and maximum temperatures advised for post-weld heat
treatment of the steel.

The specified mechanical properties shall be attained in the final worked condition.
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7.4.7 Material receipt, identification and tracking

All material shall be inspected for damage upon arrival. Quantities and identification of the material shall be
verified. Damaged items shall be clearly marked and disposed properly.

Items shall be inspected for loose material, debris and other contamination and cleaned internally before
being added to the assembly. The cleaning method shall not cause damage to any internal coating.

A system that ensures correct installation of materials and traceability to the material certificates for all
materials shall be established. The identification of material shall be preserved during handling, storage and
all fabrication activities.

A riser joint tracking system shall be used to maintain records of weld numbers, NDT,(pipg numbers,
conpector numbers, item numbers (if relevant), joint lengths and repair numbers. The system shalllbe capable
of detecting duplicate records. The individual joints shall be marked in accordance with'\the established riser
join{ tracking system using a suitable marine paint.

7.4.8 Cutting

Attention shall be paid to local effects on material properties and carbaon-contamination by thermal cutting.
Preheating of the area to be cut may be required. Carbon contaminatiofn shall be removed by grinding off the
affefted material.

7.4.p Welding preparation and fit-up

Milljscale, rust, etc. shall be removed prior to welding, and the groove shall be dry and clean. The fit-up shall
be ¢hecked before welding. The root gap and radial offset'shall be as in the welding procedure specification.

Pipg¢s and components should be fixed in such a way that excessive stressing of the welds due tp shrinkage
during welding is avoided.

Radial offsets and out-of-squareness of pipe abutting ends shall be minimized, for example by [rotating the
pipg, until the best possible fit has beenobtained.

Specifying tight dimensional requirements at pipe ends and tight fit-up tolerances should be considered for
fatigue-sensitive locations.

Alighment of sections at gdges to be butt-welded shall be such that the maximum offset does |[not exceed
10 %o of the material thieckness or maximum 3 mm (0,12 in). Larger misalignments may be accgpted if the
secfion ends are tapered by grinding or machining, with a slope not exceeding 1:4 provided the specified
minjmum wall thickness of the pipe is maintained.

Thel| out-of-sguareness shall be specified for connectors welded to pipes. Unless otherwise specified, the
max)imum allewable deviation from square shall be 1,5 mm (1/16 in) per 300 mm (12 in).

7.4.10"Production tests

Production tests of weldments are subject to agreement. Each production weld test shall be carried out and
documented as for the relevant welding procedure qualification test unless otherwise agreed.

7.4.11 Welding performance
All welding operations shall be carried out in accordance with the appropriate welding procedure specification.

The weld reinforcement shall have a regular finish and shall merge smoothly into the base material without
significant undercutting. All pipe butt welds shall be full penetration.
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results in a good fatigue quality root is gas tungsten arc welding.

7.4.12 Heat treatment after forming and welding

The quality of the root pass for single-sided welds significantly influences fatigue strength. One welding

Heat treatment shall be performed in accordance with written procedures that describe the parameters critical

for the heat-

treatment process.

Equipment for the heat treatment, monitoring and recording of the thermal cycle shall be suitable for the heat

treatment in

question.

The tempe
procedure.

7.5 Visu
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NDT shall be chosen with due regard to the conditions influencing the-sensitivity of the meth
’s ability to detect imperfections shall be considered for the materialy.joint geometry and wel
d. As the NDT methods differ in their limitations and/or sensitivities,\combinations of two or n
hy be required in order to ensure optimum probability of detection,of harmful defects.

perfections in non-magnetic materials, either dye penetrant testing or eddy current testin
Il MPI shall use the wet fluorescent method.

n of internal imperfections, either ultrasonic and/or radiographic testing shall be used. It ma
0 supplement UT by radiographic testing or vice versa, in order to enhance the probabilit
characterization/sizing of flaws.

ally not applicable for thicknesses less~than 10 mm (0,4 in). For such thicknesses, UT may
h radiographic testing.

ic testing is generally preferred for detection of volume imperfections. For thicknesses al
B4 in) radiographic testing should be supplemented by UT.

rred for detection of planar imperfections. Whenever determination of the imperfection heigh
cessary, e.g. as a result of fatigue or fracture assessment, UT is required.

at forgings oryextrusions have been subjected to 100 % examination by a method capabl
blevant interal imperfections, 100 % surface examination may only be necessary for
roducts like)mechanical connectors.

methods or combinations of methods for detection of imperfections may be used, provided
bd-that the methods are capable of detecting imperfections with an acceptable equivalence tg
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The manufacturer shall present, for purchaser acceptance, detailed procedures including calibration for all
visual examination and NDT. Visual examination and NDT of riser components and equipment shall be
performed in accordance with and meeting the acceptance criteria of the code or standard used for design or
manufacture of the item in question. Standard planar acceptance criteria used in common standards or codes
should be evaluated prior to start of testing by using fracture mechanics and/or fatigue crack growth
assessment and the criteria given in 7.5.4. Depending on design requirements, more severe acceptance
criteria can be warranted.

Areas that are highly stressed in the thickness direction by the welding process shall be ultrasonically tested
for laminar tearing.
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UT may be carried out on raw materials prior to final machining.

All NDT shall be properly documented and identified in such a way that the tested areas can be easily
retraced at a later stage.

7.5.2 Personnel qualifications

All visual inspection personnel shall be qualified and certified in accordance with recognized standards or
have sufficient knowledge and experience.

Persannel rnepnncihln for all NDT activities shall he nlnqlifipd nnnnrding 10 1SQ 9712 L evel 3 or el ivalent.

NDT operators shall be qualified according to ISO 9712 Level 2 or equivalent.
Opgrators | holding Level 1 qualifications may carry out NDT under the direct supervision af Level 2 operators.

Opsgrators simply producing radiographs, and not performing evaluation, do not requiré Level 2, byt shall have
suff|cient training.

7.5.8 Visual examination and NDT of welds

Completed welds shall be subjected to visual inspection and NDT ds manufacture and fabrication proceeds.
The| following shall be applicable to all welded joints.

a) |Welded joints shall be visually inspected before NDT is, performed.
b) |Surface testing shall be performed on the outer surface.

c) |NDT of welds shall normally not be performed until 24 h have elapsed since the completion| of welding.
This time delay may be reduced subject to agreement, provided that welding processes with low content
of hydrogen are used, adequate handling ‘of welding consumables is verified and measures syich as post-

heating of the weldments are taken toxeduce harmful hydrogen content.

d) |If a welded joint is to be subsequently formed or heat-treated, the required NDT shall be cafried out on
the weld in the final condition.

e) |All welds shall be 100 % visually examined and 100 % examined for both surface and volumgtric defects
with the relevant NDTmethods.

f) |Acceptance criteria for all NDT shall be in accordance with Table 18.
g) |All NDT and,.visual examination shall be documented such that the tested areas may be eas|ly identified

and such that the performed testing can be duplicated. The reports shall identify the defects present in
the base*weld area and state if the weld satisfies the acceptance criteria or not.

7.5.4 _Weld surface imperfection acceptance criteria

The acceptance criteria given in Table 18 are applicable for weld surface imperfections in steels. Alternative
evaluations ensuring an equivalent level of quality may be considered.

Special consideration shall be given to surface-breaking or near surface-breaking defects in the weld root area
that can arise from lack of penetration or lack of side wall fusion of single-sided welds. These areas are
inaccessible for visual examination or surface NDT inspection. UT from the outside diameter of the pipe
should be considered to inspect the root of the completed weld for planar defects.
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Table 18 — Acceptance criteria for weld surface imperfections

Type of defect Acceptance criteria
Cracks Not acceptable
Lack of fusion or incomplete penetration Not acceptable
Undercut Maximum depth 0,3 mm (0,012 in)
Surface porosity or exposed slag inclusion Not acceptable
Weld reinforcement or internal protrusion The height (crown) of reinforcement or internal protrusion of the

weld shall not be below the surface of the pipe nor shall it be
raised above the parent metal by more than 1,5 mm (1/16.in)

Roughness of weld Weld surface shall be smooth, without sharp transitions

Misalignment Maximum misalignment shall be 10 % of wall thickness o
maximum 3 mm (1/8 in), whichever is_smaller

Sharp edges Maximum 2 mm (0,079 in) radius ferCoated items

7.6 Qualification of assembly (make-up) procedures and assemblers

Bolted flange connections shall be assembled by qualified bolted-connectionrassemblers.
Bolted connections shall be assembled and made-up in accordance with/a“written procedure, which has been
qualified byJtest to achieve the specified minimum bolt preload without being overloaded. A general guidegline

on bolted flange joint assembly is given in ASME PCC 1-2000 [371,

Bolted-connection assemblers shall be qualified by test of a prototype assembly to demonstrate that they|can
apply the glialified procedure and achieve the specified minimum bolt preload without being overloaded.

8 Testing

8.1 General

Clause 8 egtablishes minimum requirements for testing the C/WO riser components and system.

8.2 Pretest requirements

Manufacturgrs and operations personnel shall review all test procedures. Procedures shall have a dlear
purpose/obljective, prescribing a test method that will produce the desired output data and have clearly stated
acceptance| criteria.¢The test site shall have adequate room, facilities, calibrated equipment and sgfety
arrangements.

8.3 Prespure testing

8.3.1 General
Each pressure-containing item or component shall be subjected to a hydrostatic pressure test.
8.3.2 Riser joints

Each assembled riser joint, including stress joints, slick joints, tension joints, etc. shall be subjected to
hydrostatic pressure tests. Procedures for conducting these tests shall conform to the requirements for PSL 3
as described in ISO 10423, with the exception that riser joints may be painted or coated prior to testing.
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The hydrostatic test pressure, ppat, shall in general be 1,5 times the design pressure. However, if capped
ends are not applied during testing, i.e. the sealing against the end face of the pipe or joint is ensured by
means of a ram, special considerations shall be made. In this case, the test pressure may be less than
1,5 times the design pressure in order to meet the requirement given in Table 13.

Pipes and pipe couplings manufactured in accordance with ISO 3183 (all parts), ISO 11960 and 1SO 11961
might not require additional pressure testing provided that

a) the mill pressure test was carried out with a pressure not less than 1,5 times the design pressure;

b) pipes have not been subjected to any thermal or mechanical processing subsequent to the mill pressure
test that reduces the pipe strength.

8.3.3 Components
Progedures for hydrostatic pressure testing of all pressure-containing components otheb than riser|pipes, riser
joinfs and riser joint connections shall conform to the requirements for PSL 2(or“PSL 3 as described in
ISO[ 10423, with the exception that parts may be painted prior to testing.

For|all design pressure ratings, the hydrostatic test pressure shall be a“mihimum of 1,5 times| the design
pregsure. The design factor shall be in accordance with Table 13.

Components having multiple bores or ports shall have each bore or port tested individually to verify that there
is np intercommunication.

Gaq testing is not a requirement. However, if specified by<the purchaser, gas testing shall be performed in
accprdance with ISO 13628-4:1999, 5.4.6, or the manufagturer's written specification.

8.3.4 Workover control system and hydraulic equipment

Hydrostatic pressure testing of hydraulic contr@D equipment, pressure monitoring lines, chemical injection lines,
etc.|shall be performed in accordance with SO 13628-6:2000, 11.2.1.

8.4| Hydraulic cleanliness
The| hydraulic fluid-wetted portions of the C/WO riser system components including the workgver control
system shall be prepared to a_cleanliness level as defined in SAE AS4059. The selected level shdll be clearly
identified in the manufacturer’s written component specifications and shall be demonstrated during testing of
the pystem and components.

Typ|cal cleanliness levels are SAE AS4059, Class 6B-F or SAE AS4059 Class 8B-F.

8.5| Qualification testing

The| manufacturer shall complete quallflcatlon testlng on any unproven component to be used im the C/WO
risek-syste al/fie

Component qualification shall be carried out in accordance with the relevant standards and this part of
ISO 13628 as listed in Table 2.

Qualification of components not covered by this part of ISO 13628 or other standards shall be verified against
an agreed verification programme.

All qualifications shall demonstrate the following as applicable to the individual component:
— hydrostatic or gas pressure testing;

— pressure and temperature cycling tests;
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— maximum (and combined) load testing;

— function testing;

— fatigue

life testing;

— life cycle/endurance testing.

All testing should simulate expected working conditions or be more severe. Requirements for qualification of

connectors

are given in Annex .

8.6 Rise

The manufacturer shall complete a series of tests prior to supply of the C/WO riser system to.‘confirm

correct fun
following gq

— ensure

— ensure
accord

— ensure

inspecfion requirements prior to assembly;

— ensure
riser ag

— ensure

— demon
or safe

Ensure thaf]

Drift testing
be carried d

8.7 Workover control system and FAT

Functional
the actions

as a minimyim, be demonstrated:

— start-up of the system;

I equipment and FAT

tioning of each item as a unit and as part of the complete system. These tests shall have
als:

that all manufactured components meet the design specification;

that the individual components can be assembled into the final structure of components
ance with good and safe engineering practice;

that individual components of larger assemblies pass appropriate component testing
riser interchangeability, connection continuity and pressure integrity of each length of the C
sembled with a manufacture's standard end cap or connection fixture;

integrity and continuity of connections among assembled components;

strate that interfaces between assemblies can be made and broken without compromising inte
Fy.

each pressure-containing item or component is subjected to a hydrostatic pressure test.

of each riser component shallt-be conducted using a specified drift, see 5.3. Drift testing shall
ut on the combined made-up/series of two or more components.

required tostart-up and operate the functions of the workover control system. The following s

the
the

, in

and

WO

grity

also

esting of the Morkover control system shall be included in a FAT. The testing shall demons{rate

hall,

— air sup
— power-

— hydrau

pty systerrs;
up of electronics;

lic systems;

— accumulator systems;

— emergency shutdown systems;

— flow measurements;

— running tool and connector make-up;
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System integration testing should demonstrate the correct fit and operation of the overall equipment system.

All f
Add
in s
disa
be

Pre
com

As
sati

a)

equipment is may be conducted usin
face and can be used to confirm pressure integrity/operation of the interface.

unctions (e.g. valves, connectors) shall be operated via the workover control system.

itionally, overhead space can limit stack-up height, such that the site integration'teést may have
fages, e.g. the lower workover riser package and subsea tree, the riser stfress joint and the
onnect package. If space is available, a complete system stack-up including the stress joint an
onducted.

Esure testing during integration testing shall be performed to- verify sealing integrity betw
ponents. The test pressure shall be the design pressure of thesystem.

A minimum, the following tests shall be carried out onithe C/WO riser system after col
sfactory component testing and the FAT. Optionally, these-tests may be included in the FAT:

Lower workover riser package interface with subseatree:

1) The lower workover riser package assembly shall be landed on the subsea tree to verify
function.

2) With the lower workover riserspackage connected to the subsea tree, a pressure tg
pressure continuity of the bore_shall be performed.

3) Relevant functional tests:'of all subsea tree and lower workover riser package functio
carried out.

4) With the lowerCworkover riser package connected to the subsea tree, the production g

bores shall be,drifted with the specified drift; see 5.3. Additionally, if plugs are used, thg
be run through the lower workover riser package and subsea tree to assure proper functig

Riser stress joint interface with lower workover riser package:

quipment. If
s the actual

to be done
emergency
d tree shall

een mating

mpletion of

orm, fit and

st to verify

ns shall be

nd annulus
y also shall
n.

1) « The stress joint with the emergency disconnect package connector shall be landed on thg WCT-BOP
to verify form, fit and function.

2) With the stress joint connected to the emergency disconnect package, a pressure test to verify
pressure continuity of the bore shall be performed.

3) With the emergency disconnect package and stress joint connected to the WCT-BOP, the bores shall
be drifted with the specified drift; see 5.3.

4) Connect and disconnect angles shall be simulated to verify proper function of the emergency
disconnect package under riser load conditions. Interface shall be pressure tested before and after a
disconnection.

5) The seals and sealing surfaces shall be thoroughly inspected after disconnection of the emergency
disconnect package.
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Landing string interface with wellhead or subsea tree:

the bore shall be performed.

Relevant functional tests of all landing string functions shall be carried out.

Verification of any orientation system used shall be demonstrated.

drift; see 5.3.

With the landing string connected to the tubing hanger, a pressure test to verify pressure continuity of

With the landing string connected to the tubing hanger, the bores shall be drifted with the specified

c)

1)

2)

3)

4)
Verification

operated arn

that all

of the workover control system shall be carried out in conjunction with the equipmeht)tq
d shall demonstrate

control line interconnections are correctly routed;

that a
specifi
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9 Marki

9.1 Rise
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tension join

9.1.2 Preservation

All joints sk
after pressy

All end con

Damaged q
written speq

y control logic (e.g. shutdown sequence) is operating in accordance with the requirem
d.

Pem pressure test

- field pressure test shall be performed on the riser system before the start of operations to en
tight riser. The test pressure shall be as a minimum the design pressure for the riser system.

ng, storage and shipping
I joints
eral

ments given in Clause 9 are applicable for the following typical components: riser joints, slick j
, stress joint, landing string, ete.

all be cleaned, driedJand preserved in accordance with the manufacturer’'s written specifica
re testing, prior,to-Storage or shipment.

nectors shaltbe fitted with protection caps.

oatings-shall be repaired prior to storage and shipment in accordance with the manufactu
ification.

be

ents

pure

Dint,

tion

er's

9.1.3 Loo

se seals and ring gaskets

Loose seals, stab subs and ring gaskets shall be individually boxed or wrapped for shipping and storage.

9.1.4 Elastomers age control

The manufacturer shall document instructions concerning the proper storage environment, age control

procedures,

132

and protection of elastomers.
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9.1.5 Hydraulic systems

All hydraulic ports and lines either assembled with, or integral with, the riser joints shall be flushed and filled in
accordance with the manufacturer’s written specification. Exposed hydraulic end fittings shall be capped.

9.1.6 Electrical systems

The manufacturer shall document instructions concerning the proper storage of all electrical cables and
connectors.

9.1.7—Racking

All jser joints shall be stored and shipped in either baskets, containers or shipping racks.
Thel design or selection of baskets, containers and racks shall take into account the following.
a) |Riser joints shall be adequately supported and secured.

b) |Removal of riser joint protection caps shall be possible to allow for inspection.

c) |Maximum weight inclusive riser joints shall not exceed the lifting capacity of deck handling cranes on the
vessel.

d) |Baskets, containers and racks shall be certified for offshore lifting in compliance with local legislation.
e) |Dedicated lifting slings shall be supplied, certified for offshore lifting in compliance with local legislation.

f) |Padeyes for sea fastening shall be provided. These padeyes shall be clearly marked| with “SEA
FASTENING ONLY”.

9.1.8 Marking

Ris¢r joints that meet the requirementgof.this part of ISO 13628 shall be marked with “ISO 13628-7”.
Ris¢r joints shall be supplied with;permanent marking that includes the following:
a) |manufacturer's name or trademark;

b) |manufacturer's part humber;

¢) |manufacture!s.serial number;

d) |date of manufacture;

e) |design pressure;

f)  design temperature;
g) service condition [ISO 15156 (all parts) or non-ISO 15156 (all parts)].
In addition, riser joints shall be marked with a consecutive joint number or serial number to enable monitoring

of joints during their lifetime. This marking shall be easily identifiable by vessel personnel, typically visual or
electronic tagging.
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9.2 Components

Shipping and storage requirements for equipment and components other than workover control system and
riser pipes, riser joints, stress joints, slick joint, landing strings, etc. shall conform to the requirements in
ISO 13628-4:1999, 5.6.

Where applicable, marking shall conform to the requirements in ISO 13628-4:1999, 5.5.

9.3 Workover control system and hydraulic equipment

Shl in arn atoracde—raciramantafarthawwarkaovar oonteal cvotorma oA cccaniotad Ao ot b ol Ao rm
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to the requifements in ISO 13628-6:2000, Clause 12.

Where appljcable, marking shall conform to the requirements in ISO 13628-6:2000, 12.1.

10 Inspection, maintenance, reassessment and monitoring

10.1 Gene¢ral

Riser shall|be operated, maintained and inspected to maintain an acceptable safety level throughout| the
design life gf the riser.

10.2 Inspection and maintenance

10.2.1 General

Routine inspections shall be performed on the riser and coftrol systems.

Inspections|relating to areas such as the following may-be necessary for risers and riser components:
a) overlogded/permanently deformed riser string components;

b) fatigue|cracking (e.g. girth welds, coanectors, anode attachment welds);

c) leaks (loosening of mechanical connectors, seal ring damage);

d) damagg, e.g. dents, scratches, loosened or heavily distorted coating;

e) internal and external'wear;

f) internal and extérnal corrosion damage (e.g. girth welds, sealing faces);

g) anti-cofrosien/abrasion coatings;

h) cathodic protection;
i)  marine growth.
The manufacturer shall establish type and frequency of inspections.

Parts that are damaged, repaired or particularly exposed and where failure will incur serious consequences
shall be subject to particular attention in the planning of in-service inspection and maintenance.

134 © 1SO 2005 — All rights reserved


https://standardsiso.com/api/?name=b3ee2c5c08046f33b871ceb6d7cdce8b

ISO 13628-7:2005(E)

10.2.2 Guidelines for inspection intervals

The
a)

b)

following factors should be taken into account when determining inspection intervals:
failure consequences;

parts that are damaged, repaired or particularly exposed;

specific intervals based on criteria discussed elsewhere in 10.2.2;

present condition and service history, e.q. age, results of previous inspections, changes

The
long
listg

Risg¢rs should be inspected for fatigue cracks in accordance with the principles given in 6.4.9.

operating or loading conditions or prior damage and repairs;

redundancy;

riser type and location, e.g. deep water or new design with few long-term operating-€xamples.
intervals given in Table 19 should not be exceeded unless experience or,.engineering analy

er intervals. In such cases, justification for changing guideline inspectioniintervals, based on
d in 10.2.2, should be documented and retained by the operator.

Table 19 — Guideline for inspection intervals

in design,

sis justifies
the factors

Component Inspection type Interval
Argas of known or suspected damage As appropriate After exposure to design event

Components retrieved to surface As recommeénded by manufacturer After disconnedt
Equipment consumables such as seals, lubrication, periodically disconnected components and paint should
gengrally be inspected or replaced on-.a'scheduled basis. Moreover, the equipment should be @lesigned to
faciltate these maintenance operations. Manufacturer-supplied data should include regommended
maiptenance operations and intervals.
10.3 Reassessment of risers
An existing riser shall undergo an integrity assessment to demonstrate fitness for purpose if ong or more of
the following conditiohs)exists:
a) |extension of.planned design life beyond the original design life;
b) |damage or deterioration to a riser component;
c) |change of use that violates the original design or previous integrity assessment basis;
d) departure from the original basis of design, e.g. by

— change in environmental data or relocation;

— change in support vessel;

— change in internal fluid;

— change in top tension.
Assessment of existing risers should be based on the most recent information of the riser.
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10.4 Monitoring

A detailed log or fatigue monitoring programme should be maintained that records the time duration and sea-
state for each mode of operation of the riser. This information combined with fatigue or fracture mechanics
analysis should be used to determine the need for riser joint inspections.

The riser's internal and external operating condition should be monitored to reveal whether design conditions
have been exceeded. This monitoring should include the recording of riser response and tension as well as
the composition, pressure and temperature of the riser contents.

A C/WO riser monitoring system is not mandatory within the scope of this part of ISO 13628, but it is useful for
setting and| maintaining precise tension, for monitoring riser dynamics and for design verification. The. fiser
monitoring $ystem may also be used to estimate riser accumulated fatigue damage, optimum vessel pdsitiohing
and time-totgo estimates.

11 Documentation

11.1 Purpose

Clause 11 s$pecifies the requirements for documentation that the manufacturer shall have available for| the
purchaser.

11.2 Gene¢ral

Sufficient documentation shall be available to demonstrate that’the riser system including equipment |and
component$ complies with the requirements of this part of 1ISO*13628.

Documentation for all work performed shall, as far as practical, be concise, clear, reproducible, retrievgble,
non-voluminous, and should include all relevant information for all relevant phases of the lifetime of the C/\WO
riser system (i.e. design, manufacturing, fabrication, operation, storage); see also 4.16.

Design dogqumentation shall include methods, ;assumptions, calculations and design requirements. Depign
requirements shall include, but not be limited to, those criteria for size, load and load combinations including
preload, manufacturing tolerances, surfage* roughness of sealing surfaces, material, environment and gther
pertinent reguirements upon which the'design shall be based.

The manufgcturer shall have available for the purchaser the following documents at the specified times:

a) design|basis: prior to riser design;

b) designlanalysis: prior to manufacture;

¢) manufgcturing-and fabrication: prior to manufacture/fabrication;
d) as-builtdecumentation: with delivery:

e) design and fabrication résumé: with delivery;

f)  user and operation manual: prior to delivery.

In addition, the user/operator shall maintain a condition résumé during operation.

11.3 Design basis
A design basis document shall be established in the initial stages of the design process to document the basis

requirements and criteria to be applied in the design of the C/WO riser system. It shall reflect the requirements
in this part of ISO 13628, the purchaser’s specification (see also Annex F) and the manufacturer's own
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requirements. A summary of those items normally to be included in the design basis document is included

below:

a) overall riser system description;

b) general design requirements;

c) applicable codes, standards and regulations;

d) functional requirements and operational requirements;

e) [intermatftoiddatainctoding desigmpressure, desigm temperature and-fiuiddensity;
f) |external environmental data;

g) |vessel data;

h) [interface requirements;

i) |equipment/component performance data (e.g. tension capacity at designpressure);
j) | material selection including corrosion protection;

k) |inspection and maintenance philosophy;

[) |design load case definitions for all relevant temporary and operating design conditions;
m) |design criteria for relevant failure modes;

n) |analysis procedures for design analysis including-main analysis parameters;

0) |description of safety joints (weak links) including reasons why using safety joints (weak links).
11.4 Design analysis

11.4.1 Pipe sizing including pipe.and girth weld performance data

Thel following data shall, as a’minimum, be provided for pipes and girth welds:

a) |explanation of notatiens;

b) |applicable codes) standards and regulations;

c) |calculationyinput data including

— « material details including yield strength, tensile strength and elongation after rupture,

——designpressureand-desigmtemperature;

— burst design factors,

— drift diameter and drift clearance,

— pipe ovality and wall thickness tolerances,

— pipe/pipe or pipe/connector girth weld eccentricity,
— weld root bead height,

— corrosion or other allowances where applicable;
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tion of minimum inside diameter;

tion of burst minimum thickness;

selection of pipe wall thickness and outside diameter;

the pipe structural capacity for single loads and limiting load envelopes; see 11.5.1;

the girth weld SCF at inside and outside diameter.

bal analysis

jesign analysis documentation should include the following items:

ry including concise table with design check key results and illustrations in figures;
htion of notations;

ble codes, standards and regulations;

ction including the objective of the document and a brief description, of the riser system and e
hent including drawings;

basis if not included in a separate document, see 11.3;

ion input data, including material details, assumptions for)calculations and details of the comp
me;

eability of the calculations performed;

s  model validation (effective teasion distribution, vessel motion RAOs and mj
Bigenvalues);

ace-out calculations;
ck-up calculations;
for the geometric model, including boundary conditions;

presented in aclear and concise manner, especially key results, and an evaluation of the reg
ight of the failure modes and assumptions made in the analysis procedure/methods. Utilizz

d;

ng-envelopes for normal, extreme, testing and accidental conditions;

ce number of the standard/guideline/textbook including the reference number for the equations|,

ach

uter

ode

ults
tion

long therisér for the component for the relevant failure modes with number on figures should be

if relevant, component and interface design loads, e.g. loads on subsea tree and wellhead by the C/WO
riser, with careful documentation of sources and assumptions made;

d) calcula
e) calcula
f)
9)
h)
11.4.2 Glo
The global
a) summea
b) explan
c) applica
d) introdu
compo
e) design
f) calcul
progra
g) referen
h) full trag
i) analysi
shape/
j)  riser sq
k) riser st
I) graphs
m) results
in the
ratios 3
provide
n) operati
0)
P)

assumptions made with respect to handling, inspection and maintenance of the riser system in service.

11.4.3 Drawings

Drawings shall be provided for the fabrication and construction of the riser system, including but not limited to

a) vessel layout drawings with risers;

b)

138

riser fa

brication drawings.
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11.5 Connector documentation

11.5.1 Performance data summary report

-7:2005(E)

A performance data summary report for each connector in the C/WO riser system shall be prepared. It shall
include the following information, as applicable:

a)

)

a description of how the connector works listing the design features and benefits of the threads, seals,

shoulder and body configuration including connection axial and bending load transmission

and locking

systems. Examples of locking systems can include threads, friction, grip, forged, balls/forged, flanged or

mnr\hinnr{;

design criteria with reference to applicable codes, standards and regulations for

strength and leak-tightness for normal, extreme, testing, accidental load conditions
minimum specified strength/preload values,

safe break joints (weak links) based on maximum specified strength values, and
maximum cyclic peak stress ranges, i.e. SCFs/stress distributions for fatigue assessment

geometry of connector, including tolerances, roughness and/freatment(s) of sealing surfg

based on

ces, mass,

material properties and the product designation for the connéction including references to dijawings and

material specifications;

a representative cross-section diagram of the connection identifying the weak (limiting) sectid
or components for tension, compression, internal pressure, external pressure, bending, torsior

where applicable, in addition to localization of regions with maximum cyclic peak stress ranges;

connection structural capacity, separation limits of preloaded surface and sealing (leak-tightne
for single loads only, i.e. tension, compression, internal pressure, external pressure, bending,
shear;

load envelopes or resistance charts defining the various combinations of loads, tempe
preloads which define the sealing (leak-tightness) integrity and structural capacity limits
extreme, testing and accidental conditions, in addition to weak link load envelopes and sepa
of preloaded surfaces;

documentation of theactual failure loads causing loss of sealing integrity or a structural f
separation, ruptute,or hoop buckling) whenever data are available and compared to code alloy

SCFs referred to connecting pipe size for pipe-to-connector weld and the locations of the hig
range in¢the connector (bolt cyclic stress including bending axial). If the SCF varies with load
this variation shall be documented. SCFs introduced by the connector in the connecting pip
location (both inside and outside diameter) without any eccentricity shall also be documented;

ns (planes)
and shear,

ss) integrity
torsion and

atures and
for normal,
ration limits

pilure (axial
vable loads;

jhest stress
or preload,
b girth weld

ctomptete Tmake=upfbreak=out—parameters—tisting—the—thread—compound—type;, coverage—amnd
method, along with make-up speed, required shoulder torque values and minimum and ma

application
ximum final

torque values and make-up loss. The maximum allowable misalignment for connection make-up;

moment-tension-release angle capabilities of emergency disconnect package connector and tree running

tool connectors;

references to design calculations and tests performed.
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A connector resistance for combined loading may be established using one of the following methods:

a resistance (load envelope) chart;
a resistance ellipse based on equivalent tension and net internal/external pressure;

a von Mises equivalent stress envelope.

Resistance charts or load envelopes shall be given for the relevant design factors and are the preferred
method for presenting capacities. It should be noted that the latter two methods for establishing the connector

resistance

re normally conservative for the bending moment resistance and should be avoided in order to

perform cor

sistent assessments with the pipe resistance.

Figure 11 ijlustrates a linear resistance chart. As an alternative to the resistance chart, the |connsg
resistance Mmay be given by effective tension-moment-pressure (7,-M,,,) interaction equations in'the form
Equation (2P):

[T_e+Mbm+Pint_Pojxl<1

Te (M. Pec Fy

where

T, ip the effective tension;

T, is the single load ultimate tension capacity;

My, 6 the bending moment;

M, i the single load ultimate bending capacity;

Dint 1B the internal pressure;

Do is the external pressure;

Pec B the single load ultimate pressure capacity due to end cap effect;

Fy  is the design factor; see Table 11.
Several intdraction equations-may be provided for one connector in case a simple linear relation as sugge
above may [not be possiblesdue’to limited validity ranges of resistance parameters applied.
NOTE Examples of\’résistance (capacity) charts can be found in API Bull 6AF [, API Bull 6AF1 [9]
API Bull 6AFR [6!: for sfati¢ loading conditions, see 6.6.7.

ctor
bt of

29)

sted

and
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X [pffective tension, T,
Y pending moment, My,

11.5

11.5

The)

infofmation listed in 11.5.2.

11.5

A written description, drawings Jand applicable schematics shall be provided for the riser cor
inteffacing equipment as follows:

ncreasing pressure.

Figure 11 — Component resistance chart

.2 Operating and maintenance manuals

.2.1 General

manufacturer shall provide operation and maintenance manuals that shall include, as a m

.2.2 Equipment description

the riser connectonrincluding all parts;
riser handlingtodls;

all make=up, break-out and preload tools;

riserconnector protectors.

11.5.2.3 Guideline for connector use

The

following information shall be addressed:

use of the handling tool and its interface with the connector;

7:2005(E)

nimum, the

nector and

connector make-up and break-out including, if applicable, detailed procedure for correctly applying preload.
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11.5.2.4 Maintenance instructions

The following information shall be provided:

— proced
to be in
11.6 Man
The followi
equipment,
a) materia
b) manufs
c) quality
d) welding
e)
f)  manufe
g) manufe

11.7 As-built documentation

graphic chronological schedule of routine maintenance tasks;

sample maintenance forms or check lists as necessary;

log sheets for recording cumulative use of each riser connector;

storage instructions and replacement schedule for rubber goods, elastomers and other consumables;

specifild lubricators, corrosion inhibitors, etc.;

NDT procedures;

ure and schedule for fatigue crack inspections. Manufacturers shall identify highly stressed afeas
spected.

ifacture and fabrication

ng information shall be prepared prior to start of or during manufacture of pipes, compongnts,
structural and other fabricated items:

| and manufacturing specifications;
cturing procedure specification;
plans;

procedure specifications/qualification records if.relevant;

cturing/fabrication procedures;

cturer's/fabricator's quality system manual.

documentation shallinclude, as a minimum, the following:
se order referepce-number;

ent descriptions;

ces to-design specifications and drawing;

| certificates;

dimension control measurements;

FAT results;

all non-conformances identified during manufacture, and repairs performed;

welding procedure specifications and qualifications;

The as-buil
a) purcha
b) equipm
c) referen
d) materia
e)
f)
9)
h)
i) welder
i) weldm
142

qualification records;

ap;
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k) NDT operator qualifications and NDT test records;

[) heat treatment records.

11.8 Design and fabrication résumé

A design and fabrication résumé shall be prepared to provide information for operation of the C/WO riser
system and for plans for periodic inspections. The design and fabrication résumé shall be considered as a
condensed summary document for efficient retrieval of essential information from design, fabrication and
testing phases. The résumé shall reflect the as-built status.

The| design and fabrication résumé shall

a) |offer a general description of the C/WO riser system;
b) |provide a summary of all design and fabrication including responsibility, regquirements,| verification
activities, deviations, detail design, design basis, and critical areas, with references to underlying detailed
documentation;
c) |provide recommendations, requirements and sufficient information for the-operation, in-servicg inspection,
storage, integrity evaluation and maintenance activities throughout theifetime of the C/WO riser system.

Of special importance is identification of components with low-fatigue lives and componen{s with high
structural strength utilization ratios.

11.9 Installation and operation manual(s)
Instllation and operational requirements shall be documgnted in a riser installation and operatior] manual(s).
Thel manual(s), which should be prepared jointly by the designer and the operator, defines how to $afely install,
opefate and maintain the riser and its component systems.

Thel manual(s) shall contain, as a minimum, thé)following information:

a) |step-by-step procedure for handling; transportation, running/retrieving, operating, presefvation and
storage of the riser system;

b) |step-by-step procedures for.tiser disconnects and hang-offs;
c) |operating limits for each*mode of operation. Operating limitations shall be specified by the nanufacturer
for each of the riser-operating modes. Limitations should be presented in tabular and/or graphical form or
as a riser management programme;

d) |inspection and-maintenance procedures for each component;

e) |manufacturer's drawings of the riser system components outlining critical dimensions, massges and part
numbers of various components;

f) |recommended spare parts list.

The following information shall be prepared prior to start of installation/operation:
— FMECA and HAZOP studies by the operator;

— installation and testing specifications and drawings;

— riser installation and operation manual(s);

— contingency procedures; and

— contractor's quality system manual.
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11.10 Condition résumé

Any changes to the C/WO riser system after fabrication will be a part of operation history and shall be

reflected in

a condition résumé. A condition résumé shall be prepared on regular basis, i.e. annually.

Necessary data shall be logged during the life cycle for documenting and analysis of fatigue status of the
C/WO riser and summarized in the résumé. The log should typically include running sequence of joints, riser
configuration, field data (water depth, pressure, density, etc.), vessel data including top tension and the length
of time and sea-state for each mode of operation. This log should be reviewed regularly to assess the need for
fatigue crack inspections.

It is the usef's responsibility to establish and maintain the condition résumé.

11.11 Fili

Maintenang
responsibili

The engine
installation

The enging
minimum o
system. Th
reconstruct

Files to be
final in-ser
records, an

g of documentation

e of complete files of all relevant documentation during the life of the riserCsystem is
y of the purchaser/user.

bring and as-built files shall, as a minimum, comprise the documentation from design, fabrica
bnd commissioning.

ering documentation shall be filed by the purchaser/user or by the engineering contractor f
f 15 years. Design basis and key data for the riser systemShall by filed for the lifetime off
s includes documentation from design to start-up and documentation from possible major repa
on of the riser system.

ept from the operational and maintenance phases of.the riser system shall, as a minimum, inc
ice inspection reports from start-up, periodical, and special inspections, condition monitg
J final reports of maintenance and repair.

the

on,

br a
the
ir or

ude
ring
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Annex A
(informative)

Standardization of the C/WO riser interface (vertical tree)

The industry has recognized the importance of sharing or renting of C/WO riser systems and, consequently,

hasmmjmwmmmmmm tree
systems. The proposed interface is between the top of the tree running tool and the bottom of-the( WCT-BOP;

see|Figure A.1.

8
1 ﬁr_l o//
9
[ 10
/
2 A il Key
4 ki 1 emergency discpnnect
I_o_l P package (EDP)
- II II 2 lower riser package (LRP)
3 proposed “standard”
12 interface
ﬁm/ subsea tree
wellhead

stress joint

adapter spool (for centreline
adjustment only

EDP connector
L T 9 EDP re-entry sppol

— — 10 wireline/coiled tybing BOP
11 tree running too
12 tree re-entry spool
13 valve block

— — 14 tree connector

1
I
(o]

~
1
I\
| \ ;S
=
]
|
N O o

Figure A.1 — Location of proposed standard C/WO riser interface
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A 346 mm (13 5/8 in), 69,0 MPa (10 000 psi) flange in accordance with 1ISO 10423 is proposed as the
interface connection. The seal mechanism is proposed to be a stab sub/pocket using a primary metal-to-metal
seal with an elastomeric back-up. An environmental seal should be provided to isolate the stab subs. This

environmental seal is proposed to be a BX seal ring/groove. The BX seal ring size is provided in Table A.1.

Table A.1 — Centre distances of bores for vertical riser/tree running tool interface

. Bore centre to Large bore Small bore Flange and BX
Valve bore sizes b a centre to centre to . .
ore centre b c ring size
flange centre flange centre
mm X I IIII(?V‘IPG) IIIIII(;II) IIIIII(;II) IIIIII(;II) IIIIII(?V‘IPG)
[in xjin (psi)] [in (psi)]
103 x 52(34,5; 69,0) 127,0 (5,000) 41,28 (1,625) 85,72 (3,375) 346 (69,0),BX-15§ d
[4 1/16 x 2 [1/16 (5k; 10k)] [13 5/8 (10k)], BX-158 4
130 x 52(34,5; 69,0) 136,52 (5,375) 47,62 (1,875) 88,9 (3,500) 346 (69,0), BX-15p
[5 1/8 x 2 1/16 (5k; 10Kk)] [13 5/8 (10k)], BX-159
a8  See “A’ [Figure A.2.
b See“B”, Figure A.2.
¢ See “C’,|Figure A.2.
d  ABX-15 ring is used to minimize separation load.

At this time
(5inx2in

system. The¢ proposed bore centres and offset dimensions are shown in Figure A.2 and Table A.1.

A transition
sub designg

Other bore
C/WO riser
standards t

Use of the proposed standard interface)is only recommended if

the co
capacit

a)

b) design

operati

NOTE 1
a 346 mm (1

two riser sizes have been proposed to incorporate the‘standard interface: a 127 mm x 50,8
, 69,0 MPa (10 000 psi) system, and a 101,6 mm 50,8 mm (4 in x 2 in), 69,0 MPa (10 000

or adapter spool may be required to allow riser usage with different tree manufacturers since
are generally proprietary.
centres and offsets can be used.-KHowever, it is recommended that specifications for any

nat are in existence or evolutiof.

mbined load effects~for the applicable load combinations defined in 6.3.3 do not exceed
v (see 11.5.1) of the'proposed flange;

manufacturetand make-up of the proposed flange ensures face-to-face contact up to no
hg loading conditions; see 6.6.7.

[he BX(158 seal ring used for the 101,6 mm x 50,8 mm (4 in x 2 in) interface is smaller than normally use

deeper wate

(5in x 2 in) riser interface,

35/8 in), 69,0 MPa (10 000 psi) flange. The smaller ring reduces the separation load, which is critical i

the BX 159 ring is the smallest ring possible.

system be reviewed with the manufacturer for dimensional confirmation with any industry interf

mm
psi)

stab

new

ace

the

mal

d for
the

g mm

Risers having bore diameters larger than the tree bores may be used in conjunction with the smaller tree
bores as long as the mating bores are arranged so as to allow passage of all downhole tools that are used in
conjunction with the riser system [i.e. a 101,6 mm x 50,8 mm (4 in x 2 in), 69,0 MPa (10 000 psi) riser could
be used with a 76,2mmx50,8mm (3inx2in) tree having the same bore centres as the
101,6 mm x 50,8 mm (4 in x 2 in), 69,0 MPa (10 000 psi) riser interface].
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Dimensions in millimetres
(Dimensions in inches)

D-D
1 2 3
\ .
Z; Z
I 7 N
- 710 (30,25) .
C B

»)

<

S

A

=
20

N

A

RS /AR5

<

Key

1 346 mm - 69,0 MPa (13 5/8” - 10 000 psi) flange

2 seal pocket dimensions to be specified by manufacturer
3 BX-groove as required

A,B,C seeTable A.1

Figure A.2 — Proposed standard interface detail 364 mm (13 5/8 in) - 69,0 MPa (10 000 psi) 6BX
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B.1 Intro

Annex B
(informative)

Operational modes and global riser system analysis

duction

Annex B pr

riser systenp analysis by finite element based computer codes.

Typical datd needed for global C/WO riser analysis are addressed in Annex F. General description of gl

riser analys

B.2 Opel

B.2.1 Tre¢ mode

B.2.1.1

During racKing and handling of riser joints and surface tree tension frames, consideration should be give

structural s
these ope
external s
tensions, d

B.2.1.2 Running and retrieval

Running an

running

intermg

landing

Running of
the splash

areas of co
the riser. C

Riacking

r
LIpport equipment required for the operation.{(ie. tuggers' wire locations and minimum tu

bvides guidelines for handling and use of the C/WO riser system in addition to guidance ongl

s can be found in API RP 2RD [21.

ation modes

rength. The manufacturer should determine the allowable sea-states and vessel motions, W
tions can be safely conducted. Detailed procedures should also be provided giving detail

rrick manipulator arms, lifting slings, etc.).

d retrieval typically covers the following sequences of operation:
through the splash zone;

diate phases during-running;

on wellhead.
the emergency disconnect package, lower riser package and tree suspended on the riser thrg
rone andiat intermediate water depths can be considered as a special case of riser hang-off.

hcern'\are usually impact with the vessel (i.e. moonpool or pontoon bracing) and allowable load
3n3|derat|on should be given to running the emergency dlsconnect package, lower riser pack

and tree st

bbal

bbal

n to
hen
5 of

jger

ugh
The
s in
age

el oo _ou ac _noccoilhla by maneiaa han oy maaea neay =Y (WA= V_V2 PN ricar iointc Ao~

bool

el
CiIas \.1u|u|\|_y To POSISIC— Oy o ig—tyvwo—oOr—T11oreT '.n\.,v:uuuuy o C—opP—TToCT—JOmmto—1vioon

pendulum motions can also be limited by running the stack on a moon-pool cursor system. Operating
limitations for these phases of operation should normally be specified in terms of allowable wave height, wave
period and current profile.

During running and prior to landing of the riser string, it is normal practice for the workover vessel to be offset
from the target area as a precaution in case of loss of the riser string. Offset upstream of the dominant current
direction minimizes the landing angle of the riser. Typical operating limitations in terms of the following
parameters should be specified:

maximum landing speed;

maximum vessel offsets;
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— maximum current return period;

— maximum sea-state;

— maximum set-down weights (i.e. minimum tension or maximum compression in riser end);
— maximum landing and connection angles.

Following landing and connection, the riser tension should be increased to the specified operating tension as
soon as possible.

B.2]1.3 Connected conditions
For|connected conditions in the tree mode (normal operation and shut-in modes), it jis- current| practice to
pregsent operating limitations in terms of operating envelopes, which are a function of.vessel offsg¢t and wave
height. The operating envelopes should be determined for realistic combinations_of ‘eurrent, mdtocean and
rise[ bore fluid conditions. Factors that can influence the operating envelopes arethe)following:
— | allowable load levels for the mode of operation;

— |internal fluid conditions, pressure, mass of internal fluid or tool strings;

— |riser tension;

— | clearance to vessel structures (moon-pool, pontoon bracing, etc.);

— |current profile;

— |water depth;

— |wellhead inclination;

— | vessel heading and motions.

B.2]1.4 Disconnect

Risg¢r disconnect can either be a planned or an emergency disconnect. For planned disconnects,
congideration should bec@iven to

— | minimizing riser tension to prevent riser recoil and damage to the riser and vessel;

— | vessel offset such that riser angle prior to disconnect is minimized and, following the disdonnect, the
direction~of motion of the riser is away from adjacent structures;

— |following disconnect, the riser string should be raised to prevent impact with subsea strtllctures and
Seabed:

Operating limitations for planned disconnect are typically the same as for landing of the riser.

For an emergency disconnect, the following workover control system emergency shutdown and emergency
quick-disconnect sequence should be performed:

— a complete shutdown of all process equipment;
— closure of all subsea and riser valves;

— disconnection of the emergency disconnect package connector.
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The moment-tension-release angle capabilities of the emergency disconnect package connector can limit
disconnection operations. Following an emergency disconnect, the riser should be fully inspected. The
manufacturer should specify type and scope of the inspection.

B.2.1.5 Hang-off

When the riser is in hang-off mode, vessel offset is generally not a governing parameter. Allowable loads and
impact with the vessel are of concern. Operating limitations for hang-off conditions are typically presented in
the form of operating envelopes, which are a function of wave height and wave period. When determining

allowable sea-state conditions, consideration should be given to the following:

length

methoq
surface

vessel

slack o

B.2.1.6 Operating envelope

A useful for
and used §
operating li
height agai
shown in F
Values beld

effect acting on the riser may exceed limits on strength and;stroke clearance and consideration of remedi

disconnect
periods ang
set of vessq

The param
ensure for
directly or i
accounted

parameters
pitch, roll, ¢

Riser oper3
clearance,

consideratiq
window, sh
example sh
EDP discon

bf suspended riser;

of hang-off (i.e. free hanging from a rotary spider or restrained to rotate by elevator balil
tree tension frame);

heading and motions;

I tensioned guidelines or guideline-less.

m of the riser analysis results is the operational limits (operating/window) which should be refe]
y personnel to maintain the C/WO riser within its parameters while in offshore use. The
mits should be determined by the designer and may be presented as graphs of significant w
nst mean vessel offset from wellhead extension. A typical diagram for a connected C/WO ris
gure B.1, which shows the range of acceptable vessel offsets for a set of operating conditi
w the curve represent safe operation; i.e. the failure modes are met. Outside the curve, the

operation is necessary. The curve provides‘a range of significant wave heights, spectral
vessel offset conditions, which can easily‘\be monitored. A unique curve is generated for a un
I, water depth, current profile, top tensien, internal fluid density and surface design pressure.

pters used for the setting of operating shown in Figure B.1 are functional and environmental
safe operation these parameters should be monitored. These parameters may be monit
ndirectly. The method of monitoring and accuracy of measurement of these parameters shoul
or in the setting of operating limits. Operating limits based on direct monitoring of environmg
(e.g. wave height, cunfent and offset) is less restrictive than indirect monitoring (e.g. vessel he
fc.).

ting limits in eonnected mode are affected by limiting factors such as strength, riser stroke,
maximum sallowable emergency disconnect package angle for disconnect and vessel
ns. Opefating limits should be defined for each of these factors. The overall riser opera
pwn in<Figure B.1, is the result of considering the combined effect of all limiting factors. In
own i Figure B.1, the critical limiting factors are the top drive motion compensator stroke limit
nect angle.
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Installation analysis often includes evaluation of strength limits and riser/moonpool clearance as well as
requirements for vessel positioning when stabbing at the seabed. Different elevations should be checked. All
conditions during installation should be considered, e.g. connector make-up during running with the riser
suspended at the drill floor and lowering of the riser (modelled with a lateral constraint at the drill floor but free
to rotate).

During storm conditions, or following emergency disconnect, the emergency disconnect package may be
pulled clear of the subsea assembly and the vessel moved off position. During hang-off, the riser may be held
rotationally fixed at the drill floor or be able to rotate (i.e. gimballed spider or special hang-off structure).
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5 6
/ Y /

16 Location: Field ..........cccooeevereevceerennnn.
3 Vessel: Vessel Name .........c.cccocoue.....
14 Riser: Designation ...........ccccccevviineenn.
Mode: Tree mode ........ccccevvvvveirinnenn.

12 1 Top configuration: Tension frame.

& 4\ Top tension:
N \N 2 Motion compensator: .......... kN (Ibf)
N - 8 AN Tension ring: ........{eufevreeen kN (Ibf)
)/ > \\\\ Bottom tension:
76 Bottom of EDPL ..., |........ kN (Ibf)
] // /@{' \ Q Pressure: ...t ....MPa (psi)
W/4 X \ Fluid densfity:......cccooveveeeeriiennns s.g.
o7 >\ A\

/ b / Wave direction: Head .....|..ccccovvennne

/ 2 / / Trange: 90 % confidencg interval

V / :

é Curfent: .....ccceeeeee. year|return period
0 Current direction: Head ..[...................
X |-8 6 -4 -2 0 2 4 6 8 X \
Wellhead inclination: ......[....ccccccee.

X |essel static offset, L., from wellhead extension, measured<as percentage of water depth, positive in direction of

current
Y pignificant wave height, Hg
1 ptrength limit: accidental

2 ptrength limit: extreme

3 ptrength limit: normal
4

5

6

SO’

stroke limit: motion compensator
EDP angle limit: upstream
EDP angle limit: downstream

a8  MUnsafe operating area.
b |Safe operating area.

Figure B.1 — Typical operating envelope (window) — Tree mode

B.22 Tubing hanger mode

B.2)2.1 . Running/retrieval and landing

Consideration should be given to the running/retrieval and landing of the following assemblies:
a) vertical tree:
— for a killed well, tubing, tubing hanger, tubing hanger running tool, BOP adapter joint, completion riser,

— for a live well, tubing, tubing hanger, tubing hanger running tool, BOP adapter joint/subsea test tree,
retainer valve, completion riser;

b) horizontal tree:

— tubing, tubing hanger, tubing hanger running tool, subsea test tree, retainer valve, completion riser.
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To prevent damaging the landing string components, it is normal practice:

making up the last assembily (i.e. slick joint and surface tree);

to land

out the tubing hanger in the BOP in a single operation.

to space out the riser string such that the tubing hanger is above the drilling riser lower flex joint while

To comply with these requirements, there needs to be sufficient lifting height in the derrick. It can be seen
from Figure B.2 that the required lifting height is a function of the BOP height, required stick-up after landing,
in addition to the other factors listed in Table B.1.

Operating |
specified in
stack with t

Relative sti
passage th
angles prio
the conseq
given in the

When deteqmining allowable ball/flex joint angles, consideration should be givefto the following:

appurt¢énances attached to the completion riser (i.e. umbilicalceclamps, annulus pipe clamps, slick casi

allowalple top and bottom ball/flex jeint*angles;

terms of allowable top and bottom drilling riser ball/flex joint angles. Passage of components in
ne highest bending stiffness is usually the most critical.

fness between the completion riser components and the drilling riser should be céhsidered du
ough the lower ball/flex joint. Operator guidance should be given in terms of expected ball/flex
to entry and during passage of the stiffest elements through the lower ball/flex joint. In addi

lences and requirements for inspection following exceedance of the allewable angles shoulg
operating manual.

bending stiffness between the completion riser and the drilling‘riser;

clearance between the completion riser components and drilling risers, including
bn of lower ball/flex joint above wellhead datuny;
pn of top ball/flex joint below drill floor.

should typically be specified in terms) of the following:

speed;

m and maximumdension including overpull.

mitations should be determined for running of each assembly. Operating limitations are usdlally

the

ring
oint
ion,

be

all
hgs,

— relative
— interna
etc.);
— elevati
— elevati
Limitations
a)
b) landing
c) minimd
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Key
1 bails 6  slick joint 11 tubing hanger
2  elevator 7  pup joint 12  lower flex joint
3  tension frame 8  drill floor 13 BOP
4  adapter 9  drilling riser 14 production tubing
5 swivel 10 landing string 15 wellhead
8 See Table B.1.

Figure B.2 — Lifting height and landing stroke parameters
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Table B.1 — Lifting height and landing stroke parameters (see Figure B.2)

Parameter Dimension

Surface tree and surface tree tension frame or bails assembly height A

Nominal stick-up after landing B

Riser joint hang-off height Cc

Landing stroke (distance from tubing hanger wellhead landing shoulder to D

underneath of the suspended tubing hanger)

Clearance between tubing hanger and flex joint to account for vessel heave E

and uncerta|nty of position

Minimum required lifting height in derrick A + B + D + handling cleafarce
B.2.2.2 Connected

For connected conditions in the tubing hanger mode operating limitations are normally*presented in terms of
allowable drilling riser top and bottom ball/flex joint angles. Limitations in terms of vessel offset and wave
height are rjormally outside the scope of the C/WO riser manufacturer. Factors, which may influence allowgble
top and botfom ball/flex joint angles, are the following:
— allowable load levels for the mode of operation;
— interna| fluid conditions, pressure, mass of internal fluid or tool strings;
— riser tepsion.

When deteqmining allowable ball/flex joint angles consideration should be given to the following:

a) relativg bending stiffness between the completion'riser and the drilling riser;

b) interna| clearance between the completion*and drilling risers, including all appurtenances attached td the

complgtion riser (i.e. umbilical clamps, anhulus pipe clamps, slick casings, etc.);

c) elevatipn of lower ball/flex joint above*wellhead datum;

d) elevatipn of top ball/flex joint beJow drill floor.
When detefmining allowable“ball/flex joint angles it is important to consider the drilling riser/BOP and C/WO
riser as a system. Allowable.angles for one configuration do not necessarily apply to another.

B.2.2.3 Qverpull to retrieve tubing

Limitations jnterms of allowable ball/joint flex joint angle should be determined as a minimum. The minimum
overpull at the-tubing hanger should be equal to the tubing weight and additional force to account for fricfion.

Increased tension normally results in reduced allowable angles.

B.224 O

perating limitations

The operating limitations for tubing hanger mode can be affected by the same factors as for open sea.
Analysis may be performed to define the limiting flex-joint rotations for in-place, overpull scenarios and

running (cle

arance).

Limitations given in Figure B.3 are local to the C/WO system only.
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3 500
3 000
1
2 500
/ 2\
7 Z 000 X tocation:
Field o)
Vessel:
1500 Vessel lame............
Riser:
Designation..............
1 000 Mode:
/ /\ \ Tubing hanger .........
/\ Marine riser ID:
/ 500 NSO T AT e m (in)
b BOP ID
..................... m (in)
~ 0 > Wellhead inlination:
X |-6° -4° -2° 0° 2° 4° 6° X e, °
Key
X Jower flex joint angle &, expressed in degrees
Y [C/WO riser effective tension, T, relative to tubing Hanger, expressed in kilonewtons
1 pverpull to release stuck tubing
2 running/retrieval
3 pubsea shut-in
4 phormal operation
Figure B.3 — Typical C/WO riser operating limitations — Tubing hanger mode
Thel local C/WO riser-operating limitations combined with the marine riser operating conditions fesult in the
glohal operating limitations where account can be taken of the BOP, wellhead, subsea tree ang conductor
capfcities. It is impoftant to note that the capacities of some of these components are influenced|by end-cap
effects. A combination of the above results in a global limitation check, as shown in Figure B.4. In this
example, the global loading based on the C/WO riser operations does not exceed the global capadties.
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8 000

7 000

6 000

5000

4000 2

Location: Field ....... .0 ..o,

3 000 Vessel: Vesselname ....................
Riser: Designation ............c.ccoueuee.
Mode: Tubjng hanger ..................

2000 BOP ‘connector type: .........cccoeee..

Treeconnector type: .........ccceeee.
Wellhead type: ......cccccvvvvvevnnieenn.

Conductor size: ......cceeeeveernnen. n (in)
Marine riser tension: ............... kN|(1bf)
BOP stack height, Lo: ................ n (in)

Wellhead inclination: ....................

Key
X lower flek-joint angle 6, expressed in degrees
Y bendingmoment, My, expressed in kilonewton-meties
1 wellhead capacity
2 wellhead connector capacity
3 overpull
4 running
5 shut-in
6 normal gperation
Figure B.4 = Typical global limitations check — Tubing hanger mode

The global pending mament acting below the marine lower flex joint, Mg, resulting from the C/WO riser|and
marine risef, can_be“determined according to Equation (B.1). In this example, the global bending momenpt is
determined|at thexwellhead connector.

MG = VSh ><L2)+(WBOP XOZ)_([V ><01)+|_(6G _Hdev)XKFJ"'Mf ( 1)
where

Vsh = Te tot % sin(&G ) +Vse (B.2)

where

V.

sh is the total shear force acting at the flex-joint;

L, is the elevation from the DATUM, top of wellhead to flex-joint axis; see Figure F.2;

wgop I8 the submerged weight of the BOP and LMRP, including bore contents;
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g is the acceleration due to gravity;

0y is the horizontal distance from the BOP centre of gravity to the point of interest;
T, s the vertical tension component of 7 y.;

o4 is the horizontal distance between the flex-joint and point of interest;

0c s the global flex-joint angle relative to the global vertical axis; see Figure B.5;

f4ey I8 the deviation angle of the BOP and high pressure wellnead housing vertical axis, relative to the
global vertical axis, see Figure B.5;

Kr is the rotational stiffness of the flex-joint;
Te 1ot is the total effective tension from the marine riser and C/WO riser acting at the flex<joint;

M;  is the bending moment required to bend the C/WO riser;

Vse is the shear force acting at the flex-joint due to environmental loading on‘the marine risgr and BOP.
Tvi
6 Te ot
DA & e

Vsh

Key

vertical global line through wellhead connector

BOP

wellhead connector

high pressure wellhead housing

conductor

deviated vertical axis of the BOP and high pressure wellhead housing
seabed

lateral soil stiffness

0 N O WN -~

Figure B.5 — Global wellhead bending moment capacity check — Tubing hanger mode
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B.3 Global riser analysis

B.3.1 Riser analysis considerations

The global riser analysis is generally used to predict global riser behaviour under the design conditions, and to
determine top tension requirements and extreme (operating limitations) and fatigue load effects on riser
components.

The global analyses are intended to verify the detailed design, determine operating limitations, estimate
fatigue lives and determine extreme/fatigue interface design loads. Some activities typically included in global
analysis arg-asfoltows:

a) analysis of individual pipes and checking with relevant failure modes;

b) establishment of individual component design loads (extreme and fatigue); components include coupl|ngs,
stress joint, tension joint, slick (cased wear) joint, etc.;

c) optimiZe applied tension to achieve acceptable load effects; evaluate the need for buoyancy;

d) evaluate riser clearances, e.g. riser-vessel, riser-seabed, surface equipment-deck/spider;

e) evaluafe displacements and rotations, e.g. riser top stroke, flex/ball joint’angles;

f) assesq vortex-induced vibrations and evaluate need for monitering and inspection if the riser is
susceptible to vortex-induced vibrations, which can be detrimental during the operations. The neeq for

increaded top tension and/or for suppression devices should be‘evaluated.

Some princjpal design and analysis parameters for C/WO riser Systems are shown in Figure B.6.

Riser operating procedures should be prepared for all phases of riser operations. Limiting conditions identjfied
by riser angdlysis and component limitations should be included.

B.3.2 Riser tension

B.3.2.1 Effective tension

Loading dug to external and internal~pressure acting on a pipe section is normally treated in terms off the
effective tesion/weight concept:

Te = (Tw — Pint ><Aint)_(_po ><Ao)
= Aw — Pint X 4jt+ o X 4o (B-3)

b 2 2
=T, _Zx[pintX(Do_2Xt) _poXDo}

We = p"'Aint Pint *E - Ao X Po X E
B.4)
T 2 2 (
= wp+Z><g><[pint><(D072><t) _poXDo}

where
T, is the effective tension in the pipe;
T, is the true wall tension;

Dint IS the internal pressure at a reference point;
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int is the internal cross-section area of the pipe;

Do is the external pressure at a reference point;

A, is the external cross-section area of the pipe giving buoyancy if submerged;
D, s the specified or nominal pipe outside diameter;
t is the pipe wall thickness;

Wa is the effective (apparent) weight;

The)

fromp internal and external fluid pressure.

The

The)
the
con

B.3

Am

normally be sufficiently highyso that the effective tension is positive in all parts of the riser even if
Lld fail. In most cases, the minimum effective tension is encountered at the bottom of the riser. The

sho
con

The)
eve
cau
effe]
ana

is the weight of the pipe in air (dry);
g is the acceleration due to gravity;
Pint  is the density of the internal fluid,
Lo is the density of seawater.

effective tension is the axial force (axial stress times pipe cross-section area) adjusted for the

physical significance of the effective tension can be summarized as follows:

geometric stiffness, which is governed by the effectiveéitension. This means that the effectiv
the overall governing stiffness parameter for the vast majority of slender structures;

global stability (column buckling) of the riser, which is governed by the effective tension.
effective tension is the axial tension, which is calculated at any point along the riser by cons

sidered as the tension in the pipe ignofing the influence of pressure effects.

2.2 Top tension

inimum tension setting is(nermally required to avoid global buckling of the riser. The tension sg

hector at bottom of-stress joint is used as the reference here.

initial minimum total top tension may be determined by the requirements given in APl RP 16(
N negative ‘effective tension over a portion of the riser does not imply the riser is unstable,
e the tiser to instantaneously experience Euler buckling. The direct consequence of low
ctive tension is low lateral stiffness, the result of which is adequately estimated by the standard

contribution

e tension is

dering only

top tension and the apparent weight.of the riser and its contents. The effective tension may also be

tting should
a tensioner

) [8]. Low or
nor does it
or negative
global riser
5 should be

ysis if changes in effective tension are accounted for. An effective compression that occur:

sho

Wi tolerapble 10 the Triser pipe and COmponernts, see Llause o.

The draw works tension should normally balance out the weight above the tension ring with a minor margin,
i.e. almost zero effective tension above the tension ring. However, in some riser systems an improvement in
performance can be achieved by optimizing the split in tension between the riser tensioner and the draw
works. It is important to note that this implies an increase in the draw works tension above the minimum given

abo

ve.
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Figure B.6 — Principal parameters involved in the design and analysis of C/WO riser systems
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Key

1 rig motions due to first-order wave motions 13 external pressure Fy, wave and current forces
2 draw works tension and stroke 14 stress joint g gravitational force
3 surface equipment 15 subsea equipment T, effective tension
4  surface pressure (choke or mud-pump) 16 soil restraint Viw Wwave velocity

5 slick joint 17 tool Ve  current velocity

6 drill floor 18 conductor bending stiffness Ls, vessel offset (+)
7 tensioner sheaves 19 upstream

8 tensioner tension and stroke 20 downstream

9 ensioner Jininf 21 __eoxcitation-zone.

10 putside diameter 22 shear zone

11 riser joints 23 damping zone

12 pending stiffness

B.3
B.3

Typ

Dur
spid
slip
ass

Figure B.6 — Principal parameters involved in the design and analysis of,C/WO riser sy
(continued)

.3 Structural model examples

3.1 Open-sea operations
cal C/WO riser system analysis models for open-sea operations are illustrated in Figure B.7.

ng running, the riser will be held alternatively in the{derrick, in the slips/gimbals at the drill flg
er on landing blocks. The top tension in the draw.works will increase as the deployed length g
5 can be modelled as rigid, see Figure B.7. If-theriser is hung off from gimbals, a pinned sup
imed. Running analysis should consider various lengths of the submerged riser.

Ris¢r landing involves considerations of landing speed and maximum connection angle criteria.

set-
the

In th
and
the

Dur
Ina

The)
stor
Figu

Hown weight is required to perform-atching. This local negative effective tension will reduce th
Fiser.

e connected model, the riserymodel is constrained in all degrees of freedom at the seabed (rig
soil) in this example. The vessel motions are typically induced to the riser system at the top @
drill floor (rotary table)(@hd the tension wire terminations (sheaves).

Hdition, the uplatching angle of the connector should not exceed maximum angle criteria.
disconngcted riser may be hung off from the hook, the spider or a specially designed beam st

M hang-off condition, special hang-off systems may be used which provide axial and lateral s
re B.7.

stems

or or in the
bes up. The
bort may be

A minimum
e stability of

id wellhead
raw blocks,

ng unlatching of .the riser, the applied tension is reduced to meet the connector maximum overpull criteria.

ructure. For
upport, see
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c) Connected d) Disconnected e) Hang-off
Key
1 slips/spider 6 subsea tree 11 slick joint
2 drill floor 7 wellhead 12 tension joint
3 stress joint 8 top drive 13 pinned connection
4  emergency disconnect package 9 lateral support 14 fixed support
5 lower riser package 10 tension frame equipment 15 hang-off bushing

Figure B.7 — Typical C/WO riser finite element analysis models — Open-sea operations
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Typical C/WO riser system analysis models for inside drilling riser operations are illustrated in Figure B.8.
When the riser is operating within the drilling riser, the riser may be analysed using a quasi-static approach
including drilling riser flex-joint and ball-joint angles in addition to effective tension and pressure load effects in
the C/WO riser. The drilling riser flex-joint/ball-joint prescribed angles may introduce bending moments in the
C/WO riser due to contact forces.

Both temporary and connected conditions should be modelled. In all cases, the analysis can be described as
displacement controlled bending moment, where the degree of displacement is a function of the ball/flex-joint
angle, clearances between the riser (including umbilical clamps, etc.) and marine riser/BOP and riser

congtraints. It is important that the effects of geometric stiffness on the bending moment re

incl
B.3

Wh

(wa
freq
(dis
note
con

The)
of s
the

The)
be

ded in the models. Axial and bending stiffness should be based on nominal dimensions.

L4 Load modelling

le pressure and functional loads generally can be treated by static methods(of“analysis, en
ve and vessel motions) loads require dynamic analysis. Inertia and dampingiforces are importa
uencies of steady-state loads are close to natural frequencies ory when transient |
connection). Risers typically have natural frequencies below and abovelwave frequency loads.
d that external and internal pressures in pipe members will normally be handled by the effed
cept (see B.3.2) in the analyses and are normally included in the post-processing of the load ef

hydrodynamic load model gives the force exerted on the riser-from the relative velocity and
cawater particles passing the riser. The hydrodynamic loading on slender structures can be e
Morison formula in terms of the relative fluid-structure velocities and accelerations.

drag and inertia coefficients incorporated into Marison’s formulation are empirical coefficients
derived by experiments or numerical simulations. The hydrodynamic coefficients are depe

nunmber of parameters, e.g. body shape, Reynolds-number, Keulegan Carpenter number, relative

ratig
hyd
intrd

In
bety
many
pipe
line
recq
selg
hyd

NOT
anal

, etc. and strictly should be considered as+varying along the member with time. In practice,
rodynamic computations impractical and "a constant value is invariably used in the riser an
duces a considerable source of uncertainty in the accuracy of the results.

/WO riser analysis, the inertia ‘coefficient is usually taken to be 2,0, while the drag coeffi
veen 0,8 and 1,0. The drag ceefficients above refer to the drag diameter, which is the maximu
imum (pitch) diameter. The.inertia coefficient refers to embraced volume of the riser structur
bundles and attached_external lines have different drag and buoyancy diameters as drag
arly dependent on drag/diameter whilst inertia forces depend on the squared buoyancy dig
mmended that sensitivity studies be performed to investigate the effect on global analysis re
cted coefficients:Gonsideration should also be given to the potential effect of vortex-induced v
rodynamic coéefficients, i.e. increased drag coefficients from vortex-induced vibrations.

E Theuse of Morison’s formulation to establish hydrodynamic loads reflects present practice, h
ytical methods are not excluded.
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Figure B.8 — Typical C/WO riser FEM model — Inside drilling riser operations
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B.3.5 Dynamic analysis methods

An overview of commonly used dynamic finite element analysis methods that may be used is given in
Table B.2. Treatment of non-linearities is the distinguishing feature among the available analysis techniques.
Time domain analysis is the primary method of analysis for prediction of extreme response. Typical
application of the main techniques for dynamic analysis is indicated in Table B.3. An extensive comparison of
different methods for extreme response estimation of top tensioned risers is given by Rooney et al. [33],

Table B.2 — Finite element methods overview for global analysis

Nen-linearities
Method
Environmental loads Special loads Structure
Non-linear time domain Morison loading Collision/interaction with Geometric stifffiess
. other slender structures \ .
Integration to actual Nontlinear matgrial
- - - - surface elevation ) - -
Linearized time domain NA Llinearized at sjatic
equilibrium posjtion
Frequency domain Linearized at static NA Linearized at sfatic
equilibrium position equilibrium posjtion
(stochastic linearization)
Table B.3 — Typical analysis techniqués versus applications
Method Typical applications
Non-linear time domain Extreme load effect analysis of systems with significant non-linearities, in|particular
compliant configurations exposed to three-dimensional excitation.
Special fatigue analyses for systems or parts of systems with highly non-lfinear load
effect characteristics.
Verification/yalidation of simplified methods (e.g. linearized time domain, frequency
domain),
Lingarized time domain Extreme analysis of systems with small/moderate structural non-linearities and
significantly non-linear hydrodynamic loading (e.g. top tensioned risers).
Freguency domain Fatigue analyses of systems with small/moderate non-linearities.
Hydrodynamic load effects due to vessel motions and positions, wave and current may be determined from
— |time domaindanadlysis,
— | design.wave analysis with full dynamic response analysis,
— | non-linear stochastic dynamic analysis in the time domain,

— linearized stochastic dynamic analysis in the time domain,

— frequency domain analysis.
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Annex C
(informative)

Fatigue analysis and assessment

C.1 Introduction

C.1.1 Pur

Annex C pt
fluctuating
adequate (
programme

C.1.2 Assumptions

The assess

pose

esents recommendations for design and analysis of steel C/WO riser components \subjecte
oad effects, to avoid failure by fatigue. This is done by ensuring that the gomponents H
alculated fatigue lives. Calculated fatigue lives also form the basis for (effiCient insped
s during fabrication and the operational life of the C/WO riser.

ment procedure assumes that the C/WO riser has been designed, manufactured and fabricate

d to
ave
tion

din

accordance with all other requirements in this part of ISO 13628.

To ensure that the C/WO riser will fulfil its intended function, a fatigue assessment should be made gt all
locations where there is a risk of fatigue crack initiation.

All regions|or components that are fatigue-critical should bevaccessible for visual inspection and NDT or
replaceablel.

C.1.3 Limiitations

The recominendations are not applicable to low cycle fatigue, where the stress range is outside the elastic

limits of the

Only enviro

C.1.4 Fatigue assessment methods

material or for elevated temperature’operation in the creep range.

hment induced fatigue load effects are considered.

Fatigue assessment may be.performed by the following:
— methods based upon fatigue tests (S-N curves for normally sound connections) and estimatiop of
cumulgtive damage (Palmgren-Miner rule);

methoq

direct

s based upon fracture mechanics (fatigue crack growth predictions of flawed components);

xperimental approach by fatique testing of components.

The fatigue design analysis should in general be based on S-N data, determined by fatigue testing of a
representative component and the linear damage hypothesis (Palmgren-Miner). The S-N method of fatigue
analysis is the primary design tool used to assess fatigue resistance of C/WO risers due to its simplicity and
efficiency.

If appropriate, the fatigue analysis may alternatively be based on or supplemented by fracture mechanics
based fatigue assessment. This may be relevant if the remaining life of a cracked component is sought or if
crack detection limits for fabrication and in-service inspection NDT are of interest.

If no representative fatigue resistance data are available, a direct experimental approach by fatigue testing of
components should be applied. This may be relevant in cases where limitations on fatigue strength data are
for temperature, material strength and fluids to which the material is exposed.
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C.1.5 Fatigue assessment procedure

The fatigue resistance is, in general, given as S-N curves, i.e. stress ranges, S, versus number of cycles to
failure, N. If the long-term stress range distribution is expressed by a stress histogram, consisting of a
convenient number of constant stress ranges, S, in k blocks, each with a number, »;, of stress repetitions (see
Figure C.1), the fatigue criterion reads as given in Equation (C.1):

kn 1 mo1

k
i= i=

whgre
Dg  is the design fatigue factor;

Dgy is the accumulated long term fatigue damage or Miner-Palmgren damage ratioj

m is the negative inverse slope of the S-N curve;
a is the characteristic fatigue strength or intercept of the design S-N curvewith the log N axis.
Si

Log n
Log N
Key
S; ptress range in bin (block) i
i pumming index indicating the bin (block) number
k  fotal number of stress range bins (blocks)
N; humber of cyclesto failure at constant stress range, S;, in stress block i
n; |humber of occdrrences in stress range bin i
1 pxperimental'S-N curve
Figure C.1 — lllustration of the Miner's damage caused by the stress range bin (blogk) i

The riser pipe nominal or membrane stress ranges have to be multiplied by relevant SCFs for calculation of
stresses relevant for the S-N curve. The stress range is further modified by a thickness or size correction
factor such that the design S-N curve for thickness larger than a reference thickness is changed. This means
that the fatigue strength is reduced for increased thickness above a reference thickness.

The basis for fatigue damage calculations for a riser exposed to both wave frequency and low-frequency loads
is global dynamic load effect analysis. These analyses establish the nominal stress range distributions in a
number of short-term environmental conditions (sea-states) in the wave scatter diagram. The low-frequency
wave drift load effects may be obtained by global static or dynamic analysis of the riser using the low-
frequency induced motions of the vessel. Dynamic analysis should be performed if inertial load effects
generated by the low-frequency vessel motions are significant. The load effects generated by vortex-induced
vibrations should be obtained from a vortex-induced vibration analysis of the riser.
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Fatigue damage may then be calculated for each short-term condition by analytical damage formulas for
narrow-banded stress processes, i.e. Rayleigh distribution for Gaussian stress range distribution or Weibull
distribution for non-Gaussian stress range distribution. Fatigue damage for wide-band stress response may be
calculated by a cycle counting method, semi-empirical solutions or by simplified analytical solutions.

As an alternative approach to computation of fatigue damage for each short-term environmental condition, the
long-term stress range distribution can be obtained by a summed weighting of the cycle distributions for the
different short-term environmental conditions. The resulting distribution may subsequently be fitted to an
equivalent analytical distribution of the Weibull type. The long-term Weibull stress range distribution can be
used to establish the stress histogram. The Weibull distribution and the stress histogram are convenient forms
of the long-term stress range for establishing interface fatigue loads to components, for estimating maximum
allowable S[CFS or for fatigue crack growin assessment.

A typical seguence in the design of a C/WO riser for fatigue is shown in Table C.1.

Table C.1 — Summary of a typical riser fatigue assessment procedure

Task Comment

Define fatigye loading. Based on operating limitations including wave frequency, low-frequency jand
possible vortex-induced vibrations load effects. The Wwave-induced fatigue damiage
is normally the governing source of damage for beth*open-sea and tubing hanger
(inside marine riser) operating modes.

Identify localions to be assessed. Structural discontinuities, welded joints, anode)attachment welds, connectors, bplts,
repairs of defects, etc.

Identify fatigue strength data. Joint classification (selection of S-N\curve), i.e. unwelded, welded and bdlted
materials. The fatigue strength dater;selection depends on the material and seryice
environment (both inside and outside). For welded joints, the S-N curve seledtion
depends on the geometry arrangement of the detail, the direction of fluctugting
stress relative to detall, -thie 'method of fabrication and inspection of the ddtail.
Include relevant thickness\(size) correction factor.

At each relejant location, establish | Determination of the*"SCFs not included in the S-N curve for the locations tq be
SCFs. analysed. SCFsmay be determined from parametric equations, detailed finite
element analysis or by testing.

Perform global fatigue analysis. Perform global riser fatigue analysis to calculate short-term nominal stress range
distribution’at each identified location and mean stress. The short-term stress range
distribution may be used to establish long-term nominal stress ranges or histogram.

Perform fatigue damage Calculate accumulated fatigue damage from weighted short-term fatigue damagg or
calculations [ong-term stress range.

Further actigns if location fails Reassess using more refined global riser analysis method.

assessment

Reassess using more refined stress analysis to establish SCF.

Change unwelded detail, e.g. minimize notch stress (elliptical transition may give
lower stress than radius) and/or change thickness.

Reduce fabrication eccentricities of girth-welded pipes, e.g. reduce tolerancep of
pipe and connector.

Improve fatigue performance by weld toe grinding.
Perform fracture mechanics analysis.
Improved inspection/replacement programme.

Note relevant implications and Requirements, extent and defect detectability requirements for NDT during fabrication
provide information for relevant and service.
manufacturing, inspection and

: Manufacture/fabrication tolerances, e.g. control of or assumptions about misalignment
operating personnel.

during fabrication.

Weld requirements, e.g. root improvements (tungsten inert gas welding) or weld cap
toe improvements by grinding.

Operation requirements, e.g. logging, monitoring and inspection/replacement
intervals.
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The procedure for the fatigue analysis is based on the assumption that it is only necessary to consider the
ranges of cyclic principal stresses and mean stress in determining the fatigue life. The mean stress is included
by the stress range reduction factor, f,,. The anticipated crack-initiation site is called a hot spot.

For pipes subjected to a principal (axial) membrane stress range, S,,,, the principal stress ranges, S, to be
considered in fatigue assessment of welded and unwelded components are given in Table C.2. Table C.2 also

$ ol Af fat + of bolt
glv VO OlITOoO TAITYyTo TU VT UoTU TUTN TAUTyUT dooToolTITTTU UT VUILOS.

Table C.2 — Stresses to be considered for S-N fatigue assessment

Joint/component

Stress range

Comment

Welded joints

§=8g5=fm*KmxSm

Local weld notch effects arg)included in thg
Only pipe/connector geometry deviations
misalignment, should-be included in K,,. Bg
and weld cap shgould“be evaluated for full
girth-welded pipes:

S-N curve.
e.g. axial
th weld root
penetration

Unwelded components

S =Snotech = fm X Knotch XSm

No SCF is/included in the S-N curve. Local

notch stress

should bé“used to scale the membrane (npminal) pipe
wall sttess. In case of plain pipes or stress jgints, etc. the
outerfibre stress should be used.
Bolis S=8mn+Sp Membrane (nominal) stress based on thel bolt stress
area should be applied including membrane gnd bending
stress range. Thread root SCFs are includefd in the S-N
curve.
whgre
Ky is the geometric stress concentration factor;
Knoteh 18 the notch stress corfeentration factor;
Sp is the bending camponent of the primary plus secondary principal stress range;
Sgs is the geomeetric stress concentration stress range;

Snotch IS the-nefch stress range.

Carg should ©e) taken in calculating the stresses and SCFs to be used in the fatigue analysis. Relz
chapges insthe stresses and SCFs can result in large differences in fatigue life. Fatigue life is prg
the stresstranges and SCFs, each raised to the power of the S-N curve inverse slope (from 3 to §
den'onstrated that, for an S-N slope of 3, doubling of either the stress range or SCF, or any produ

tively small
portional to
b). It can be
ct of these,

decreases tatigue life by a 1actor of 8.

EXAMPLE

SCF reduces the fatigue life to 12,5 years.

© 1SO 2005 — All rights reserved
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C.2.2 Linearized stresses

In order to avoid possible confusion between global and local bending stresses, an example of the application
of the stress decomposition to the particular case of longitudinal stresses in a pipe subjected to an external
bending moment is illustrated in Figure C.2; see also Equations (D.9) to (D.12) for general formulas for

determining

membrane and bending stress.

The following apply for this case:

— linear longitudinal stress distribution along the pipe cross-section;

— linear |

— membr

pngitudinal stress distribution along the thickness of the wall;

ane stress as is given in Equation (C.2):

’GXMme(DO +D|nt)

Om =

— bendin

nx(Dg - Dy

16 x My, ><(Do _Dint)

Op =4

nx(Dg - Dify)

is the inside diameter of pipe;
is the specified or nominal pipe outside diameter;

is the bending moment in the pipe.

) stress (on each side of the wall) as is given in Equation (C.3):

A~
O
»

A~
O
L
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Figure C.2 — Decomposition,of the longitudinal stress for a pipe subjected to a bending mgment, 1/,

C.23 Welded joints

The| primary plus ‘'secondary stress range, Sp.qg, OF structural stress range applies to fatigue asgessment of
weldled joints.and the corresponding geometric stress concentration (magnification) factor is defined as given
in Elquation-(C.4):

N g
Ky =5 — 13 0 (C.4)
Sm Sm

where
K,, is the geometric stress concentration factor;
S, is the bending component of the primary plus secondary principal stress range;

S, isthe membrane (average) component of the primary plus secondary principal stress range.

If the structural principal (axial) stress is obtained by detailed stress analysis (e.g. finite element analysis) or
by measurement, the structural hot-spot stress should be determined from the principal surface stress by
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extrapolation using the procedure detailed in Figure C.3. Distance X; and X, may be selected to be 0,5 ¢ and
1,5 t, where ¢ is the pipe wall thickness. Different procedures may be applied; see Niemi [31]. However, when
applying finite element analysis, the structural hot-spot stress may be determined as indicated in Figure C.4.
The linearized through-thickness stress method (see Figure C.4) is the preferred method, as the SCF
predicted by this method is not sensitive to the localization of extrapolation points; see Figure C.3.

1
< N y 2
></ AB\K *V
e —— |
A X >‘£ é
Y
P
2
33—
1
\ X
L
A B

Key

o stress

X distance from weld toe

1 total nonlinear stress

2 notch stress

3  structural hot-spot stress
4 weld toe

Figure C.3 — Explanation of structural hot-spot stresses in butt welded pipes
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(nominal) stress range as given in Equation (C.5); see Figure C.5:

whdg

For
be

A
 J

notch stress
structural hot-spot stress
membrane (nominal) stress

Figure C.4 — Linearized stress distribution across wall thickness

L4 Unwelded components

maximum primary plus secondary plus peak principal stress range, Sp.qg+F, OF Notch stress ra
ies to fatigue assessment of unwelded parts. The notch.stresses should be calculated usi
5ses, which incorporate the full effect of gross and “local structural discontinuities. The n
Centration (magnification) factor, K., is defined as.the notch stress range normalized by the

SP+Qs+F _ Snotch
S m S m

K notch =

re S, is the membrane (average) component of the primary plus secondary principal stress rar

plain pipe and stress joints, etc.; the outer fibre stress, i.e. membrane plus bending stress in C
sed.

Om

nge, _antch’
ng principal
otch stress
membrane

(C.5)

ge.

2.2, should

Key
ON

Om

©I1s
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S
£

notch stress
membrane (nominal) stress

Figure C.5 — Explanation of local notch stresses in unwelded components
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C.2.5 Bolts

For bolts, the stress range, S, to apply is the membrane (nominal) plus bending stress range on the stress
cross-section area, 4y, , as given in Equation (C.6):

Asz Z%X(db‘f)z (C6)

where d,, ¢ is the mean effective bolt diameter.

The stress area of a standard inch series bolt with 60° thread angle is given by Equation (C.7):

ps :Ex[db_o’w“Jz €.7)
4 Mihr
where
d,, is the nominal (basic major diameter) bolt diameter;
nyye 1S fhe number of threads per inch.
For the corfesponding metric threads, the stress area is given by Equation(€.8):
Aps =%x(db—0,9382x1pitch)2 (€.8)
where I lis the pitch of the threads.
EXAMPLE The stress area for 1in8UN bolts is 3908 mm2 (0,606in2) where dj, =254 mm (1in)|and

nine = 0,315 hm=! (8 in~") for 8UN bolts with 8 threads per inch:

Only the fluptuating stress range should be included:"Pre-load normally reduces the fluctuating stress rang

©

C.2.6 Mean stress influence

When assgssing base material, welded/joints in the post-weld heat-treated condition or other compongnts
with low residual stresses, the stress range may be reduced dependent on whether mean cyclic stress,
Omean = (Ohax ¥ Omin)/2, is tension’‘or compression. The calculated stress range obtained may be multiglied
by the redyction factor, f,,, as obtained from Figure C.6 before entering the S-N curve; see Table C.2.|For
welded joinfs in the as-welded’condition, the stress range to be used in fatigue assessment should be bgsed
on the full sfress range régardless of whether the stress range is partly or wholly compressive, i.e. f,, = 1,0

fm

Omean = S/2 Omean = 0 Omean = S/2 O mean

Key
fm stress range reduction factor
Omean Mean cyclic stress

Figure C.6 — Stress range reduction factor to be used with the S-N curve for unwelded components
and post-weld heat-treated welded joints
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For determination of hot-spot stresses by finite element analysis, it is important to have a continuous and not-
too-steep change in the density of the element mesh in the areas where the hot-spot stresses should be
analysed. The element mesh should be extra fine in areas where notch stresses are determined.

The geometry of the elements should be evaluated carefully in order to avoid errors due to deformed elements
(for example corner angles between 60° and 120° and length/width ratio less than 5:1). The size of the model
should be sufficiently large so that the calculated results are not significantly affected by assumptions made
for boundary conditions and application of loads.

C.3

C3

The)
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The)
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cun\

S-N curves

L1 General

present guideline on fatigue strength is based on DNV RP-C203['7]. Fatigue strength
gnized codes, e.g. HSE Guidance [8] may be applied. Guidance for fatiglie design and ass
r girth welds is given by Maddox et al. [30],

Lild be based on the mean-minus-two-standard-deviation curves for relevant experimental da
es are thus associated with a 97,6 % probability of survival.

The)
relal

as the surrounding environment (e.g. corrosive/non-gorrosive fluid, cathodic protection in seg
temperature).

Ea

clags. It should be noted that there are sevetal locations at which fatigue cracks can develop at
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S-N curve should be applicable for the material, geometry-of detail, the direction of the fluctu
ive to the detail, the method of fabrication including-surface finish and inspection of the de

construction detail at which fatigue cracks-¢an potentially develop should be placed in its r¢

itself; see Figure C.4. Each locationshould be classified separately. The joint classification g
ypical joints/details to be analysed‘for a C/WO riser subjected to cyclic bending moment a
ion.

cal S-N curves for a pipe girth weld, DNV RP-C203 Class D weld, are illustrated in Figure G
Lcorrosive environment, for seawater environment with cathodic protection and for free corrosi
ice.

effect of internal C/WO riser fluid and external fluid in tubing hanger mode operating inside]
" should be given special attention, especially for potentially aggressive fluids. Sour service car
ue life while fatigue life in sweet fluids can be assumed to be as in air. For sour service,
icable for free corrosion may be considered. If internal fluid service is partly sour servic
ressive fluids, S-N curves for seawater with cathodic protection may be used. In tubing hange
Lcorrosive external fluids, S-N curves for air may be applied for this condition. In open-sea oq

from other
essment of

fatigue design is based on the use of S-N curves which are obtained from tests. The design S-N curve
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a8  Nqswindicates the point of discontinuity in the bilinear S-N cufve 2 (i.e. seawater with cathodic protection).
b Ny 4 indigates the point of discontinuity in the bilinear S-Ncurve 1 (i.e. air or non-corrosion).

Figurle C.7 — Typical design S-N curves for girth-welded pipes, Class D in DNV RP-C202 [17]

The influeng¢e of undetectable internal.and external defects or other geometry factors not included in the SCFs
for the relejvant component/joint is assumed to be built into the design curve for welded joints. The bjasic
fatigue strepgth is given in terms_of S-N curves expressing the number of cycles to failure, N, for a gjven
constant stifess range, S, as shewn in Equation (C.9):

N=ax(s)™ (€.9)
or equivalently, in Equation (C.10):
log N +10g a —m xlog S (3.10)

where
m s the negative inverse slope of the S-N curve;

a is the characteristic fatigue strength or intercept of the design S-N curve with the log N axis.
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A correction, i.e. a reduction in fatigue strength, to the original S-N curve is required for thickness t, greater
than the reference thickness, ¢ The thickness (size) effect is accounted for by a modification on the stress
range, i.e. a factor is introduced as a multiplier on the stress range, such that the design S-N curve for
thickness larger than the reference thickness is given by Equation (C.11):

k1
log N = log @ —m xlog SxLﬁL] (C.11)
Lref

where

ky is the thickness exponent on fatigue strength;
n is the nominal (specified) pipe wall thickness;

tef i the reference thickness equal to 25 mm (0,984 in) for welded connections and bolts (stress
diameter).

Forlt, < trep the (4/t,¢f)1 factor in Equation (C.11) is equal to 1,0.

Bilinear (two-slope) S-N curves may be expressed as given in Equation (C.12):
N:{%xS"” S > S .12
ayxS™"2 §<8,

whqgre

aq s the intercept of the design S-N curve with-the log N axis, left part of S-N curve;

m4 is the negative inverse slope of the S¢N curve, left part;

a, isthe intercept of the design S-N.curve with the log N axis, right part of S-N curve;

mo is the negative inverse slope-of the S-N curve, right part.

The point of discontinuity is denoted ;. It is related to the corresponding number of cycles to failyire, Ny, and
is gjven by Equation (C.13):

51 :[mjm =N

— (C.13)
aq
whdre

NpD is 107 cycles for air condition and is 108 cycles for seawater with cathodic protection fondition in
DNV RP-C203 1'71;

Sy is the stress range at the point of discontinuity (bilinear S-N curve).

In the case of a bilinear design curve with size (thickness) correction, the S-N data are given by
Equations (C.14) to (C.16):

_ _ t
log @y yhick =l0g @y —myxkqxlog(—"-) (C.14)
ref
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1
N 7['71J
S1 thick =(_ ! ] (C.15)
a1 thick
_ m _ m t
109 @ thick = m—?x log @4 +log N ><(1—m—?)—m2 x Jeq x |og(ﬁ) (C.186)
re

where

a1thick —is the intercept of the design S-N curve with the log N axis, left part of S-N curve, size correc

ed;

ky is the thickness exponent on fatigue strength;
S thick| is the stress range with thickness correction;

agthick] s the intercept of the design S-N curve with the log N axis, right part ©f "S-N curve,
corrected.

C.3.2 Unwelded materials
The surfacg finish is the governing property of fatigue lives for unwelded components.

For seamless pipes, rolled, extruded or forged components without any. machining, the B1-SN curve sh

Size

buld

be applied.| Use of the B1-SN curve requires that sharp edges and surface flaws have been improved by

grinding.

For machined surface conditions, the fatigue life can be expected to be increased compared to the B1
curve; howgver, the effect has to be documented. Alternative'S-N curves based on testing may be used.

As an alterjative to using the B1-SN curve or a stress-based approach using S-N data, specific fatigue de
curves for ppecific unwelded materials may alsg.\lbe developed using strain-based approaches and s
controlled fatigue test data on representative materials.

SN

s5ign
rain

Plain materjal can contain flush ground weld repairs. The presence of such repairs can lead to a reductign in
the fatigue |life of the material. Hence;~only materials that are certain to be free from welding should be

assessed ap unwelded.

C.3.3 Butt-welded pipes

C.3.3.1 eneral

For welds
that the fatigue strength depends largely upon the shape of the weld overfill. If the overfill is dressed flush

ade fromboth sides, fatigue cracks in the as-welded condition normally initiate at the weld tog, so

the

stress concentration caused by it is removed and failure is then associated with weld defects. For welds nmade

from the o
welds relevant for risers are given in Table C.3.

girth
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Description Tolerance Thickness
- - - b S-N curve exponent K
Detail/welding Geometry and hot spot requirement q
Single-sided 7 e < min [0,1 ¢, F1 0 1,0
////// 3 mm (0,118 in)]
y e >min [0,1 ¢, F3 0 1,0
? 3 mm (0,118 in)]
e <min [0,15 ¢,
Zmm (0,157 1n)]
Sipgle-sided onto V. e < min [0,1 ¢,, F 0 1,0
temp. backing Z///// 2 mm (0,079 in)]
—= e >min [0,1 7, F1 0 1.0
A 2 mm (0,079 in)]
e < min [0,15 ¢,
4 mm (0,157 in)]
Single-sided ‘ e <min[0,15 ¢y, D 0,152 (C.20)
. 4 mm (0,157 in)]
7
U
Double-sided # e < min [0,15 #,; D 0,152 (C.20)
=,,,//% 4 mm (0,157 in)]
Single-sided, root # e < min [0,15 ¢, c1/C 0 (C.20)
string machined off — 4 mm (0,157 in)]
and dressed flush ///////
Double-sided e <min [0,15 ¢, c1/C 0 (C.20)
iressed flush 4 mm (0,157 in)]
Jeamless pipe NA B1 0 1,0
Machined See Figure C.5 NA B1 0 Calc. or [38]
COmpaonents
Steel bolts - - NA F1 (cold-rolled) 0,402 1,0
- - W3 (cut threads)

b

@  The penalty applied only for thickness greater than 25 mm (0,984 in). No benefit can be taken for sections thinner than 25 mm
(0,984 in). For bolts, the reference thickness is the stress diameter.

For girth weld eccentricities greater than 0,15 7, or 4 mm (0,157 in), whichever is the smaller, special considerations apply, e.g.
fracture mechanics assessment.
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C.3.3.2 Girth welds made from both sides — root or cap failure

The class D design curve is proposed for girth welds made from both sides by any process and in any position
considering root or cap failure. The curve is to be used in conjunction with the thickness effect correction and
SCF to allow for any axial misalignment arising from out-of-roundness and wall thickness of abutted pipe
sections or pipe and connector sections. There is a limit set on the permissible amount of misalignment of
0,15 ¢, or 3 mm, whichever is smaller. Eccentricity exceeding this limit requires special design considerations,

such as fracture mechanics assessment.

C.3.3.3 Girth welds made from one side — root failure

Welds in ri
tolerances
maximum J
root area W
wall thickne
applies.

Class F1is
lesser of 0,

Single-side
has a tightg
fact that prd

Alternativel
the Class H
misalignme,

C334 M

The C1 cui
performed

that local s
The catego
proved free

C.3.4 Ste

For bolts, fa
the shape ¢
cold-rolled

recommend

For threadgq

sers are normally made with a symmetric weld groove with welding from the outside only-
are rather strict compared with other structural elements with eccentricity less than~0,1 ¢
mm (0,118 in). The fabrication of risers also implies a systematic and standardized NDT of
here defects are most critical. Provided that the same acceptance criteria are usedfor'risers
ss larger than that used as reference thickness [25 mm (0,984 in)], the guidance in Table

adopted for root failure from the inside but with no additional SCF for axial misalignment up to
t, or 3 mm. Larger misalignment results in a downgrading to Class F3with no additional SCF,

j welds on temporary backing fall into class F with no SCF to allowfor any axial misalignme
r tolerance on maximum permissible axial misalignment, the lesser of 0,1 ¢, or 2 mm, to reflec
vision for limited misalignment is already included in the S-N¢urve.

, for both unbacked full penetration single-sided welds<and welds made onto temporary back

ht, but neglecting the thickness effect correction, k,*=:0; see Reference [30].

achined or dressed girth welds

ve may be used for double-sided welds.if machining of the weld surface to the base materi
bn both inside and outside of the weld”(dressed flush). The machining has to be performed ¢
ress concentration due to the weldJis removed and any undercuts at the weld toe are remo
'y C1 weld may be increased tg category C when high-quality welding is achieved and the we
from significant defects by extensive NDT; see Table C.3.

b| bolts

tigue cracks normally initiate at the thread root, so that the fatigue strength depends largely U
f the thread root/ For axially loaded steel bolts and threaded rods, the F1 curve may be used
hreads with~ne subsequent heat treatment like hot galvanizing. For cut threads, the W3 cury
ed. For bolt diameters > 25 mm (0,984 in), the “thickness correction” factor should be applied.

d balts, the stress concentration at the root of the threads is increasing with increasing diamg

Based on fatigue tests, it is recommended to use k4 = 0,40 which may be assumed to include size effects

The

or
the
with
C.3

h

the

nt. It
the

ing,

design curve may be used. It should be used in_¢€onjunction with SCF to allow for any axial

Al is
uch
ved.
dis

pon
| for
e is

bter.
due

both to the nofch itself and o the increased length of nofch around circumference with increased diameter.
The thickness exponent may be less for rolled threads. Thus, for purpose-made bolts with large diameters, it
may be recommended to perform testing of some bolts to verify the fatigue capacity to be used for design.

C.3.5 Workmanship

The fatigue life of a welded joint is strongly dependent on the local stress concentrations arising from surface
imperfections, consisting of weld discontinuities and geometrical deviations, during the fabrication process.

Surface weld discontinuities are weld toe undercuts, cracks, overlaps, porosity, slag inclusions and incomplete
penetration. Geometrical imperfections are defined as axial misalignment, angular distortion, excessive weld

180

© 1SO 2005 — All rights reserved


https://standardsiso.com/api/?name=b3ee2c5c08046f33b871ceb6d7cdce8b

ISO 13628-7:2005(E)

reinforcement and otherwise poor weld shapes. Embedded weld discontinuities, like porosity and slag
inclusions, are less harmful for the fatigue strength when kept below normal workmanship levels.

C.4 gives equations for calculating the SCFs due to fabrication tolerances for alignment of butt joints. The S-N
curves recommended for welded joints are assumed to be relevant for imperfections within limits normally
accepted according to good riser welding practices; see Table 18 (assumed normal tolerance limits for
fabrication imperfections).

C.4 Stress concentration factors for girth-welded pipes

SCFKs at pipe girth welds arise from geometrical misalignments; see Table C.3. This misalignment induces
locgl secondary bending stress in the weld root and cap. For girth-welded pipes with misalighments, the
hot-spot stress due to cyclic effective tension, AT, and bending moment, AM,,,, should be ‘calculated as given
in Equations (C.17) to (C.19):

AT, AM
S=Kpn XSm:KmX{ACe +Tb1m><(Do_tn)} (C.17)
Acznx(Do—tn)xtn (C.18)
1=6i4x[D§—(DO—2xtn)4} (C.19)

whqgre

S is the hot-spot stress range;

K., is the geometric stress concentration factor;
m is the membrane (average) compenent of the primary plus secondary principal stress range;
¢ Isthe pipe cross-section area;

I is the pipe moment of inéttia;

D, is the specified ornominal pipe outside diameter;

t, is the nominak(specified) pipe wall thickness.

NOTE The nominal stress for a pipe bending moment is the mean diameter stress.
Misglignmentin a girth-welded joint can take the form of an offset of the pipe wall centres (axial misalignment)
and| peaking (angular distortion). In either case, local through-wall secondary stresses are introduced in the

joinf when the pipe is subjected to axial loading and bending. The axial misalignment is thge important

IH + 4 pu | H pu | H
misangtimentioconstGeraestgn:

Riser welding practice aims to minimize angular distortion, which is likely to be present in a similar measure in
actual risers and the test specimens used to generate the test data on which the design S-N curve is based.
For a riser with high cyclic axial loads, angular misalignment may be evaluated.

The global SCF induced in a girth weld with the axial misalignment (eccentricity) can be estimated from
Equations (C.20) and (C.21):

-0,5
3 _ il
K :1+M8Xp _[&j (C.20)

n ln
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eq =0,1x¢, (C.21)
where

e is the axial misalignment (eccentricity or centre line mismatch);

eg is the misalignment (eccentricity) inherent in the S-N data.
The axial misalignment that determines the SCF at a girth weld can be based on dimensional tolerances of
:22 gnue:ggng pipes. As shown in Figure C. 8 the misalignment, e, can generally be expressed as function of

of design, the maximum values ofeach source of eccentr|C|ty thatmay be applled are glve in
Equations ([C.22) to (C.26):

€0oRmax = Domax —Lomin (4.22)
B tn,max _tn,min d.23
Ctmax [ - (G-23)
and
At
Inmax [Fln* [1 +%] (§.24)
Atneg
'nmin F In X[1 _WJ (3.25)
where

€00R max IS the maximum misalignment resulting-from out of roundness;

is the maximum outside diameter,at any cross-section;

0,max
Do min | is the minimum outside diameter at any cross-section;
€t max is the maximum misalignment resulting from difference in wall thickness;
fn.max is the maximupa neminal wall thickness;
b min is the minimum nominal wall thickness;
Athos is the\percentage positive wall thickness tolerance;
Alpeg is\the percentage negative wall thickness tolerance.

In the case that the total eccentricity is random, the different sources of eccentricity, e, may by obtained by
adding quadratically each source of deviation as given in Equation (C.26):

2 2
€= \/eOOR,max + €tmax (C.26)

For fabrication the maximum value of combined effects of eccentricity, e, should be specified.
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Figure C.8 — Misalignment of pipe butt welds

For example, a 177,8 mm (7 in) outside diameter x 17,45 mm (0,687 in).s€amless pipe c3
following dimensional variations: a maximum OOR of 1,6 mm (0,063 in) and wall thickness’variations of + 1
the gxpressions for maximum eccentricities and Equations (C.22), (C.23) and (C.26);the maximum SCF is
1,19 from Equation (C.20). Even with tighter tolerances on wall thickness and out:of:roundness at pipe ends
to aphieve SCF < 1,2 with seamless pipes, unless special matching of ends to“be welded is performed.
counter-boring of the inside diameter of the pipes also reduces the SFCs.

7:2005(E)

n exhibit the
2,5 %. Using
Calculated as
, it is difficult
Machining or

C.§ Global fatigue analysis

C.5(1 General

The| basis for fatigue damage calculations is.global load effect analysis to establish the dtress cycle
distfibutions in a number of short-term environment conditions (sea-states).

Envfronment-induced fluctuating load effeets can be imposed during all phases of the life of a|C/WO riser

incliiding fabrication, transportation, installation/retrieval, hang-off and operation conditions. Both th
and| the tubing-hanging mode should.be considered as appropriate. The following contribution
shopld be addressed: wave frequency stress cycles, low-frequency stress cycles and vortex-ind
cycles. The two former are considered in C.5.2, while the latter is described in C.5.3.

C.5(2 Wave and low-frequency analysis

Thel fatigue damage.will generally have contributions from wave frequency as well as low-frequ
cycles. The wave frequency vessel motions as well as direct wave loading on the riser will gove
frequency fatigue*damage, while the low-frequency vessel motion will govern the low-frequg
damage. The fatigue damage is a function of sea-state parameters, i.e. significant wave heigh
peripd, Ts.and mean wave direction, &,.

A geénéral approach for calculation of wave and low-frequency damage contributions is based on a
the following procedure.

used).

Within each block, a single sea-state is selected to represent all the sea-states within the blo

€ open-sea
5 to fatigue
uced stress

ency stress
n the wave
ncy fatigue
t, H,, wave

bplication of

The wave scatter diagram is subdivided into a number of representative blocks (or all sea-states may be

ck, typically

the centre sea-state. The probabilities of occurrence for all sea-states within the block are lumped to the

selected sea-state.

The fatigue damage is computed for each selected short-term sea-state for all the blocks.
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— The long-term fatigue damage, Dgy, is found as a weighted sum of the damages, Dgp i induced by the

individual short-term sea-states, j,(HS,Tp), and the main wave direction, (i,6,), as given in

Equation (C.27):

Dsn=D, D, 4;ixq;xDsny (C.27)

oW j(HsTp)

where

H is the significant wave height;

i is the wave direction number;

O is the main wave direction;

i is the sea-state number;

q; is the probability of wave direction i;

q; is the probability of sea-state j;

T, is the wave peak period;

Dgy ;i is the fatigue damage in the sea-state, j, and wave direction,".
Closed form expressions can be found for the expected Miner damage for narrow-band stress history;|see
C.6.2.
The fatigug sea-states normally utilize two-dimensionaldlong crested sea. Fatigue wave conditions|are
specified by wave scatter diagrams and corresponding Vvessel offset. For top-tensioned C/WO risers, vessel
static offseff and current can be taken as zero for thé purposes of wave-induced fatigue riser analysis. Lpng-
term wave directionality should be accounted for ifthe damage calculation. Consideration may also be gjven
to use of a g$hort-term spreading sea correction-factor.
The importdnce of non-linear effects should\accordingly be carefully observed and accounted for. Howevef, as
compared tp extreme response analysis, Sea-states with lower significant wave height will typically domirfate.
Consequently, the degree of non-linearity is generally smaller. Accurate analyses of local responses in| the
splash zong, would require time domain analyses.
Vessel motjons and wave-inddeed fatigue will generally lead to the most critical locations being near the upper
end of the ffop tensionedyCAVO riser (slick joint/splash zone) or in the stress joint region. Fatigue analysis
should be performed only for weather conditions (sea-states) relevant for the use of the riser, i.e. within| the
operation lifnitations;
The longitudindl stress component is dominant for fatigue analysis of a plain riser pipe and hence the intgrnal
forces refel ta”bending moments and effective tension in specified elements. The contribution due to cyclic

effective tension is normally low due to the heave compensating system (i.e. ideal tensioning system).

Fatigue assessment should be performed at eight equally spaced points around the circumference of the pipe,
weld or component in order to identify the critical one.

The relative importance of wave frequency and low-frequency fatigue damage is system dependent and will
vary with the location along the riser. It is recommended to do an assessment of the relative contributions from
wave frequency and low-frequency stress cycles to the fatigue damage to support rational decisions regarding
choice of method of analysis. Low-frequency fatigue damage may be disregarded if it is documented by
proper analysis that the low-frequency damage is negligible when compared to the wave frequency fatigue.
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C.5.3 Vortex-induced vibrations
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The C/WO riser system exposed to flow of seawater due to currents and waves may be subjected to a
phenomenon commonly referred to as vortex shedding. Susceptibility to such vibrations depends on the
coincidence of a structural natural frequency and a vortex shedding frequency acting over a substantial extent
of the riser.

Vortex shedding may introduce cross-flow riser vibrations commonly termed vortex-induced vibrations. The
cross-flow vibration amplitude is normally small when compared to the riser vibrations induced by the vessel
motions. However, the high-frequency nature of vortex-induced vibrations means that it can add an important
contribution to the fatigue damage, especially for deep-water risers. A comprehensive review of vortex-

indd
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damping or by introduction of vortex suppression devices. If vortex-induced vibrations are expect

sign

C.6

C.6

The)

ced vibrations can be found in Vandiver [34] and Pantazopoulos [32].

eral approaches are proposed to predict vortex-induced vibrations, response of tensioned-rise
plified semi-empirical methodologies, numerical calculation of the viscous flow around the rise
bmparison between different methods has been performed by Larsen and Halsge 29 This
ved large deviations between compared methods. The fundamental principle. is that for c
ex-induced vibrations are likely to represent a design problem, refined assessment method
blemented by tests are required.

y aspects of vortex-induced vibrations causing fatigue damage in\C/WO risers are not
ever, assessment should be performed to investigate the possSible susceptibility for vor
htions. Whenever practical, vortex-induced vibrations should-bé prevented. The possibility
ced vibrations may be reduced by modifying the properties-0f/the riser by increased tensior

ificant fatigue damage, monitoring of the C/WO riser during'operation should be considered.

Cumulative fatigue damage calculatjons

L1 General

development of fatigue damage under stochastic or random loading is, in general, termed

da

narfow-band loading [see Figure\C.9, curve a)] or wide-band loading [see Figure C.9, curve]
frequency stress history and low-frequency stress history are each often assumed to be narr
however the combined stres$ history of wave frequency and low-frequency stress history is, in ge
banded. Closed-form damage expressions for narrow-banded stress histories are presented td

me

age. According to the form of stress history, the variable amplitude loading can be charg

ods for estimation. 6ffatigue damage of wide-banded stress histories.
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Figure C.9 — Narrow-band (a), and wide-band (b) stress history
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C.6.2 Narrow-banded fatigue assessment

C.6.2.1 General

The basic assumption in narrow-banded fatigue damage estimation is that the stress-cycle range, S, can be
determined directly from the stress maxima, S, ., (@mplitude). In a narrow-band process, the stress range is
assumed twice the value of the corresponding value of the local stress maximum or stress amplitude as
shown in Equation (C.28):

S =2xSam (C.28)

Furthermorg, the number of stress cycles per unit time is given directly by the zero crossing frequency,’.p, of
the stress response and is calculated directly from the stress response spectrum moments; see C.6.2:3. [This
model is copservative when the stress process is wide-banded.
The expecled fatigue damage per unit time can for a linear S-N curve be expressed as givenq in
Equation (d.29):
LYo i m _Yo m
Dear ._TJS x fs(S)dS =—2x E(S (d.29)
a

where
Dgpt |is the fatigue damage;
Vo is the average zero-crossing frequency of the stress.response;
a is the characteristic fatigue strength or intercept/of the design S-N curve with the log N axis;
fs(S) |is the stress-cycle probability density function;
m is the negative inverse slope of the S-N curve.
The expected fatigue damage is hencesdirectly related to the mth order moment, E(S™), of the stress-gycle

probability gensity function. For a bjlinear S-N curve, the corresponding expression becomes as shown in
Equation (d.30):

1

Deat :‘:—OISmfoS(S ds+20 js’"uf s)ds (d:30)

ay 0 611 S

1
where

ap is-the intercept of the design S-N curve with the log N axis, right part of S-N curve;
S is the stress range at the point of discontinuity (bilinear S-N curve);
my is the negative inverse slope of the S-N curve, right part;
as is the intercept of the design S-N curve with the log N axis, left part of S-N curve;
my is the negative inverse slope of the S-N curve, left part.

Equations (C.29) and (C.30) constitute the basic formulations for assessment of the short-term fatigue
damage in each stationary environmental condition; see C.5.2. These equations can also be applied to
compute the fatigue damage directly from the long-term distribution of stress ranges; see C.6.4.
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C.6.2.2 Narrow-banded Gaussian fatigue damage

If the stress response process is assumed narrow-banded and Gaussian, the distribution of local stress
maxima (amplitude), S is defined by a Rayleigh probability density as given in Equation (C.31):

a,Im»
Salm - Sglm
f(Sa|m) = : X exp | —— (C.31)
) 2 2
osD 205p

where

Sam 1S the local stress maxima (amplitude);

ogp is the standard deviation of the stress response process.

Forfa linear S-N curve, the expression is given by Equation (C.32):

Vo XT m
Dgnyi = % x (22 ogp) r[%+ 1] (C.32)
whegre
75 is the duration of short-term sea-states;

(") is the gamma function.

Thetgamma function is given by Equation (C.33):
r(g)=[excde (C.33)
0

whegre ¢ is a variable.

Forla bilinear S-N curve, the corresponding expression can be obtained as:

nq 2 mo 2
(2\/503'3) my ) Sy (2‘/503'3) ma [ | S4
DSN,lj:VO X Tgg X4~ x| [ 1+ —|; + — xy[| 1+ == |;

aq 2 2\/§O'SD as E‘/EGSD

(C.34)

whgre the complémentary incomplete gamma function and incomplete gamma function are defined as given
in Equations{C,385) and (C.36):

0

Cigiz) = [t/ xe " dr = 1'(9)-7(4:2) (C.35)
y(iz)=[r9 " xe " dr (C.36)
0
where

I'(v;") is the complementary incomplete gamma function;
y(-;-) is the incomplete gamma function;

¢ and z are variables.
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The fatigue damage is hence directly expressed by the standard deviation and zero-crossing frequency of the
stress response. This formulation is of special convenience for frequency domain analysis where the results
from the global analysis are expressed in the form of the autospectral density, S, (wgR), of the stress
response, where wgpg is the angular frequency of the stress response.

The standard deviation, ogp, and zero-crossing frequency, 1, are hence as given in Equations (C.37) and

(C.38):

osp :‘,[O (C37)

Hr
Vg =—x g.38
0=3 \/,O (938)

where

Iy is [he zero-order moment of stress spectrum;

I, s the second-order moment of stress spectrum.
The nth order response spectral moment, 7, is given by:

In=[sr" % Sg5 (@sr)dosr (9.39)

0
C.6.2.3 Narrow-banded non-Gaussian fatigue damage
For time domain analysis, the two-parameter Weibull distribution model is frequently employed gs a
generalizatiopn of the Rayleigh distribution for the local-maxima, i.e. for non-Gaussian stress respgnse
processes. [The Weibull probability density function forithe stress amplitude, S ., is given by Equation (C.40):
S\
f(Sa’|m):a7ﬁ><ﬂ><SéB|;1><exp _(_a,m] (Q.40)
! (24

where

a is the distribution scale.parameter;

£ is the Weibull disttibution dimensionless shape parameter.
NOTE The Rayleigh\distribution in Equation (C.31) is obtained for « =2 and g = \/EO'SD.
The Weibul| distribution may be fitted to the short-term (or long-term) distribution of local maxima. The Wejbull
distribution jparameters are linked to the statistical moments, iy and 6, for the local maxima as shown in
Equations (€&t amd<(C42):

N 1

fg =ax'|1+— (C.41)

B
2 1)?
Ggt =ax F(1+—j—]"[1+—j (C.42)
s s

These equations can be used to establish moment estimates of the distribution parameters with basis in

sample esti

188

mates, jig and &, from time domain simulations.
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For a linear and bilinear S-N curve, the fatigue damage for a sea-state becomes as shown in Equations (C.43)
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DSN,ij =V X Tgg X
2

(C.43)

(C.44)

hould be noted that the shape parameter, f, In the Weibull disiribution has a significan
ulated fatigue damage. When the fatigue damage is calculated based on closed form solut
Imption of a Weibull long-term stress range distribution, a shape parameter to the safe)sid
.

.3 Wide-banded fatigue damage

risers, the stress response is normally neither narrow-banded nor~completely wide-b
re C.10. In a wide-band response history there is no strict relationship-between the stress
5s maxima and minima. For this reason, the distribution of stresscyeles cannot be evaluat
ibution of stress maxima. Wide-band fatigue assessment is of speCial importance for fatigue
ombined wave frequency and low-frequency stress response.-lidis, in general, applicable to
domain analysis but can also be applied in connection”with frequency domain analysis
sformation of frequency domain results to time domain, by.e.g. fast Fourier transformation simt

following procedures may be applied to estimate fatigie damage for a wide-band process:
cycle-counting algorithms;

semi-empirical corrections based on a corrected narrow-band result; or

simplified analytical solutions for bimodal spectra.

general and recommended approach to calculate fatigue damage is by counting the stress o

al or simulated stress time'series. Special purpose counting algorithms have been deve
mmended method is the rajnflow counting method.

re C.10 a). Using these, the rainflow counting is performed. It is important to use a suffi
Lugh sampling ffeguency such that the peaks and valleys are properly found. Otherwise, th
5ing phenomeénoen occurs, and false cycles are found; see Figure C.10 b). The sampling frequ
t least tep-times higher than the highest frequency of the stress history.
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p r ~ ¥ \ r
J
Yl \
a) Sampling frequency is b) Too-low sampling frequency leads
almost sufficient to an aliasing efféct
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r time

Figure C.10 — Method of finding the peaks and_ valleys

The countipg results are finally presented, e.g. as histogram plots of stress range versus the number
(frequency)|of fatigue stress cycles per unit time. The average mean stress and the standard deviation stfess
are also computed. However, the stress range primarily causes fatigue damage.

Instead of |applying histogram plots, the correspondingZcumulative distribution of stress cycles can be
computed gnd fitted to an analytical model, e.g. a Weibulhdistribution.

C.6.4 Long-term fatigue damage

As an alterpative approach to computation of fatigue damage for each sea-state, the long-term stress cycle
distribution [can first be obtained by summed weighting of cycle distributions for the different sea-states. [The
resulting distribution is subsequently-fitted to an equivalent analytical distribution of the Weibull type. [The
correspond|ng fatigue damage is finally computed by application of the statistical parameters of this long-ferm
distribution.

The long-tgrm Weibull stress-range distribution can be used to establish a stress histogram. Applying a
histogram tp express the(stréss distribution, the number of stress blocks, &, should be large enough to engure
reasonable| numerical accuracy, and should not be less than 20. Due consideration should be giveh to
selection offthe integration method as the position of the integration points can have a significant influence on
the calculatged fatigue life dependent on the integration method. The part of the stress history contributing most
significantly| to:the' fatigue damage should be most carefully evaluated.

The Weibull distribution and the stress histogram are convenient for establishing

— fatigue design loads or interface fatigue load effects;

— optimizing SCF for components;

— fatigue crack growth assessment.

A fatigue analysis may be based on an expected stress history, which can be defined as expected number of
cycles at each stress range level during the predicted life span. A practical application of this is to establish a

long-term stress range history that is to the safe side. The part of the stress range history contributing most
significantly to the fatigue damage should be most carefully evaluated.
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The long-term stress range distribution may be expressed as a two-parameter Weibull distribution as given in
C.6.2.3. This is done by only replacing the duration of the sea-state duration and the average zero-cross
frequency with the service life, Lg, and the average zero-crossing frequency, vy g, for the service life,
respectively. For a linear and bilinear S-N curve, the long-term fatigue damage becomes respectively:

L
Dgn =28 75S  (24)" xr[1+ﬂj (C.45)
a B
24)™ B 24)"2 B
Dgn =vgg xLg x{( Oi) ><F“1+mj;(ﬁj —‘+&xy (1+ﬂ);(ﬁ} (C.46)
; da Vil 20 do Vil 20
( ' L J - L 1)

C.7 Fatigue crack growth assessment

Frag¢ture mechanics may be used for fatigue analysis as supplement to S-N data.
Frag¢ture mechanics is recommended for use in assessment of acceptable defects, evaluation of jacceptance
critgria for fabrication and for planning of in-service inspection for fatigue cracks. It accounts expljcitly for the
presence of crack-like defects and enables prediction of their growth, with number of stress gycles to be
quahtified.

Cragk propagation calculations typically contain the following main ‘steps.

— | Determination of the expected long-term distribution of membrane (nominal) stress range.
— | Selection of the appropriate crack growth law with\appropriate crack growth parameters for the relevant
environment; see BS 7910 [16] or API RP 579 101 The crack growth parameters should be defermined as

mean plus 2 standard deviations.

— | Estimation of the expected (50 % probability of detection) initial crack size left after manufacture,
fabrication and applied NDT methodslor expected size of any found defect.

— | Determination of cyclic crack growth in the prospective crack growth plane.
— | Determination of final crack-size.

— | Integration of the fatigue crack propagation relation with respect to the long-term stress rangg distribution
to determine the@umber of design crack growth cycles.

In g fracture mechanics based fatigue assessment, the amount a crack extends during each fatigue cycle,
da/dN, is a funetion of the cyclic stress intensity factor, AK, as follows:

AK =S xY x~nxa (C.47)

wherfe
S is the nominal (membrane) stress range;
Y s the stress intensity correction factor;

a s the crack depth for surface flaws or half depth for embedded crack.
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Once AK is calculated, the resulting crack growth per cycle, da/dN, can be found from the linear material
growth constants, C, and, k!

da _
dN

Cx(AK)"es

(C.48)

The calculated number of design cycles to failure, N,, is the number of cycles required to propagate a crack
from the initial crack size, a, to the allowable final crack depth, a;. This may be found by integration of the
Paris equation as shown in Equation (C.49):

ag

N

p

where AKj,
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keg, crack g
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is the threshold stress intensity factor range below which fatigue crack growth does not occur.

pgarding fatigue crack analysis, i.e. crack propagation equations, crack growth\parameters, C
rowth threshold range, stress intensity factor range calculation, etc. can be*found in BS 7910
[10] or other recognized code.

crack growth analysis should allow for crack growth in both depth and width directions
the through-thickness and circumferential stress distribution nortnal’'to the assumed crack grdg
plane.

rack size to be used for the calculation of the crack propagation design cycles should be base
ethod to be used or used. If the NDT used measures the length of a surface indication
should be made regarding the depth and shape of-afn-assumed initial crack. A surface defect

e length greater than 5. The initial crack size used can be based on the NDT capability, define
pbability of detection level for the applied method.

cracks starting from the transition between weld/base material, a crack depth of 0,15 mm ma
no other documented information_is\available. These surface cracks are due to undercuts
s at the bottom of the undercuts. The crack depth to total surface length ratio assumed shoul
5s than 1:5. Light grinding of these locations may be considered to remove undercuts, incrg
the NDT and improve fatigue quality.

hs between 1,0 mmdand 2,0 mm may be considered as practical limits of root flaw detection
echnology. In cases of good-quality UT, an initial weld root crack size of 1,5 mm x 10 mm ma

used for fa

igue assessmeént. Tungsten inert gas welding of the root pass in combination small girth

eccentricitigs may be considered to improve weld root fatigue quality. Preparing pipes/components

internal up

t and machining of the root pass may also be considered to improve the fatigue quality.

The allowable final*crack size should not be deeper than a quarter wall thickness; see 7.2.10 (normal prac
or the criti¢al-crack size determined from a failure assessment diagram analysis; see BS 7910 [16]
API| RP 579-H4%

49)
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entration, e.g. the weld toe or root, should be assumed to be semi-elliptical with a ratio of depth to

H as

y be
and
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ase

ided girth welds, lack-of.-penetration defects at the weld root is hard to detect by NDT. Typical
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y be
veld
with
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and

It is normally assumed that compressive stresses do not contribute to the crack propagation. However, for
welded components containing residual stresses, the entire stress range should normally be applied,
regardless of the mean level. Only stress components normal to the propagation plane need to be considered.

The number of design cycles may be calculated by numerical integration of the crack growth rate. To ensure
that the interval of crack depth/width is sufficiently small, the calculation should be repeated using intervals of
decreasing size until no significant change in the calculated number of design cycles is obtained.

The defect size used in the calculation of the crack propagation cycles for found defects should be based on
the accuracy of the used equipment in determining length, height, location and orientation of crack-like defects.
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Known fatigue cracks are allowed for the C/WO in operation. For repair of found defects by grinding, see
guidance in C.8.2.

C.8 Improvements of fatigue life by fabrication

C.8

.1 General

The methods for increasing the fatigue strength of welded joints can be categorized into two basic categories:

It sh
the
con

weld—defect Temovat and weld profiie modifications, €.g. machining methods ke burr/disc
remelting methods like tungsten inert gas/plasma dressing;

residual stress methods, e.g. peening methods or overload methods.
ould be noted that improvements of the toe will not improve fatigue life if fatigué jcracking fron

most likely failure mode. The considerations made in the following are for conditions where th
sidered the critical initiation point. The most common methods for impreving the fatigue

fabr
wel

cation of a C/WO riser are weld profiling, grinding, tungsten inert gas dressing and hammer p¢q
grinding is covered here. Peening of local areas, like weld toes, is applied together with grir

grinding serves the purpose of removing stress raisers, such as surface defects, and to define
grogve for the tool in the area to be peened. Both grinding and peening require skills and prep
ally available in fabrication yards. For more information, se€ DNV RPC-203 [17], Fatigue Handbook [27]

nor
and

C.8

For

Haagensen [28],

L2 Grinding of welds

welded joints involving potential cracking from the‘weld toe, an improvement in fatigue strength

of gt least two on the fatigue life can be obtained<by controlled local machining or grinding of th

Thid
the

foe; see Figure C.11. The following should.be noted.

For removal of undercuts the toe"of the weld should be blended in a smooth transition an
below the surface in order to remove the toe defects.

Grinding should extend below the surface to a minimum 0,5 mm (0,020 in) below the bot
should be at right angles to weld axis and under no circumstances parallel to it.

The maximum depth of grinding should not exceed 2 mm (0,079 in) or 5 % of the thickness, \
smaller.

The minimum diameter of the rotary burr should be 6 mm (0,236 in) generating a minimum ra
profiles.after blending of less than 6 mm (0,236 in).

Upon completion of blending of the toe, the whole of the ground surface should be inspected

grinding or

h the root is
b root is not
life during
ening. Only
ding where

a steering
brations not

by a factor
e weld toe.

is done by giving the toe a favourable shape to reduce the notch SCF and to remove harmfyl defects at

d extended

tom of any

visible undercut and ensuring that no exposed defects remain, using a rotary burr grinder. Grinding marks

vhichever is

Hius of weld

with 100 %

visual inspection and 100 % MPI.

Ground surface should be free of any cracks or crack-like indications and there should be no
undercut or overlap.

evidence of

The grinding should be performed according to a detailed procedure. Grinding tools, direction, surface
roughness and final profile should be specified. Reference samples of typical joints and sections may be
prepared and used for acceptance of treated welds.

The benefit of grinding may be claimed only for welded joints in air or adequately protected from seawater
corrosion.

Grinding also improves the reliability of inspection after fabrication and during design life.
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dmax

Key
dmax Maximum depth below surface for blend

a8  Grinding|direction.
b Blend odt to remove edge of undercut.
¢ Remove|overlap flush with pipe surface.

Figure C.11 — Grinding of the weld toe

C.9 Extended fatigue life

An extendefd fatigue life may be considered when the calculated fatigue life is longer then the total service
times the fit]igue design factor. Otherwise, an extended life may be based on results from hot-spot inspect
performed throughout the life of the riser. Such an evaluation should be based on

— calculated crack growth analysis presenting crack:growth characteristics, i.e. crack length/depth
functioh of time/number of cycles;

— reliability of inspection methods used and elapsed time from last inspection performed. It is recommery
to use pddy current or MPI for inspection of surface cracks.

For welded| connections that are ground:and inspected for fatigue cracks, the following procedure may

life
ons

as

ded

be

used for calculation of an extended fatigue life. Provided that material is removed by grinding to a depth of

approximately 1,0 mm (0,039 in) below the surface and that no fatigue cracks are found by a detailed MH
the considefed hot-spot region at'the weld toe, the fatigue damage at this hot spot may be considered to
again at zefo. If a fatigue crack.is found, a further grinding should be performed to remove any indicatig
this crack. If more than 10 &\of the thickness is removed by grinding, the effect of this on the increased st
should be included whenia-new fatigue life is assessed and also for the ultimate strength checks like burst
excessive ‘fielding.

It should bg noted-that fatigue cracks growing from the weld root can hardly be detected by NDT. In addi
the fatigue life-of.such regions cannot be improved by grinding of the surface.

P| of
start
n of
ress
and

on,

It should also be remembered that if renewal of one hot-spot area is performed by local grinding due to found

cracks, there are likely to be other areas close to the considered hot-spot region that are not ground and
also experience significant cyclic loading and may contain initial fabrication defects.

that
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