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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
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main task of technical committees is to prepare International Standards. Draft) Internationa
rnational Standard requires approval by at least 75 % of the member bodies'casting a vote.

ntion is drawn to the possibility that some of the elements of this document may be the subje
s. ISO shall not be held responsible for identifying any or all such patent rights.

13624-1 was prepared by Technical Committee ISO/TC 67,.Materials, equipment and offshor
petroleum, petrochemical and natural gas industries, .Subcommittee SC 4, Drilling and
foment.

13624 consists of the following parts, under the general title Petroleum and natural gas il
ing and production equipment.

Part 1: Design and operation of marine drilling riser equipment
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Introduction

Since the first edition of APIRP 16Q was first issued in November, 1993, hydrocarbon exploration in
deep-water environments has increased significantly. As a consequence of this, the need has been identified
to update that code of practice to address the issues of deep-water drilling risers in sufficient detail to

supplement

API RP 16Q for drilling in water depths up to 3 048 m (10 000 ft).

Under the 3
by the Dee
Drilling Ris¢
intended to
by DeepSt3
revisions to

bStar Drilling Committee 4502 and lead to the development by several contractors of Deep-w
br Methodologies, Operations, and Integrity Guidelines in February 2001. These guidelines V

uspices of the DeepStar programme, substantial work was commissioned during 1999 and-2

supplement the existing text of API RP 16Q (1993). In a subsequent Joint Industry, Project fur
r 5500 and in collaboration with API, these guidelines were supplemented with ‘other ident
produce a draft update second edition of APl RP 16Q and an associated APPTechnical Re

16TR1, dedigned to be read in conjunction with the revised APl RP 16Q and to supplement its contents, by
providing agditional guidance on recommended riser analysis methodologies through detailed explanatipns,
step-by-step procedures and worked examples.

API publicalions can be used by anyone desiring to do so. Every effort has been made to assure the accufacy
and reliability of the data contained in them. It is the responsibility of the users of this part of ISO 136244 to
ensure that|its use does not result in any loss or damage or in the violation of any federal, state, or munigipal
regulation.

Annex A thfough Annex E are informative.
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Petroleum and natural gas industries — Drilling and prod
equipment —

Part 1:
Design and operation of marine drilling riser equipment

uction

1 |Scope

Thig part of ISO 13624 pertains to the design, selection, operation and maintenance of marine ri
for floating drilling operations. Its purpose is to serve as a reference for designers, for those who s
components, and for those who use and maintain this equipment. It relies*on basic engineering pr
the pccumulated experience of offshore operators, contractors, and manufacturers.

NOTE Technology is advancing in this field and improved methods, and equipment are continually e
owngr and operator is encouraged to observe the recommendations_outlined herein and to supplement thg
proven technology that can result in more cost effective, safer, and/ormore reliable performance.

Thel marine drilling riser is best viewed as a system. It.js"TRecessary that designers, contractors, an
realjze that the individual components are recommended and selected in a manner suited to

ber systems
lect system
nciples and

olving. Each
m with other

d operators
the overall
em includes
the bottom
this part of

Clatises 1 through 7 of this part of ISO 13624 are directly applicable to most floating drilling [operations.
Special situations are addressed in 8.1 and 8.4 dealing with deep-water drilling and collapse. [The special
congiderations required for guidelineless drilling are addressed in 8.2. In addition, 8.3 and 8.5 address
opefations in cold-weather canditions and H,S considerations.

It is|important that all riser primary-load-path components addressed in this part of ISO 13624 b¢ consistent
with| the load classifications specified in ISO 13625.

2 |Normative references
The| following referenced documents are indispensable for the application of this document{ For dated
references, only the edition cited applies. For undated references the latest edition of thel referenced

document (including any amendments) applies.

ISO 13625, Petroleum and natural gas industries — Drilling and production equipment — Marine
couplings

BS 7910, Guide to methods for assessing the acceptability of flaws in metallic structures

© 1SO 2009 - All rights reserved
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3 Terms, definitions, and abbreviations

3.1

Terms and definitions

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

3.141

accumulator
(BOP) pressure vessel charged with gas (nitrogen) over liquid and used to store hydraulic fluid under pressure

for operatio

n of blowout preventers

3.1.2

accumulat
(riser tensiq
gas side fr
energize th

313
actuator
mechanism|

3.14
air-can bugd
tension app

cylinder foring an air-filled annulus around the outside of the riser pipe

315
annulus
space betw

3.1.6
apparent w

effective weight

submerged
weight miny

NOTE
weight.

A

3.1.7

auxiliary line

conduit (ex

EXAMPLE

Dr
ner) pressure vessel charged with gas (generally nitrogen) over liquid that is pressurized on
bm the tensioner high-pressure gas supply bottles and supplies high-pressure hydraulic flui
b riser tensioner cylinder

for the remote or automatic operation of a valve or choke

pyancy
lied to the riser string by the net buoyancy of an air chamber<€reated by a closed top, open-bo

ben two pipes when one pipe is inside the other

eight

weight
s buoyancy

pparent weight is commonly,réferred to as weight in water, wet weight, submerged weight, or effe

luding choke-and-kill lines) attached to the outside of the riser main tube

Hydraulic supply line, buoyancy-control line, mud-boost line.

3.1.8

back pressure

the
d to

tom

ctive

pressure resulting from restriction of fluid flow downstream

3.1.9
ball joint

ball-and-socket assembly that has a central through-passage equal to or greater than the riser internal
diameter and that may be positioned in the riser string to reduce local bending stresses

3.1.10
blowout

uncontrolled flow of well fluids from the wellbore

© 1SO 2009 - All rights reserved
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3.1.1

blowout preventer

BOP

device attached immediately above the casing, which can be closed to shut in the well

3.1.12

blowout preventer

(annular type) remotely controlled device which can form a seal in the annular space around any object in the
wellbore or upon itself

NOTE Compression of a reinforced elastomer packing element by hydraulic pressure effects the seal.
3.1.13
BOP stack

assembly of well-control equipment, including BOPs, spools, valves, hydraulic connecters“and njipples, that
conpects to the subsea wellhead

NOTE Common usage of this term sometimes includes the lower marine riser package(EMRP).
3.1./14

bottom-hole assembly

BHA

assembly composed of the bit, stabilizers, reamers, drill collars, various types of subs, etc., that i$ connected
to the bottom of a string of drillpipe

3.1.05
box
femple member of a riser coupling, C&K line stab assembly or auxiliary line stab assembly

3.1./16

breech-block coupling
coupling that is engaged by rotation of one*member into an interlock with another member by pn angle of
rotafion of 90 ° or less

3407
budyancy-control line
aux|liary line dedicated to controlling, charging or discharging air-can buoyancy chambers

3.1./18
budyancy equipment
dev|ces added to riserjoints to reduce their apparent weight, thereby reducing riser top tension requirements

NOTE The devices normally used for risers take the form of syntactic foam modules or open-bottom air ghambers.
3.1./19

choke-and-kill line

C&Kdine

kill line

external conduit arranged laterally along the riser pipe and used for circulation of fluids into and out of the
wellbore to control well pressure

3.1.20

control pod

assembly of subsea valves and regulators that, when activated from the surface, directs hydraulic fluid
through special porting to operate BOP equipment

3.1.21

coupling
mechanical means for joining two sections of riser pipe in an end-to-end engagement

© 1SO 2009 - All rights reserved 3
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3.1.22
diverter

device attached to the wellhead or marine riser to close the vertical flow path and direct well flow away from
the drill-floor and rig

3.1.23

dog-type coupling

coupling having wedges (dogs) that are mechanically driven between the box and pin for engagement

3.1.24

drape hose

flexible line[ connecting a choke, kill or auxiliary line terminal fitting on the telescopic joint to the appropriate
piping on the rig structure

NOTE A U-shaped bend or “drape” in this line allows for relative movement between the inner barrel of.th€ telesgopic
joint and the jouter barrel of the telescopic joint as the vessel moves.

3.1.25

drift-off

unintended |lateral move of a dynamically positioned vessel off of its intended location relative to the wellhead,
generally caused by loss of stationkeeping control or propulsion

3.1.26

drilling fluid

mud

water- or oif-based fluid circulated down the drillpipe into the well andback up to the rig for purposes inclufing
containment of formation pressure, the removal of cuttings, bit lubrication and cooling, treating the wall of the
well and prgviding a source for well data

3.1.27

drive-off

unintended|move of a dynamically positioned vessel.off location driven by the vessel's main propulsion or
stationkeepjng thrusters

3.1.28

dynamic pesitioning

automatic stationkeeping

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

3.1.29

dynamic tgnsion limit

maximum g

3.1.30
effective h
net area of

llowable pressure’ multiplied by the effective hydraulic area, divided by the number of line parts

ydraulic-eylinder area
moving parts exposed to tensioner hydraulic pressure

3.1.31

effective tension
tension that controls the stability of risers

See 5.4.4.

3.1.32

factory acceptance testing
testing by a manufacturer of a particular product to validate its conformance to performance specifications and

ratings

© 1SO 2009 - All rights reserved
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3.1.33

fail safe

term applied to equipment or a system so designed that, in the event of failure or malfunction of any part of
the system, devices are automatically activated to stabilize or secure the safety of the operation

3.1.34
fillup line
line through which fluid is added to the riser annulus

3.1.35
flange-type coupling
coupling having two flanges joined by bolts

3.1.p6

fleet angle
angle between the vertical axis and a riser tensioner line at the point where the line connécts to thq telescopic
join
Seg Figure 1.

3.1.B7

flex| joint
steql and elastomer assembly that has a central through-passage equalto or greater in diameter than the riser
and that may be positioned in the riser string to reduce local bending stresses

estgblishment of pressure-containing connection between the BOP stack and the subsea wellhead|or between
the LMRP and the BOP stack using a.T\Vimage and/or acoustic signals instead of guidelines fo guide the

runhing tool
device that joins to the upper end of a riser joint to permit lifting and lowering of the joint and the| assembled
risef string in the derrick\by the elevators

3.1.41
heajve
vessgel motion'in the vertical direction

3.1.42
hotﬁpol-stsoss
local peak stress

highest stress in the region or component under consideration

NOTE The basic characteristic of a peak stress is that it causes no significant distortion and is principally
objectionable as a possible initiation site for a fatigue crack. These stresses are highly localized and occur at geometric
discontinuities.

3.1.43

hydraulic connector

mechanical connector that is activated hydraulically and connects the BOP stack to the wellhead or the LMRP
to the BOP stack

© 1SO 2009 - All rights reserved 5
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3.1.44

hydraulic supply line

auxiliary line from the vessel to the subsea BOP stack that supplies control system operating fluid to
LMRP and BOP stack

3.1.45
instrumented riser joint
IRJ

the

riser joint equipped with sensors for monitoring parameters, such as tension in the riser pipe wall, riser angular

offset, annulus fluid temperature and pressure, etc.

3.1.46

jumper hose

flexible secfion of choke, kill or auxiliary line that provides a continuous flow around a flex/balljeint
accommodating the angular motion at the flex/ball joint

3.1.47
key-seating
formation df a longitudinal slot in the bore of a riser system component caused by frictional wear of|
rotating drillstring on the riser component

3.1.48
landing joint
riser joint temporarily attached above the telescopic joint used to land the BOP stack on the wellhead w
the telescopic joint is collapsed and pinned

3.1.49
landing shpulder

riser support shoulder

shoulder or| projection on the external surface of a riser coupling or other riser component for supporting
riser and BOP stack during deployment and retrieval

3.1.50
lower maripe riser package
LMRP
upper sectipn of a two-section subsea BOR. stack consisting of a hydraulic connector, annular BOP, flex j
riser adaptgr, jumper hoses for the choke) kill and auxiliary lines, and subsea control pods

NOTE This interfaces with the lowér'subsea BOP stack.

3.1.51
made-up lgngth

actual length contributedto a riser string by a made-up riser component (overall component length m
box/pin engagement)

3.1.52
make-up time

hile

the

hen

—

he

bint,

nus

riser coupling
time period beginning when the box and pin are stabbed and ending when the coupling is fully preloaded

3.1.53

make-up tool

preload tool

device used to engage and/or preload coupling members

3.1.54
marine drilling riser

tubular conduit serving as an extension of the wellbore from the equipment on the wellhead at the seafloor to

a floating drilling rig

6 © 1SO 2009 — All rights reserved
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3.1.55
maximum tensioner setting
maximum setting that, when added with dynamic variations, is less than the dynamic tension limit (3.1.29)

3.1.56

mud-boost line

auxiliary line that provides supplementary drilling fluid from the surface and injects it into the riser at the top of
the LMRP to assist in the circulation of drill cuttings up the marine riser, when required

3.1.57

nipple up
assemble a system of fluid handling components

3.1.p8
nominal stress
streps calculated using the nominal pipe wall dimensions of the riser at the location of ¢ohcern

3.1.p9
pin
malg member of a riser coupling or a choke, kill or auxiliary line stab assembly.

3.1.p0
preload
con|pressive bearing load developed between box and pin members' at their interface

NOTE This is accomplished by elastic deformation during makesup of the coupling.

3.1.p1

protector, box

protector, pin

cap|or cover used to protect the box or pin from damage during storage and handling

3.1.62
pug joint
shofter than standard length riser joint

3.1.p3

ratdd load
nonjinal applied loading (condition used during riser design, analysis and testing based on maximum
anticipated service loading

Seg API Spec 16F:

3.1.p4
response amplitude operator
RA

(redqular, waves) ratio of a vessel's motion to the wave amplitude causing that motion and presehted over a

randge ofwavae nariods.
Ge-o-Waeperoas

3.1.65
riser adapter
crossover between riser and flex/ball joint

3.1.66
riser annulus
space around a pipe (drillpipe, casing or tubing) suspended in a riser

NOTE Its outer boundary is the internal surface of the riser pipe.

© 1SO 2009 - All rights reserved 7
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3.1.67

riser connector

LMRP connector

hydraulically operated connector that joins the LMRP to the top of the BOP stack

3.1.68
riser disconnect
operation of unlatching of the riser connector to separate the riser and LMRP from the BOP stack

3.1.69

riser hang-off system
means for gupporting a disconnected deep-water riser from the drilling vessel during a storm without induging
excessive stresses in the riser

3.1.70
riser hang-off tool
tool used tg latch onto an interior profile in the riser and connect it to the motion compensateor

3.1.71

riser joint
section of fiser main tube having the ends fitted with a box and pin and including’choke, kill and (optignal)
auxiliary lings and their support brackets

3.1.72
riser main fube
riser pipe
seamless of electric-welded pipe that forms the principal conduit of the riser joint

NOTE The riser main tube is the conduit for guiding the drillstring and containing the return fluid flow from the well.

3.1.73
riser recoil system
means of limiting the upward acceleration of the riser when a disconnect is made at the riser connector

3.1.74
riser spidey
device having retractable jaws or dogs ‘used to support the riser string on the uppermost coupling support
shoulder during deployment and retrieval of the riser

3.1.75
riser string
deployed agssembly of riser joints

3.1.76
riser tensigner
means for groviding and maintaining top tension on the deployed riser string to prevent buckling

3.1.77
riser tensioner ring
structural interface of the telescopic joint outer barrel and the riser tensioners

3.1.78

rotary kelly bushing

RKB

bushing that sits on top of the rotary table

NOTE It transmits torque from the rotary table to the kelly and is commonly used as a reference for vertical
measurements from the drill-floor.

8 © 1SO 2009 — All rights reserved
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3.1.79
stab

mat

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

NOTE An external mechanism is usually used to keep the box and pin engaged.

EXAMPLE

3.1.80
standard riser joint
joint of typical length for a particular drilling vessel's riser storage racks, the derrick V-door size, riser-handling

Riser joint choke and kill stabs are retained in the stab mode by the make-up of the riser coupling.

equ
3.1.
sto
rise

3.1.

pment capacity or a particular riser purchase

B1
m disconnect
- disconnect to avoid excessive loading from vessel motions amplified by inclementweather co

B2

strakes

heli

3.1.

Cally wound appendages attached to the outside of the riser to suppress-vortex induced vibratig

B3

strgss amplification factor

SAK

Fgp
valy
alte

NOT
in rig

3.1.
thry
dev

3.1.

nating stress in the pipe wall at the location of the component

E This factor is used to account for the increase in the stresses caused by geometric stress ampilifig
er components.

B4
st collar
ce for transmitting the buoyant force.of-a buoyancy module to the riser joint

B5

su

ea fill-up valve

spegial riser joint having a valve'means to allow the riser annulus to be opened to the sea

NOTE To prevent risér-pipe collapse, the valve can be opened by an automatic actuator controlled by
pressure sensor.

3.1.B6

support bracket

bragket positioned at intervals along a riser joint that provides intermediate radial and lateral supp
risef maintube to the choke, kill and auxiliary lines

hditions

e equal to the local peak alternating stress in a component (including welds) divided by {he nominal

rs that occur

b differential-

ort from the

3.1.8F

surge
vessel motion along the fore/aft axis

3.1.88
sway
vessel motion along the port/starboard axis

3.1.89
syntactic foam
typically, a composite material of spherical fillers in a matrix or binder
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3.1.90
telescopic
slip joint

joint

riser joint having an inner barrel and an outer barrel with a means of sealing between them

NOTE

change in the length of the riser string as the vessel experiences surge, sway, and heave.

3.1.91
telescopic

joint packer

means of sealing the annular space between the inner and outer barrels of the telescopic joint

3.1.92

The inner and outer barrels of the telescopic joint move relative to each other to compensate for the required

terminal fitting
connection |between a rigid choke, kill or auxiliary line on a telescopic joint and its drape hose; effecting a

nominal 18

3.1.93
threaded-

° turn in flow direction

ion coupling

n
coupling h;/ing mating threaded members on the pin and box to form the engagement

NOTE )
that the joint

3.1.94
tension rin
support ring

3.1.95

type certifi
testing by 4
and, therefg

3.1.96
vortex ind

'he threads on one side of the coupling are free to rotate relative to the riserpipe, so it is not necessary
rotate to make up the coupling. The threads do not form the seal.

9
around the top of the joint where tensioner lines are attached

fation testing
manufacturer of a representative specimen.(or prototype) of a product that qualifies the de
re, validates the integrity of other products.of the same design, materials and manufacture

ced vibration

in-line and fransverse oscillation of a riser in a current induced by the periodic shedding of vortices

3.1.97

wellhead cpnnector

stack con
hydraulicall

ector
y operated connectar that joins the BOP stack to the subsea wellhead

3.2 Abbreviations

BOP
DP

DTL

LFJ

LMRP

oD

10

blowout preventer

that

s5ign

dyhamic positioning

dynamic tension limit
internal diameter

lower flex joint

lower marine riser package
outside diameter

response amplitude operator
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RKB rotary kelly bushing

ROV remotely operated vehicle

SAF stress amplification factor

UFJ upper flex joint

4 Component function and selection

41| Introduction

Gerjeral requirements common to all components are outlined in 4.2 and, where appropriate
conjponents are addressed in the rest of Clause 4. The following general format is used:

a) |function: the basic function of the component is described,;

b) |typical designs:  examples of typical designs are presented;

c) |selection criteria: general performance requirements are outlined;

4.2] Component selection criteria

Degign of a riser system begins with an assessment of expected operating conditions and an

analysis to establish parameters, such as tensile, bending and combined stresses (maximum

buolancy requirements, top tension requirements, vessel response amplitude operators (RAOs
factprs influencing riser system design include riser léngth (water depth), dimensional requirements
thickness, etc.), internal pressure rating, choke/kilh‘and auxiliary-line specifications, make-up meth
and|handling conditions, operating economy, etc. Once established, these riser-system design cri

permit the selection of riser components that suit the application.

All fiser primary-load-path components addressed in this part of ISO 13624 shall be consistent w

clas

4.3

The
drill

The

a)

sifications specified in ISO 13625.

Marine drilling risersystem

marine riser system-forms an extension of the wellbore from the blowout preventer (BOP)
ng vessel; see Figure 1.

primary functions of the marine riser system are to
providezfor fluid communication between the well and the drilling vessel

1)~ in the riser annulus under normal drilling conditions,

, individual

engineering
and mean),
| etc. Other
5 (bore, wall
od, storage
teria should

ith the load

stack to the

b)
c)

d)

2) through the choke-and-kill lines when the BOP stack is being used to control the well;
support the choke, kill and auxiliary lines;
guide tools into the well;

serve as a running and retrieving string for the BOP stack.

© 1SO 2009 - All rights reserved
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7 \/ 10
11
[\ 8 < : /12
13
I 15
~:> 14
i A
o)
i 16 -
i 17 $ ‘\

lil=
19

|
20 —1 = |
Key
1 rotary kelly bushing (RKB) 8 choke line 15 flex/ball joint
2  rotary 9 fleetangle 16 riser/BOP jumper hose
3 diverter 10 kill drape hose 17 LMRP connector
4  telescopic joint inner barrel 11 telescopic joint outer barrel 18 lower marine riser package (LMRP)
5  diverter flex/ball joint 12 kill line 19 blowout preventer (BOP) stack
6 tensioner line 13 riser coupling 20 wellhead connector
7  choke drape hose 14 marine riser joints

Figure 1 — Marine riser system and associated equipment
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4.4 Tensioner system

441 Function

Tensioner units are used to apply vertical force to the top of the marine drilling riser to control its stresses and
displacements. The units are normally located on the drilling vessel near the periphery of the drill-floor. They
provide a nearly constant axial tension to the riser while the floating drilling vessel moves vertically and
laterally in response to the wind, waves and current.

4.4.2 Typical design

A thicaI tensioner unit uses a hydraulic ram with large-volume, air-filled auxiliary pressure vessgls (APV) to
maiptain a nearly constant pressure/tension on a line (wire rope). One end of the line is attached 4t the vessel
and|the other is attached to the outer barrel of the telescopic joint. Typically, a four-part linereevirl]g system is
usefl so that the piston stroke is equal to one-quarter of the vessel heave. The number and rating pf tensioner
units used determines the total capacity of the tensioner system. The tension applied by each junit can be
varied up to its design capacity by increasing or decreasing the applied air pressure. The tensigner system
shopld be capable of providing sufficient tension based upon the maximum 'rated water depth, maximum
expected mud weight, and other loadings determined from riser analyses.

Dirdct-acting hydraulic rod-cylinder tensioners are also used on deep-water drilling vessels.

Dedligns for tensioner systems are described in ISO/TR 13624-2:—<, Clause 4.

443 Selection criteria
Some important considerations for designing an effective tensioner system are as follows.

a) |Fleet angle: The idler sheaves should be plaged so as to minimize the fleet angle. This mgximizes the
vertical component of tension, minimizes thé-horizontal component and increases wireline life.

Because of the fleet angle, the vertigaltension applied to the outer barrel of the telescopic |joint is less
than the tension supplied by the~tensioner system. A reduction factor (see 5.3.2) should [be used to
reconcile these parameters.

b) [Wireline life: Wireline life(is)a function of many parameters, including wire-rope constructjon, sheave
diameter, applied tension, dbperating circumstances relating to travel, etc. See APl RP 9B.

c) |Accumulators and\adir-pressure vessels: Each tensioner unit should have an accumulator that is large
enough to store.a volume of hydraulic fluid greater than the cylinder volume. Large air-pressure vessels
reduce pressure’changes caused by the compression and expansion of the stored air as the tensioner
strokes in and out.

d) |[Fluid.and air flow requirements: Properly sized lines reduce tension variations caused by piping-system
pressure losses.

A list of hydraulic fluids compatible with the tensioner units should be specified by the tensioner
manufacturer.

e) Friction and inertia losses: Seal friction, sheave friction and inertia of sheaves, wire rope, tensioner rods,
and pistons all contribute to variations in the wireline tension.

f)  Dynamic tension limit (DTL): Tensioner ratings are defined differently by various manufacturers. This part
of ISO 13624 defines a dynamic tension limit, F, as given in Equation (1); see also 3.1.29:

Fpri = Pa X Acy /Nip (1)
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where
Py is the maximum allowable system operating pressure;
AcyL  is the effective hydraulic area;
Np is the number of line parts.

all

T

to the marine drilling riser. A unit may be either a single tensioner or a pair of tensioners¢depen
on| specific design.

g) Maximym tension setting: The maximum tension setting should not exceed 90 % of thelf 1 so that
maximym tension, including dynamic variations, is less than the Fpy, .

h) Velocity-limiting device: Some type of flow-control device is normally located in-the line between the
port on each tensioner and its respective air/liquid interface bottle. This, device should offer min
resistapce to fluid flow during all anticipated heave velocities. However(if a tensioner wireline sh
break gr other failure occur that allows the tensioner to stroke out at an~dncontrolled rate, this flow-co
valve ghould sense the abnormally high fluid flow rate and immediately stop or greatly reduce the
flow into the tensioner.

4.5 Divefter system (surface)

4.51 Funiction

When drillirj]g a top hole through the structural casings the riser may be employed enabling the use of weig

mud to proyide overbalance, if needed. Blowout préventers (BOPs) are not in place at this stage (see 4.1

because thé structural casing normally lacks sufficient pressure integrity to allow shut-in. Therefore, if the

flows, the riger directs that flow to the diverter 'system aboard the rig. Typically, the diverter system include
annular sedling device, means to both open the vent line and close the mud flowline, and a control system
4.5.2 Locption

Surface diverter systems on fleating rigs are usually installed directly below the rotary table. The diverter
is latched into a built-in housing. The upper flex/ball joint, which is the uppermost component in a ma
drilling riser{ system, is usually mounted to the bottom of the diverter unit.

A subsea djverter stack may be installed on the wellhead to divert subsea.

4.5.3 Opadration

reTair without jeopardizing the ability of the remaining tensioner units to provide the required.ten

owable working pressure. See ASME UG 125-136 for relief-valve-setting criteria.

All components in a riser-system installation, including piping, should be designed for the maximum

tensioner system should be designed to permit one unit to be out of service for maintenang

e or
sion
ding

the

fluid
mal
buld
htrol
fluid

hted
4.1)
well
5 an

unit
rine

API RP 64 provides recommended practices for diverter systems equipment and operations.

4.6 Telescopic joint (slip joint)

4.6.1 Fun

ction

The basic function of the telescopic joint is to compensate for the relative translational movement between the

vessel and

14

the riser. The outer barrel provides structural support for riser tensioner loads.
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4.6.2 Typical design

4.6.2.1

General

A telescopic joint has an outer barrel that is connected to the drilling riser, an inner barrel that is connected to
an upper flex joint, and a tensioner ring that transmits loads from the tensioner system to the outer barrel of

the riser.

4.6.2.2 Riser tensioner attachment

Th I;OGI tGI IO;UI ITI1 :;IICG typlbcl”y attauh tU thc tcl IO;UIICI I;IIU rncdail thc tU}J Uf thc tc:couupiu jUilIt
Thig attachment provides the structural interface between the marine riser and the tensioner syste

on t
sup
sub

4.6.

The)

4.6.

The

uter barrel.
M. Padeyes

he tensioner ring accommodate pinned connections at the ends of the tensioner lines. The-tensile load to

bort the riser is transmitted through the riser tensioner ring to the pipe wall of the louter
sequently, through the couplings and pipe walls of the riser joints.

.3  Optional features of the tensioner ring

following lists optional features of the tensioner ring.

For turret-moored and dynamically positioned vessels, a low-friction\bearing on the tensioner

the vessel to rotate. Resulting torsional loads on the riser and wéellhead should be considered.

For guidelineless re-entry, an hydraulic motor drive may.be& provided on the tensioner ring {

LMRP with the BOP stack.

For operational convenience, the riser tensioner ringsmay be detached from the outer barrel g

latching to the bottom of the diverter housing for storage. This arrangement eliminate

consuming operations of connecting/disconnecting tensioner lines when deploying/retrievin

Integral stab connectors may also be provided to permit ready connections of the drape hg
fittings.

B Selection criteria

selection of a telescopic joint.should include consideration and evaluation of the following basi

Strength: In both its retracted and extended positions, the telescopic joint should support the w
riser and BOP stack. The dynamic loads on the telescopic joint should be considered.

Stroke length: The maximum stroke length required for the telescopic joint should accom
combined expected heave, vessel offset, tidal change and maximum anticipated vessel excy
event of a stationkeeping failure.

Tensioner ring: Angular orientation on the padeyes on the tensioner ring should accom
positions of the tensioner line sheaves. The tensioner ring should be rated for the maximum Ig
ofthe telescopic joint.

barrel and,

ring allows

o orient the

nd fitted for
5 the time-
g the riser.
se terminal

C items.

eight of the

modate the
rsion in the

modate the
ad capacity

d)

e)

f)

Auxiliary lines: The designer of the attachments for auxiliary lines, choke-and-kill lines, and the telescopic
joint packing pressure line should consider the layout of the rig and the ease of making and breaking the

connections during running and retrieving operations.

Packing elements: The packing element that is used to seal between the outside of the inne

r barrel and

the inside of the outer barrel is available as either single-element or double-element units. The advantage
of the double-element unit is that when one of the packing elements fails, the second element can be

energized, thus maintaining the seal between the drilling fluid and the environment, without ha
down the drilling operation.

ving to shut

Handling and storage: The telescopic joint is typically longer and heavier than the standard riser joint and,
therefore, it has special handling and storage requirements.
© 1SO 2009 — All rights reserved 15
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4.7 Riser joints

4.7.1 Function

A riser joint is a large-diameter, high-strength pipe (riser main tube), either seamless or electric welded, with
couplings welded to each end. When the riser system is being deployed, the riser joints are coupled together
on the drill-floor and lowered into the water. The string of riser joints represents the principal component of the
riser system and is used to perform the riser-system functions listed in 4.3. The box or pin coupling at the
upper end of the riser joint usually has a landing shoulder. This landing shoulder, or riser-support shoulder,
supports the loads (static and dynamic) of the marine riser and BOP stack when it is suspended from the riser

spider (see

4112 9) The Pnllpling may also Inrm/idn Qlllhlhnr'f far choke _kill and :nn{iliqry lines_and

oad

reaction for

buoyancy devices.

4.7.2 Typjcal designs

4.7.21 Main tube

Riser main
size. Comp

4722 F

The four bal
a) dog typ
b) flanged;

€,

tube and the associated couplings are generally sized to be compatible with*a specific BOP s
htible BOP bore and riser outer diameter combinations are shown in Table 1.

Table 1 — Compatible BOP bore and riser outer diameter combinations

BOP bore Riser outér diameter
mm (in) mm (in)
346,1 (13-5/8) 406,4 (16) riser
425,5 (16-3/4) 473,1 (18-5/8) riser
476,3 (18-3/4) 508 (20) riser, or
533,4 (21) riser, or
558,8 (22) riser with thick wall

Riser couplings

Sic riser coupling designs afe

c) threaded union;

d) breechtblock.

Each riser manufacturer usually offers couplings with different strength ratings.

tack

4.7.2.3 Chokel/kill and auxiliary lines

Typically, riser joints have choke/kill and auxiliary lines attached to the exterior of the main riser tube by
support brackets. On most risers, these lines pass through the riser support shoulder. These riser-mounted
choke/kill and auxiliary lines are described in 4.12.

16
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4.7.3 Selection criteria

The

a)

following items should be considered when selecting, designing or specifying riser joints.

Riser main tube: The riser main tube should have adequate strength to withstand combined loads from
waves, current, applied tension, motion of the rig and drilling fluid weight in accordance with Table 2.
Collapse pressure and handling loads should also be considered. The strength characteristics of the main
tube are dictated by its diameter, wall thickness and grade of steel. Steel grades commonly used in risers
are X-52, X-65, and X-80, where the numbers refer to the minimum vyield strength, expressed in
kilopounds-force per square inch, of each grade.

c)

4.8

4.8.

The)
one
BOI

— The inside diameter shall provide sufficient annular space to accommodate the desired casing
programme.

— Typically, riser-joint lengths range from 15,2 m to 27,4 m (50 ft to 75 ft). The Storage apd handling
characteristics on the rig shall be considered in the selection of the length.

Pup joints: Pup joints are riser joints that are shorter than full-length riser joints. Pup joint$ of various
lengths should be available to accommodate riser spaceout. See 6.4.2.

Riser couplings: Coupling selection should be based on
— strength;

— load rating of support ring;

— stress amplification factor (fatigue resistance);

— reliability;

— speed of make-up;

— preload for make-up;

— maintenance requirements;

— main tube dimensions;

— strength-to-weight ratio:
Lower marine riser package (LMRP)

1  Function

lower marine riser package (LMRP) typically includes an assemblage of a riser adapter; a flgx/ball joint;
two,'erno annular BOPs; subsea control pods; and an hydraulic connector mating the riser system to the
P stack. The LMRP provides a releasable interface between the riser and the BOP stack. Ir] addition, it

pro

ides hydraulic control of BOP stack functions through the control pods. Jumper hoses provide|a flow path

around the flex/ball joint for the choke and Kill lines.

4.8.2 Typical design

The

LMRP can be designed to a variety of configurations depending upon the type, size, ratings and

operational water depth of its components. Some design considerations are

a)
b)

c)

© 1SO 2009 - All rights reserved
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d) clearance for retrievable control pods;

e) accommodation for subsea accumulators;

f) loads and clearances during an emergency disconnect;

g) available space for storage and handling aboard drilling vessel;
h) emergency recovery system for deep-water BOPs;

i) guidance system for re-entry of guidelineless BOPs;

i) sequer|ced, retractable control pod stabs and choke/kill stabs on guidelineless systems;
k) flexiblellines (see 4.10);

I) guidange structure for BOP handling.

4.8.3 Selgction criteria

The selectign of LMRP components should be based on the following factors:
a) well-control considerations;

b) BOP pressure rating and bore;

c) gquidelirle or guidelineless operations;

d) overall peight and weight limitations;

e) operating environment and design loads;

f) method of BOP control and operational fail-safe design features;

g) operatipnal water depth;

h) method for running/retrieving control pods;
for re-entry on guidelineless)systems;

for emergency recovety:

Flex and ball joints~are used to allow angular misalignment between the riser and the BOP stack, thefeby
reducing the bending moment on the riser. They are also used at the top of the riser to allow for the motign of
the rig. In spme instances. they may also be installed at some intermediate level in the riser string below the
telescopic joint to reduce stresses in the riser. The rotational stiffness of flex joints makes them more effective
than ball joints in controlling riser angles. Typically, the rotational stiffness of a flex joint is a non-linear function
of angle and ranges from 13 600 N-m (10 000 ft-Ibf) per degree of rotation to 108 800 N-m (80 000 ft-Ibf) per
degree of rotation. Rotational stiffness can also vary with temperature.

4.9.2 Typical design
49.21 Flex joints
The flexure members of a flex joint are typically bonded laminations of elastomer between stacks of

spherically shaped steel rings. The elastomer provides flexure and pressure sealing. Some designs provide a
landing shoulder for a readily removable wear bushing. Still others provide a wear ring that can be replaced
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during periodic overhaul of the flex joint. Because of the design of flex joints, repair of major key-seat damage
can prove uneconomical. The user should request that the supplier provide a list of facilities with the
capabilities to repair key-seat damage.

49.22 Ball joints

A ball joint is a forged steel ball and socket containing a cylindrical neck extension with a riser adapter
attached at the end of the neck. The ball and socket employs a seal that contains the drilling fluids. In most
designs, replaceable wear rings or wear bushings are used. Some ball joints require pressure balancing.

4.9.

The)

4.1

4.1(

Flex
(jum

4.1(

Thr¢

If th

fluids, maximum anticipated temperatures, maximum design mudiweight, and maximum d
depth;

maximum tensile load being applied;

maximum torque being applied.
D Flexible choke-and-kill lines

.1 Function

ible choke-and-kill lines allow relative(movement at the telescopic joint (drape hose) and at fle
per hose) in the riser system.

.2 Typical design

be basic designs are commonly used:

flexible pipe;

steel reinforcéd hoses;

flow loeps with threaded, clamped, or flanged end fittings.

Feaded end fittings are used, they shall contain a means of sealing other than the threads.

3 Seleeti teri
following items should be considered when selecting, specifying or designing flex joints and-bgll joints:
flex/ball joint function and location in the riser system;

maximum angular rotation and maximum rotational stiffness required, whighCcan be determined by a
preliminary riser analysis;

pressure rating; the flex/ball joint should maintain pressure integrity_throughout exposure |to wellbore

esign water

x/ball joints

4.10.3 Selection criteria

Flexible lines should be compatible with the rest of the choke-and-kill piping system and with the BOP stack,
riser and choke-and-kill manifold. Selection of flexible lines should take into account the following
considerations:

a)
b)

c)

length requirement and tolerance;
end fitting compatibility;

pressure rating (gas and liquid);

© 1SO 2009 - All rights reserved
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d) collapse rating;

e) temperature rating (maximum, minimum, and ambient conditions);
f)  minimum bend radius;

g) fluid compatibility;

h) resistance to wear by abrasive fluids;

i) corrosion resistance;

j)  fatigue|resistance to bend and pressure cycling.
4.11 Risef running equipment

4.11.1 Funiction
Riser and diverter handling tools are used for hoisting and lowering the riser and BOP ‘stack. The riser sg

is used to support the riser and BOP stack while they are being run or retrieved. When used, guidelines d
the riser anfl associated subsea equipment to the wellhead.

4.11.2 Typjcal design

4.11.21 Handling tools

Riser handling tools make up to the top of the riser during deployment and retrieval. The top connection
short length of pipe that is supported by the hoisting equipment:

Another toql of importance is the diverter-handling tool,\which may be used to carry the entire riser sys
load prior t¢ landing the stack on the wellhead. If the diverter-handling tool is used to support the entire
and BOP sfack, it should meet the same standards as*the riser-handling tool.

the shouldérs.

411.2.3 uidelines
Guidelines may be usedio direct the riser and associated subsea equipment to their mating connections
the seafloor. Generally, four wire rope guidelines, forming the corners of a square, extend up from

ider
rect

is a

tem

iser

are
5 ONn

hear
the

temporary quidebase'to the floating drilling vessel where each is tensioned by a guideline tensioner (similar to

a riser tengioner)! Typically, the guideline attachment points are 2 m (6 ft) from the centre of the well
forming a square measuring approximately 2,6 m (8,5 ft) per side.

pore

4.11.3 Selection criteria

The selection, rating and testing of riser running equipment should be based on the following:
a) maximum static loading capacity;

b) dynamic loads induced by vessel motions, waves and currents;

c) bending loads during riser running operations;

d) impact loads.

20 © 1SO 2009 — All rights reserved


https://standardsiso.com/api/?name=ed236dc90d95ffad9a2ea53555c2c1ef

I1ISO 13624

4.12 Riser-mounted choke/kill and auxiliary lines

4.12.1 Function
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These lines carry fluids along the length of the riser. On most risers, they are an integral part of each riser joint
and are attached on the outside of the riser main tube by support brackets. Generally, these lines are used for
the following purposes.

a)

Chokel/kill lines are used to provide a controlled flow of oil, gas or drilling fluid from the wel
surface when the blowout preventer stack is closed.

Ibore to the

4.1%

Typ
folld

Ger
join

Mud-boost lines are used as conduits for drilling fluid that is pumped into the riser just abote
preventer stack to increase annular circulating velocities.

Air-inject lines are used to supply air to increase riser buoyancy for air-can buoyancy risers.
Hydraulic supply lines carry hydraulic operating fluid to the blowout preventer“subsea con

Most blowout preventer systems incorporate a flexible hydraulic-fluid supply“line inside the
hose umbilical.

.2 Typical designs

wing well-control operations:
circulating down one line and up the other line;
circulating down the drillpipe and up one line.

ud-boost line is incorporated for some risers: ‘Air-inject lines are required for riser systems f{
mber buoyancy systems. Hydraulic supply lines can be used as either a primary or secondary §

erally, choke/kill and auxiliary lines-of-one riser joint are connected to their counterparts on ad
s by stab-in couplings. The box centains an elastomeric radial seal that expands against f{

abrasion-resistant sealing surfacenof the pin when the line is pressurized. These stab-in coy

faci

4.1%

The

itate fast make-up while deplaying the riser.

.3 Selection criteria

following items-should be considered when selecting, designing or specifying choke/kill and at

for ffiser joints.

a)

The type of fluid to be carried by the line: Hydraulic supply lines are generally constructed @
resistant material to prevent rust particles from clogging hydraulic operator ports and damagin
sealing surfaces. Choke/kill and mud-boost lines are generally constructed of steel. Care shod

the blowout

rol system.
control line

cal riser joints have integral choke-and-kill lines. This provides redundancy and also allpws for the

hat use air-
upply line.

joining riser
he smooth,
plings also

xiliary lines

f corrosion-
g seals and
Id be taken

toZeénsure that proper galvanic protection is provided between the steel components of the risq

br joints and

b)

the hydraulic supply lines if corrosion-resistant material (e.g. stainless steel) is used.

The operating pressures to which the line can be exposed during its lifetime.

1)

rating of the BOP control system.

2) Mud-boost lines: Pressure rating should be suitable for the intended service.

3) Choke/kill lines: Pressure rating should be the same as that of the BOP stack.

© 1SO 2009 - All rights reserved
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c)

d)

f)

9)

h)

4.13 Buoyancy equipment

4.13.1 Funiction

Buoyancy gquipment may be attached to riser joints to reduce top tension requirements by decreasing

The choke/kill and auxiliary line couplings: These couplings shall be able to seal against full pressure
while allowing for relative motion between the box and pin caused by:

1) Poisson's effect;

2) structural compression caused by pressure exerted on the ends of the pins;

3) temperature differences between the fluid in the main riser and the fluids in the choke/kill or auxiliary

lin

€s;

4) bending loads imposed by deflections of the riser; this relative motion can cause fatigue cracking of

the support bracket if an adequate gap is not provided between the support bracket and the coup

Interna] diameter of the line: The ID of the choke/kill lines should be selected to suit well-co

operati

the hydraulic supply line should be selected to suit control system requirements.

Failsaf
choke/
around
during

installed on the mud-boost line.

Suppolt bracket design: The support brackets attach the lines to theriser and prevent buckling when

are pr
choke/

H,S sqrvice requirements: If H,S can enter the choke and. kill lines, material selection should meet
requirements of ANSI/NACE MR0175/1SO 15156.

Pressure ratings: All pressure piping should be designed to meet the requirements of APl Spec 16C.

Corros

allowance of 1,27 mm (0,05 in) as recommended in API RP 14E.

submerged

4.13.2 Typ

4.13.21

Foam'modules

bns. The ID of the mud-boost line should be selected to suit drilling fluid requirements: The |

ill and auxiliary lines when the riser is deployed, the couplings should be-oriented asymmetri
the riser support ring. To prevent accidental over-pressuring of the mud-boost line while tes
deployment, the test caps for the choke/kill lines should be designed so that they canno

ssurized. The spacing of the support brackets is dependent upon the rated pressure of]
ill lines and the buckling characteristics of the pipe.

on/erosion allowances: The minimdm design thickness should include a corrosion/ero

weight of risenjoints.

jcal designs

ing.

htrol
D of

b design and orientation of choke/kill and auxiliary lines: To prevent accidentabmismatching of the

cally
ting
be

hey
the

the

sion

the

Syntactic foam is typically a composite material of spherical fillers in a matrix or binder. The most common
forms of syntactic foam consist of tiny glass microspheres in a matrix of thermo-setting plastic resin, often with
larger microspheres of glass-fibre-reinforced plastic.

The diameter of syntactic-foam modules depends primarily on the buoyancy requirements and the foam
density. The foam density depends on the design water depth. Denser material is normally used for deeper
water to withstand higher collapse pressures. Maximum allowable diameter is determined by the bore of the
diverter housing and/or other restrictions through which it is necessary that the riser joint pass. See 5.9 for
high-current operations.
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Typically, foam modules are installed in pairs around the riser joint, several pairs per joint, and have cut-outs
to accommodate choke, kill and auxiliary lines. The modules are held in place by either circumferential straps
or other suitable means. Fastener material should be selected to avoid galvanic corrosion.

The vertical lift of the foam module is imparted to the riser by a thrust collar fitted to the riser pipe just below
the upper coupling. A matching collar is generally installed at the lower end of the assembled modules to

retain them in place during riser handling.

4.13.2.2 Open-bottom air chambers

Ope

n-hottom air cans are typically attached to the riser coupling and provide an annular space

around the

rise
sea
cha
acty
Con

4.13

Foal
dep
han
perf
mar

Ops
the

to make sure that adequate provision is made for this.in-the riser operating programme. The syste

tod

. Air-injection and pilot lines provide the means to inject air at ambient hydrostatic pressureDA
vater from the annular space to provide buoyancy. A float valve in the injection line nearthe b
mber maintains the water at the preset level. Air can be bled from the system through a-disc
ated by the pilot line. Valves can be arranged and adjusted to provide the desired buoy
npressors aboard the drilling vessel are used to supply air through the injection line(to the air ch

.3 Selection criteria

ir displaces
bttom of the
harge valve
ancy level.
ambers.

M modules should be selected to provide the required lift and resistance to pressure at the

ted service

r
h. Their design should be such that they do not restrain the bending of the riser tube and c%in be safely

Hled and stored. Maintenance and repair procedures should be investigated to ensure that
ormed on the rig with minimal difficulty. For foam densities andywater absorption consideratia
ufacturer's specifications.

n-bottom air cans are relatively resistant to handling damage, but they can increase bending
riser coupling because of the added resistance of the-air cans. This should be investigated by t

perate and maintain the riser should be evaluated to ensure that adequate redundancy is

hey can be
ns, see the

stresses at
he designer
ms required
brovided for

critical equipment, such as air compressors.

4.14 Speciality equipment

4.14.1 Latch (pin connector), 76,2-.cm (30 in)

Under some conditions, it is advantageous to have the riser deployed while drilling the 66,0 cm (26 in) hole. In
that|event, a 76,2 cm (30 in) latch is used to connect the marine riser to the 76,2 cm (30 in) wellhepd housing.
A ring-joint pressure seal.is effected between the latch assembly and the wellhead housing. Hydraulically
operated multiple segments are used to form the mechanical latch engagement; the segments exiend radially

inward to engage a-support shoulder on the wellhead housing OD. The 76,2 cm (30 in) latch

con
76,

rolled by a dedicated hydraulic hose bundle run from the surface diverter/BOP control s
cm (30 in) latch is usually fitted with a flex/ball joint and a riser adapter.

.2 Riser hang-off system

is normally
ystem. The

\e riser and

LMRP are d|sconnected from the BOP stack and may behung off unt|I weather cond|t|ons improve. The
disconnected riser may be hung off from the hook, the spider, the diverter housing or specially designed beam
structures. This is called the hard hang-off method.

Another method, called a soft hang-off, may be used to hang-off the riser from either the tensioners only or
from the tensioners and the motion compensator. A tool called the riser hang-off tool is employed if the motion
compensator is used in conjunction with the tensioners to set up a soft hang-off.

The dynamic loads of the riser should be considered to ensure that the hang-off system components provide
adequate strength to support the axial and transverse loads imparted by the suspended riser without damage
to either the riser or the vessel.
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5 Riser response analysis

5.1 General considerations

The drilling riser has very little inherent structural stability. Its ability to resist environmental loading is derived
from the applied tension. The marine drilling riser should be designed, and the top tension selected, based on
the riser's response to the environmental and hydrostatic loads, as well as the requirement that it properly
perform its functions. Among the functional constraints are the angles at both the lower flex/ball joint and the
telescopic joint, the mean and alternating stresses, the resistance to column buckling and hydrostatic collapse,
the percentage of the DTL applied to the top of the riser and forces and moments transferred to the BOP stack,

and
iser

Specialized| computer programs are generally used to predict riser behaviour under the design conditions,
to determinle top tension requirements, maximum permissible vessel offsets and maximum loads on
components.

[ be
gles
be

Because of the manner in which the riser is employed, design of the drilling riser components canno
separated from operational procedures. For example, when drilling, upper and lower flex/ball joint an
should be maintained within rather low limits. However, in the presence of severe weather, drilling ma

suspended
become m
dictate a c
disconnecti

!

and the limitation on flex/ball joint angles relaxed. Limiting criteria ‘for riser design can, t
ximum stresses. During such a change of operational mode, proper handling of the riser
ange in the top tension. In even more severe conditions, the proper riser handling can dig
hg the bottom of the riser and hanging it off from the rig. Decisions such as when to make {

changes aife part of the riser-design process and require analysis ©f the riser in each of the pote

operational

This subcla

modes.

use applies equally to the design of a new riser systemor the site-specific evaluation of an exig

riser systen). Riser analyses should be performed for a range of'environmental and operational paramete

the riser is
parameters
existing rise
a) specify
b) coordin
c) specify

d)
to disc

5.2 Rise

5.21 Gen

being designed, this requires starting with a_ proposed design and then iterating until the
such as wall thickness and material strength, \that satisfy the design objectives are found. Fo
r system, the options available to the analyst include

ng the appropriate top tension for each’combination of environmental and drilling parameters;

ating the mooring system design to evaluate the position of the top of the riser;

ng the distribution of bare~and buoyant riser joints throughout the riser string;

selecting the conditions at which the operational mode is changed (from drilling to non-drilling, and w

bnnect).
I analysisiprocedure

eral

hen,
can
tate
uch
ntial

ting
s. If
iser
r an

hen

Annex A is

data worksheet for recording data prior to performing a riser analysis.

5.2.2 Vessel stationkeeping considerations

The vessel's stationkeeping ability should be determined and used in conjunction with the riser analysis to
assess flex/ball joint angles and riser stresses. The mooring and riser analyses are used to define operating
limits for the riser. In some cases, mooring lines may be adjusted in response to long-term variations in
environmental conditions, such as current and/or wind.

5.2.3 Riser-induced load considerations

The riser introduces shear, bending and tension loads into the LMRP, the BOP stack, the hydraulic
connectors, the wellhead and the casing. These loads and moments should be evaluated to ensure that the
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maximum stresses are within design allowables and the fatigue life is acceptable. The riser also induces loads

on the drilling vessel that it can be necessary to consider in the stationkeeping analysis.
5.2.4 Currents

For currents exceeding 1 m/s (~2 kn), see 5.9.

5.2.5 Drilling fluid density

Top tension requirements should be determined for several values of drilling fluid density ranging

from that of

seapvater-tp-to-the-maximunranticipated-density-

5.3| Design

5.3/1 Operating modes

Three operating modes are normally encountered in offshore drilling operations.

a) |Drilling mode: The drilling mode is that combination of environmental;and well conditions
normal drilling activities can be safely conducted, including drilling ahead, tripping, und
circulating, etc. Special operations, such as running casing, cemeénting, or formation testing,
more restrictive operating limits.

b) [Connected non-drilling mode: In this mode, the only drilling operation that should be c
circulating. The drillpipe should not be rotated. The riser may be displaced with se
preparations made to shut-in the well and disconnect(he riser, if necessary.

c) |Disconnected mode: If environmental conditions*exceed the limits for safe operation in the
non-drilling mode, the riser should be disconnected to avoid possible damage to surface
equipment.

5.3.2 Recommended guidelines for design

Selgction of the appropriate comhination of environmental conditions and hydrodynamic coeffici

analysis involves judgment, experience and an understanding of the type of riser analysis being
Design and operating limits for-the key riser parameters — upper and lower flex/ball joint angles|
altefnating stress and the-appropriate factor of safety on DTL — are selected based on sound
principles and successful-operating experience.

Tabje 2 defines recommended design practices for the three operating modes. It contains two st
methods for the drilling mode, at least one of which should be satisfied. Generally, method A is apj
mogt water depth locations and method B is recommended for deep-water locations. Table 2 add

n which all
Br reaming,
can dictate

bnducted is
awater and

connected
or subsea

ents for the
employed.
mean and
engineering

ress criteria
bropriate for
resses riser

analysis for-exploratory drilling. In cases of extended drilling in a harsh environment, such as on @ North Sea
temlate a-fatigue analysis of the riser can be advisable. The mean and maximum flex/ball joint

angle limits
e riser and

possible (e.g.

1°or Iess) and conS|der 2 O° (mean) and 5, 0° (maX|mum) as upper bounds The maximum flex/ball joint angle
limits for the connected non-drilling mode and disconnected mode are intended to prevent damage to the riser,
flex/ball joint and BOP stack. The upper flex/ball joint angle rarely has a significant effect on riser design;

however, this angle should be considered when evaluating clearances in the moonpool area.
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Table 2 — Marine drilling risers — Maximum design guidelines

Design parameter Riser connected Riser disconnected
Drilling Non-drilling
Mean upper flex/ball jt. angle @ 1°to0 1,5° N/A N/A
Max. upper flex/ball jt. angle @ 5,0° 90 % available 90 % available
(or contact with (or contact with
moonpool structure) moonpool structure)
Mean lower flex jt. angle P 2,0° N/A N/A
Max. lower flex jt. angle b 5,0° 90 % available N/A
Stress criterja: 4
— Methpd “A” - allowable stress © 0,40 g, f 0,67 g, 0,67 a,f
— Methpd “B” - allowable stress © 0,67 g, f 0,67, 0,67 o,
— Sign. dyn.|stress range €
@SAH < 1,59 69 MPa (10 ksi) N/A N/A
@ SAH>1,59 15/Fgp N/A N/A
Minimum top tension I Trin Triin N/A
Dynamic terysion limit Fom ForL N/A
Maximum tgnsion setting 90 % Fp 90 % £y N/A

NOTE1 TH
angle (or ves
above and bg
system comp
continue with

NOTE 2 Th
contact
relative
materia
properti
For a drillstrin

properties arg
only paramet

The contact f
joints). The fg
and when the]

e flex/ball joint angles are differential global angles around the flex or balljoints and, because the wellhead tilt and
el pitch/roll and riser angle) can be in different planes, they are not easily détermined by independent bullseye levels
low the flex/ball joint. It is necessary to keep the flex/ball joint angles «as*small as practicable to avoid wear in the
bnents. The value of 2° in Table 2 is specified to include routine situatioens with low risk of significant wear, which coulg
la more restrictive angle. For many drilling operations, mean differential angles are maintained at less than 1°.

e rate of wear at flex/ball joints between two pieces of metal is\dependent on four parameters:
force;

elocity;

parameters;

bs of the surrounding fluid.

usually specified (steel); and the surrounding fluid is the drilling fluid returns (more of an abrasive than a lubricant).
br subject to control is the contact force.

prce is of concern where the drillstring ‘is forced to conform to the bore of the riser system (primarily near the flex
rce is amplified when the annulus\between the drillstring and the riser bore is small (smaller ID risers, larger OD drillp|
drill-string tension at the point of contact is high (drill-string is less flexible). Examples of high wear cases include

riser
both
riser
not

g in a riser system, the relative velocity is dictated by operations, either rotation rate or running/pulling speed; the material

The

ball
pe),

a) wells dgep below the mud line: high\tension in the drillstring at the lower flex/ball joint;
b) use of large diameter drillpipe- (168 mm [6-5/8 in], for example): smaller annulus, together with higher tension due to a heavier
drillstring.
An example df a low wear case€is\a shallow well drilled with small diameter drillstring. The tool joints are usually responsible for mug¢h of
the wear.
@  Upper jolnt is with.respect to vertical and does not include vessel motions.
b Lower joInt is4he/differential angle. (See Notes 1 and 2 above.)
¢ These glllidelines apply to the global riser response.
d Al stresses are calculated according to von Mises stress failure criterion, o, as given in Equation (2); see 5.3.2:
2 2 2
Ufm:%[(‘ﬂ—az) +(0p-03)" + (05 -0y) } )
where oy, 0, and o3 are the principal stresses as shown in Figure 2.
The stress criterion is the static stress plus the maximum dynamic stress amplitude.
€  Allowable stress and significant dynamic stress ranges are defined in Figure 3.
f o is the minimum yield strength of the material.
9 See 3.1.83 for definition of stress amplification factor, Fgp-
A The minimum top tension, 7, required to prevent global buckling of riser is calculated as given in Equation (3).
i The dynamic tension limit, Fp7 , is calculated as given in Equation (1).
26 © 1SO 2009 — All rights reserved



https://standardsiso.com/api/?name=ed236dc90d95ffad9a2ea53555c2c1ef

I1ISO 13624-1:2009(E)

01
o > )ﬁ_. oy
%3

oy axial plus/minus the bending stress
o, hoop stress

Key

oy [Tadiarstress

Figure 2 — Riser internal stresses
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X |time, expressed in seconds
Y |[stress, expressed in megapascals'(kilopounds per square inch)

significant dynamic stress range
2 |allowable stress

Figure 3 — Allowable stress and significant dynamic stress range

The| purpose of>the maximum stress analysis is to ensure that the riser is strong enough to support the
ma)imum desigh loads. This is accomplished by requiring the riser to support the maximum design loads
while keeping the maximum stresses below the allowable stress. This limit is intended to prevent structural
defgrmation that can lead to failure and includes a margin of safety. All stresses in Table 2 refef to the von
Misgs-Stress criterion, o,,,, (see Higdon, et al., 1985). Local peak stresses (3.1.42) are not considered for the
maximum load analysis; however, these peak stresses can be of concern for evaluating the fatigue life of the
riser. Fatigue analysis is discussed in Annex B.

A minimum tension setting is required to ensure the stability of the riser. The tension setting should be
sufficiently high so that the effective tension, as addressed in 5.4.4, is always positive in all parts of the riser
even if a tensioner should fail. In most cases, the minimum effective tension is encountered at the bottom of
the riser.

The minimum top tension, Ty, is determined by Equation (3):

Tiin :TSrminXN/[Rf (N_”)J (3)

© 1SO 2009 — All rights reserved 27


https://standardsiso.com/api/?name=ed236dc90d95ffad9a2ea53555c2c1ef

ISO 13624-1:2009(E)

where
N is the number of tensioners supporting the riser;
n is the number of tensioners subject to sudden failure;
Rs is the reduction factor, relating vertical tension at the slip ring to tensioner setting to account for

fleet angle and mechanical efficiency;

Tsr min is the minimum tensioner ring tension, as given by Equation (4):

Tsr min =Wsfwt = Bn/fbt + 4 [pmHm _pwHw] (4)
where
W, is the submerged riser weight above the point of consideration;

Jwt is the submerged weight tolerance factor (minimum value of 1,05, unless accurately
weighed);

is the net lift of buoyancy material above the point of consideration;

fat is the buoyancy loss and tolerance factor resulting4rom elastic compression, long-lerm
water absorption and manufacturing tolerancé<¢ (maximum value of 0,96, unjess
accurately known by submerged weighing undet\compression at rated depth);

is the internal cross sectional area of riserin¢luding choke, kill and auxiliary fluid lings;
Pm s the drilling fluid density;

is the height of the drilling fluid celumn to the point of consideration;
pw is the seawater density;,

is the height of the seawater column to the point of consideration, including storm slirge
and tide.

Note that i Equation (4) for Tg, i,,\the exterior pressure, p,/,, is multiplied by the internal cross-sectipnal
area of the fiser, 4;, rather than the exterior cross-sectional area, 4. This is because the buoyancy of the fiser
pipe walls, p,, A, (4, —4;), has been included in the submerged riser weight, 7.

See samplg calculation in<Clause C.2 for a determination of the minimum top tension setting.
The significant dynamic¢'stress range limit should also be used in conjunction with the maximum load analysis.

This limit is|intendédto provide some control on the fatigue damage accumulated by the riser. Incorporatign of
this limit in fhesmaximum load analysis eliminates large dynamic stresses that can lead to accelerated fatigue.

Additional operating modes that can influence the design should be considered. Specifically, the disconnected
mode, handling-tool interfaces, hang-off on either spider or riser hang-off structure, special handling situations,
and emergency conditions should be reviewed for their impact on riser system design.

5.3.3 Riser analysis report

Results of the design analysis should be appended to the riser operations manual (see 6.2). Instructions for
determining required top tensions as a function of all the relevant parameters, such as mud density, should be
included. The operating tensions provided to the operating personnel should be the tensions that it is
necessary to set on the tensioner units. These tensions shall include corrections for tensioner-line fleet angles
and losses through the tensioner system. Sufficient tension should be set so as to prevent riser buckling in the
event of a tensioner unit failure.
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Results of the design analysis are site-dependent and should include recommended tensioner settings versus
mud weight. See Figure 8 for an example.

5.4 General riser modelling and analysis approach

5.4.1 General

The mathematical models and the solution techniques that can be used to analyse a drilling riser constitute a
highly technical and specialized subject that has been widely treated in the literature. A bibliography is
provided for the reader desiring detailed information, and the following text is limited to a general discussion of
the JUItiIIUI Ii dbpb‘bib Uf Iibcl dlldiybib. ill pdliibuidl, ib'fUIUI 1ICC ib Illdulb iU AI“]‘S:I’AP; AIGJ

Specific guidance on modelling and analysis is provided in 5.5 through 5.9.

5.4.2 Use of riser analysis
As @ general rule, riser analysis has two distinct and different functions.

Prigr to ordering a new riser, a set of analyses should be carried out to establish the design specifications. At
this|time, the environmental conditions are chosen to reflect the maximum operating conditiorj]s expected
duriphg the design life. Design criteria, such as maximum and alternatingystresses, are used in the [selection of
parameters, such as wall thickness and material properties. The @analysis includes the performpnce of the
drilling vessel and should also be used for specifying the vessel's-riser-tensioning requirements.

Ris¢r analysis may also be used in preparation for operatingwith an existing riser and vessel on a[new site. In
that| case, the objective is to establish the top tensioning ‘requirements for the anticipated enyvironmental
conglitions and drilling fluid densities. Further, the analysisindicates the environmental conditions during which
drilling should be stopped and when it is prudent te\pull the riser. The analysis also likely includes special
congitions, such as hanging-off in a storm or the effect of a broken mooring line. The storm hang-off of the
LMRP is one of several considerations that determine the number of bare joints needed.

5.4.8 Structural model

5.4.3.1 General

For|purposes of riser response-analysis, the drilling riser is a tensioned beam which rarely, if ever, deviates
more than 10° from the vertical. For small angles, the fundamental Bernoulli-Euler beam equation| adequately
destribes the response”of’the riser. The beam equation for the riser is developed by first gxamining a
diffgrential element and.the forces that act upon it. Geometric non-linearities should be consiglered in an
analysis if the riserdevelops an angle greater than approximately 10°.

Figyre 4 shows the hydrostatic pressures of seawater and drilling fluid, the tension in the pipe wall and the
weight. It .also shows the deformation of riser pipe over an elemental length. Finally, the horizontal
hyd odynamic forces are indicated. The equations of equilibrium and simple beam theory Iead to the equation

Iiterature for years Riser problems are analysed by modelling the riser as a discretized or lumped-parameter
representation. This results in a system of simultaneous equations that allows for variations in riser properties
and for the introduction of such other non-uniformities as flex/ball joints and soil restraints.

5.4.3.2 Modelling considerations

In global riser analysis, the riser is modelled as a tensioned beam subjected to loads throughout its length,
and with boundary conditions at each end, described as follows.

a) The tensioned beam element descriptions include riser geometry, riser mass and riser material properties.

The lengths of the beam elements are important. Elements that are too long do not provide an accurate
stress distribution along the riser, while elements that are too short increase run time and cost. Element
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lengths should be specified with respect to expected riser response along the riser, with shorter elements
in areas where either the loading or riser geometry is rapidly changing. Typically, this occurs near the top
of the riser in the wave zone and near the bottom of the riser in the vicinity of the lower flex/ball joint. Any
intermediate flex/ball joint (see 4.9.1) also represents an area of rapidly changing riser geometry.

b) Loading on the riser includes internal and external pressures, as well as environmental loads caused by
waves and currents. Internal and external pressure loads are generally caused by the hydrostatic
pressures of the drilling fluid and seawater, respectively. Analyses should be performed for the full range
of expected drilling fluid densities, considering that the column of drilling fluid usually has a higher
hydrostatic head than that of seawater. The joint is normally modelled using only the dimensions of the
main riser tube to calculate the bending rigidity, E,, of the riser. The dimensions of the choke, kill and
auxiliay lines, in addition to the outside diameter of the main riser tube, should be considered-when
calculating the hydrodynamic forces on bare riser joints. If buoyancy modules are attached to_the“fiser
joint, the outside diameter of the buoyancy module should be used to calculate the drag and ingrtial
diametgrs (see 5.4.4). The model should account for possible shielding of the riser from thé .motions of
the segwater. A riser deployed from a drillship is shielded from waves and currents until it.emerges bglow
the kegl of the vessel, while a riser deployed from a semi-submersible is exposed to‘wave and current
loads gverywhere below the waterline. The weight used in the analysis should equal“the weight of| the
entire fjser joint, including choke, kill and auxiliary lines as well as support brackets and coupling.

c) Top beundary conditions generally include top tension, vessel offsets, and motions, as well gs a
descrigtion of the rotational stiffness of the upper flex/ball joint. Typically, required top tension depends on
the drilling fluid density. It can also vary with the operational and envitonmental conditions specified for
each ogperational mode (see 5.1). A description of vessel motions-is generally available in the form of
responge amplitude operators (RAOs) and phase relationships. The‘wessel motions modelled at the tqp of
the risgr should result from a wave description (amplitude and. phase) identical to that used to model the
loads ¢n the riser. Horizontal offset of the vessel should be-consistent with the steady wind, wave |and
currenf loads used in a stationkeeping analysis. Operational procedures may permit mooringtline
manipylations to relocate the vessel in the event of long-term changes in environmental loads.

d) The bdttom boundary condition can result from either a connected or disconnected riser (see 5.3.1 for
operating modes). In the connected modes, the'riser model usually ends at the lower flex/ball joint, in
which ¢ase the rotational stiffness of that flex/ball joint is a bottom boundary condition and the horizgntal
and vertical loads, as well as the bottom“angle, are outputs on the analysis. Some analysts prefer to
choosq the structural casing as the lower end of the riser, in which case the lower flex/ball joimt is
modelled as an intermediate flex/ball joint and the LMRP, BOP, wellhead and structural casing are garts
of the fiser model. For this situationy the rotational spring constant resulting from the soil interaction with
the strictural casing should be modelled. The bottom boundary condition of a disconnected riser shpuld
includg the weight of either the"BOP stack or only the LMRP, depending on the situation.

5.4.4 Effective tension

The effectije tension conitrols the stability of risers and, therefore, represents a concept of great importande. It
can be defiped in several ways.

a) It appeprs’as'the coefficient of the y” term in the basic differential equation describing riser behaviour.

b) It is the axial tension that is calculated at any point along a riser by considering only the top tension and
the apparent weight of the riser and its contents (Sparks, 1984, 2007).

Effective tension, T, is related to the axial pipe wall tension, T, (also called real tension or true tension) by
Equation (5):

Te = Treal = B Ai + Fo Ao ®)
where
P, P, arethe internal and external pressures;
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A, A are the internal and external cross-sectional areas;

i" 7o

T,

real is the axial pipe wall tension derived from free body diagrams of the riser structure.

The riser should be designed so that the effective tension is always positive in all parts of the riser. See the
discussion of minimum tension setting in 5.3.2 and Clause C.2.

vy A
Teeal + {m.g - B) Ax

x + Ax —
—— fy
— y
X —
X 1
pw (Hu - x)
Key,|
1 undeformed riser position
Figure 4 — Differential element of the riser
The| governing differential ' equation of motion is given in Equation (6).
fy =Mi+ EpTSATY —Tg )" (6)
whgre
2
M =m, +(n/4)(mei,riser )/g

AT = (n/4)(mei,riser2 - wag,riser ) tmg-B

Te = (75/4)[,0“, (Hw _x)Dg,riser ~Pm (Hm _x)Di,zriser] +Treal

where
B is the buoyant force per unit length;
Dy riser  €Qual to Dy, is the outside diameter, or hydrodynamic diameter, of the riser section;
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D riser Is the inside diameter of the riser section;
Pm is the density of the mud;
Pw is the density of the seawater;
EI is the product of the modulus of elasticity (Young's modulus), E, and the moment of inertia, 7,
with respect to the neutral axis;
fy is the distributed hydrodynamic force acting in the “y” direction;
g is the gravitational acceleration;
H, is the total height of the mud;
H,, is the total height of the seawater;
M is the total mass (riser and mud) per unit length;
m, is the mass of the riser (including buoyancy) per unit length;
Ty is the effective tension;
Treal is the actual tension in the pipe wall;
AT is the variation of the effective tension;
x is the vertical coordinate measured from the'bottom of the riser;
y is the horizontal riser translation at x;
j d2y/dt;
Vv oylox;
v’ 2ylox?;
v (02/0x2)(02/0x2Y:
5.4.5 Hydrodynamic\model

— sea surface: a description of wave height and period variations, either as regular waves or in the form of a
wave spectrum;

— wave kinematics: a relationship specifying water velocity caused by wave motion, as a function of
distance below the sea surface;

— force algorithm: a relationship specifying the force exerted on the riser from the velocity of the seawater
relative to the riser.
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All three hydrodynamic aspects depend primarily on empirical evidence. Although extensive data have been
gathered in each area, as summarized below, there is as yet no final resolution as to the most accurate

general model.

a)

Sea surface: It is apparent from observation that, with few exceptions, random, multi-directional
processes occur at the surface of the ocean. Nevertheless, most design analyses for offshore structures
are based on a periodic, unidirectional wave. There are probably two principal reasons for this. First, the

periodic wave is much simpler to deal with and second, in a severe weather design conditio

n, a single-

frequency wave often predominates. Nevertheless, the desire of many analysts to use as realistic a
model as possible has led to random-wave analysis that requires the use of a wave spectrum such as

that of Pierson-Moskowitz, Jonswap, ICSS, etc. (Sarpkaya and Isaacson, 1981; Chakrabarti,

Dra
nun
fact
selq

Con

includes both the linearized frequency-domain method, and the more accurate time-dom3
(Burke and Tighe, 1971; Hudspeth, 1975; Botke, 1975).

and acceleration profile beneath the wave surface. In attempting to satisfy the boundary con
have come up with a number of highly non-linear representations, such as Stokes lll, Stoke
Function, etc. (Sarpkaya and Isaacson, 1981). Each of these is rather complicated and, 1
reasons, is generally used only with the single periodic wave model. Environmental data indig
easy-to-use linear Airy wave theory is quite adequate for modelling regular wave kinematics
number of offshore locations and environmental conditions. It is patticularly appropriate for

Airy wave theory is limited. The linearity of Airy wave theory renders it applicable for combinir
wave kinematics into a spectral representation. However,-some limitations remain in all g
kinematics theories. None of the theories is accurate near the wave crests or trough
combination of currents with waves is not well understood,

Hydrodynamic force algorithm: Hydrodynamic for¢es are typically evaluated using the Moris
(Morison, et al., 1950). There is, however, extensive debate as to the selection of the drag
coefficients, especially in severe sea states: Eurther complicating the issue for the riser des
fact that most of the coefficient data has been acquired from fixed structures. The influence ¢
relative motion in the waves should be censidered.

j and mass coefficients, C4 and €,y Vvary significantly with cross-section shape, roughnes
ber, Keulegan-Carpenter number ‘and the orientation of auxiliary lines. The correct choice of (
br in determining riser behavijour, because drag controls both hydrodynamic excitation and dg
ction of an artificially large Cyyvalue is not always conservative.

nmonly used values of(Cy-and C,, are given in Table 3.

Table 3 — Commonly used values of Cj and C,

1987). This
in solution.

Wave kinematics: For a number of years, researchers have worked on models to predict the fluid velocity
litions, they
5V, Stream

or practical
ate that the
for a large
drilling riser

analysis, because drilling risers are not normally deployed in shallew-waters where the applicability of the

g individual
f the wave
s, and the

bn equation
j and mass
igner is the
f the riser's

5, Reynolds
4 is a prime
mping. The

Rey

Bare riser
(based on the diameter of the main tu

Buoyant riser
(based onvthe diameters of the buoyancy module)

fnolfds number Cy Cn Reynolds number Cy

be)

C

m

Re < 10° 1,2 1,50102,0 Re < 10° 1,2102,0

1,

5t02,0

105 < Re < 108

1,210 0,6 1,5t02,0 105 < Re < 108 2,0t0 1,0

1,

5t02,0

Re > 108 0,610 0,8 1,5t02,0 Re > 108 1,0t01,5

1,

5t02,0

An alternative practice is to use an “equivalent diameter” and “equivalent area” (riser main tube plus choke, kill
and auxiliary lines) based on the sum of projected diameters and areas with appropriate values of Cy and C,.

The Morison equation estimates the hydrodynamic force on a body caused by the relative velocity and
acceleration of the surrounding fluid. The force is parallel to the flow. In addition, under certain circumstances,
there can be a relatively high-frequency oscillating force, predominantly transverse to the flow, caused by the
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shedding of vortices. When the riser (or an integral line) has natural frequencies of vibration near the shedding
frequency, vibrations of substantial amplitude can occur. Although this phenomenon is most likely in high
currents and/or in uniform current profiles, it has also been observed in large waves. “Vortex-induced
vibration” is accompanied by a large increase in drag. Methods for predicting vortex-induced vibration and
drag increase for risers in real environments are not well established, although general guidelines are
available (Every, King and Weaver, 1982).

5.4.5.2 Three-dimensional analysis

Thus far in this part of ISO 13624 and in most of the publlshed Ilterature riser analysis methods have been
based on plana i
plane. In reality, waves come from various directions that do not necessarlly correspond with the cufrent
direction. Also, the vessel responds in some combination of surge and sway. The implication is that) ¢ be
totally comprehensive, an analysis method should permit riser motions in three dimensions. This (permitg the
analysis of fhe riser response in multi-directional, random seas with currents acting at any angle relative td the
sea and thg vessel motion. The equations of motion remain unchanged, they simply double.inxhumber. There
is one set df equations for each of the two horizontal, orthogonal directions and the two setslof equations| are
coupled to ¢ach other through any non-linear terms, such as the hydrodynamic forces.

5.4.6 Lunpped-parameter model

The partial |differential equation that governs riser behaviour is not directly applicable for analysing general
problems. I{ is, therefore, usually converted to a system of finite length elements using either a finite-differgnce
or finite-element technique. The behaviour of the riser can then be described in terms of the nodes at which
these elemgnts are joined. The solution involves finding the translations. and rotations, bending moments, gtc.,
at each node of the riser. While each of these idealized elements has’uniform properties, the non-uniformities
of the riser pre accounted for by the variation of properties from-&lement to element. This discretization of the
riser leads o a series of simultaneous equations that are conveniently and rapidly solved on a computer.

Finite-difference and finite-element techniques are alternative means of formulating simultaneous equatipns.
The finite-d|fference procedure involves conversion of'the continuous derivatives into linear, finite differenges.
Perhaps thg¢ most often referenced illustration of this method for riser analysis is the work done for the Mohole
project by NESCO, 1965. Later, Botke, 1975, weht through an extensive derivation of the riser equations|and
finite differgnce method of solution.

In the finitetelement method, it is assumed:that the deformation of segments is expressible as the summation
of a series pf deformation functions related to the deflections of the nodes. This method, as applied to riders,
has been dgscribed in detail by Gardner and Kotch, 1976.

Both methods are appropriate.and can be expected to give accurate and reliable results if used with care|and
understand|ng. Perhaps theymost critical consideration is the number of elements into which the riser is
divided. The spacing of the nodes should be fine in the areas where high bending moments tend to ogcur.
These are glways in the/wave zone and near the bottom of the riser where the tension is the lowest. Becguse
the finite-element imethod uses higher-order functions between the nodes than does the finite-differgnce
method, acguratée finite-element solutions are generally possible with fewer nodes than from comparable finite-
difference qoldtions. As a general rule, the number of nodes may vary from 30 to 40 for a shallow-water fiser
when using-the finite-element method to several hundred for a deep-water riser using the finite-differgnce

approach.

5.4.7 Solution of the simultaneous equations

The previous section dealt with the mathematical techniques for converting the spatial derivatives into discrete
translation coordinates for solution as simultaneous equations. In addition, the governing equation for the riser
includes a time derivative in the inertia term. Inclusion of the inertia term yields a mass matrix and the
acceleration at each of the nodes. Structural damping, if important, may be added to the equation. When
these dynamic terms are included, additional mathematical techniques are required for solution.

For a two-dimensional global riser analysis, it is the wave action and associated vessel motion that provide the
dynamic excitation. The waves impose time-varying hydrodynamic forces on the riser, while the vessel drives
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the top of the riser back and forth, producing additional contributions to the time-varying forces. The applied
riser tension also has time-varying components caused by the non-ideal characteristics of the tensioner
system and the inertia and geometric effects associated with the vessel, riser-string and slip-joint motions.

There are static, quasi-static and dynamic methods. The static method considers only the riser's response to a
constant vessel offset and a current profile, which can change with depth but not with time.

In the quasi-static method, the time-dependent parameters are varied in a series of static solutions. The
inertial effects are not included. Also excluded from the hydrodynamic calculation is the relative velocity of the
riser passing through the water. The wave and vessel motion are “stepped” past the riser, the static solution is
calculated for each step, and the maximum values of the critical parameters are observed over one wave

peripd.

There are two different approaches for solving the equations while including dynamics andrelativ
A time-domain solution is the more direct and straightforward method and encompasses ia direct in

the

nun
forc
phe
larg

Burl

equations. Runge-Kutta and Newmark-Beta (see Zienkiewicz, 1977) are two of the\well known
erical integration. They permit the inclusion of all non-linearities, such as the_non-linear hyf
e, non-linear soil behaviour, non-linear friction characteristics, etc. There isfvirtually no limit

nomena that may be included. The drawback is cost. The solutions should be carried out over
e number of iterations and each solution represents only one combinatien.of parameters.

e, 1974, outlines a frequency-domain technique that, through the~use of simplifications, all

e velocities.
tegration of
methods of
drodynamic
tion on the
a relatively

bws a great

redyiction in cost. All of the input forces and motions are assumed’to be sinusoidal, and all th¢ non-linear

fung
con
line
Kro
curf

5.4.

Mog
rise
The
to th

tions are assumed to be linear about a quasi-steady or mean\value. The primary difficulty in
es with the non-linear hydrodynamic drag force. An iterative procedure is used whereby the
br drag is varied in successive solutions until it gives theysame amplitude as the non-linear
ikowski and Gay, 1980, reported a modification to the ‘frequency-domain technique that, fo
ent and waves, substantially increases its accuracy:with little increase in the solution cost.

B Local finite element analysis

t riser programs use the finite-element, method (beam elements) to calculate the global resp|
- structure. The solutions from these -global programs do not address the local details of the ris
se local details include the connection points (couplings) of two joints a riser, connection of th
e flex or ball joint and connectjon of the riser joint to the slip joint.

this method
equivalent
drag. Later,
r combined

onse of the
br structure.
e riser joint

If the designer has concerns.with these connections because of an over-stress situation, high stress-

con
ana

Ag
finit
ana
exp

All 4

Centration factors (which\greatly reduce fatigue life), excessive distortions, etc., a local fir
ysis should be undertaken to calculate the state of stress and distortion for the connection.

bneral-purpose finite-element program is needed to model the connection using either three-
e elements or axisymmetric elements. If plane stress or plane-strain elements are used (two-
ysis), it is\/necessary to take considerable care to ensure that the local finite-elemer
eriencing.plane-stress or plane-strain conditions.

tructural components of the local detail should be modelled to ensure proper interaction of th

ite-element

Himensional
Himensional
t model is

e structural

corm

ponrents. Input of loads for the local finite-element model are derived from the global riser

analysis for

various loading conditions. Depending on the finite-element model, displacements and rotations rather than
forces and moments may be used to transfer the loadings from the global model to the local model.

The local finite-element mesh should be created with good modelling practices, paying particular attention to
finite-element aspect ratios, finite-element selection (what type of shape function is assumed for the element's
derivation), boundary conditions and mesh densities. Mesh densities are especially important in areas where
the stress is rapidly changing.

5.5 Coupled/decoupled analysis methodology

Coupled and decoupled analysis of a drilling riser and wellhead conductor/structural casing system for
structural integrity and operability evaluations provide understanding of the soil-riser system interaction.
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Detailed guidance and a worked example on developing and constructing coupled and decoupled riser
models are provided in ISO/TR 13624-2. The report covers the riser system from the structural casing, below
the mud line, to the upper flex joint or ball joint inclusive of all components in between. It does not cover the
vessel/riser coupling, i.e. the influence that the riser has on the vessel RAOs.

Coupled analysis involves modelling the entire drilling riser system in the same model.
Decoupled analysis involves modelling the drilling riser and BOP/conductor/casing separately. Loads

transferred from the base of the drilling riser to the lower flex joint in the drilling riser model are applied to the
top of the LMRP in the BOP/conductor/casing model.

5.6 Drifttoff/drive-off analysis methodology

5.6.1 Introduction
Drift-off/driv
vessels. Sg

that the ves

e-off analysis of a drilling riser system identifies disconnect limits for dynamically-positioned
ecifically, this analysis is used to determine yellow-alert and red-alert offsets\that alert the g
sel is drifting or driving off.

DP)
rew

5.6.2 Ovdrview of drift-off/drive-off analysis

During normal drilling operations, the excursions of a drilling vessel from its mean position are usually

restricted tg
moving vert

However, it
predetermir
can be disc

The objecti
Determ

Determ
top ris
condud

The drift-off
of wind, wa
drift-off. A d

actions of fhrusters driving the vessel for a specified duration and then drifting under the actions of W

waves and
DP system
likelihood a

a small percentage of the drilling water depth, typically 1 % 0.2 % when the drillpipe is rotatin
ically through the riser. This is to ensure that the riser systemis protected from wear.

the vessel's DP system fails, the vessel can drift off or drive off. Common practice calls
ed offset limits that alert the crew when specific actions are to be taken to ensure that the

es of a drift-off/drive-off analysis are as follows.
ine when to initiate the riser disconnect procedure (red- and yellow-alert offsets).

ine the allowable limits for riser response that drive the riser disconnect decision. These inc
br angle, bottom riser angle) slipjoint stroke, tensioner stroke, wellhead bending moment
tor bending stress.

simulation is typically’based on a vessel directly over the wellhead that is exposed to the act
ves and currentwithout the resistance of thrusters. A “black-out” is a typical event that can cau
rive-off simulation is typically based on a vessel directly over the wellhead that is exposed tg

currents.\The drive-off scenario chosen for analysis typically considers advance warning from
and thewreaction time of the DP operator (DPO). DPO training is a consideration in assessing
nd severity of the drift-off/drive-off scenarios.

g or

for
iser

bnnected without exceeding its allowable limits. These offset limits are generated in preparationf for
such an eveént by performing a drift-off/drive-off analysis ofthe drilling riser system.
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and

ons
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The simulations described above should be done using a transient, time-domain analysis (or equivalent) that
includes the effect of riser-restoring force, vessel rotation (moving toward a stable beam seas heading) and
the coupled effects of the BOP, conductor pipe and soil resistance.

Historically, the above analysis has been sufficient for industry's purposes. However, special studies have
included what is referred to as “weak-point analysis”, which addresses component failure in the unlikely
combination of events in which the DP system fails, the riser fails to disconnect from the well and the
metocean conditions are severe enough to cause the vessel to drift off far enough to exceed allowable limits.
The redundancy in DP systems, the redundancy in riser-disconnect systems and the low frequency of
metocean conditions combine to give a very low probability that further reduces the likelihood that drift-off/
drive-off, failure to disconnect and severe metocean conditions will occur simultaneously.
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5.7 Weak-point analysis methodology

5.7.1 Introduction

“Weak-point analysis” can be performed to predict the most probable point of failure in the riser/wellhead
system. This analysis can be used to select structural casing and wellhead equipment in order to ensure
wellbore containment in this extreme event.

5.7.2 Overview of weak-point analysis

It shfoutdbeTotedthatimorder forwettborecomntaimmenttobe—acorncernT, it s Tecessary thata gequence of

evepts occur:
a) |dynamic-positioning or mooring-system failure;
b) |emergency and/or manual disconnect-system failure;

c) |environmental conditions severe enough to overcome the restoring force'from the riser and thus allow
sufficient offset of the vessel to impose the loads required for a componeéntfailure;

d) |well operation at a critical stage, such that riser disconnect can cause significant environmerntal damage
(i.e. drilling in a hydrocarbon-bearing zone or well testing).

Redundancy in rig position and riser disconnect systems on‘dynamically positioned rigs, alopg with the
probability of occurrence in the environmental conditions\required, result in a very low probability of
occyirrence for this event. Therefore, this analysis is not normally performed.

Initiglly, analysis of environmental forces required to impart the necessary loads for failure may be ndertaken.
Thig may be used to evaluate risk, based on the, probability of occurrence. In some cases, the region's
envlronmental forces might not be sufficient to-result in a failure and, therefore, weak-point analysis is not
useful, i.e., the riser/wellhead system anchors‘the rig without failure. This analysis may also be usgd to define
the minimum environmental conditions required and procedures can be developed to prevent the [failure from
occyirring, i.e. planned disconnect of the\tiser prior to exposure to the environment.

In § weak-point analysis, potential failure points in the system are identified. Typically, this|analysis is
performed by a finite-element computer program. All components in the system are modellgd from the
tengioners to the structural( casing, including the telescopic joint, riser, flex joints, BOP, wegllhead and
foundation soils.

The|rig is offset, in the.gomputer model, until the first limit in the system is reached and the weak ppint defined.
Thig type of analysis)is referred to as an elastic analysis as it predicts the first component to reach its yield
limif. Very often_this analysis is a static analysis but can be provided as a dynamic analysis.[A dynamic
analysis allowsycoupling of the rig to the riser, includes the environmental forces and accounts for the inertia in
the |system:—However, it is necessary to take care with the selection of environmental forces, as higher
env|ronmental forces can result in larger inertial effects, which can result in lower loads on the wegllhead than
ld”be predicted with lesser environmental forces. (i.e., higher rig drift speeds result in more lad of the riser

Typically, the two components that reach their yield limit first are the telescopic joint immediately below the
tensioner ring and the structural casing. Shortly after the tensioners bottom out, maximum loads are reached.
This results in high bending moment and tensions in the telescopic joint and well-containment equipment,
while the main loading in the riser is tension. The ideal situation from a weak-point analysis approach is to
have the telescopic joint or riser reach its weak point prior to the pressure-containment equipment.

The component that reaches its specified yield limit first might not necessarily be the component that fails first.
For instance, if the structural casing reaches its specified yield point first, it can deform and relieve loads on
the structural casing, while loads on the telescopic joint continue to increase. Secondly, the telescopic joint is
constrained by the tensioner system, while the structural casing is constrained by the soils.
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A plastic analysis may be undertaken by using actual material properties of selected components. Stress-
strain data may be used in the computer program to analyse the ultimate failure point of the selected
components. The rig offset is increased until the ultimate material limit at first fibre of the first component is
reached and that component is defined as the failure point. This type of analysis accounts for reduction in
loads due to yielding and allows analysis of the components using their actual yield and ultimate strengths.

This failure event is a result of extreme environments and, therefore, dynamic impact occurs as the tensioners
bottom-out. This, along with the fact that the loads in the telescopic joint increase rapidly compared to other
components, often leads to the telescopic joint as the predicted failure component.

These types of analyses do not include complete separation of components, as they do not include ovaling,

local bucklipg, formation of plastic hinges, ductile elongation, load redistribution or crack propagation to final
separation.

5.8 Recqil analysis methodology

5.8.1 Intrpduction

The purposk of 5.8 is to describe riser recoil analysis.

The intent |is to focus on water depths of up to 3048 m (10 000 ft). It is .dssumed that the emerggncy
disconnect pequence (EDS) completes and the LMRP connector releases.

5.8.2 Overview

An EDS tyg
several disg
flex joint an
displace thq

Disconnect
sudden imb
effectively ¢
limits of the
Hence, mg
configuratio
engineering
complete ri
guidance o
and vessel
accounting
Similar deta
imparts on

Detailed gu

ically requires 30 s to 60 s to complete. The emergeney disconnect system may be equipped
onnect sequences to accommodate a variety of circumstances. A substantial change in offset
hles can occur in this short amount of time. Underthese circumstances, there is far too little tin

mud in the riser with seawater and reduce top{fension to prepare for disconnect.

typically occurs in the connector between.the LMRP and the top of the BOP stack. This caus

an cause the riser to impact the yessel substructure with a force that can surpass the struc
components in the load path (e.g7, TJ inner barrel, upper flex joint, diverter, rotary table, ¢
st (if not all) modern drilling. vessels are equipped with riser-recoil control systems.
ns vary significantly from(one vessel to another. With appropriate planning, preparation

, safe emergency disconhect is possible whenever the drilling riser is connected to the wellhea
ser-recoil analysis simulates the system's behaviour under various conditions and can pro
h TJ spaceout, recoil)control system settings, criteria and operating limits (tension, mud we
motion). It is necessary that a realistic riser-recoil simulation model the tensioner system in dg
for the kinematics of all moving parts (including the air and oil), forces, pressures and fric
il is also required in the mud column in order to simulate accurately the load that the mud col
he riser.

dance and a worked example are provided in ISO/TR 13624-2.
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59 High

5.9.1

-current environment

Introduction

The use of marine drilling riser systems in currents exceeding 1 m/s (~2 kn) generally causes operational
difficulties, but surface currents as low as 0,5 m/s (~1 kn) in certain circumstances have caused difficulties,
especially during tripping, running and pulling the riser. Problems arise because of high drag loads on the riser,
vessel and mooring system, and because the riser can experience vortex-induced vibrations (VIV) (Gardner
and Cole, 1982). High current-induced drag forces result in large riser angles and possibly high bending
stresses. Aside from high drag forces, high currents can also cause lateral structural vibrations of the riser
which, in turn, further increase drag and fatigue damage.
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High current drag loads on the vessel and its mooring system cause high mooring line tensions and
corresponding increased vessel offset, with its detrimental effect on riser angle. Mooring capability should
include an evaluation of the loads on the riser system (see API RP 2SK for design and analysis of spread
mooring systems).

High currents also have a significant impact on open-water operations, which include running the conductor
casing strings and the running and retrieval of the riser and BOP.

Where current velocities indicate the potential for vortex-induced vibration of the riser, a VIV analysis is
typically performed, which considers both the modal response®) of the riser and the hydrodynamic excitation
of the current. Where significant VIV is predicted, consideration is typically given to deploying VIV suppression
hardware such as fairings.

5.9. Mitigation
. For such
acceptable
resses and

Lower flex/ball joint angles can be reduced by moving the vessel upstream of-the wellheag
situgtions, caution should be exercised to ensure that the upper flex/ball joint anglé femains within
limifs. Increasing the top tension can further reduce the riser angles, but results in higher axial s
increased bottom tension.

Ris¢r fairings have been used successfully (Gardner and Cole, 1982) to cope with the above-desciibed effects.
Fairings are streamlined, airfoil-shaped appendages. Usually, they are fabricated from fibreglass apd attached
to the riser so that they are allowed to weathervane. Depending en<design, they can reduce current drag by
more than two-thirds, and prevent vortex-induced vibrations. Theyvare very effective but are cunmbersome to
install and remove. This significantly slows riser deployment. and retrieval. Areas prone to trdpical storm
evets are particularly affected by the increased time to prépare for abandonment when fairings are installed
on the riser.

Ano
198
vibr
uns

ther method to counteract the effects of vortex induced vibrations is the use of strakes (Gardngr and Cole,
D). These devices are clamped onto the riser’in a helical pattern. They are effective in $uppressing
ptions but, in the absence of vibrations, @ straked riser experiences higher drag loads than does an
raked riser.
e of vortex-

The| staggering of riser joints, with and/wjthout buoyancy, can be effective in reducing the magnitug

indyced vibrations (Brooks, 1987, and, Vandiver, 2003).
5.9.8 Analysis
The| analytical prediction~and description of vortex-induced riser vibration is complex. It depends on the

inte
of r
givg

raction of the currentvelocity and the lateral vibration modes of the riser. The lateral modes a

re functions

ser geometry, €iSér mass, which in turn depends on riser contents, and tension. The excitation of any

n mode depends on the current velocity and its distribution along the riser with respect to that

node.

ar attention
oratory well

Cornsequently,it is necessary to select those current profiles for investigation carefully, with particu
givgn toroccurrence and persistence data. Such data are often difficult to obtain, especially for exp
Iocations.

The maximum current condition, for example, a 10 yr return, might not produce the worst fatigue loading. The
velocities or distribution associated with the maximum current can be such that no lateral mode is strongly
excited, or its persistence can be such that little fatigue loading is induced. Lower current velocities with more
unfavourable uniform distributions and much greater persistence can control fatigue life.

1) The reader is referred to the papers by Allen, D.W.,1995; Furnes, G.K., et al., 1998; Hover, F.S., et al., 1997, 1998;
Huse E., 1998; Techet, A.H., et al., 1998; Triantafyllou, G.S., 1998; Triantafyllou, M.S., et al., 1994, 1999; Vandiver, J.K,,
(several).
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5.9.4 Riser management
Proper riser management in high-current situations requires continuous information on vessel position, upper

and lower flex/ball joint angles and current profiles. Proper instrumentation to measure and display these
items should be provided any time high currents are expected.

5.9.5 Open-water operations

5.9.5.1 Open-water operations include drilling the holes for the surface casing strings, running and
cementing the surface casing strings and running, landing and retrieving the riser and BOP.

The limiting environmental criteria for running and retrieval operations should be determined. Thelsjudy
should encgompass the following as a minimum:

a) vortex-jnduced vibration (VIV) analysis;

b) lateral feflection analysis;

c) for runhing, landing, and retrieval of the BOP/LMRP, the axial response of the riser system; the handling
tools, fravelling equipment and drill line should have loading ratings compatible with the resujting

maximpm static and dynamic loads.

5.9.5.2 In order to define the limiting current and wave conditions in which the casing strings can be [run,
the following approach is proposed.

a) Definefthe minimum fatigue life required to safely conduct the operation.
b) For eagh of the dominated statistical extreme current profiles (surface-dominated, bottom-dominated or
slab), getermine the maximum current profile allowed:that generates the minimum fatigue life in a) for

each of the following deployment depths:

1) 5 % of water depth, WD,

2) 15% WD,
3) 25(% WD,
4) 40/% WD,
5) 60|% WD,
6) 80/% WD,
7) 95/% WDx

c) Casing|inthe hole (rigid bottom connection).

d) For the maximum current profiles determined in b) at each deployment stage, an effective drag coefficient,
Cq, should be calculated to use in lateral deflection analyses.

Should the fatigue life prove too short for currents expected at the site, then VIV suppression options, such as
strakes, should be investigated for casing running operations, or the operations restricted to periods of more
favourable current conditions.

The modal response of a suspended riser string differs significantly from that of the connected riser;

consequently, a separate analysis of the suspended configuration should be considered for the riser to be
deployed in high currents or for the riser to survive disconnected from the LMRP in high currents.
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5.10 Hang-off analysis methodology

5.10.1 Purpose

The purpose of 5.10 is to describe the methodology for performing the analysis of a drilling riser when it is
supported by the vessel and disconnected from the wellhead. This condition is called hang-off.

5.10.2 General

The analytical methodology described in 5.10 is applicable to riser hang-off from mobile floating drilling
vessels:

5.10.3 Overview
Twq configurations are used for riser hang-off: running/pulling configuration and storm, configuration. In each
case, the riser is analysed to demonstrate that during hang-off, all-_ the Ilimits |on stress,
disglacements/clearances and rotations are satisfied for the riser and the’-other equipment used in
implementing hang-off. The end result of hang-off analysis is
a) |operating limits for running/pulling of the riser;

b) |the feasibility of hard or soft hang-off, typically in a 10 yr storm_or’in a periodic wave environment;

c) |determination of the number of bare riser joints at the bottem-of the riser string.

Worked examples for riser hang-off are provided in the papers by Ambrose, et al., 2001, and Brgkke, et al.,
199P.

5.10.4 Definitions
Thetfollowing definitions are used for riser hang-off.

a) |Running/pulling configuration: The yiser is run or pulled in environmental conditions defined in the rig
operations manual as suitable. for.the operation. The riser can be run with the BOP or just with|the LMRP.

b) |Storm configuration: The-riser is hung off (disconnected) near the wellhead in a severe stgrm with the
LMRP in the riser string.

c) |Hard hang-off: The\riser is effectively locked to the vessel and moves with it. Hard hang-off i$ applicable
to either the deployment/retrieval configuration or the storm configuration.

d) |Soft hang-off: The riser support at the vessel is either through the tensioners only or the tengioners and
the mation’ compensator. This support is generally like a soft spring that results in very little fiser vertical
motidn="The vessel motions are substantially greater than the riser motions, and the riser load variations
are substantially lower in this condition than in the hard hang-off condition.

e) Motion compensator: A tool is normally used to support the drillstring. It is also used in conjunction with
the tensioning system for soft hang-off.

f)  Riser hang-off tool: The tool used to latch onto an interior profile in the riser and connect it to the motion
compensator.

5.10.5 Modelling guidelines
At least two riser hang-off configurations should be analysed: running/pulling configuration and storm

configuration. Periodic-wave environments such as swell waves can also warrant an evaluation of a special
hang-off configuration.
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For all models, whether they are used for running/pulling or for storm events, the riser may be assumed to be
open at the bottom and filled with seawater, which is free to move in and out of it, unless the riser operating
procedure indicates that seawater or drilling fluid can be entrapped in the riser and, therefore, constrained to
move with it. In the latter case, the model should include the added mass effect of the entrapped seawater or
fluid.

5.10.6 Running/pulling configuration modelling

For the riser running/pulling configuration, the riser is supported by the hard hang-off method, since it is either
hung off on the travelling block W|th no motion compensation or landed in the riser splder Four models are
the

juse
r to
displace laterally, resulting in bending stresses at the hard hang-off point on the vessel>Displacemgnts
and stresses can be significant if the lateral deflection period of the riser is close to the jwave period.

b) Intermediate model: The LMRP and BOP are at a point where the current velocity is maximum or fat a
point where the current normal drag force on them causes maximum bendingn:the riser. Also, the mpdel
can bg used to compute maximum lateral displacements that should be ‘checked against moonpool
clearar]ce in drilling ships and pontoon clearance in semi-submersible rigs;*Furthermore, the model|can
be usefl to evaluate diverter-housing clearance if the riser is hung off from the travelling block.

c) Near-wellhead model: The LMRP and/or BOP are just above.the wellhead. This case is significant
becauge it can govern the selection of the number of bare joints.in'the riser. There are two models.

1) Only the LMRP is in the riser string. In this case, a migimum number of bare joints is needed to[add
enpugh weight to prevent compression at the top.

2) The BOP is in the riser string. In this case, a maximum number of bare joints should not be excegded
forn the top tension to be less than the lifting géar capacity.

Stroking of the slip joint should not be considered.in these models, since the joint is collapsed and locked. [The

position of the hard hang-off point relative to.the vessel's centre of gravity (CG) should be included in| the
model so that the vessel RAOs can be properly applied.

5.10.7 Storm-configuration modelling
In a storm gonfiguration, the riseb may be supported either by the hard hang-off method or the soft hang-off
method. In [the following models, the riser bottom is near the wellhead and either the BOP or just the LMRP
are in the riger.

a) For thg hard hang-off method, the slip joint is collapsed and locked on the vessel.

b) For theg soft hang-off method, two methods may be employed:

— tensioner hang-off method, where the fiSer weight is supported entirely by the tensioning systen,

— combined tensioner-motion compensator method, where the riser weight is shared by the tensioner
and the motion compensator.

The tensioner system may be modelled using springs as described in detail in ISO/TR 13624-2:—, 4.4.
Similarly, a spring may be used to model the motion compensator-hang-off tool assembly. The slip joint may
be modelled using a beam as described in ISO/TR 13624-2:—, 4.4. These modelling techniques enable the
prediction of stroke-out in the tensioner, the slip joint and in the motion compensator. Typically, these
components are set at their mean stroke positions to minimize the likelihood of stroke limits being exceeded.

The model should specify the position of the support of each tool (i.e., the springs' upper ends) relative to the
CG of the vessel, so that the vessel RAOs can be properly applied.
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5.10.8 Analysis guidelines

Because of the axial dynamics encountered in hang-off events, time-domain analysis should be conducted
using random-wave analysis and a simulation time of at least 1 000 times the zero up-crossing period of the
sea state.

Two sets of metocean conditions are typically used: one for the running/pulling configuration and one for the
storm configuration. For running/pulling, metocean conditions consistent with vessel heave, specified in the rig
operations manual, are typically used. For the storm configuration, metocean conditions associated with a
10 yr storm are typically used. Bow and quartering (= 20° for a ship-shaped vessel) sea states are generally
sufficient for hang-off evaluation.

Sensitivity studies should be performed to evaluate variations in critical analysis parameters) including the
folldwing:

a) |tangential added mass;

b) |wave period.
5.10.9 Evaluation criteria

Thel evaluation criteria for storm hang-off are as follows:

a) |[for soft hang-off, the appropriate stroking limits for tensionefr,slip joint and motion compensato

]

b) |contact: no contact between riser and moonpool;

c) |maximum top tension: the rating of the lifting gear;
d) |minimum top tension: 10 % of the rating of the\lifting gear, to avoid uplift on spider or lifting gear;
e) |minimum tension along riser: no explicit limit, since momentary compression in the risgr does not
:}er;;)i:§§ent failure (Brekke, et al., 1988); the consequences of compression are covered by motion/stress

f) |maximum top tension: rating.of substructure, diverter, upper flex joint and other components, such as the
hang-off tool;

g) |maximum top lateralforces, bending moments: the rating of the lifting gear;

h) |riser stress: see 5.3.

5.10.10 Commentary on soft hang-off analysis

Thel key.to minimizing load variations is to open all the APVs and thus minimize the stiffness in the tensioner
sysfenrso that the riser's first axial period is substantially greater than the vessel heave period.

a) To accurately model the riser response in the soft hang-off mode of operation, the model can include only
one tensioner or all of the tensioners. Each tensioner line can be modelled to capture the effect of any
asymmetrical loading generated by the vessel wave frequency motions (surge, sway, heave, roll, pitch
and yaw). A spring can be used for each tensioner wire. With the location of the riser hang-off points
modelled relative to the vessel CG, the vessel motions can be applied properly to the riser.

b) Brekke, et al., 1999, reported that regular wave analysis was found to be too sensitive to riser natural
periods and that random-wave analysis is preferable.
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6 Riser operations

6.1 Introduction

Efficient deployment and subsequent retrieval of the riser and BOP stack are integral parts of the marine riser
design. The designer should consider not only normal procedures, but also emergency disconnect and hang-
off procedures, as employed during a storm. These conditions can dominate the design criteria.

Clause 6 presents examples of riser procedures. Operating personnel on each floating drilling vessel should
be equipped with a written procedure on how to use the marine riser. These procedures should include
operating gpigelires-for-the-specificriserequipment—resset-storage-and-handling-equipmen

The care apd use of a marine riser system should be supervised by trained and qualified personnel,|i.e.,
designated [personnel who, by reason of experience and instruction, are familiar with both the operation bging
performed and the potential hazards involved.

6.2 Risef operations manual

A comprehgnsive and up-to-date riser operations manual that includes the following\should be maintained on
board the vessel at all times to provide information about the marine riser system ‘and the drilling vessel:

a) manufacturer's drawings of the riser-system components outlining critical dimensions, masses and [part
numbers of the various components;

b) manufacturer's load ratings for the critical components of the riser system;
c) interna| and collapse pressure ratings of the riser and integraltines;

d) inspecfion and maintenance procedures for each component;

e) procedpre for running and retrieving the riser;

f)  procedpre for establishing maximum and minimum tension settings;

g) operatiphg limits and emergency procedures;

h) recommended spare parts inventofy)list;

i) criterialand procedures for cutting and slipping tensioner lines.

For each ngw drilling locationyit'is necessary to update the riser operations to reflect the current configuration
of the riser|system and site-specific operating envelopes. In practice, a site-specific supplemental repqdrt is
usually prepared for each new drilling location to supplement the generic, comprehensive riser operatjons
manual. The specifiC yiser stack-up (arrangement of riser joints) and operating envelopes are ordingrily
included in the sitesspecific supplemental report.

6.3 Drilling-riser-operations information systems

6.3.1 Monitoring and forecasting

Riser operating limits are dependent on the following factors:
— top tension and mud density;

— flex joint and ball joint angles;

— vessel position;

— wave height and current velocities.
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These parameters should be monitored regularly and recorded in a running log to provide an accurate
account of operating history. These records provide a background of experience to apply for future operations
and provide a basis for determining the need for riser inspections and maintenance.

In addition to the requirements for riser monitoring, it is necessary to forecast accurately the environmental
conditions. Riser operations are more critical in deep-water. Longer risers are inherently more vulnerable to
excessive stresses. Deeper water requires more time to run the riser and operations can be limited by the
severe currents found in many deep-water provinces. Accurate forecasts of environmental conditions are
necessary to ensure that a sufficiently long weather window exists to successfully and safely complete the
operations.

6.3.2 Riser operating history

Redords of riser usage are necessary to evaluate riser condition and to determine inspection reguirements.

These data should become a permanent record in the riser operations manual as a“referencg for future
opefations and to provide a basis for estimating cumulative riser fatigue damage. The following dpta shall be
recgrded:

operations summary;
riser stack-ups;
inspection records.

The| operations summary should include sufficient details ofienvironmental conditions and ris¢
pargmeters to permit analytical estimation of potential riser deterioration, such as wear, corrosion 4

br-operating
nd fatigue.

6.4| Preparing to run riser
6.4/1 General
Thel preparation required prior to running(the riser and landing the BOP stack is described in 64. Although

ther
well

e are exceptions, normally the structural and conductor casings have been set and cementied and the

head landed before the riser and-BOP stack are run.

Thel| preparation involves the steps described in 6.4.2 and 6.4.3.

6.4.2 Site-specific marine riser length determination

The)
the
leng
to ¢
the
tele

water depth should be measured before operations are begun and the elevation of the well
mud line should-be measured at the time the wellhead is cemented in place. Determining the
th involves, choosing the number of riser joints that will properly make up the riser string. A g
heck water’depth and determine the required length of the riser string is to measure the acty
508 mm (20 in) landing string. The riser string length is normally planned so that the le
5copice joint is near or short of its mid-stroke length when the BOP stack is latched onto the w

the

riasis_at its normal drillina draft at mean sea level The actual spnaceaoutis determined usina the
g ) g o

head above
marine riser
bod method
al length of
ngth of the
ellhead and
contractor's

operating practices considering that, in the event of a vessel drive-off, it is advantageous to have the riser
spaced-out with the telescopic joint less extended to provide greater vessel travel before the telescopic joint
bottoms-out. However, a more extended telescopic joint can give the riser-recoil system more time to
decelerate the disconnected riser.

Only rarely can an exact mid-stroke position be achieved because of the discrete lengths of available pup
joints and the time variance of water depth at a given location.

If a fill-up valve is deployed, it is necessary to include the length of the fill-up joint.

In the mid-stroke position, part of the telescopic joint stroke can accommodate the increased riser length
resulting from vessel offset. Rig personnel have a visual warning of excessive vessel heave, because they
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can see the near-complete retraction of the telescopic joint. If either the extension or retraction limits of the
telescopic joint are exceeded, the riser and associated equipment can be damaged. If the telescopic joint
extends to its limit, tensile loading dramatically increases, and if it retracts to its limit, the riser can buckle. Both
conditions should be avoided.

The following dimensions should be considered when calculating riser length (see Figure 5):

— L, wellhead height from mud line;

— Lg BOP and LMRP stack-up height;

— Lc recLuired riser length;
— Lp telpscopic joint length when set slightly short of mid-stroke (see Clause D.2);

— g di

gtance from bottom of diverter to top of rotary kelly bushing (RKB);

— Lg RHKB to mud line (mean-tide water depth plus distance from waterline to RKB);
— Lg length of 508 mm (20 in) running (landing) string.

Lg, Lp and [ are fixed, while L, Lg and Lg are measured at the well site,

Thus the riger length, L, can be calculated using either Equation (7).or Equation (8), depending on whefther

the water depth or the length of the 508 mm (20 in) running string is used; see sample calculatiop in
Clause C.1

LC =LF—(LA+LB+LD+LE) (7)

Lec=1Ug—(Lg+Lp+Lg) (8)
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NOTE See preceding text for description of symbols.

Figure 5 — Determination of marine riser length
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6.4.3 Riser inspection prior to running

Before running the riser, the following inspections shall occur.

a) Externally inspect the riser pipe, auxiliary lines, and buoyancy equipment (if used) for any damage and
ensure that the auxiliary lines are properly clamped.

b) Inspect the coupling locking mechanism for damage and actuate to ensure proper operation.

c) Check that sealing devices are installed.

d) Review the marine-riser manufacturer's care and use instructions for the riser joint to ensure that|any
speciallinstructions are followed.

e) Remove the box and/or pin protector and inspect the bore of the riser and auxiliary lines for.obstructjons
and wdar. Also, clean and inspect the pins of the riser and auxiliary lines. Unless a handling system [that
protects the box and pin is used, the box and/or pin protectors should be re-installed.and not remgved
until the joint is on the rig floor.

f)  Inspecf riser-handling tools and treat couplings the same as those on the risergjoints.

g) Check fiser spider for proper operation.

h) Check nner barrel shoe of telescopic joint for key-seating.

6.5 Risef running and retrieval

6.5.1 Gerneral

Each riser g
to reflect th

An hydrauli
provide me

ystem requires unique procedures that should be explained in detail in the riser operations ma
b specific rig equipment and riser components.

c-fluid line supplies control fluid to-the subsea BOP. A hydrate-injection line may be attache
hanol or other inhibitor to the BOP:

An automalic fill-up valve is sometimes,installed near the top of the riser and prevents riser collapsg

allowing se
of the mud

When curre

pwater to flow into the riserjin the event that lost circulation or a large gas bubble causes the |
column to fall quickly and without forewarning.

nts and waves are’large, high riser stress can occur when the riser is hanging in the spider. L

periods in this situation should be avoided to minimize fatigue damage.

The riser ot
greatest wh
joints shoul
though the

BOP can collide with the vessel when surface currents or wave heights are excessive. This ri
ere the"tMRP or LMRP/BOP stack pass through the air-water interface. When possible, two

d be._ made-up while the stack is above the water; then lower the assembly as quickly as poss
hir<water interface. Colliding of the riser or BOP is more likely with the more restricted moonpo

nual

d to

h by
evel

ong

5K is
iser
ible
Dl of

a ship-shape vessel than with the pontoons of semi-submersibles. RISer resiraint systems are somet
used to permit riser-running operations in higher surface currents and waves.

mes

Another critical point during the riser running and retrieval operations is when the subsea BOP stack is landed
or disconnected. When landing the BOP stack on the subsea wellhead, the riser load is transferred to the
tensioners and/or heave compensator and gently lowered to the wellhead while observing with a remotely
operated vehicle (ROV) or other means.

The limiting environmental conditions for safely running the riser are usually determined on-site based on the
expert judgment of experienced operational personnel who are familiar with the specific rig and riser system.
Alternatively, limiting current and wave may be determined from analyses of specific vessel and riser/BOP
arrangements. The analytical results can be shown as an operating envelope that defines maximum wave
height and/or current above which the LMRP/BOP can collide with the vessel. On-site current and wave
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heights can then be measured to provide guidance for operational decisions to run or not to run the riser when
environmental conditions are severe.

As an example of how analytical calculations of operating envelopes may be used to assist in operational
decisions, the maximum current and wave height that can be tolerated without the riser colliding with the
vessel have been determined for the two situations shown in Figure 6. The first situation [Figure 6 a)] is during
the most critical time when the LMRP or LMRP/BOP stack is in the wave zone. The second situation
[Figure 6 b)] is when the BOP stack is at about 91,4 m (300 ft) below sea level.

i 6
A f
1 I 1
| — | | { s— | — | | s—
2
3
2
3
4 4
a) In the wave zone b) 91,4 m (300 ft) below sea leviel
Key,|
1 |drill-floor 4  seabed
2 |riser 5  hook
3 |LMRP (and BOP) 6  support from spider
Figure 6 — Riser installation and retrieval
Opsgrating-envelopes should be based on a physical parameter of the riser system for a specific vessel, e.g.
angle at\the diverter housing, riser contact with the substructure, etc.

Figure 7 shows one such generic example which was calculated for a specific rig and riser/BOP system. This
particular operating envelope graphically shows the maximum current and wave height combinations that can
be tolerated without the riser colliding with the vessel. In this example, when the LMRP/BOP is in the wave
zone, the maximum significant wave height, with zero current, is 5 m (~16 ft). This is typical of a 1 yr winter
storm in the Gulf of Mexico. The maximum current with calm seas is 1 m/s (~2 kn), which is commonly
exceeded by surface eddies in the Gulf of Mexico.
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Figure 7 — Example limiting conditions for riser‘installation and retrieval

0 shows, for this case, that if the LMRP/BOP is out'of the wave zone, greater wave heights
0 be tolerated without the riser colliding with the vessel.

the decision to run the riser or to wait forcimproved weather conditions relies on the judgme

ons of limiting environmental conditiens, such as Figure 7, provide a way to compare and corf
experience with analytical predictions.

e usually highest at the ocean~surface, riser/BOP collision with the vessel is most likely with
ne surface and VIV is mostlikely to occur immediately below a surface running current. Allowi
positioned vessel to drift;with the current while deploying a riser has been found to be effectiy
er stresses and risertop angles when currents are excessive. Prior to deploying the riser,
sitioned upstream-of the desired well location. The vessel is then permitted to drift with the cur
ed manner, as the-BOP and riser are deployed. Riser stresses and top angles may be predictg

measurements of current profiles, wave heights and vessel drift speeds, provide guidance w
drift speed and deciding whether the riser can be safely deployed without exceeding pru
fop-angle limits. After the riser is deployed beneath the more critical surface currents, the ve|
b positioned over the subsea wellhead to connect the BOP.
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6.5.2 Hang-off procedure during running and retrieval operations

A hang-off procedure should be used when environmental conditions preclude pulling the riser and/or there is
insufficient time to do so.

Two hang-off procedures are used in the industry: hard hang-off and soft hang-off. With hard hang-off, the
riser remains rigidly connected to the vessel; with soft hang-off, the riser is supported on either the tensioners
or a combination of the tensioners and the motion compensator. With hard hang-off, the riser is secured to the
vessel and moves with it. With soft hang-off, the riser remains relatively stationary as the vessel heaves
around it, and has little tension variation.

50
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A typical procedure for implementing soft hang-off from the tensioners and the motion compensator, during

rise

r running/pulling, is as follows.

a) Make up the slip joint in the riser string.

b) Engage the tensioning ring.

c) Make up the hang-off tool, which connects the riser with the travelling block.

d) Reduce the tensioner-system air pressure until the tensioner setting corresponds to half the riser weight
for that depth, as per the riser analysis. Lower the riser string until the tensioners support half of the riser
efring \Alﬂighf’ and the tension ring isatmid-stroke

e) |Activate the motion compensator and set it to support the other half of the string weight.

f) |Position an observer to monitor/adjust tensioner stroke and set point. It can be necessary tp make fine
adjustments to the tensioner air pressure to maintain the tension ring at mid-stroke;

Thig soft hang-off procedure can be done using various procedures. Further operational steps are required,

depending on the vessel and the type of equipment being used. Operators should be aware [of the time

required to reduce the tensioner-system air pressure, which can take more_than 1 h. It is also im

portant that

the fheading for a ship-shaped vessel be maintained to within + 20° relative to the wave direction during the
progedure.

6.6| Installed riser operations

6.6. General

Maintaining proper riser tension is of prime importance to prevent riser damage. Recommendefl maximum
and| minimum top tension is site-specific and it is_ngecessary that it be determined by analysis of [the specific
risef stack-up to maintain an optimal condition for the riser. Drilling operations are routinely supplied with a

rise
teng

ioning capacity, riser design, amount afd location of buoyancy, water depth and expected en

parameters.

Enyi
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6.6.

ronmental conditions or equipment failures can require suspension of drilling operations or
onnecting the riser to prevent-riser or well-system damage. The riser operations manual shq
defined procedures and(the limiting conditions, such as flex joint angles, under which these
Lld be implemented.

5tring rotation should ordinarily be limited to conditions where the mean flex joint angle is less
e 2), depending.on well conditions and equipment configurations, as described below. The risg
onnected to-prevent damage when the flex joint angle is likely to exceed 6° to 10°, depending
design,{pressure at the flex joint and other equipment limitations. In the event that it is n
onnectithe riser, the well should be secured and the riser hung off in a safe manner that minim
age as described in 6.6.2.

-tension-versus-mud-weight operating envelope that is prepared from riser analyses based ¢n available

vironmental

necessitate
uld include
procedures

than 2°(see
r should be
on the flex
bcessary to
izes fatigue

2 Installed riser top tension

The minimum riser tension to prevent riser damage increases as mud weight in the riser is increased because
it is necessary that the tensioners support the additional weight of the mud. Any significant changes in mud
density should be accommodated by changes in riser tension. The objective of such changes should be to
produce the same overpull at the lower flex joint as that obtained with the stack-up and mud density forming
the basis of the recommended riser top tension.

Riser-tension operating envelopes provide the basis for riser-tension increases as drilling progresses and mud
weight is increased. It can be necessary to adjust the minimum riser tension predictions for on-site
observations, such as riser flex joint angle. An example of recommended riser top tension versus mud weight
is shown in Figure 8.
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1 maximum tension capacity
2 minimumn top tension
3 recomm]ended top tension

Fig:[re 8 — Example recommendation — Riser tensioner setting vs. mud weight (density)

Top tension may be expressed as total riser tension pull, as pressure on the tensioner hydraulic system,
tension gayge reading or by some other indication of riser tension. The maximum top tension is typi¢ally
calculated as 90 % of the maximum tension capacity of the, tensioning system. Minimum top tension is| the
APIl-recommended minimum tension to prevent excessive fiser curvature and stresses. This minimum tension
is determingd from analysis of the stack-up. For normal.gperations, the top tension should be maintained|at a
safe level, fpr example 222,4 kN to 444,8 kN (50 kips.t0,100 kips), above the APl minimum tension to alloy for
variations in tension that can otherwise allow the riser tension to fall below the minimum top tension.

Since riser| curvature increases as vessel offset increases, additional riser tension can be required for
increased vessel offset to maintain an acceptable lower flex joint angle.

Higher-thar-predicted flex joint angles-er other significant deviations from analytical estimations should be
promptly reported to the riser analyst"'who prepared the predictions. Differences in riser stack-up or logs of
buoyancy cpn require changes in-the riser-tension-versus-mud-density operating envelope.

6.6.3 Drilling limits

The differeptial flex4oint angle (relative to the conductor/wellhead, not relative to true vertical) should be
minimized y mooring-line or dynamic-positioning adjustments. The differential flex joint angle is a functign of
both the rispr angle and the wellhead/conductor angle. Subsea wellheads/conductors are frequently installed
with a small @ngle from vertical. This angle can either increase or decrease the total angle for the flex jpint,
depending Ommthe vessetpositiom:

Drillstring rotation should be stopped and other drilling operations curtailed when the mean flex joint angle
exceeds 2° (see Table 2), because contact forces between the drillstring and the flex joint/wellhead can cause
extreme wear and other damage. The flex joint angle is primarily controlled by adjustments in the vessel
position and can also be reduced by increasing the riser tension.

Drillstring wear on the flex joint and subsea equipment is strongly dependent on the differential flex joint angle
and the drillstring tension at the flex joint. It is necessary to maintain a smaller flex joint angle to prevent
excessive wear when drillstring tension at the flex joint is large, e.g., when the well is deep. For shallow drilling,
when only a short length of drillstring hangs beneath the flex joint, a relatively larger flex joint angle can be
tolerated. Figure 9 shows the normal force between the drillstring and a flex joint versus drillstring tension at
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the flex joint. Wear rate is dependent on this normal force, on tool joint abrasiveness, on drilling rate, on
drillstring rotary speed and on several other factors.

A normal force less than about 8 896 N (2 000 Ibf) between the drillstring and the flex joint is generally
acceptable. Normal force in the range of 8 896 N to 35 586 N (2 000 Ibf to 8 000 Ibf) can cause moderate to
severe wear damage, depending on drillpipe tool-joint abrasiveness. In summary, minimizing flex joint angle
becomes increasingly important as well depth (and, therefore, drillstring tension at the flex joint) increases.

Y A

50
45

40 =
35 4 3

30 Yy

20 1 2
15

I s

5

O / 1 1 1

0 1 2 3 4 5

Xy

Key

X [flex joint angle, expressed in degrees
Y [force between drillstring and flex joint, expressed in kilonewtons

drillstring tension:

222,4 kN (50 kips)

444.8 kN (100 kips)
667,2 kN (150 kips)
889,6 kN (200 kips)

A OODN -

Figure 9 — Normal force vs. flex joint angle with various drillstring tensions

The| differential flex joint angle<limitations on drilling operations should be made based on the specific
opefation in progress, on well depth, on drillstring configuration and on other factors. A differential flex joint
angle of 1° or less is typicatly maintained for normal drilling operations.

6.6.4 Standby or non-drilling limits

Suryival limits define the limiting conditions beyond which the riser or related equipment can be damaged
unlgss the risen is disconnected. Riser survival limits are usually expressed as the maximum flex |joint angles
beypnd which damage occurs.

Thel lower flex joint angle limit corresponds to the point beyond which the BOP or wellhead can suffer damage
or connectors can lose sealing ntegrity; this 1S not the mit of 1lex Joint rotation, which 1s typically 10°. Higher
differential pressure between a mud column inside and seawater outside the flex joint also reduces this angle
limit. It is necessary that the upper ball joint angle limit not be exceeded to avoid possible damage to the inner
barrel of the slip joint, ball joint and/or diverter assembly. It is necessary that the manufacturer's specification
be consulted to determine limits for specific equipment.

For planning purposes, the survival limits may be expressed in terms of the wave height, current speed and
vessel offset limits that cause the flex joint angles to exceed safe values. Riser analyses based on
assumptions of wave height and period and current profile, combined with forecasted environmental
conditions, provide predictions of the time necessary to disconnect a riser to prevent damage at a given
location.
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6.6.5 Riser disconnected

A riser should be disconnected only after thorough evaluation of all alternatives, because of the potential
consequences. For example, a dynamically positioned (DP) vessel can experience a drive-off when the riser
is disconnected because the riser load can overcome the DP thruster capability. When the riser is
disconnected, it is necessary to position the vessel so that the riser and LMRP are moved a safe distance to
prevent collision with the subsea wellhead and BOP. Also, a well is more vulnerable to an uncontrolled
release of formation fluids when the wellbore is not properly secured prior to the riser disconnect.

Except in emergencies, many hours of tripping operations can be required to secure and prepare a well before
disconnecting the riser, as described further in 6.6.6. When environmental conditions are deteriorating, the
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Figure 10 — Riser loss vs.\mud weight for various water depths
6.6.6 Riser hang-off operations
Soff or hard hang-off (see 6.5.2) can be-used after riser disconnect. It has been shown that a soft |
sigrfificantly reduce riser motions,tpeak hang-off loads and riser stress variations as compared
hanpg-off. Compression in the riseris also avoided with the soft hang-off (Brekke, et al., 1999).
It is| necessary to make site-specific analyses of the particular riser configuration to ensure that

system provides adequately soft spring stiffness. The spring stiffness afforded by the tensg
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e motion does not exceed stroke limits and that on-board personnel are available to monitd

rmines whether the' soft hang-off reduces riser motion, load and stress variation or, perha
pases in these‘values due to resonance effects. Further limitations of the soft hang-off are

ioner setypoint.

wave height that can be tolerated for a specific example vessel and riser

1:2009(E)

ang-off can
with a hard

the tension
ion system
ps, causes
that vessel
r/adjust the

bperating envelope (see Figure 11) can be determined by analysis for establishing the maxinpum current

without the riser colliding with the vessel,;
without exceeding 90 % of upper ball joint angle limit (see Table 2);

without overstressing the slip joint or the joint immediately below.
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Figure 11 — Example hang-off envelope
m current and wave height conditiens in Figure 11 are extreme for the Gulf of Mexico, exce
ms. However, this figure demonstrates how the analysis results can be presented to show
ditions.

al is not an option in(the event that the limiting conditions are exceeded, i.e., the environme
ause prudent limits fon riser retrieval to be exceeded.

t that severe weather is encountered, a typical, planned disconnect procedure for unlatching
joing into seft‘hang-off, on tensioners only, is as follows.

e the riser for disconnect, close the BOP and circulate the mud out, replacing it with seaw

the LMRP-connector; this is done over several steps.

riserstensioner air pressure to have some nominal amount of tension [e.g., 222,4 kN (50 kips

Dt in
the

ntal

the

hter.
] on

Move the rig to the centre of the watch circles, and with the anti-recoil system active, disconnect the

LMRP, making certain that the annular preventer is open so that seawater is not trapped to move with the

LMRP and
a) Prepar
Reduc
b)
riser.
c)
d)
e)
f)
56

Move the rig a safe distance towards deeper water.
De-activate the riser anti-recoil system and open all tensioner APVs.
Set the tensioner-system air pressure to support the riser and LMRP weight.

Adjust tensioner ring to mid-stroke.
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Position an observer to monitor/adjust tensioner stroke and set point. It can be necessary to make fine
adjustments to the tensioner air pressure to maintain the tensioner ring at mid-stroke.

9)

This soft hang-off procedure can be done using various procedures. Further operational steps are required
depending on the vessel and the type of equipment being used. Operators should be aware of the time
required to reduce the tensioner-system air pressure, which can take more than 1 h. It is also important that
vessel heading be maintained to within £+ 20° relative to the waves during the procedure.

Procedures for emergency disconnect vary depending on the operation being conducted on the vessel.
Assuming that an emergency disconnect is executed, after all personnel have cleared the moonpool, and the
vessel is moved off a safe distance, the above steps f) and g) (plus a step to balance the pressure and open
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urable, a hard hang-off involving collapsing the slip joint and hanging the riser under the rig flo
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Emergency disconnect — Sudden storm, drive-/drift-off

vessel moves off location to the extent that the tensioners run out of stroke,ithe telescopic join
haximum limit and/or the flex joint is flexed beyond its maximum limit, extreme stresses can
can cause serious damage to the vessel, riser and well-control systemt

h rig should be equipped with written emergency disconnect procedures that account for varig

bn an emergency disconnect is required, it issnecessary to perform it fast enough to prey
age to the vessel, riser or well system and to‘reduce the risk to personnel onboard. When dri
bmically positioned vessel, a loss of station~can occur because of a failure in the vessel's cont

emergency release of the riserfrom the BOP stack requires special procedures and equipme
ioning system should beregquipped with an anti-recoil system. The tensioning system should
y force to the riser for,a short time after the riser is disconnected to ensure the riser lifts clear
k. However, this tension should be carefully attenuated, otherwise too much momentum, or
be imparted to the xiser. This can result in large impact loads as the telescopic joint is retrag
- is propelled upWard, with great hazard to the riser, the vessel and human life.

butomatic-disconnect system secures and/or shears the drillstring in the BOP, disconnects tf
ates thé.anti-recoil system.

same preparation should be made for a riser disconnect, whether releasing the riser at th

dete

APVs) can be taken to place the riser in soft hang-off. If, however, environmental egonditions are

br is also an

I extends to
be created

us tubulars

g in the BOP bore, peculiarities in the BOP and control equipment and characteristics of positjon-keeping
or mooring equipment. Multiple procedures are required to provide for these different situations.

bmergency disconnect is usually necessary because of‘the loss of the ability to control/maintgin position.
Extieme environmental conditions can also require an emergency disconnect.

ent serious
lling from a
ol or power
ple mooring

5 can require an emergency disconnéct, but a single failure generally warrants further evaluation before
initiation of an emergency disconnect.

nt. The riser
continue to
of the BOP
riser recoil,
ted and the

e riser and

e LMRP in

rinrni‘ing weather conditions or rnfrin\/ing the BOP_The fnlln\n/ing should be considered

The vessel should be positioned such that the lower flex joint angle is small, typically less

than 2°, to

ensure that the LMRP connector can release without snagging on the lower mating hub (for an

emergency disconnect, this may be impractical).

It is necessary to set the riser tension, tensioner air-pressure vessels and recoil-system valve closure

timings in accordance with the procedures derived from the tensioner-system operations ma
results of riser analysis.
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A vessel's desired location over a well is normally the position where the differential lower flex joint angle is a
minimum. The differential lower flex joint angle is the net differential angle between the BOP stack and the
riser adapter. This vessel “set point” position is the centre of imaginary circles, usually referred to as “watch
circles.” The largest watch circle defines a limit of vessel excursion, beyond which damage can be expected to
occur requiring an emergency disconnect. This may be termed the “red-alert” watch circle. The smallest watch
circle, which may be termed the “blue-alert” watch circle, indicates the vessel excursion where normal
operations may be performed. An intermediate “yellow-alert” watch circle is typically defined between the
red-alert watch circle and the blue-alert watch circle. These watch circles are well-defined limits that are an
important part of the emergency disconnect procedures.

The red-alert watch circle is defined by a radius from the vessel set point where the riser tensioners or
telescopic jpint approach(es) its/their limiting extension or where the differential lower flex joint angle is }t its

design limit} It is necessary that this calculated red-alert watch circle radius consider water depth, amount of
tensioner of telescopic joint extension, tidal changes since the riser was installed, vessel heave and cufrent

effects on the riser. The red-alert watch circle radius is decreased by vessel heave motions.

Pre-planned procedures should be followed when the vessel excursion exceeds the varipus. pre-determ|ned
watch circlgs. For example, when a vessel excursion beyond the blue-alert watch Circle is imminent or
accomplished, normal operations may be terminated and preparation may be made_to hang-off the drills{ring
(if applicable). When the vessel excursion beyond the yellow-alert watch circle is imminent or accomplished,
the driller ilmmediately proceeds with hanging-off the drillstring and preparing for. an emergency disconrject.
Specific pr¢-planned procedures other than these examples depend on specific vessel configurations,| the
operation ir] progress (drilling, tripping, running casing, testing, logging, etc9,; company policy and many dther
factors. However, each vessel requires several specific procedures that differ according to the typg¢ of
operation in progress and the tubulars that it is necessary to shear (drillpipe, drill collars, large casing, small
casing, etc.).

The alarm gituations described above may be summarized as follows.

— Blue (ddvisory situation): Evaluate the operation being’carried out and plan the actions that are required
for disqonnecting, e.g., consider what pipe is acrossthe BOPs.

— Yellow] Prepare to disconnect.

— Red: Aftivate emergency disconnect sequence.

7 Riser|integrity
7.1 Basip of inspection‘requirements

7.1.1 Overview

Inspection is required at various times during the life of a drilling riser (schematically shown in Figure 12], as
defined in Table.4. Following the post-fabrication and commissioning inspection, it is necessary to underfake
in-service ipspection to detect and quantify deterioration in riser integrity. It is necessary to that the intervals
between inspection be short enough such that the rate of equipment deterioration does not result in loss of
structural or functional integrity from one inspection to the next.

Deterioration of drilling riser integrity can result from the following causes:
— fatigue damage accumulation;

— wear from drillstring rotation (key-seating);

— impact loads during handling, running and retrieval;

— corrosion.
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The contribution of each factor to the deterioration of riser integrity varies from one application to the next. In
the absence of riser failures over the long history of drilling riser operation in shallow water, existing inspection
programmes may be considered adequate to ensure that the gradual loss of integrity is detected. Where the
contribution of any of the parameters identified above becomes more significant, it is necessary to call into
question the validity of normal inspection practices and to evaluate alternatives. This is the case for
deep-water applications, as described below.

In water depths less than 350 m (1 000 ft) and where 1 yr return current speeds are less than 1 m/s (2 kn), the
guidance for conducting inspection (see 7.5) is considered sufficient. For deep-water drilling, a preliminary
evaluation of conditions and response should be conducted and a strategy for in-service inspection should be
developed, taking into account each well that will be drilled.

Table 4 — Drilling riser inspection requirements

Wall thickness reduction

Surface crack detection from both inside and outside, or through
thickness crack detection

Ovality, for collapse’ critical applications

Inspection stage Requirements CoVerage
Post-fabrication Through thickness crack detection All joints
Surface crack detection
Thickness measurement
Ovality
First use Commissioning inspection, as recommended by manufacturer All joints
nstallation/retrieval Visual to detect for internal wear, corrosien, obvious signs of All joints
cracking in main tube and choke-and-kill line welds, dogs and load
shoulders in couplings, gross deformation, loose or damaged
attachments, such as choke and killlines or buoyancy modules
Periodic Surface crack detection To suit joperating
conglitions
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Figure 12 — Schematic illustration of riser system

© 1SO 2009 - All rights reserved


https://standardsiso.com/api/?name=ed236dc90d95ffad9a2ea53555c2c1ef

I1ISO 13624-1:2009(E)

7.1.2 Implications of deep-water

The characteristics of deep-water drilling riser systems that influence integrity requirements and loss of
integrity are as follows:

The)
thic

insgection practices used for shallow-water operations for long-term deep-water drilling. When

drill
stra

71.

A pieliminary evaluation of inspection requirements should be conducted that encompasses the fol

Degending on thecavailability of historical operating data and the interval since the last inspection,
insgection of thefriser can be warranted (specific inspection of a representative population of riser j

71

A Anspection procedures

higher tensions, that can accelerate fatigue crack growth in the riser and place increased importance on

riser pipe integrity;
larger curvatures, promoting the possibility of wear from drillstring rotation;

vortex-induced vibrations due to severe currents, which can generate high levels of fatigue

damage in

L 4 1ol £ 4 =
QITUTt 'JUI TUUo UT Uuime,
longer drillstrings having increased tension, increasing wear at the top of the riser;

longer and heavier riser joints, more difficult to handle with increased scope for'damage
running and retrieval;

greater internal pressures from mud head, placing increased importance on‘ wall thickness fq
resistance;

greater external pressures from water column, placing increased~importance on wall thi
dimensional tolerances for collapse resistance;

load sharing between riser tube and choke-and-kill lines, plaging increased importance on thg
the choke-and-kill lines for overall structural integrity.

potentially greater rates of wear and fatigue-damage“accumulation and increased importg
ness integrity for deep-water identified above indjcate that it is necessary to reassess

ng programme in deep water or harsh enviropments, it is necessary, therefore, that the rise
tegy be re-evaluated to take account of the severity of the operating conditions.

B Preliminary evaluation

examination of existing riser-inspection information and historical operating data;
gathering site-specific;eurrent data prior to well operations;

fatigue analysis of the rise that spans the range of conditions associated with each well that wi

during riser

r hoop load

ckness and

integrity of

nce of wall
traditional
initiating a
r-inspection

owing:

| be drilled.

A screening
pints).

Procedures that encompass the following should be developed for conducting the inspection of a
in the course of normal drilling operations:

inspection during running and retrieval;

periodic detailed inspection including

— post-incident inspection,

— record keeping to ensure inspection schedules can be monitored,

— maintenance of inspection records.

drilling riser

The issues to address when developing the necessary inspection procedures are discussed in 7.3 to 7.6.
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7.2 Maintenance after riser retrieval

After retrieval, the riser should be rinsed with fresh water, visually inspected, serviced and stored in
accordance with the manufacturer's recommendations.

7.3 Other riser system maintenance

7.31

Riser tensioners

The tensioner piping should be checked for leaks before putting the system into operation. Visual checks of

the system
manufactur
determine 4§
the idler sh
for broken 9

Take partic
conditions.
the wear pq
of line that
certain tha
termination
should be r

for hydraulic 1eaks and for the correct fuld 1evel should be made periodically. Consult
br's operation and maintenance guide for procedure and fluid type. Lubricate tensioner rods

specific schedule to keep the exposed rods lubricated. Check sheave groove for wear; Iubri
pave bearings and inspect bearing seals for damage. For wire rope systems, inspect:thé wirg
trands and correct type, as per the manufacturer's recommendation.

ular note of the wire condition at points of contact with the sheaves duringrlow-heave operg
When the limit of wireline life is approached, the line should be either cut and slipped to chg
ints or replaced to prevent wireline failure. When slipping the wireline, be Jcertain that the len
were working over the sheaves before are not working over sheaves after slippage. Also
the tensioner ring-clamp line attachments are secure and properly installed. A qualified
procedure and personnel qualified for that procedure should be/used. All the air-pressure ves
bgularly drained of any liquids, as specified by the manufacturer.

7.3.2 Telgscopic joint

the
and
Cate
line

ting
nge
hths
be
re-
sels

The inner Barrel telescopes into the outer barrel and should<bée bolted or pinned to the outer barrel when
handling.

Maintaininglminimum pressure to affect a pack-off prolongs the life of the packing element.

The telesgopic joint should be inspected. @nd serviced in accordance with the manufactufer's
recommendations.

7.3.3 Flex/ball joints

Flex/ball joints should have a protective cover at the upper neck to prevent the entry of cuttings and depris.
The boot should be inspected priorto running and replaced when necessary. Flex joints should be inspegted

to ensure the bore protectorsinand retaining studs and nuts are intact. After retrieval, wash all expd
surfaces with fresh watercand inspect for both internal and external wear. A pressure-balanced ball
should be t¢sted in accordarce with the manufacturer's recommendations to verify pressure integrity.

7.4 Trangportation, handling, and storage

7.41

General handling and storage

sed
oint

In general, marine riser components are made with precision parts that require careful handling. Protectors
should be provided for the pin-end (and box-end, if specified by the manufacturer) couplings of each riser joint.
The couplings should be lubricated according to the manufacturer's recommendations. The joints should
always be handled individually and with the protectors in place. Foam buoyancy material on risers is
especially vulnerable to damage. If it is necessary to pick up and move the riser joints with a crane when
automatic handling equipment is not available, a properly designed sling should be utilized. Handling slings
should be designed to support the fully assembled riser joint. Telescopic joints typically weigh substantially
more than riser joints and slings should be designed accordingly. Most riser joints are provided with lifting
eyes located near the box- and pin-ends for the sling attachments. Riser joints should not be lifted by choke,
kill or auxiliary lines or their brackets.
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Caution should be exercised when stacking riser joints. When bare joints are stacked for shipping or storage,
support shims should be provided under the bottom layer and between successive layers. The shims should
be designed to prevent contact between adjacent joints. The weight of the joint should not be carried by
unsupported sections of the choke or kill lines. Riser joints equipped with syntactic foam buoyancy may be

stacked on top of each other without shims

in accordance with the buoyancy ma

recommendations.

7.4,

2 Rig storage racks

nufacturer's

To provide for adequate restraint and support for the riser during stored periods, riser storage racks or cradles

sho

The

the

a)

7.4.

Riser joints should be stored with support shims under the bottom layer and between successive

first
sho

safe

inte

Rise¢r couplings and all mating sutfaces should be maintained according to the manufacturer's speq

7.4.

Wh
ens

Id be used

design of the racks or cradles varies with the specific constraints of the vessel and riser desig
following guidelines can be stated.

Cradles should be designed for supporting the weight of the riser, including all dy
environmental loadings.

Support of buoyed riser joints should be made in accordance with~the buoyancy ma
specifications.

No portion of the riser should be supported by the choke, kill or auxiliary lines or their brackets

inspection.

The racks should be able to support the riser and pre\ent load shifting for any expected list of

B Land base storage

tier of joints should be off the ground:to-keep moisture and dirt away from the joints. The su
Lld be spaced to prevent bending of:the pipe and damage to the coupling. Joints should be {
and accessible height, slightly inclined to assure proper drainage of water. Joints should
rnally and externally and protective coatings should be applied or touched up as necessary be

#  Transportation

bn riser-system _components are transported, supervision should be provided at the time o
Ure that

the loadis tied down securely to prevent shifting;

painted or coated surfaces are protected from tie-down chains or straps;

n; however,

namic and

nufacturer's

The racks should not hinder access to the pin and/or bex protectors or covers for maint¢énance and

the rig.

layers. The
pport shims
tacked at a
be cleaned
ore storing.
ifications.

[ loading to

guidelines for handling and storage are followed;

the components do not come in contact with chemicals, corrosives,
substances;

other materials are not loaded on top of or inside the riser;

all relevant regulations are satisfied.
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7.5 Scheduled field inspection and maintenance

7.5.1 General

Regularly scheduled inspection and maintenance should be performed on all riser system components.
Detailed procedures should be developed for the performance of the inspection and maintenance tasks
described in 7.5.2 to 7.5.6 and should be contained in the rise operations manual.

7.5.2 Visual inspection for corrosion, cracks and wear

and
tical
h as

After each ; ;
wear. The box and pin of the riser connector should be cleaned thoroughly before inspection. Other.eri
areas, as specified by the manufacturer, should be more thoroughly checked and remedial action, take
needed.

-destructive inspection

for
nce
be
An

Liquid-pengtrant or magnetic-particle inspection methods should be used to investigate critical areas
cracks. Ultrpsonic or other suitable means should be used to check the main tube wall thickness. Acceptd
criteria shquld be agreed upon between operator and drilling contractor. These inspections should
conducted at least once a year, unless results of previous inspections warrant@,longer inspection interval

inspection s recommended after abnormal conditions, such as over-tensiening, under-tensioning or shock
loads during running or retrieving the riser. Inspection and remedial action/should be in accordance with the
manufacturgr's recommendations.

7.5.4 Corfosion protection

The riser should be checked for areas of cracked or flaking.paint. These areas should be thoroughly clegned

and repaintgd according to the user's or manufacturer's spécifications.

7.5.5 Par{s replacement

When the replacement of moving parts in the.riser system is required, it should be done in accordance with
the manufdcturer's recommendations. These instructions should be included in the operations manual [and
outlined with sufficient clarity for usge~by rig supervisory personnel. Reliable records of inventory |and
replacemert requirements should be/kept.

Replacemept of parts should beZaccompanied by special attention given to the cleanliness of parts, inspegtion
for damage} assurance of correct’items by part numbers, lubrication (if required), correct assembly and proper
installation.

7.5.6 Welding

No welding should” be performed on any riser component without first consulting the manufacturer. Field
welding shpuld not be performed without explicit authorization from the manufacturer, accompanied by
approved proceaures anda perrormea Dy Welders qualiiied 1or (n0Se proceaures.

7.6 In-service inspection

7.6.1

Visual inspection

Visual inspection should be conducted each time the riser is installed or retrieved. The scope of inspection is
defined in Table 4. Records should be kept of any adverse findings and the appropriate actions taken, as
described in 7.9. Visual inspection should also encompass the recording of any mishaps that are observed
during handling, running and retrieval.
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7.6.2.1  General considerations
7.6.21.1  When determining a strategy for periodic, detailed inspection of deep-water drilling riser joints,
four key parameters should be considered:

severity of operating conditions;

inspection detail;

How
mor
insg

7.6.

The
dee|
con
con

As
sho
ana

The

greatest levels of fatigue from wave action are expected to occur in the joints in the wave zone

con
criti
con

7.6.

R.1.2

inspection frequency;

inspection coverage.

As a general guide, the parameters listed in 7.6.2.1.1 interact to require more frequent
more severe operating conditions;

less detailed inspection;

less coverage.

ever, operational practices may be varied such that the.requirement for more frequent insy
e severe operating conditions is minimized and reduced coverage might not warrant mg
ection, provided the joints being inspected are carefully selected.

.2 Inspection frequency and coverage

current approach of inspecting drilling riser joints according to time in service may be
b-water drilling risers. The time between periodic inspections may be varied to reflect
ditions to which a riser is exposed..The greater the water depth or the more severe the en
ditions, the more frequently the inspection should be conducted.

b minimum, a target frequeney:for inspection of all the joints in the riser string should be de|
ter interval specified for thase joints subject to the highest levels of fatigue damage, as identi
ysis, and for those joints near the top and base of the riser that are subject to the greatest leve

greatest levels of VIV fatigue damage are incurred in the joints above the lower flex joint. S
Hucting the appropriate fatigue analyses, inspection coverage for fatigue damage can be foc

cal joints. Using such an approach, it is necessary to take due account of the variat
igurations.and operating conditions in which the riser is used.

3" Inspection methods and detail

inspection:

bection with
re frequent

hdopted for
the service
vironmental

fined and a
fied by riser
s of wear.

imilarly, the

Hence, by
ised on the
on in riser

In deep-water, the need to inspect a larger number of joints and the difficulties of handling longer and heavier
joints while maintaining a sufficient inventory for continued drilling has resulted in considerable ongoing work
to find the optimum approach to riser-integrity assessment. Conducting detailed joint inspection offshore can
appear to offer some advantages, but lack of space, specialist equipment, personnel and a controlled
environment are expected to make application of conventional inspection methods offshore impractical.
Amongst alternative methods considered are the following:

— calipers: to detect wear and corrosion, run with the riser in-situ while waiting on cement to minimize
downtime;

intelligent pigging: to detect cracks, conducted with the riser in-situ while waiting on cement;
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fatigue

fuses: bonded to the riser joints to detect fatigue-damage accumulation.

reflected-wave-type methods: conducted on the deck with the riser in storage to detect wear and cracks;

None of these inspection techniques is expected to offer alternatives to the conventional methods for detailed
inspection that are used onshore. However, they may be used as an inspection screening tool, by which joints
that require more detailed inspection can be identified and laid aside for return to shore for detailed inspection.
This can offer a more rational approach to the scheduling of joint inspection than an approach based simply
on time in service.

Different methods of inspection offer differing

levels of defect detection. When defining inspection

requiremen
sophisticatg

combination of inspection methods be employed in order to improve the scope for identifying defects. N

s, it may, therefore, be considered preferable to restrict inspection to the use of theyn
d methods. However, in view of the potential variability in defect shape, it is recommendéd)th

nost
at a
flore

specific guiflance on the methods for consideration is given in 7.8.
When detefioration of integrity is dominated by fatigue-damage accumulation, fracture meehanics analysis
provides a |pbasis for rationalizing inspection requirements. The combination of inspectiop detail, that is,| the

smallness ¢f flaws that should be detected, and frequency of inspection can be defined through use of]

fatigue-crad
the interval

detail and frequency.

7.6.24 A
Fracture an
determine {
unstable fr
determined

Guidance o
such an ag
unstable-frg
length, and

Fracture ari
fracture me
accelerated
selection of]

k growth curve, as determined by fracture analysis. The more refined-the’ inspection, the gre
that may be allowed between inspections. Hence, a balance can be“struck between the lev4

\pplication of fracture analysis

alysis should be conducted in accordance with BS 7910 The basis of such an assessment
he period over which an undetectable defect in the riséer pipe can grow to a size that results i
acture under maximum expected loading. Application of a safety factor to the period

gives the maximum interval between detailed inspections.

h the parameters governing fracture response and residual stress distributions that may be usg
sessment is given in BS 7910, but materials testing is required for reliable crack-growth
cture predictions. Testing should be.¢onducted for both pipe-to-pipe welds, as found at joint
pipe-to-coupling welds, where different material types may be used.

alysis is not sufficient in itsélf+for defining inspection detail and frequency. A limitation of u
chanics is that any impacts‘\that occur during handling, running or retrieval of the riser can resy
growth of defects. It-isnecessary, therefore, to make due allowance for such effects in
safety factors for defining inspection intervals. In addition, records should be kept of any pote|

the
ater
bl of

s to
N an
hus

din
and
mid-

5ing
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the
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damage to|a riser joint that-can” affect the integrity of the riser, and should be properly considered when

reviewing inspection scheddtes.

7.6.2.5 Ipfluencecof operational practices

Variations ih operational practices can lead to the need for the adoption of inspection practices that differ from

one drilling [contractor to the next and from one vessel to the next. The types of differences that may be fqund

and their in p“uatiw rs—are—as-fottows:

a) Tension: Different top tensions can result in different levels of VIV fatigue damage accumulation.

b) Joint rotation: Implementation of joint-rotation programmes can reduce the rate of fatigue damage
accumulation.

c) Flex joint angle limits: Use of smaller flex joint angle limits at which drilling may be conducted can reduce
the rate of wear from drillstring rotation.

d) Riser configuration: Different levels of buoyancy and different arrangements of slick and buoyant joints
can produce different static configurations and different VIV response during service and hang-off or
installation.
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As a result of these differences, and the variation in inspection interval with water depth and environmental
conditions, it is not feasible to define rigid guidelines for maximum inspection intervals. It is necessary that
these be determined by individual drilling contractors and reviewed and adjusted as increased experience of
deep-water operations is gained and inspection findings are processed.

7.6.3 Incidents

Thorough inspection can be warranted in the event of incidents resulting in abnormal conditions, such as the
following:

— _undertensionina: loss of tension in a wire loss of pressure in a tensioner cvlinder:
~J 7 L 7 7

— |over-tensioning;
— |extended periods of hang-off;
— |large vessel offset through impact with another vessel, mooring-line failure, drift-off or drive-off;

— |shock loads during running or retrieval.

Insgection should be conducted at the first convenient time following an incident. The nature and extent of
insgection depends on the incident.

If tension loss has occurred for a period of time, the riser should be retrieved at the earliest oppprtunity and
inspected for signs of damage. Reduction in tension can lead\to over-rotation of the riser, particularly at the
lowgr flex joint, with the possibility of overstressing the flex joint nipple or the joint above. Reduction in tension
can|also increase the rate of fatigue-life accumulation due-to current-induced VIV. Similar effects can occur if
large offsets are experienced.

Ovgr-tensioning can affect both the riser and conductor. The most highly tensioned joints near the top of the
rise[ should be inspected if load ratings have.béen exceeded and the verticality of the wellhead should be re-
assessed following such a situation in order for any permanent deformation to be accounted for in future
drilling or completion operations.

Extended periods of hang-off can, result in rates of fatigue-damage accumulation and impac{ loads and
locqlized damage to joints nearthe top of the riser. The joints require the appropriate level of inspgction when
returned to the vessel. This inspection philosophy is also applicable to any instance of known excessive shock
loads during running or retrieval.

7.6.4 Provision forinspection

It i unlikely that-periodic inspections will coincide with periods of idle rig activity and careful |planning is
neefed to e€nsure that the work can be carried out with the minimum of disruption to operations. It is
necgssary. 6 give consideration to the following:

— |recording and regular review of riser usage data; see 7.9;

— laying joints aside during retrieval,
— scheduling of joint transportation to shore;

— spare joints, to enable inspection to continue without disrupting riser operations and to account for
adverse findings requiring that joints be laid aside;

— filing of inspection records.
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7.7 Guidance on components for inspection

7.7.1 General

The increased rates of fatigue-damage accumulation and wear that can be incurred in deep-water require
increased focus on detection of fatigue cracking and wall-thickness reduction during inspection. The locations
along the riser system where the effects of wear and fatigue due to deep-water operation can be the most
pronounced, and hence where inspection procedures should be focused, are identified in 7.7.2 to 7.7.4.

7.7.2 Riser joints

7.7.21 ain pipe

Welds are Uised to connect the riser couplings to the main riser pipe and mid-length welds may_ be useqd for
longer riser| joints. The main pipe carries the greatest loading and can, therefore, be expected’'to exhibif the
least fatigug resistance.

On risers with joints less than 15,24 m (50 ft) long, it is not expected that mid-joint welds are present, unjess
integral chgke-and-kill line clamps are used. However, it is necessary to establish the_presence or absende of
mid-joint welds prior to conducting the inspection of a riser joint. The latest generation of drilling vessels bging
used for oi| exploration in water depths greater than 1 828,8 m (6 000 ft) can, carry riser joints 22,86 m to
27,43 m (7pft to 90 ft) long. These riser joints are expected to have<{mid-joint welds and require|the
appropriate|level of inspection.

All welded fonnections on standard riser joints and pup joints should be examined during detailed peripdic
inspection for signs of cracking due to fatigue damage. Wear cap,also occur in any of these joints, and all-
thickness measurements should be conducted to determine the‘extent of wear or corrosion.

7.7.2.2 hoke-and-kill lines
Local wave|and current loading on choke-and-kill lines can generate significant stresses adjacent to the stab
connectiong between adjacent joints where welds are present and the lines can be subject to vortex-indyced
vibrations. In addition, in some newer deep-water risers, tension is accommodated by load-sharing between
the main riger pipe and choke-and-kill lines and these lines are, therefore, subject to fatigue damage lrom
global load$ and motions. In view of the eriticality of these lines for maintaining well control, the choke-and-kill
lines warrant high priority in terms oflinspection requirements, with focus on fatigue cracking at all we|ded

7.7.3 Slipjoint
The base df the slip joint‘has the same fatigue critical hotspots as a standard riser joint. In addition, fatjgue
critical hotgpots can be’ found at the upper end of the lower barrel where choke-and-kill line off-takes| are
mounted and at thelinterface with the tension ring. Gusset plates may be welded to the outer pipe to proyide
support for the choke-and-kill line jumpers or support for the tension ring. There may be some redundangy in
these components, which should be assessed in order to determine the extent and detail of inspegtion
required.

The inner barrel of the slip joint is susceptible to wear, particularly adjacent to the flex joint where relative
rotation between the riser and vessel takes place. While this part of the riser is subject to relatively small axial
and pressure loads, the slip joint upper barrel should, nonetheless, be subject to regular checks for wear.

7.7.4 LMRP and BOP

The main location at which wear occurs in the BOP stack is in the region of the flex joint. The flex joint itself
can be protected to some extent by integral wear bushings and adjacent components can, therefore, be more
prone to wear-induced damage. In all detailed inspections, measurements should be taken to ensure that the
levels of wear in and adjacent to the LMRP are acceptable.
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All main components of the BOP stack, including rams, annular preventers and connectors, are generally
forged components. In most applications, at normal operating pressures, the BOP stack is subject to low
levels of tension or compression and accumulated fatigue damage can be negligible. Sundry structural
components, such as the frame, may be subject to fluctuating loads but, as the frame is not critical to the
structural integrity of the stack, rigorous inspection of the frame is not warranted. However, it is necessary to
conduct regular checks to ensure that the clamps and flanges are correctly preloaded.

Modifications to BOPs are occasionally made in order to raise the stack height to accommodate completion
tools. These may consist of the use of extended spools or spacer flanges. Where such modifications have
been implemented, welding may have been employed. The introduction of residual stresses in this way can
produce severely reduced fatigue resistance and thorough inspection is warranted when using such
conjponents in deep-water.

7.8| Inspection objectives and acceptance criteria

7.8.1 Visual examination

Signs of riser deterioration identified during visual examination following riser retrieval should be dealt with as
follgws.

— |Wear or corrosion on riser pipe: Conduct thickness inspection of identified location. If any mepsurements
of thickness are less than minimum wall thickness, lay joint aside until a detailed examination can be
conducted.

— | Obvious signs of cracking: Lay the joint aside for more detailed examination.
— |Loose attachments: Secure or replace fixings.

— |Damaged buoyancy modules: Remove buoyaficy from affected joints if there is any danger of| loss during
riser operation and adjust riser tension to compensate for buoyancy loss.

7.8.2 Periodic detailed inspection

7.8.2.1 General

Wall thickness measurements, ‘dimensional tolerances and fatigue defects identified during periodic detailed
insgections should comply-with' the fabrication criteria of the riser system. The likely sources of detgrioration in
integrity and the associated-requirements and limitations of the applied inspection techniques are gescribed in
7.8..2 to 7.8.2.4. In addition, the possible implications of non-compliance, such as requirements for repair or
de-tlating of the tension’capacity or pressure (depth) resistance of joints, are described.

7.8.2.2 Wallthickness reduction
Prigr tofabrication of a drilling riser, quality control checks are conducted to ensure that the pipe wpll complies
withl specified tolerances. Reduction in wall thickness occurs in service due to drillstring wear and corrosion.
Thi f Stri f forT 1 fce, or localized,
due to storage, drillstring wear or pitting corrosion. Wear on the external pipe surface from handling can also
result in corrosion and is likely to occur near critical welds. The procedures used for inspecting wall thickness
shall be capable of identifying both global and localized thickness reductions. Inspection acceptance criteria
shall account for a wide range of global and local forms of wall thickness reduction. The implications of
deterioration in condition are as follows:

a) Localized loss: Local reduction in wall thickness might not significantly affect global bending or tensile
strength, but pressure resistance can be impaired. Consequently, the pressure resistance of a riser pipe
should be re-assessed where localized wall thickness is less than the minimum expected wall thickness.

b) Longitudinal loss: Longitudinal loss of wall thickness over a small circumferential length can be caused by
key-seating from drillstring rotation. Localized circumferential wear might not have much effect on
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bending and tensile strength of the riser pipe, but internal and external pressure resistance and collapse
resistance are reduced. Where thicker-walled joints are used to compensate for wear, it might not be
necessary to assess fitness-for-purpose on the basis of nominal thickness less manufacturing tolerance.
Alternatively, less stringent dimensional criteria may be devised in conjunction with the equipment
manufacturer.

Circumferential loss: Circumferential loss of wall thickness can result in reduction in bending, tensile and
pressure resistance. In addition, curvature due to bending can become localized, giving an increase in the
rate of fatigue-damage accumulation. Hence, the minimum average circumferential wall thickness should
not be less than the nominal pipe size less the manufacturing tolerance used for riser design.
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nsional measurements fall outside of tolerance limits, it is probable that a joint can be de-rate
sion and/or pressure resistance) and its use limited to the middle section of a riser stringyw
sures and tensions are lower than at the top or bottom.

atigue cracks

crack detection can be broadly classified into two categories: surface-flaw_detection meth
p-penetrant and magnetic-particle (though magnetic-particle also detects-near-surface flaws),
methods, which detect through-thickness flaws, such as ultrasonic and-radiographic testing.
nuired for application depend on the area in question.

Cks are most likely to develop in the region of couplings where,stress concentrations are found
sed. In coupling-load shoulders where no welding is present;)cracks are most likely to form or
points of highest stress concentration. In such locations;. surface-crack detection methods
confidently predict the presence of cracks.

" coupling welds may be single-sided, made from‘the outside of the pipe, or double-sided, m

f the pipe. Surface-crack detection methods applied to the outside of the pipe are incapabl
side that can reliably detect root imperfections is required.

nspection methods referred to ahove are capable of measuring small flaws, for the purpos
chanics, it is necessary to_consider how large a flaw can be missed. Based on the discus|

7 in) long in the root of a single-sided weld using ultrasonic testing. Better results may be expe
bt or near the weld cap.and smaller surface defects can be identified using dye penetrant.

ue cracks are found, it can be feasible to conduct repairs by grinding and re-welding. However

e symptomati¢c-of the fact that the joint has used much of its fatigue life and re-use requires
Il welds and’heat-affected zones in the joint and complete re-fabrication.
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drift requirements, any denting damage sustained through mishaps during handling should be measured and
the limitations assessed. Though dented, a joint can prove serviceable in shallow-water applications where
collapse resistance is not a dominating design requirement. In deeper water, collapse can become the
criterion that determines the serviceability of a riser joint. As collapse resistance is affected by both wear and
ovality, it is necessary to pay greater attention to the global shape of the riser pipe. The limitations for ovality
vary from application to application, but it is necessary that the criteria for each application be developed
based on the following:

functional performance: passage of tools inside the riser limited by ovality;

ovality/wall thickness: combined limits on wall thickness and ovality or denting that produce unacceptably
low resistance to withstand external hydrostatic pressure.
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Where section imperfections are judged as being due to ovality, external pressure resistance may be
assessed using collapse criteria.

7.9

7.9.

Operational records for riser components

1 Introduction

Records of riser usage shall be kept in order that inspection can be conducted at the required intervals and to
the appropriate level of detail. The ability to rationalize inspection also depends on the data that are recorded
to monitor riser usage.

The
insp
data
mor
vari

7.9.

7.9.
of th

7.9.
mak

more data that are recorded, the more scope there is for rationalizing inspection intervals-a

than the benefits gained from reduced inspection requirements. A staged approach to

P Usage-only logging

2.1 The usage-only logging approach requires a relatively small data-collection effort. Th
e approach are to enable inspection that is based on the following:

service;

top of the riser and enabling the monitoring of joint<rotation programmes;

riser configuration: primarily required to trackdéng periods of hang-off (typically associated
inspection attention in this area.

R.2 In order that these objectives'can be achieved, a riser-usage logging and monitoring
es provision for recording the following should be adopted:

unique joint identifier to enable tracking of usage of each joint;

water depth;
riser configuration: installation, connected, hung-off, retrieval;

start and end dates of each configuration;

riser stack-ups showing’'the position of each joint within the riser string each time the riser is ru

nd scope of

ection, as illustrated in Table 5. However, in extreme cases, more effort can be applied{o reqording riser

riser usage

itoring and inspection scheduling which enables differing degrees of rationalization according to the
bty of recorded data is, therefore, proposed . A two-level approach is outlined in 7:9:2 and 7.9.3.

b objectives

total time in service of each riser joint: allowing the inspection interval to change with acftual time in

joint position: enabling inspection to be focused on critical regions, primarily the riser base apd near the

with difficult

environmental conditions) where fatigue loading in the upper riser can be severe in order to focus

system that

=

7.9.2.3

: ' [y
MSPTLLUUIT UdlTo.

service since last inspection and service time available until next inspection.
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Table 5 — Data required for rationalizing inspection

Basis for inspection Data required Consequence

Riser age Date of first implementation Most simplistic approach that can be taken and
which probably results in excessive inspection
and unnecessary cost

Riser time in service Start and end dates of riser operations Increases intervals between inspections by
eliminating the time the riser is in storage

Joint time in service Joints used each time the riser is run Reduces the need to inspect joints that have
been used less frequently; important for long
riser strings where perhaps only half| to
two-thirds of the string is in regular service

Joint positiop Riser stack-up Focuses inspection attention on joints;inh crifical
regions in terms of wear and fatigue damage,
primarily the base of the riser” and seco}dly
near the top; also enables the monitoring of
joint rotation programmes

Riser configuration In-place/hang-off Primarily required to track long periods of hang-
off (typically _Cassociated with  diff|cult
environmental¢, ‘eonditions) where fatigue
loading in thé upper riser can be severe jand
impact with”the hull can take place in ordgr to
focus jaspection attention in this area

Configuration

Severity of gperating Tensions, mud weight Tension in the drilling riser and drillstring, and
conditions ( mud weight can affect wear and fatigue in|the
riser. Recording actual tensions and mud
weights enables making comparisons with
predicted data and where differences |are
found, a review of inspection schedules.

~

Severity of gperating Current and wave conditions Higher rates of fatigue damage can be incufred
conditions (2 near the riser ends from greater current spgeds
(VIV) and in the upper riser from more seyere
wave loading. Inspection schedules based on
fatigue or fracture response of the riser can be
reviewed by comparing actual conditiong to
predicted conditions forming the basis| of
fatigue and fracture analysis.

~

Incidents Tension_variation/hang-off Changes in tension, be it loss of tension or
over-tensioning, require the selective inspedtion
of riser joints and some components at|the
earliest opportunity. Hang-off inspedtion
requirements are detailed above.

7.9.3 Usalge-and-conditions logging

The usage-and-conditions logging approach incorporates all the requirements of usage-only logging and, in
addition, enables basing the inspection on the severity of riser operating conditions. When using this approach
to define inspection intervals for deep-water drilling risers prior to active service, it is necessary to make
assumptions regarding operating conditions. The more severe the operating conditions, the more frequently
inspection should be conducted.

Operating-condition severity typically depends on water depth, riser tension, mud weight, drillstring tension,
current and wave loading. Each of these parameters can influence the levels of wear and fatigue damage
accumulated in a drilling riser system. By recording each of these parameters, comparisons can be made with
the assumed values used to define inspection requirements prior to service, and adjustments made to
inspection interval or detail as considered appropriate.
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Riser tension, mud weight and drillstring tension can remain relatively unchanged over many hours and daily
mean values should provide adequate data for inspection monitoring purposes. Wave and current data can
vary considerably throughout each day. However, it is the extremes that have greatest influence on riser
behaviour and hence it is recommended that extreme values of current speed and significant wave height be
recorded at least daily.

The recording of wave and current data as described above provides a very simplistic summary of
environmental conditions. More detailed recording of environmental conditions may be considered necessary
in order to further rationalize inspection frequency and methods. In such cases, suitable approaches to
defining inspection requirements can be developed by individual drilling contractors along similar lines to the

two

7.9
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system should lie with a single individual, nominated by the offshore installation manager. Most,
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8.1

8.1.

The

L Logging systems and responsibilities

b

methods described in 7.9.2 and 7.9.3.

responsibility for ensuring that the necessary data are recorded and for the maintenance of

data identified within the usage-only logging approach is routinely available. A-elatively sma
It is needed to obtain and collate these data, the largest part of which deals with the riser stg
recorded as the riser is run.

rent practice for measuring the data required for the usage-and-operating-condition loggin
bs considerably from one drilling vessel to the next. Many people,can be involved in monitoring
h can be collected in different parts of the drilling vessel. Measurements of riser tension and
be taken a number of times during each shift and recorded in the daily International Associatig
tractors (IADC) drilling report. Drillstring tension is contindeusly monitored and also recorded
rt. In severe environments, environmental data can be tegularly monitored and recorded in a
rt. However, most of the operating condition data _is;not generally recorded with a view tg

[ logging system on a daily basis.

Inspection records
ords of riser inspection detailing) the types of inspection carried out, results obtaine

mmended remedial action for€ach joint in the riser inventory should be maintained. Details o
hods, quantitative findings and:any remedial action should be recorded.

Special situations

Deep-water drilling

1 General

technical development of risers and control systems has progressively extended water depth @

the logging
if not all, of
| amount of
ck-ups that

j approach
these data,
mud weight
n of Drilling
n the IADC
Haily marine
assessing

ection requirements. Additional work is, therefore,*necessary by the person responsible for maintenance
of the riser-usage logging system, to liaise with the relevant rig personnel and to incorporate the g

ata into the

d and any
f inspection

apabilities.

Drilling in deeper water imposes greater physical and functional demands on the marine drilling riser system.

The

se additional requirements can include the following:

higher load rating: stronger couplings, thicker walled pipe and/or higher-strength steel, higher hoop

stresses at the bottom;

mass/weight control: removal of unnecessary metal from couplings and support brackets, use of longer
standard joints [reduces overall weight per metre (foot)], use of rolled and welded pipe (rather than

seamless pipe) for the riser main tube;

streamlined deployment and retrieval: use of semi-automated methods for storage, handling and pressure

testing, use of quick makeup/breakout couplings, use of longer standard joints;
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— emergency disconnect capability: automatic LMRP release capability and anti-recoil system;

— augmented riser lift: syntactic foam and/or air-can buoyancy, increased riser tensioner capacity aboard

the rig;

— instrumentation: extra instrumentation to permit closer monitoring of critical parameters, such as applied

tension, riser angle and pipe wall tension at the bottom of the riser and current profile;

— annulus pressure control: an automatic fill-up valve to prevent collapse, an annulus closing de
positioned below the telescopic joint to control internal pressure in the event of gas influx;

vice

— extra duxiliary lines: a rigid conduit hydraulic supply line for delivery of power fluid to the BORDs
control|valves, a mud-boost line to assist return of cuttings up the riser annulus;

— storm hang-off system: special apparatus to permit suspension of a long riser as the vessel rides o
storm;

— interfage with a multiplex control system: non-retrievable control pods on the LMRRP;. clamps on each
joint for MUX umbilical cables;

— re-entry system: ROV, acoustic, and/or video guided apparatus for guidelineléss wellhead or BOP s
orientation and re-entry operations.

8.1.2 Weight control

8.1.21 eneral

The deck weight and storage requirements of a deep-water drilling riser can be several times greater than
of a conventional riser. The large deck weights and space.requirements of these risers, as well as their ov
cost, often fepresent a significant percentage of both the variable deck load and the cost of the drilling veg
Consequently, a cost and weight control programme should be used throughout the design and manufacty
of the deeptwater riser.

The large Weight of the riser results not only from the extra length of riser required in deep-water, but
from requiflements for increased pipe«wall thickness, stronger couplings, additional auxiliary lines
increased huoyancy requirements. While the contribution to the overall riser joint weight of such item
auxiliary ling support brackets can be.small, their effect is often magnified by the necessity to offset this wq
with additiopal buoyancy material. Buoyancy materials and associated components should be optimized
high lift effigiency and reliability.

8.1.2.2 Ripe wall and.buoyancy tolerances

The large |wall thickness tolerances permitted by ANSI/API Spec 5L/ISO 3183 are inappropriate

tack

ut a

iser

tack

that
erall
sel.
ring

also
and
5 as
ight

for

for

deep-water|riser tain tube applications, because significant weight and buoyancy penalties can be incurred.

Consideratipn should be given to roIIed and welded plpe W|th tlghter thlckness tolerances. R|ser p|pe

and

coupling dim
should be specified and negotiated with the steel mills. L|keW|se tolerances for attached buoyancy mod
are equally important and should be held within practical limits.

8.1.2.3 Tensioner systems

Ices
ules

Current technologies aim to reduce cost and weight of tensioner systems, while maintaining suitable

performance (see ISO/TR 13624-2:—, Clause 8).
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8.1.2.4  Alternative materials

8.1.2.41 General

In ultra-deep-water, it is necessary to carefully weigh the cost and efficiency of buoyancy against the weight
and cost of the riser itself. Increased depth demands increased riser strength (and consequently weight), but
buoyancy becomes less efficient as water depth increases. There is a point at which non-traditional
approaches can be more cost-effective.

Inherently, materlals used in deep-water should enhance the strength/we|ght ratlo of the r|ser joint, thereby
gh-strength
fibre comp03|tes or t|tan|um for high-tensile steel. When conS|der|ng alternative materials in the)design of an
ultrg-deep drilling riser, it is necessary to assess the material's characteristics in an overall integrated system
appfoach, including considerations for cost and performance of the riser string, bugdyancy, |tensioners,
dyngmics/fatigue, weight/space and handling systems.

8.1..4.2 Fibre composites

Progress has been made in the design and experimental deployment of ‘composite choke-and-kill lines
attaphed to large-bore steel risers. These are small-diameter, thin-wall, steel tubes that are filarhent wound
withl a light-weight, high-strength, pre-tensioned synthetic fibre (aramid), embedded in a thermoplastic resin
matfix (Tamarelle and Sparks, 1987; Guesnon, 1989; Sweeney anhd Fawley, 1989). This| composite
congtruction permits a significant reduction in mass for auxiliary high-pressure lines attached to the riser.

Designs are emerging that apply this same technology to theriser tube itself. Steel riser tubes cap be wound
withl an aramid fibre. Axial-strength requirements are retained”within the steel tube and coupling, while largely
relylng on the winding to resist hoop stresses caused by pféssure from the column of drilling fluid.

Simijlar to filament winding for steel tubes, all-fibre-composites, such as spirally wound graphite and S-glass
epoky matrixes, are currently being developed for use as production risers. Such designs may eventually find
a roje in high-tech drilling risers, provided that Coupling designs and drillpipe wear concerns can be satisfied.

8.1.2.4.3 Titanium

Titapium alloys are very light, very, strong and resistant to both the marine environment and fatigue. The
material can be formed, forged/welded and machined.

Typ|cal alloys to be considered in riser designs exhibit yield strengths from 830 MPa to 1 100 MP3 (120 ksi to
160]ksi), having densities of approximately 60 % of steel, i.e., the weight/strength advantage is on fthe order of
2,5 o 3,3 when compared with 550 MPa (80 ksi) yield steel.

The| principal drawback to using titanium has been its cost. Another disadvantage arises from the Ipw modulus
of dlasticity .of fitanium (about half that of steel), which can cause a suspended ultra-deep titanjum riser to
exh|bit hightaxial dynamic responses. To date, titanium has been utilized successfully in special gpplications,
such asta'fiser stress joint in a production riser.

8.1.3 Gas influx

Formation gas that can enter the riser before a BOP is closed expands as it ascends in the riser annulus. In a
long riser, the consequent volumetric rate of flow at the surface can be hazardous and loss of the mud column
can result in riser collapse.

A proposed method of controlling this flow incorporates an annulus-closing device (such as an annular BOP)
positioned in the riser string just below the telescopic joint. Beneath this device is a side outlet with a valve
connected by means of a drape hose to a choke. With this arrangement, the riser can be shut in when gas is
detected at the bottom of the riser. The gas can thereby be circulated out by pumping down the mud-boost
line and up the riser annulus to the choke. See Hall, Roche and Boulet, 1986.
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8.2 Guidelineless systems

Guidelineless systems may be used for the deployment of drillstrings, casing strings, the drilling riser and the
0,762 m (30 in) latch, or the drilling riser and subsea BOP stack or LMRP. They were developed for use with
dynamically positioned drilling units, but can also be used with moored vessels.

Guidelineless re-entry essentially encompasses the following:

a) some means of locating the position of the equipment being run relative to the wellhead, typically an

acousti

¢ positioning system for course alignment and a television for fine alignment and observation;

b) some 1

vessel

final m
structu

c)

Typically, a
entry guide
on the guid
the guide b

During the

BOP stack
approximat
television c
The vessel
a guide fun
can provide

8.3 Cold

8.3.1 Gen

heans, such as either a dynamic positioning system or a mooring system, to manoeuvre the
until the equipment being run and the wellhead are aligned to within a few feet;

echanical alignment and guidance into the hole or onto the wellhead (usually with a fu
e).

guidelineless well is started by jetting or drilling-in structural casing that has)a guidelinelesg
base and a 0,762 m (30 in) wellhead housing attached to the top. An aceustic beacon is mou
bbase so that the drilling vessel can use an acoustic positioning system.te monitor the positio
hse.

Heployment of the riser and BOP stack, for example, an acousti¢ beacon is either attached tg
or lowered on the wireline down the outside of the riser/tovenable the vessel to monitor
b position of the stack with respect to the guide base. ©nce the stack is near the seaflog
hmera is lowered through the riser on an armoured cable to visually observe the re-entry opera
is manoeuvred using the thrusters or the mooring system until the BOP stack can be stabbed
hel on the guide base. Alternatively, a remotely operated vehicle (ROV) or stack-mounted can
the visual observation of this final stabbing operation.

weather considerations

eral

drill

nnel

re-
hted
n of

the
the
r, a
ion.
into
hera

Low air temperature and sea ice affect riser operations. Steel components exposed to temperatures bglow

~20°C (-4

°F) should be qualified for(Cold-temperature applications. Such qualification can require mat

testing at low temperatures. Testing_should be performed in accordance with ASTM A370 and ASTM |

The operati

8.3.2 Ice
Operation @

a) ice forn

ng range of elastomeric materials should also be consistent with cold-weather operations.

ormation
f a marine_riser in sub-freezing temperatures can lead to problems, including

hation-inside the exposed choke-and-kill lines, terminal fittings, drape hoses and surface piping

Brial
F23.

b) ice forn

hation inside the control hoses for functions, such as energizing the telescopic joint packer:;

c)

freezing of the telescopic joint-packer lubricating fluid.

These problems can be avoided by

using ethylene glycol solutions for pressure testing, hydraulic control and lubrication;

doors, as permitted;

76

introducing heated air into the enclosed spaces;

allowing a small amount of drilling mud to flow past the telescopic joint packer.

enclosing the moonpool and cellar deck space below the drill-floor with windwalls and sealable access
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8.3.3 Ice at sea

Ice at sea can be of either land (glacier) or sea origin. Generally, land-origin ice is composed of floating
chunks of ice, while sea-origin ice exists as floating sheets of ice. Except in a very thin or small broken form,
ice poses a significant and possibly severe hazard to the drilling vessel, its mooring or thruster system and the
riser itself.

Generally, ice is classified by size (thickness, elevation above water, surface area) and by age (Bowditch,
1977).

If at all possible, operations in ice-infested waters should be avoided. A moving ice sheet places severe

loadings on the drilling vessel and its positioning system. Floating chunks of ice that are too low,in the water to

be detected by radar are particularly hazardous, because they can get close to the vessel without-detection.

A ship's hull tends to protect the riser from smaller, broken-up sheet ice. With sufficient.current pr wind, ice

can|be pushed under the vessel. An “ice lip” around the moonpool can deflect ice from\entering the moonpool

and|impacting the riser.

Semi-submersibles generally offer less protection to the riser. Special skirts or.doughnut-shaped cplumns that

extgnd below the ice zone can be effective in protecting the riser.

8.4| Riser collapse considerations

8.4/1 When a marine riser is partially evacuated (well-control” situations, emergency discomnect), it is

sublect to differential pressures that can cause the riser tubé.to collapse. The following are design collapse

loading cases for consideration:

a) |riser partially emptied by gas from below the BOR-‘which migrates and expands: assume riser is 50 %
evacuated [but maximum evacuation of 45%2m (1500 ft)] with riser-fluid density of 1,02 kg/L
(8,55 Ib/gal) below?) the assumed depth of evacuation;

b) |hole at riser bottom allowing mud from, the U-tube into the sea: assume riser is evacuated to the depth as
calculated in Equation (9).

Lo =Ly(1=Pw/Pm) (9)
where

L, is depth of-evacuation;

L,, is depibyof hole in riser;

pw Js)the density of seawater;

P is the density of the mud.

If the riser collapse strength does not meet these criteria, consider putting an automatic fill-up valve in the riser.

2) Field tests show that gas-bubble migration in deep-water drilling risers filled with water-base mud is dominated by
dispersion rather than slug-type, large bubble behaviour (Gonzalez, et al., 2000). For non-aqueous drilling fluids, there is
the added effect of the gas dissolving into fluid, then evolving the dissolved gas near the surface. This effect also tends to
prevent the gas from migrating as a discrete bubble.
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8.4.2 Factors that affect the depth at which a tensioned pipe collapses include

a) the diameter to thickness ratio, D/b;

b) the yield strength;

c) dimensions and tolerances (OD, wall thickness, eccentricity, out of roundness);

d) corrosion, key-seat wear, local damage;

e) axial tension;

f)  bending stress in riser;

g) density of internal fluid.

8.4.3 Typically, risers can collapse from external pressure by two mechanisms:

— purely glastic collapse failures;

— combirfation of elastic and plastic deformation, called the transition collapsemode.

The mechahism of failure can be determined from the D/b ratio, the yieldsstrength, and the axial stress of the

riser pipe according to the tension collapse formulas in ANSI/API Bulk5C3. Other recognized methods may

also be copsidered. Generally, the higher the D/b ratio, the more\likely elastic behaviour of the pipg is.

However, gmaller-diameter or thicker-walled riser tubulars should*be checked for transition mode collapse,

since it can|occur at lower external pressure.

For drilling fisers, collapse is more likely to occur in the elastic region than in the transition mode. Incregsed

axial tensiop contributes to the probability of occurrence of-failure in the transition mode.

8.5 H,S considerations

Factors reqgpired for H,S cracking to occur are

a) an H,§-cracking-susceptible material;

b) an envjronment which promotes H,S cracking (H,S and water);

c) stress pn the susceptiblé-material; the stress may be external (mechanical loading or pressure) or intgrnal
(residupl stress from.high-strength material and/or welding).

The usual method .6f )controlling the material's H,S stress cracking susceptibility is to control the drilling

environmerlt by méthods such as

— inhibitgrs;

use of oil-based drilling fluid;

controlled pH (minimum pH = 10).

If the environment cannot be reliably controlled, it becomes necessary to specify H,S resistant materials.
Users are encouraged to clearly specify quality assurance and product testing for critical equipment. Refer to
ANSI/NACE MR0175/ISO 15156.
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Riser analysis data worksheet

Table A.1 — Riser analysis data worksheet

I1ISO 13624-1:2009(E)

Log

ation

Wa

er depth/reference

Veq

sel name

Veq

sel type

Veq

sel draft

Dril

-floor to WL

Mo

bnpool dimensions

Ter

sioner system

Number of tensioners

DTL rating ea. [kN (kip)]

No.[tens./accumul. Ten, RF: rot./non-rot.
Ter]s. line fleet ang. Tens. line dia. [mm (in)]
Ter]s. line B.S. [kN (kip)] Termination type

Wire wt. @ tens. [kN (kip)] Termin. efficiency
Telgscoping joint

Collapsed length [m (ft)] Fully ext. length [m (ft)]
Spgce-out to UFJ [m (ft)] Mud ret. bel. DF [m (ft)]
Outer BBL dia. [cm (in )] 0.B. wall thickn. [cm (in)]
O.H. air mass [kg (Ibm)] O.B. subm. mass [kg (Ibm)]
Lodd rating [kN (kip)] O.B. yield point [MPa (ksi)]
Drag diameter {cmi(in)] CD1/CD2 (lo/hi Re)

Mass diameter [cm (in)] Mass coefficient, C,,
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Table A.1 (continued)

Riser joints

Type 1

Type 2

Type 3

No. joints

Buoyancy

M.U. length of jt. [m (ft)]

Coupling type

Cplg. load rt

g [kN (kip)]

Cplg. yield [

MPa (ksi)]

Cplg. stress

ampl. F.

Cplg. mass

kg (Ibm)]

Main tube Q

D [cm (in)]

Main tube W

all th. [cm (in)]

Main tube y

eld [MPa (ksi)]

Tube stress

amplif. F.

C+K line Of

/ID [em (in)]

Mud B. L. Q

D/ID [cm (in)]

Hydraulic L.

ID [cm (in)]

Bare R. air mass [kg (Ibm)]

Submerged

mass [kg (Ibm)]

Steel wt. tol

er. (%)

Buoyancy type

Foam densi

y [kg/m3 (Ib/ft3)]

Buoy. dia. [q

m (in)]

Buoy. length

(Mt (fU/JL.)]

(Ibm/Jt.)]

Buoy. air mgss [kg/Jt.

Net pos. bu

y. [kg/dt. (Ibm/Jt.)]

Buoy. mass

to 1 (mean %)

Buoy. loss (

E+T) (%)

Drag diamefer [cm (in)]

Mass diame)

ter [cm(in)]

CD1/CD2 (|

/A Re)

Mass coeff. C,,

Pup jt. M.U. leng. [m (ft)]

Main tube OD [cm (in)]

Main tube wall th. [cm (in)]

Air mass [kg (Ibm)]

Subm. mass [kg (Ibm)]
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Table A.1 (continued)
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Flex/ball jts.+adapt.

Upper Lower

Intermed.

Rating [kN (kip)]

Rot

. ctr. abv. seafloor

UFJ top. bel. drill FI.

Ctr.

- top [m (ft)]

Ctr.

- btm. [m (ft)]

Effe

ct. air mass [kg (Ibm)]

Effe

ct. subm. mass [kg (Ibm)]

Axial stiffn. [kN/cm (kip/in)]

Rot]

stiff. [KN-m/deg (Ib-ft/deg.)]

Ma

. rotation (deg.)

Dra

g dia. [mm (in)]

CD

/CD2 (lo/hi Re)

Ma

bs coeff. C,

Stack/wellhead

LMRP Lower stack

Wellhgad

Hei

pht [m (ft)]

Ai

3

Mmass [kg (Ibm)]

Suk

m. mass [kg (Ibm)]

Dra

g diameter [cm (in)]

Hyd

rod. vol. (m3/m [ft3/ft])

M

Q

. tension [kN (kip)]

Ma

. bend. mom. [kN-m (Ib-ft)]

Drilling parameters

Drilling Non-drilling

Disconngcted

D.F

. weights [kg/L (Ib/gat)]

Veq

sel offsets (% WD)

Toq

tensions (%) DTL)

Environmental conditions

Operating mode

Drilling Non-drilling

Disconnected

Design wave ht. [m (ft)]

Wave period (s)

Sign. wave ht. [m (ft)]

Mean per. tz. (s)

Peak period (s)

Spectrum type
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Table A.1 (continued)

Current profile WD Velocity WD Velocity WD Velocity
m (ft) m/s (knot) m (ft) m/s (knot) m (ft) m/s (knot)

Max. storm surge+tide

Vessel motion response

Surge/sway Heave Roll/pitch
m/m (ft/ft) deg/m (deg/ft)
t RAO Phase t RAO Phase t RAO Phase
s ft/ft (m/m) angle s ft/ft (m/m) angle s ft/ft;(m/m) angle
deg. deg. deg
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Fatigue damage in drilling risers arises from two primary sources of fatigue: wave-induced fatigue and VIV
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re are two fundamental approaches to a fatigue analysis. The first approach is based on fatigy
(stress range versus number of cycles) curves and can take the form of either determijnistic g
ctral method) calculations. The second approach is based on fracture mechanics principles. R
", both approaches require knowledge of the magnitude and probability of occurrence of the e
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e wall” stresses are calculated from the dynamic bending mements and the dynamic tensior
SAFs are derived by local finite-element analysis of a structural component. The SAFs re
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ponent.

hore structures have been used to assess riserfatigue (see API RP 2A; UK DEN, 1990; DNV,
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In the fracture-mechanics approach, a structure is assumed to have small defects inherent in the parent
material and/or weld material. These defects can propagate in the material once a cyclic loading is applied to
the zone containing the defect, and the life of the structure is determined by the time these propagating
defects take to cause the structure to fail. Once a defect has reached a critical size, brittle fracture can be the
controlling failure mechanism. The fracture-mechanics method is based on six parameters:

defect assessment, based on the size of the initial defect and location in the material;

propagation parameters, based on material constants and stress ratios;
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— stress-intensity factor, the influence of geometry on the crack tip as well as the long-term distribution of
stress range; this term should not be confused with stress amplification factors;

— fracture criteria, evaluates the mode of fatigue failure by incorporating brittle fracture;
— boundary conditions;

— residual stresses, stresses inherent in the material due to the method of fabrication or welding (see
BS 7910).

The S-N af prnarh is a gnnd method to estimate the initial fntigllp life of a riser for assumed environmental

conditions. [The fracture-mechanics method, when coupled with an inspection programme, is appropriatg for
estimating the remaining fatigue life of a riser after use.
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Sample riser calculations

Riser length determination

C.11 Problem

A spmi-submersible is drilling a well at a 609,6 m (2 000 ft) (mean water level) water depth Io
wellhead has been cemented in place and its elevation above the mud liney measured.

env

Determine the riser length using appropriate pup joints.

C.1[2 Solution

The

NOT

NOT

whef

ronmental, and operational data have been input into the accompanying riser-anhalysis data

riser length, L, is calculated as given in Equation (C.1); see 6.4.2 and Figure C.1:

E 1 The data are summarized in Table C.1.

E 2  Alllengths and heights in this example are based on-made-up dimensions.

Lo=Lg—(Lpa+Lg+1p+Lg)

Lg is equal to the MLW plus the mean tidal change plus the distance from waterline to RKB;

(in Sl units) (in USC units)
L =609,6 m+ 0,762 m + 26\ Lp=2000ft+2,5ft+85,5ft
=636,4 m =2088 ft

L, is equal to the welliead height above mud line;

(in Sl units) (in USC units)
Ly=146m Ly=481t

Lg is equalto the lower stack height plus the LMRP height;

cation. The
Equipment,
worksheet.

(C.1)

(insSh units) (in USC units)
1g=6,92m+6,1m Lg=22,7t+20,0ft
=13,02m =427 ft

Ly s equal to the collapsed length plus one-half of the stroke;

(in Sl units) (in USC units)
Ly=18,65m+1/2(33,89 - 18,65) m Lp=6121ft+12(111,2-61,2) ft
=26,27 m =86,2ft

Lg is equal to the top of flex/ball joint below RKB (drill-floor) plus the made-up length of flex/ball joint.

(in Sl units) (in USC units)
Lg=3,08m+(0,3+1)m Lg=10,1ft+ (1,0 +3,3) ft
=4,4m =144 ft
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Thus

(in Sl units)
L,=636,4m— (1,46 +13,02 + 26,27 +4,4) m L,=2088ft-(4,8+42,7 +86,2 +14,4) ft

=5912m

(in USC units)

=1939,9 ft

Use 11,73 m (38,50 ft) riser joints plus 7,6 m (25 ft) and 4,6 m (15 ft) pup joints. This makes the telescopic
joint slightly short of mid-stroke position as recommended in 6.4.2.

C.2 Minimum top tension determination

C.2.1 Proplem
Using the riser analysis data worksheet and riser length determination from the previous 'example,|the
accompanyjng riser diagram has been drawn for this location. Determine the minimum teputension for| the
following cgses:
a) drilling|with 1,7 kg/L (14,0 Ib/gal) drilling fluid;
b) non-drilling with 1,7 kg/L (14,0 Ib/gal) drilling fluid;
c) drillingwith 1,4 kg/L (12,0 Ib/gal) drilling fluid;
d) non-drilling with 1,4 kg/L (12,0 Ib/gal) drilling fluid;
e) drillingwith 1,025 kg/L (8,555 Ib/gal) drilling fluid (seawater);
f)  non-drijling with 1,025 kg/L (8,555 Ib/gal) drilling fluid (seawater).
Assume thgt the minimum effective tension is at the bottom of the riser.
C.2.2 Solution
C.2.21 Tpp tension determination
As per Table 2, the minimum top tension, T,,;,, is determined by Equation (C.2).
Trnin =[Tsrmin X N/[ Re (N5 | (£.2)
where
Tsr min| 18 thexminimum slip ring tension, as given by Equation (C.3):
| P = f—Br ey o H — P Eo ] {€.3)
where
W is the submerged riser weight, expressed in kilonewtons (kips);
Jwt is the submerged-weight tolerance factor;
B, is the net lift of buoyancy material, expressed in kilonewtons (kips);
Jfgt is the buoyancy loss and tolerance factor resulting from elastic compression, long-term
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water absorption and manufacturing tolerance;
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