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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 1SO
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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1ISO
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F[gOvernmentat, n_fraison with 150, also [ake part In the WOrk. 1SS0 collaborates close
rnational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

main task of technical committees is to prepare International Standards. Draft| International
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.

13628-4 was prepared by Technical Committee ISO/TC 67, Materials, equipment and offshor
petroleum, petrochemical and natural gas industries, .Subcommittee SC 4, Drilling and
pment.

second edition cancels and replaces the first edition (ISO 13628-4:1999), which has been
sed.

13628 consists of the following parts, under the general title Petroleum and natural gas i
ign and operation of subsea production systems:

Part 1: General requirements andecommendations

Part 2: Unbonded flexible pipe\systems for subsea and marine applications
Part 3: Through flowline (TFL) systems

Part 4: Subsea wellbead and tree equipment

Part 5: Subsed umbilicals

Part 6: Sulbsea production control systems

Part 7+Completion/workover riser systems

y with the

rnational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

Standards

pted by the technical committees are circulated to the member bodies for wvoting. Publication as an

ct of patent

b structures
production

technically

ndustries —

Part 8: Remately Operated Vehicle (ROV) interfaces on subsea production systems

Part 9: Remotely Operated Tool (ROT) intervention systems
Part 10: Specification for bonded flexible pipe

Part 11: Flexible pipe systems for subsea and marine applications

A part 12, dealing with dynamic production risers, a part 14, dealing with High Integrity Pressure Protections
Systems (HIPPS), a part 15, dealing with subsea structures and manifolds, a part 16, dealing with
specifications for flexible pipe ancillary equipment, and a part 17, dealing with recommended practice for

flexi

ble pipe ancillary equipment, are under development.

© 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=ce27268bcdd7d1a57f99f885db975967

ISO 13628-4:2010(E)

Introduction

This second edition of ISO 13628-4 has been updated by users and manufacturers of subsea wellheads and
trees. Particular attention was paid to making it an auditable standard. It is intended for worldwide application
in the petroleum industry. It is not intended to replace sound engineering judgement. It is necessary that users
of this part of ISO 13628 be aware that additional or different requirements can better suit the demands of a

particular s
addressed.

A major effort in developing this second edition was a study of the risks and benefits of penetratignsvin suk

wellheads.
Subsea W
However, th
analysis ted
more than {]

The catalys
phenomeng
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these docuinents when developing designs and operating practices for subsea wells.
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original ver
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aspect in th
hydrostatic
of ISO 136
(8 000 ft) of
for further g

The design
understood
review of th

The overall
internationg
by the use
variety of tg
restrict or

encouraged
interests of

ervice environment, the regulations or a Jurisdictional autnority or other scenarios not specll

bllhead and Christmas Tree Equipment (Specification 17D) prohibited wellhead penetrati
at prohibition was axiomatic. In developing this second edition, the workgroup)tised qualitative
hniques and found that the original insight was correct: subsea wellheads with penetrations
vice as likely to develop leaks over their life as those without penetrations.

t for examining this portion of the original editions of the APl-and ISO standards was
n of casing pressure and its monitoring in subsea wells{, The report generated by
ned risk analysis has become API 17 TR3 and API RP 90. Theworkgroup encourages the us

so been taken to address the evolving issue of using external hydrostatic pressure in design.
sions of both API 17D and 1SO 13628-4 were adoptethat a time when the effects of that param
ely small. The industry’s move into greater water depths has prompted a consideration of
is version of this part of ISO 13628. The high-level view is that it is not appropriate to use extsg
pressure to augment the applications for which a component can be used. For example, this
P8 does not allow the use of a subseastree rated for 69 MPa (10 000 psi) installed in 2 43
water on a well that has a shut-in tubing-pressure greater than 69 MPa (10 000 psi). See 5.1.2
uidance.

considerations involved in using external hydrostatic pressure are only currently becoming
If a user or fabricator desires to explore these possibilities, it is recommended that a thord
e forthcoming American Petroleum Institute technical bulletin on the topic be carefully studied.

objective of this part-of 1ISO 13628 is to define clear and unambiguous requirements that facil
| standardization imyorder to enable safe and economic development of offshore oil and gas fi
of subsea wellhead and tree equipment. It is written in a manner that allows the use of a
chnology, from well established to state-of-the-art. The contributors to this update do not wig
deter the"development of new technology. However, the user of this part of ISO 1362
to closely examine standard interfaces and the reuse of intervention systems and tools in
minimizing life-cycle costs and increasing reliability through the use of proven interfaces.

cally
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All previous editions of both this part of ISO 13628 and its parallel APl documentSpécification for
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needed for individual applications. This part of ISO 13628 is not intended to inhibit a vendor from offering, or
the purchaser from accepting, alternative equipment or engineering solutions for the individual application.
This can be particularly applicable where there is innovative or developing technology. Where an alternative is
offered, it is the responsibility of the vendor to identify any variations from this part of ISO 13628 and provide

details.

Vi
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Petroleum and natural gas industries — Design and operation

of subsea production systems
Part 4:
Sy
1
Thig part of ISO 13628 provides specifications for subsea wellheads, mudline wellheads, drill-throigh mudline
wellheads and both vertical and horizontal subsea trees. It specifies the associated tooling ngcessary to
hanfle, test and install the equipment. It also specifies the areas of design, material, welding, quality control
(including factory acceptance testing), marking, storing and shipping for both individual sub-assemblies (used
to bpild complete subsea tree assemblies) and complete subsea tree assemblies.
The| user is responsible for ensuring subsea equipment meets any) additional requirements of ggvernmental
regulations for the country in which it is installed. This is outside the scope of this part of ISO 13628.
Where applicable, this part of ISO 13628 can also be used“for equipment on satellite, cluster arfangements
and|multiple well template applications.
Equipment that is within the scope of this part of IS© 13628 is listed as follows:
a) |subsea trees:

— tree connectors and tubing hangers,

— valves, valve blocks, and.valve actuators,

— chokes and choke actuators,

— bleed, test and.isolation valves,

— TFL wye spool,

— re-entry interface,

= ‘tree cap,

— tree piping,

— tree guide frames,

— tree running tools,

— tree cap running tools,

— tree mounted flowline/umbilical connector,

— tubing heads and tubing head connectors,
© 1SO 2010 — All rights reserved 1
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b)

d)

— flowline bases and running/retrieval tools,

— tree mounted controls interfaces (instrumentation, sensors, hydraulic tubing/piping and fittings,

electrical controls cable and fittings);
subsea wellheads:
— conductor housings,

— wellhead housings,

— caping hangers,

— sepl assemblies,

— gujdebases,

— bore protectors and wear bushings,
— cofrosion caps;

mudling suspension systems:

— wadllheads,

— rumning tools,

— caping hangers,

— caping hanger running tool,

— tiepack tools for subsea completion,
— supsea completion adaptors for mudline wellheads,
— tubing heads,

— cofrosion caps;

drill thrpugh mudline suspénsion systems:
— copductor heusings,

— sufface gasing hangers,

—  wetthear iluu:illga,

— casing hangers,

— annulus seal assemblies,

— bore protectors and wear bushings,

— abandonment caps;

© 1SO 2010 — All rights reserved
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e)

f)

ISO 13628-4:2010(E)

tubing hanger systems:
— tubing hangers,

— running tools;
miscellaneous equipment;

— flanged end and outlet connections,

J— r\Inmp h||h-rylnn connections.,

Thisg
exp
thos

The

— threaded end and outlet connections,
— other end connections,
— studs and nuts,
— ring joint gaskets,
— guideline establishment equipment.
part of 1SO 13628 includes equipment definitions, an explanation of equipment use and
anation of service conditions and product specification levels{ and a description of critical com
e parts having requirements specified in this part of ISQ 13628.
following equipment is outside the scope of this partef1SO 13628:
subsea wireline/coiled tubing BOPs;
installation, workover, and production risers;
subsea test trees (landing strings);
control systems and control pods;
platform tiebacks;
primary protective structures;
subsea process’equipment;

subsea manifolding and jumpers;

subsea wellhead tools;

repair and rework;

multiple well template structures;
mudline suspension high pressure risers;
template piping;

template interfaces.

This part of ISO 13628 is not applicable to the rework and repair of used equipment.

© 1SO 2010 — All rights reserved
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2 Norm

ative 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 the referenced
document (including any amendments) applies.

ISO 8501-1, Preparation of steel substrates before application of paints and related products — Visual
assessment of surface cleanliness — Part1: Rust grades and preparation grades of uncoated steel
substrates and of steel substrates after overall removal of previous coatings

ISO 10423, Petroleum and natural gas industries — Drilling and production equipment — Wellhead and

christmas t

1ISO 10424-
elements

ISO 11960,

ISO 13625,
couplings

ISO 13628-
Part 1: Gen

ISO 13628-
Part 3: Thrd

ISO 13628
Part 7: Coni

ISO 13628
Part 8: Ren

ISO 13628-
Part 9: Ren

ISO 13533,
equipment

ISO 15156
environmen

ANSI/ASMH

ANSI/ASMH

ee equipment

1, Petroleum and natural gas industries — Rotary drilling equipment — Part 1: Rotary, drill s

Petroleum and natural gas industries — Steel pipes for use as casing or tubingforwells
Petroleum and natural gas industries — Drilling and production equipment — Marine drilling
1, Petroleum and natural gas industries — Design and operation. of.subsea production system
eral requirements and recommendations

3, Petroleum and natural gas industries — Design and operation of subsea production system
ugh flowline (TFL) systems

7, Petroleum and natural gas industries — Design ‘and operation of subsea production system
pletion/workover riser systems

B, Petroleum and natural gas industries —-Design and operation of subsea production system
otely Operated Vehicle (ROV) interfaces on subsea production systems

D, Petroleum and natural gas industries — Design and operation of subsea production system
otely Operated Tool (ROT) intervention systems

Petroleum and natural~gas industries — Drilling and production equipment — Dirill-thrg
(all parts), Petreleum and natural gas industries — Materials for use in HyS-contai
ts in oil and gas production

F B16.11,Fofged Fittings, Socket-Welding and Threaded

F B31.:3;-Process Piping

ANSI/ASME-B33+4;

tem

iser

ugh

hing

Dinalina Trancnaortat o CSyvctama for | oo udl drae a-and Othar 1

atonac for | H L. arlbhon cuala
T TPCTTC T AT PUTTatUT T Oy STCTHS TOT CiguTa T Ty GroCTirioUT IS A mta Ot CIiquiasS

ANSI/ASME B31.8, Gas Transmission and Distribution Piping Systems

ANSI/ISA 75.02, Control Valve Capacity Test Procedure

ANSI/SAE J517, Hydraulic Hose Fittings

ANSI/SAE J343, Test and Test Procedures for SAE 100R Series Hydraulic Hose and Hose Assemblies

API Spec 5B, Specification for Threading, Gauging, and Thread Inspection of Casing, Tubing, and Line Pipe
Threads (US Customary Units)
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ASTM D1414, Standard Test Methods for Rubber O-Rings
DNV RP B401, Cathodic Protection Design
ISA 75.01.01, Flow Equations for Sizing Control Valves

NACE No. 2/SSPC-SP 10, Joint Surface Preparation Standard: Near-White Metal Blast Cleaning

NACE SP0176, Corrosion Control of Submerged Areas of Permanently Installed Steel Offshore Structures

Associated With Petroleum Production

SAHR/AS 4059, Aerospace Fluid Power — Cleanliness Classification for Hydraulic Fluids

3 |Terms, definitions, abbreviated terms and symbols

3.1l Terms and definitions
For the purposes of this document, the following terms and definitions apply-

3.1
annlulus seal assembly

meghanism that provides pressure isolation between each casing.-hanger and the wellhead housing

3.1p
backdriving
eral) an unplanned movement in the reverse direction of an operation

backdriving
(rotary actuator) condition’ where the valve continues to change position subsequent to the com
positional movement

3.1.
backdriving
(steppingzactuated choke) condition where the valve changes position after the operator is disengd

bngaged

pletion of a

3.1.

bore protector
device that protects internal bore surfaces during drilling or workover operations

3.1.8
check valve
device designed to prevent flow in one direction

3.1.9

choke
equipment used to restrict and control the flow of fluids and gas

© 1SO 2010 — All rights reserved
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3.1.10

completion/workover riser
extension of the production and/or annulus bore(s) of a subsea well to a surface vessel

See |ISO 13

3.1.11
conductor

628-7.

housing

top of the first casing string, which forms the basic foundation of the subsea wellhead and provides
attachments for guidance structures

3.1.12
corrosion
cap placed
temporary §

3.1.13
corrosion-
CRA
non-ferrous
exceeds 50

NOTE
(all parts).

1

3.1.14
corrosion-
CRM
ferrous or n

NOTE L

3.1.15
depth ratin
maximum r

3.1.16
downstrea
direction of

3.1.17
equipment
any item or

3.1.18
extension
sealing tuby

ap
over the wellhead to protect it from contamination by debris, marine growth or corrasion du
bandonment of the well

esistant alloy

alloy for which any one or the sum of the specified amount of the(following alloy elem
%: titanium, nickel, cobalt, chromium and molybdenum

his term refers to corrosion-resistant alloys and not cracking-resistapt alloys as mentioned in ISO 1}

esistant material

pbn-ferrous alloy that is more corrosion resistant thanJow-alloy steels

his term includes: CRAs, duplex, and stainless stegels!

ted working depth for a piece of equipment at a given set of operating conditions

m
movement away from the reservoir

assembly to which 1SO 13628-4 is applicable

Eub
larmember that provides tree-bore continuity between adjacent tree components

ring

ENnts

156

3.1.19
fail-closed

valve

actuated valve designed to fail to the closed position

3.1.20

fail-open valve
actuated valve designed to fail to the open position

3.1.21
flowline

any pipeline connecting to the subsea tree assembly outboard the flowline connector or hub

© 1SO 2010 — All rights reserved
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3.1.22

flowline connector support frame

structural frame which receives and supports the flowline connector and transfers flowline loads back into the
wellhead or seabed anchored structure

3.1.23
flowline connector system
equipment used to attach subsea pipelines and/or control umbilicals to a subsea tree

EXAMPLE Tree-mounted connection systems used to connect a subsea flowline directly to a subsea tree, connect a
flowline end termination to the subsea tree through a jumper, connect a subsea tree to a manifold through a jumper, etc.

3.1.p4

flow loop
piping that connects the outlet(s) of the subsea tree to the subsea flowline connection and/or tp other tree
piping connections (crossover piping, etc.)

3.1.p5

guidle funnel
tapgred enlargement at the end of a guidance member to provide primary(guidance over another guidance
merber

3.1.p6
guidleline
taut|{line from the seafloor to the surface for the purpose of guiding equipment to the seafloor structure

3.1.p7
high-pressure riser
tubylar member which extends the wellbore from the mudline wellhead or tubing head to a surface|BOP

3.1.p8
hor|zontal tree
tree|that does not have a production masterivalve in the vertical bore but in the horizontal outlets tq the side

3.1.p9
hydraulic rated working pressure
ma)imum internal pressure thatthe hydraulic equipment is designed to contain and/or control

NOTE Hydraulic pressuresshould not be confused with hydraulic test pressure.

3.1.B0

hydrostatic pressdre
ma)imum external~pressure of ambient ocean environment (maximum water depth) that equipment is
des|gned to centain and/or control

3.1.B1

intgrvention fixture
devlce cature pe
but not limited to,

sks including,

— grasping intervention fixtures;

— docking intervention fixtures;

— landing intervention fixtures;

— linear actuator intervention fixtures;
— rotary actuator intervention fixtures;

— fluid coupling intervention fixtures
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3.1.32
interventio

n system

means to deploy or convey intervention tools to subsea well equipment to carry out intervention tasks,

including
— ROV,
ROT;
ADS;

Diver

3.1.33
interventio
device or R

3.1.34
lifting pad

pad eye, infended for lifting and suspending a designed load or packaged assembly

3.1.35

lower worKover riser package

LWRP
unitized asq

3.1.36
mudline sy
drilling syst
a bottom-su

3.1.37
orienting b
non-pressu

3.1.38

outboard t
subsea tree6
flowline con

See flow lg

3.1.39

permanent
structure th
running equ

h tool
DT deployed by an intervention system to mate or interface with an intervention fixture

Bye

embly that interfaces with the tree upper connection and allows _sealing of the tree vertical bore

spension system
bm consisting of a series of housings used to support casing strings at the mudline, installed f
pported rig using a surface BOP

ushings
e-containing parts that are used to orient-equipment or tools with respect to the wellhead

ee piping
nection

op (3.1.24).
guidebase

At sets alignment and orientation relative to the wellhead system and provides entry guidance
ipment'on or into the wellhead assembly

3.1.40

rom

piping that is downstream of the last tree valve (including choke assemblies) and upstream of

for

pressure-containing part

part whose
EXAMPLES

3.1.41

failure to function as intended results in a release of wellbore fluid to the environment

Bodies, bonnets, stems.

pressure-controlling part
part intended to control or regulate the movement of pressurized fluids

EXAMPLE

Valve-bore sealing mechanisms, choke trim and hangers.
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3.1.42

rated working pressure

RWP

maximum internal pressure that equipment is designed to contain and/or control
NOTE Rated working pressure should not be confused with test pressure.

3.1.43

re-entry spool
tree upper connection profile, which allows remote connection of a tree running tool, LWRP or tree cap

3.1.£14

reverse differential pressure
conflition during which differential pressure is applied to a choke valve in a direction opposite\to the specified
opefating direction

NOTE This can be in the operating or closed-choke position.
3.1.45
runping tool

tool|used to run, retrieve, position or connect subsea equipment remotely fronthe surface

EXAMPLES Tree running tools, tree cap running tools, flowline connector ranhing tools, etc.

spetialized tree and wellhead equipment.used to complete a well below the surface of a body of water

pregsure-containing housing that provides a means for suspending and sealing the well casing stripgs

surface BOP

blowout\preventer designed for use on a surface facility such as a fixed platform, jackup or floating drilling on
intefvention unit

3.1.52
swivel flange
flange assembly consisting of a central hub and a separate flange rim that is free to rotate about the hub

NOTE Type 17SV swivel flanges can mate with standard 1SO type 17SS and 6BX flanges of the same size and
pressure rating.

3.1.53

tieback adapter

device used to provide the interface between mudline suspension equipment and subsea completion
equipment

© 1SO 2010 — All rights reserved 9
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3.1.54
tree cap

pressure-containing environmental barrier installed above production swab valve in a vertical tree or tubing

hanger in a

3.1.55
tree conne
mechanism

3.1.56
tree guide

horizontal tree

ctor
to join and seal a subsea tree to a subsea wellhead or tubing head

frame

structural flamework that may be used for guidance, orientation and protection of the subsea tree en

subsea wellhead/tubing head, and that also provides support for tree flowlines and connection equipn
control pod$, anodes and counterbalance weights

3.1.57

tree-side optlet

point wherel a bore exits at the side of the tree block

3.1.58

umbilical

hose, tubing, piping, and/or electrical conductor that directs fluids and/or electrical current or signals to or 1

subsea tres

3.1.59
upstream
direction of

3.1.60

valve bloch

integral blo

3.1.61
vertical tre

tree with thg

3.1.62

S

movement towards the reservoir

k containing two or more valves

a)

e master valve in the vertical bore of'the tree below the side outlet

wear bushing

bore protec

3.1.63
wellhead h

wellhead hda

3.1.64
wye spool

spool betwy

or that also protects the)casing hanger below it

pusing pressure boundary
using from the top of the wellhead to where the lowermost seal assembly seals

the
ent,

rom

ber)the master and swab valves of a TFL tree, that allows the passage of TFL tools from

the

flowlines into the bores of the tree

3.2 Abbreviated terms and symbols

ADS

AMV
ANSI
API

10

atmospheric diving system
annulus master valve
American National Standards Institute

American Petroleum Institute
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ASME
ASV
AWS
AWV
BOP
CGB
CID

American Society of Mechanical Engineers
annulus swab valve

American Welding Society

annulus wing valve

blowout preventer

completion guidebase

chemical injection — downhole

ISO 13628-4:2010(E)

CIT
CRA
CRW
EDR
FAT
FEA
GRA
HXT

LRHA
LWRP
NACE
NDE

oD
OEC
PGB
PMR
PM

PR?
PSL
PS

chemical injection — tree

corrosion-resistant alloy

corrosion-resistant material

emergency disconnect package (see ISO 13628-7)
factory acceptance test

finite element analysis

guidelineless re-entry assembly

horizontal subsea tree

inside diameter

lower riser package (see 1SO 13628-7)

lower workover riser package (LRP,;+ EDP) (see ISO 13628-7)
National Association of Corrosion Engineers
non-destructive examination

outside diameter

other end connéctors

permanent guidebase

per manufacturer’s rating

production master valve

performance requirement level two

product specification level

production swab valve

PWV
QTC
RMS
ROT
ROV
RWP

production wing valve

qualification test coupon

root mean square

remotely operated tool (see ISO 13628-9)
remotely operated vehicle (see ISO 13628-8)
rated working pressure

bending stress

© 1SO 2010 — All rights reserved
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Sm membrane stress

Sy yield strength

SCSsV surface-controlled subsurface safety valve
SCF stress concentration factor

SIT system integration test

SWL safe working load

TEL through-flowline (see 1SQ 13628-3)

TGB temporary guidebase

usv underwater safety valve (see 1ISO 10423)
VXT vertical subsea tree

WCT-BOP wireline/coil tubing blowout preventer (see ISO 13628-7)
X0V cross-over valve

XT subsea tree

4 Servite conditions and production specification levels
4.1 Servjce conditions

41.1 Genleral

Service corlditions refer to classifications for pressure, temperature and the various wellbore constituents|and
operating cpnditions for which the equipment is designed.

4.1.2 Pregsure ratings

Pressure ratings indicate rated working_pressures, expressed as megapascals (MPa), with equivalent poynds
per square |nch (psi) in parentheses. It'should be noted that pressure is gauge pressure.

4.1.3 Temperature classification's

Temperature classification$ ‘indicate temperature ranges, from minimum (ambient or flowing) to maxiium
flowing fluiq temperatures, expressed in degrees Celsius (°C), with equivalent degrees Fahrenheit (°F) gjven
in parentheges. Classifications are listed in ISO 10423.

4.1.4 Soulr sefvice designation and marking

For material"classes DD, EE, FF and HH, the manuiacturer shall meet the requirements of 1sO 15156

(all parts) for material processing and material properties (e.g. hardness). Choosing material class and
specific materials for specific conditions is ultimately the responsibility of the purchaser.

Material classes DD, EE, FF, HH shall include as part of the designation and marking the maximum allowable
partial pressure of H»S, expressed in pounds per square inch absolute. The maximum allowable partial
pressure shall be as defined by ISO 15156 (all parts) at the designated API temperature class for the limiting
component(s) in the equipment assembly.

EXAMPLE “FF-1,5" indicates material class FF rated at 1,5 psia H,S maximum allowable partial pressure.

Where no H,S limit is defined by 1ISO 15156 (all parts) for the partial pressure, “NL” shall be used for marking
(e.g., “DD-NL").
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Users of this part of ISO 13628 should recognize that resistance to cracking caused by H»S is influenced by a
number of other factors for which some limits are given in ISO 15156 (all parts). These include, but are not

limit

ed to,

pH;

temperature;

chloride concentration;

elemental sulfur.

NOT
ISO

In nmpaking the material selections, the purchaser should also consider the various environmental

E For the purposes of the provisions in this subclause, ANSI/NACE MR0175/ISO 15156 N+
15156 (all parts).

pquivalent to

factors and

prodluction variables listed in Annex A.

4.1p Material classes

It ig the responsibility of the end user to specify materials of construction for pressure-containing and
pregsure—controlling equipment. Material classes AA-HH as defined in~Fable 1 shall be used to |ndicate the

mat]
con

4.2

Gui

an assembled system of wellhead or tree equipment.shall be determined by the lowest PSL of ar]

con
con

reqyirements but by the manufacturer’s specifications.

All

the
shal
add
of rg
ass
tubi
mar

5

5.1

Stituents and operating conditions are given in Annex M.

Product specification levels
elines for selecting an appropriate product specification level (PSL) are provided in Annex M.

aining or -controlling component in the assémbly. Structural components and other nd
aining/-controlling parts of equipment manufactured to this part of ISO 13628 are not defir

pressure-containing components of-egquipment manufactured to this part of ISO 13628 shall
requirements of PSL 2, PSL 3, or PSL 3G as established in 1ISO 10423. Pressure-controlling
| comply with the requirements 'of PSL 2, PSL 3, or PSL 3G as specified in 5.4 and 1ISO 10423, e
tions or modifications are ngted within this part of ISO 13628. These PSL designations define dif]
guirements for material qualification, testing, and documentation. PSL 3G does not necessarily i
bmbly shall be gas-tested beyond the component/subassembly level (such as individual valv
ng hangers, etc.). The purchaser shall specify whether it is required to gas-test an upper-lev
ufactured to PSL 3G (such as a VXT or HXT assembly) as an integral unit at FAT.

Commin'system requirements

Design and performance requirements

erial of those equipment components. Guidelines for choosing 1naterial class based on the retained fluid

The PSL of
y pressure-
n-pressure-
ed by PSL

comply with
components
xcept where
erent levels
mply that an
es, chokes,
e| assembly

5.1.

5.1.

1 General

1.1  Product capability

Product capability is defined by the manufacturer based on analysis and testing, more specifically:

— validation testing (see 5.1.7), which is intended to demonstrate and qualify performance of generic

product families, as being representative of defined product variants;

performance requirements, which define the operating capability of the specific “as-shipped” items (as

specified in 5.1.1 and 5.1.2), which is demonstrated by reference to both factory acceptance testing and
relevant validation testing data.
© 1SO 2010 — All rights reserved 13
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Performance requirements are specific and unique to the product in the “as-shipped” condition. All products
shall be designed and qualified for their application in accordance with 5.1, 6.1, and Clauses 7 through 11.

5.1.1.2  Pressure integrity
Product designs shall be capable of withstanding rated working pressure at rated temperature without

deformation to such an extent that prevents meeting any other performance requirement, providing that stress
criteria are not exceeded.

5.1.1.3 Thermal integrity

Product designs shall be capable of functioning throughout the temperature range for which the produ¢t is
rated. Components shall be rated and qualified for the maximum and minimum operating temperatures [that
they can experience in service, Joule-Thompson cooling effects, imposed flowline heating or heat<retertion
(insulation) | effects. Thermal analysis can be used to establish component temperatdre-operdting
requiremenfs. ISO 10423 provides information for design and rating of equipment forruse at elevated
temperaturgs.

5.1.1.4 Naterials

Product shall be designed with an appropriate material class selected from Table 1, and shall conform tg the
requirements of ISO 10423.

Table 1 — Material requirements

Minimum material requirements
Naterials class? Body, bonnet and flange Pressure-controlling parts, stems
and mandrel hangers
AA-General service Carbon or low alloy steel Carbon or low alloy steel
BB-General service Carbotror low alloy steel Stainless steel
C(¢-General service Stainless steel Stainless steel
OD-Sour service? Carbon or low alloy steelP Carbon or low alloy steel?
HE-Sour service? Carbon or low alloy steelP Stainless steel?
HF-Sour service? Stainless steelP Stainless steel?
HH-Sour service? CRAsh.cd CRAsP.cd
NOTE REfer to 5.1.2.3 forinformation regarding material class selection.

&  Asdefined in 1IS@:10423; in accordance with ISO 15156 (all parts).

b In accorfance.with ISO 15156 (all parts).

c

C ; } i Ll ol el £ L BA—alealal: ol m i et bl
RA requiredromrretaiecHfittd-wetted-surfaces Oy, CHRA ClattmgoT Tow=anoy o StameSS-STeCT IS PeTmiittear

d  CRA as defined in 3.1.13. The definition of CRA in ISO 15156 (all parts) does not apply.
NOTE For the purposes of the provisions in this table, ANSI/NACE MR0175/ISO 15156 is equivalent to ISO 15156 (all parts).

5.1.1.5 Load capability

Product designs shall be capable of sustaining rated loads without deformation to such an extent that prevents
meeting any other performance requirement, providing stress criteria are not exceeded. Product designs that
support tubulars shall be capable of supporting the rated load without collapsing the tubulars below the drift
diameter.
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Design requirements and criteria found in this part of ISO 13628 are based on rated working pressure and
external loads relevant for installation, testing and normal operations. Additional design requirements due to
drilling-riser- or workover-riser-imparted loads should be considered by the manufacturer, and overall
operating limits documented. ISO 13628-7 specifies design requirements for the workover riser and includes
additional operational conditions, such as extreme and accidental events (vessel drive-off, drift-off or
motion-compensator lock-up). These load conditions shall be considered for qualifying the equipment; see
5.1.7. The purchaser should confirm that anticipated operating loads are within the operating limits of the
equipment being used for the specific application.

5.1.1.6  Cycles

Progluct designs shall be capable of performing and operating in service as intended for the'l number of
opefating cycles as specified by the manufacturer. Products should be designed to operate.for the required
pregsure/temperature cycles, cyclic external loads and multiple make/break (latch/unlatch);)as applicable and
whgre applicable as verified in validation testing.

5.1.1.7 Operating force or torque

Prodlucts shall be designed to operate within the manufacturer’s force or torque specification, a$ applicable
and|where applicable as verified in validation testing.

5.1.1.8  Stored energy

The| design shall consider the release of stored energy and ensure that this energy can safely pe released
priof to the disconnection of fittings, assemblies, etc. Notablesexamples of this include, but are ngt limited to,
trapped pressure and compressed springs.

5.1.p Service conditions
5.1..1 Pressure ratings

5.1.p.1.1 General

Pregsure ratings shall comply witht5.1.2.1.2 to 5.1.2.1.8. Where small-diameter lines, such as SCESV control
line$ or chemical injection lines; \pass through a cavity, such as the tree/tubing-hanger cavity| equipment
boupding that cavity shall bg designed for the maximum pressure in any of the lines, unless p means is
provVided to monitor and relieve the cavity pressure in the event of a leak in any of those lines; sge 7.9.1 and
9.2.) for additional infarmation. In addition, the effects of external loads (i.e. bending moments, tension),
ambient hydrostatic loads and fatigue shall be considered. For the purpose of this part of ISO 13638, pressure
ratings shall be interpreted as rated working pressure (3.1.41).

Seql designssshould consider conditions where deep water can result in reverse pressure acting|on the seal
due| to external hydrostatic pressure exceeding internal bore pressure. All operating| conditions
(i.e.|commissioning, testing, start-up, operation, blowdown) should be considered.

5.1.2.1.2 Subseatrees

5.1.2.1.2.1 Standard pressure rating

Whenever feasible, assembled equipment that contains and controls well pressure, such as valves, chokes,
wellhead housings and connectors, shall be specified by the purchaser, and designed and manufactured to
one of the following standard rated working pressures: 34,5 MPa (5 000 psi), 69 MPa (10 000 psi) or
103,5 MPa (15 000 psi). Standard pressure ratings facilitate safety and interchangeability of equipment,
particularly where end connections are in accordance with this part of ISO 13628 or other industry standard,
such as 1SO 10423. Intermediate pressure ratings, e.g. 49,5 MPa (7 500 psi), for pressure-controlling and
pressure-containing parts are not considered except for tubing-hanger conduits and/or tree penetrations and
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connections leading to upstream components in the well (such as SCSSVs, chemical-injection porting,
sensors), which may have a higher-than-working-pressure design requirement.

51.21.2.2

Non-standard working pressure rating

Non-standard pressure ratings are outside the scope of this part of ISO 13628.

51213

Tubing hangers

The standard RWPs for subsea tubing hangers shall be 34,5 MPa (5 000 psi), 69 MPa (10 000 psi) and

VN i oY

103,5 MPa
the tubing
the RWP of

5.1.2.1.4
The standa
(15 000 psi
depending
5.1.2.15

Standard r4

each equipent piece shall be rated for working pressure in accordance*with the methods given in Claus

and Annex

51216

All hydrauli
have a hyc
component
0,9 times h
hydraulic R

5.1.2.1.7

Equipment
test ports a
7.3 and sh
meeting the
applicationg

LI UCC pbl) Thc pluduuﬁun Ul Clllllu:ub tub;llu bUIIIICbtiUII may havc a Jrocoourc |ati||y :UVVCI
angers RWP. Also, the tubing hanger may contain flow passages that shall not exceed 1,0.1i
the tubing hanger assembly plus 17,2 MPa (2 500 psi).

Subsea wellhead equipment

d RWPs for subsea wellheads shall be 34,5 MPa (5 000 psi), 69 MPa (10 000+psi) and 103,5 |
. Tools and internal components, such as casing hangers, may have_other pressure rati
bn size, connection thread and operating requirements.

Mudline equipment
ited working pressures do not apply to mudline casing hanger and tieback equipment. Inst

=5

Hydraulically controlled components

cally operated components and hydraulic control lines that are not exposed to wellbore fluids s
raulic RWP (design pressure) in accordance with the manufacturer's written specification
5 that use the hydraulic system to operate should be designed to perform their intended functig
draulic RWP or less, and shall be.able to withstand occasional pressure anomalies to 1,1 ti
IVP.

Thread limitations

designed for a mechanical connection with small-bore connections [up to 25,4 mm (1,00 in) b
hd gauge connections,shall be internally threaded, shall conform to the limits on use specifie
bll conform to thé-size and RWP limitations given in Table 2. OECs, with internal threads

requirements.‘of) 7.3 that are designed specifically for small-bore, test-port or gauge-conneg
, may also beused.

Table 2 — Pressure ratings for internal thread connections

han
mes

1Pa
Ngs,

v

hall

All
n at
mes

bre],
d in
and
tion

o Ratadl [PH
LT NAtCU WUTRIITY precoourc

mm (in) MPa (psi)

API line pipe (sizes)

12,7 (1/2) 69,0 (10 000)

High-pressu

re connections Types |, Il and Il in accordance with 103,5 (15 000)

1ISO 10423

51.2.1.8

Other equipment

The design of other equipment, such as running, retrieval and test tools, shall comply with the
purchaser’'s/manufacturer’s specifications.
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5.1.2.2 Temperature ratings

5.1.2.2.1 Standard operating temperature rating

Equipment covered by this part of 1SO 13628 shall be designed and rated to operate throughout a
temperature range defined by the manufacturer and as a system in accordance with ISO 10423. The minimum
temperature rating for valve and choke actuators shall be 2 °C (35 °F) to 66 °C (151 °F). The minimum
classification for the subsea system in accordance with 1SO 13268-4 shall be temperature
classification V [2 °C (35 °F) to 121 °C (250 °F)]. When impact toughness is required of materials (PSL 3 and
PSL 3G), the minimum classification for pressure-containing and pressure-controlling materials should be
temperature classification U [_ 18 °C. (n °|:) 10121 °C (?RO °|:)]

br than the
e performed

Prefdeployment testing at the surface may be conducted at environmental temperatures. low|
system rating as specified by the manufacturer. It is not necessary that the product qualification bg
at the pre-deployment testing temperature.

Con
bod
extr

sideration should be given to equipment operation due to transitional low-temperature effec{s on choke
es and associated downstream components when subject to Joule-Thompsan-(J-T) cooling effects due to
bme gas-pressure differentials.

Trasitional low-temperature effects associated with J-T cooling and“well start-up conditiops may be
addfessed by one or more of the following methods:
a) |component validation to the required minimum temperature<as specified in 5.1.7;
h material
accordance

b) |component validation to the standard operating<temperature range combined wi
Charpy V-notch qualification at or below the minimum transitional operating temperature in
with 4.1.3;

component validation to the standard operating temperature range combined with additiopal material

documentation supporting suitability for operation at the transitional temperature range.

<)

5.1.p.2.2 Standard operating temperature rating adjusted for seawater cooling

If th
sus
ope
rate

Con

mat
clag

5.1.

e manufacturer shows, through_analysis or testing, that certain equipment on subsea wellhe
pension, and tree assemblies;such as valve and choke actuators, will not exceed 66 °C (15
rated subsea with a retained fluid at least 121 °C (250 °F), then this equipment may be de
d to operate throughout-a-temperature range of 2 °C (35 °F) to 66 °C (150 °F).

versely, subsea €emponents and equipment that are thermally shielded from sea water b

sification.

P.2.3 _STemperature design considerations

The

ad, mudline
0 °F) when
signed and

y insulating

prials shall demonstrate that they can work within temperature range of the designated {emperature

design should take into account the effects of temperature gradients and cycles on the n

netallic and

non

5.1.2.24

-metallic parts of the equipment.

Storage/test temperature considerations

If subsea equipment will be stored or tested on the surface at temperatures outside of its temperature rating,
then the manufacturer should be contacted to determine if special storage or surface-testing procedures are
recommended. Manufacturers shall document any such special storage or surface-testing considerations.
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5.1.2.3  Material class ratings

5.1.2.3.1 General

Equipment shall be constructed with materials (metallics and non-metallics) suitable for its respective material
classification in accordance with Table 1. Table 1 does not define all factors within the wellhead environment,
but provides material classes for various levels of service conditions and relative corrosivity.

5.1.2.3.2 Material classes

Material sefectiorn—is—the Trate—te Sl re—tuser—as—he—has—the—knowtedge—of—the—proc
environmert as well as control over the injected treatment chemicals. The user may specify the,se
conditions gnd injection chemicals, asking the supplier to recommend materials for his review and approva|.

Material requirements shall comply with Table 1. All pressure-containing components shall be treated as
“bodies” fol determining material trim requirements from Table 1. However, in this part of(1S© 13628, qgther
wellbore-preéssure boundary-penetration equipment, such as grease and bleeder fittings; \Shall be treateq as
“stems” as|set forth in Table 1. Metal seals shall be treated as pressure-controlling™parts with regards to
Table 1.

All pressurg-containing components exposed to well-bore fluids shall be intaccordance with ISO 19156
(all parts) apd Table 1 material classes AA-HH.

5.1.3 Desjgn methods and criteria

5.1.3.1  General

Structural sfrength and fatigue strength shall be evaluated in‘this part of ISO 13628. ASME BPVC, Section| VIII,
Division 2, |Appendix 5, or other recognized standards.tnay be used when calculating fatigue. Localjzed
bearing-strgss values are beyond the scope of this part of 1ISO 13628. The effects of external loads |(i.e.
bending mgment, tensions, etc.) on the assembly or.components are not explicitly addressed in this paft of
ISO 13628 jor in ISO 10423. As equipment covered by this part of ISO 13628 are exposed to external lopds,
ISO 13628-/ may be used to define the structural'strength design.

The purchaser shall confirm that anticipated operating loads are within the operating limits of the equipment
being used [for the specific application.

5.1.3.2 Standard ISO flanges,-hubs and threaded equipment
Flanges angl hubs for subs€ayuse shall be designed in accordance with 7.1, 7.2 and/or 7.3.

5.1.3.3  Hressure<€antrolling components

Casing har|gers, \tubing hangers and all pressure-controlling components, except for mudline suspengion
wellhead equipment, shall be designed in accordance with ISO 10423.

Pressure-controlling components of mudline suspension equipment shall be designed in accordance with
Clause 10.

5.1.3.4 Pressure-containing components

Wellheads, bodies, bonnets, stems and other pressure-containing components shall be designed in
accordance with ISO 10423.
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Closure bolting (pressure-containing) and critical bolting (high-load bearing) require a preload to a high
percent of material yield strength as noted below.

Closure bolting of all 6BX and 17SS flanges shall be made up using a method that has been shown to result

ina

stress range between 67 % and 73 % of the bolt's material yield stress.

This stress range should result in a preload in excess of the separation force at test pressure while avoiding
excessive stress beyond 83 % of the bolt material’s yield strength.

Clos
321
cath
as €

The

wor
thre)

5.1.

HBN (Rockwell “C” 35) maximum due to concerns with hydrogen embrittlement when. cq
odic protection. Closure bolting for material classes AA-HH that is covered by insulation-shal
xposed bolting in accordance with ISO 15156 (all parts).

maximum allowable tensile stress for closure bolting shall be determined considering initial b
ing pressure and hydrostatic test pressure conditions. Bolting stresses, based on the root
ad, shall not exceed the limits given in ISO 10423.

B.6  Primary structural components

Prinhary structural components, such as guidebases, shall be desighed in accordance with accep|

prag
min
be

use
any
cap
defd
sha

For

5.1.
Refi
des
equ

5.1.

5.1.

Lifti

tices and documented in accordance with 5.1.5. A safety/design factor of 1,5 or more b3
mum material yield strength shall be used in the design caleulations; other recognized industry
Ised. It should be noted that many codes already include safety factors. Alternatively, an FH
 to demonstrate that applied loads do not result in deformation to such an extent that preve
other performance requirement. As an alternative,»a design validation load test of 1,5 tim
heity may be substituted for design analysis.-The component shall sustain the test loag
rmation to such an extent that any other perfermance requirement is affected and the test
| be retained.

other load conditions, the design (safety) factors given in ISO 13628-7 apply.

B.7  Specific equipment

br to 1ISO 10423. In addition;’refer to Clauses 6 through 11 for additional design requirement

gn requirements in Clauses 6 through 11 differ from the general requirements in Clause
pment’s specific design’requirements shall take precedence.

B.8  Desigmof/equipment for lifting

B3.8.1 General

ng-devices are divided into two categories for design and testing: permanently installed lifting

and

sure bolting manufactured from carbon or alloy steel, when used in submerged service, shalllhe limited to

nnected to
| be treated

lt-up, rated
area of the

ted industry
sed on the
codes may
EA may be
Nts meeting
Ps its rated
ing without
documents

. If specific
b, then the

equipment

redsable lifting equipment. Testing of reusable lifting equipment is more stringent as this e

Juipment is

subject to lifting cycles throughout its lifetime. Annex K provides design, testing, and maintenance guidelines
for both reusable lifting equipment and permanently installed equipment.

Equipment used exclusively for running in, on or out of the wellbore should be designed as given in 5.1.3.6 or
5.1.3.7, Annex H or Annex K, as applicable.

5.1.3.8.2 Pad eyes
Pad eyes should be designed as given in Annex K. Load capacities of pad eyes shall be marked as specified
in 5.5.2.
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5.1.3.8.3 Primary members

Primary members are structural members that are in the direct load path of lifting loads. If the primary member
is either pressure-containing or pressure-controlling, and is designed to be pressurized during lifting
operations, then the load capacity shall include the additional stresses induced by internal rated working

pressure.

5.1.3.84

Load testing

Load testing of lifting pad eyes should be done in accordance with Annex K.

5.1.4 Misgellaneous design information

5.1.4.1  Hraction to decimal equivalence

ISO 10423,|Annex B, gives the equivalent fraction and decimal values.

5.1.4.2 Tolerances

Unless othgrwise specified in tables or figures of this part of ISO 13628, the following tolerances shall apply.

a) The tolerance for dimensions with format X is + 0,5 mm (X,X is + 0,02,in).

b) The tolprance for dimensions with format X,X is £ 0,5 mm (X,XX i« 0,02 in).

c) The tolerance for dimensions with format X,XX is = 0,13 mm(X,XXX is = 0,005 in).

d) Dimengions listed as XXXX are considered the~maximum dimension (XXXX) and the minimium
dimendion (YYYY), overriding the nominal tolerances to accommodate certain geometries.

Dimensiong less than 10 mm (0,39 in) should be listed with two digit accuracy so that the imperial equivglent

is within thg same two-digit manufacturing_ telerance.

5.1.4.3 Hnd and outlet bolting

5.1.4.3.1 [Hole alignment

End and oytlet bolt holes{for 1ISO flanges shall be equally spaced and shall straddle the common centre |ine;

see Table 7.

5.1.4.3.2 [Stud-thread engagement

Stud-thread engagement length into the body of ISO studded flanges shall be a minimum of one times the OD

of the stud.

5.1.4.4  Other bolting

The stud-thread anchoring means shall be designed to sustain a tensile load equivalent to the load that can
be transferred to the stud through a fully engaged nut.

20
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5.1.45 Test, vent, injection and gauge connections

5.1.4.5.1 Sealing

All test, vent, injection and gauge connections shall provide a leak-tight seal at the test pressure of the
equipment in which they are installed.

A means shall be provided such that any pressure behind a test, vent, injection or gauge connector can be
safely vented prior to removal of the component.

5.1.4.5.2 Test and gauge connection ports

Tes

5.1.

External corrosion control for subsea trees and wellheads shall be provided by appropriate materiz

coa
test
prog

5.1.

5.1.
The

maif
eve

5.1.

Thel
and

5.1.

Col

5.1.

5.1.
equ
the

5.1.

and gauge connection ports shall comply with the requirements of 5.1.2.1.7 and 7.3.

1.6 External corrosion-control programme

ing systems and cathodic protection. A corrosion-control programme is an ongoing activity tha
ng, monitoring and replacement of spent equipment. The implementation of a corro
ramme is beyond the scope of this part of ISO 13628.

1.7  Coatings (external)

1.7.1 Methods

coating system and procedure used shall comply *with the written specification of the

nt neither has a specification, Annex | may be used.

1.7.2 Record retention

manufacturer shall maintain, and have available for review, documentation specifying the coat
procedures used.

1.7.3 Colour selection

pur selection for underwaterwisibility shall be in accordance with ISO 13628-1.

1.8  Cathodic proteetion

1.8.1  Cathodic-protection system design requires the consideration of the external &
pment being{protected. It is the responsibility of the equipment manufacturer to document a
information\on the area exposed to replenished seawater of all equipment supplied in acco
b. This_ doeumentation shall contain the following information as a minimum:

location and size of wetted surface area for specific materials, coated and uncoated,;

s selection,
consists of
sion-control

equipment

ufacturer or the coating manufacturer as agreed between the user/purchaser and manufacfurer. In the

ng systems

rea of the
nd maintain
rdance with

areas where welding is allowed or prohibited,;
materials of construction and coating systems applied to external wetted surfaces;
control line interface locations;

flowline interfaces.

5.1.4.8.2 The following cathodic protection design codes shall apply:

NACE SP0176;

DNV RP B401.
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5.1.4.8.3 Some materials have demonstrated a susceptibility to hydrogen embrittlement when exposed to
cathodic protection in seawater. Care should be exercised in the selection of materials for applications
requiring high strength, corrosion resistance and resistance to hydrogen embrittlement. Materials that have
shown this susceptibility include martensitic stainless steels and the more highly alloyed steels having yield
strengths over 900 MPa (131 000 psi). Other materials subject to this phenomenon are hardened, low-alloy
steels, particularly with hardness levels greater than Rockwell “C” 35 [with yield strength exceeding 900 MPa

(131 000 psi)], precipitation-hardened nickel-copper alloys and some high-strength titanium alloys.

5.1.5 Des

Documenta

ign documentation

ion of designs shall include methods, assumptions, calculations, qualification test reports

and

design-valic
criteria for
requiremen
reproducibl
last unit of
recorded in
purchaser’s
of text, drayj

5.1.6 Des

Design doc
created the

5.1.7 Vali

5171 |

The minimym validation test procedures that shall be tUsed to qualify product designs in accordance

Table 3 are

demonstratg

conditions i

5172 (
Prototype ¢
shall be ref
manufactur
fit-form-fung
of the prod
substantive
A substanti
selection th
manufactur

ation requirements. Design documentation requirements shall include, but not be limited to(th
size, test and operating pressures, material, environmental requirements and other~pert
s on which the design is being based. Design documentation media shall be cléar;”leg
e and retrievable. Design documentation retention shall be for a minimum of five years after
that model, size and rated working pressure is manufactured. All design requirements shal
a manufacturer’s specification, which shall reflect the requirements of this part-of’ ISO 13628

ings, computer files, etc.

gn review

Limentation shall be reviewed and verified by any qualified individual other than the individual
original design.

fHation testing

ntroduction

defined in 3.5.1.7. The manufacturer shall.define additional validation tests that are applicable
that this validation testing can beccorrelated with the intended service life and/or opera
N accordance with the purchaser requirements.

beneral

quipment (or first article)-and fixtures used to qualify designs using these validation proced
resentative of production models in terms of design, production dimensions/tolerances, inter
ng processes, deflections and materials. If a product design undergoes any change

tion or material; the manufacturer shall document the impact of such changes on the performa
ict. A design{that undergoes a substantive change becomes a new design requiring retestin
change is.a’change that affects the performance of the product in the intended service condi
ve change/is considered as any change from the previously qualified configuration or mat

ose
hent
ble,
the
| be
the

specification or manufacturer’'s own requirements. The manufacturer’s specification may comnsist

who

Wwith
and
ting

ires
ded
5 in
nce
h. A
ion.
brial
the

at can-affect performance of the product or intended service. This shall be recorded and
Pr shall justify Whether or not re- quallflcat|0h is reqwred This may mclude changes in f|t fq

function or

be substanuated by other means.

DI'm-

NOTE Fit, when defined as the geometric relationship between parts, includes the tolerance criteria used during the
design of a part and mating parts. Fit, when defined as a state of being adjusted to, or shaped for, includes the tolerance
criteria used during the design of a seal and its mating parts.

For items with primary and secondary independent seal mechanisms, the seal mechanisms shall be
independently verified. Equipment should be qualified with the minimal lubricants required for assembly unless
the lubricants can be replenished when the equipment is in service or is provided for service in a sealed
chamber.
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The actual dimensions of equipment subjected to validation test shall be within the allowable range for
dimensions specified for normal production equipment. Worst-case conditions for dimensional tolerances should
be addressed by the manufacturer, giving consideration to concerns such as sealing and mechanical functioning.

5.1.7.3 Test media

Gas shall be used as the test medium for pressure-hold periods for pressure-containing and -controlling
equipment. Other equipment may be hydrostatically tested.

Manufacturers may, at their option, substitute a gas test for some or all of the required validation pressure

tests_\alidation test procedures and acceptance criteria shall meet the requirementsin 5 4

5.1.

Tab
test
hyd
ther
isr
perf

5.1.

The
veri
cap
extq
sha

See
stru

5.1.

Vali
tem

Tab
shu
equ
ope
sha
ests
con
tem

7.4 Pressure-cycling tests

e 3 lists equipment that shall be subjected to repetitive hydrostatic (or gas, if applicable) pres

5 simulating start-up and shutdown pressure cycling that occurs in long-termnfield service
ostatic cycling tests, the equipment shall be alternately pressurized to the fullrated working p
fully depressurized until the specified number of pressure cycles has been*completed. No hoj

bquired for each pressure cycle. A standard hydrostatic (or gas, if apgplicable) test (see 5

prmed before and after the hydrostatic pressure cycling test.

7.5 Load testing

manufacturer’s rated load capacities for equipment in accordance with this part of ISO 136
ied by both validation testing and engineering analysis;>The equipment shall be loaded t
hcity to the number of cycles in accordance with Table 3 during the test without deformation
nt that any other performance requirement is affected”(unless otherwise specified). Engineer
| be conducted using techniques and programmes, that comply with documented industry pract

5.1.3.3 for load-testing of pressure-controlling components, and 5.1.3.6 for load-testing
ctural components.

7.6  Temperature cycling tests
Hation tests shall be performed at a test temperature at or beyond the range of the rate
perature classification while.at RWP or load condition.

e 3 lists equipment that/shall be subjected to repetitive temperature cycling tests simulating
down temperature“cycling that occur in long-term field service. For these temperature cyclin
pment shall be-alternately heated and cooled to the upper and lower temperature extremes
rating temperature classification as defined in 5.1.2.2. During temperature cycling, rated worki
| be applied;te the equipment at the temperature extremes with no leaks beyond the accepta
blished «in ISO 10423. As an alternative to testing, manufacturer shall provide other objectiv|
Sistent.with documented industry practice, that the equipment will meet performance requirem
Dberature extremes.

sure-cycling

For these
essure and
ding period
4) shall be

28 shall be
D the rated
to such an
ng analysis
ce.
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d operating

Start-up and
g tests, the
of its rated
Ng pressure
nce criteria
e evidence,
bnts at both

51.7.7

Life-cycle/endurance testing

Life-cycle/endurance testing, such as make-break tests on connectors and operational testing of valves,
chokes, and actuators, is intended to evaluate long-term wear characteristics of the equipment being tested.
Such tests may be conducted at a temperature specified by the manufacturer and documented as appropriate
for that product and rating. Table 3 lists equipment that shall be subjected to extended life-cycle/endurance
testing to simulate long-term field service. For these life-cycle/endurance tests, the equipment shall be
subjected to operational cycles in accordance with the manufacturer's performance specifications
(i.e. make-up to full torque/break-out, open/close under full rated working pressure). Connectors, including
stabs, shall be subjected to a full disconnect/lift as part of the cycle. Additional specifications for life-
cycle/endurance testing of the components listed in Table 3 can be found in the equipment-specific clauses
covering these items (Clauses 6 to 11). Secondary functions, such as connector secondary unlock, shall be
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included in this testing. Where it can be demonstrated that pressure and/or temperature testing similarly loads
the component or assembly to that condition specified for endurance-cycle testing, those cycles can be
accumulated toward the total number of cycles specified for endurance-cycle testing. For example, the
200/3 pressure/temperature cycles used to test a valve can cumulatively qualify as 203 cycles toward the
600 total cycles required for endurance cycling.

Table 3 — Minimum validation test requirements

without changing seals or components.

Pressure/load Temperature Endurance cyclln_g test
Component eveling test cveling testa (total cumulative

ycling yeling cycles)
Metal seal exposed to well bore in 200 3 PMR®
production
Metal seal npt exposed to well bore in 3 3 PMRE
production
Non-metalli¢ seal exposed to well bore 200 3 PMRC®
in production
Non-metalli¢ seal not exposed to well 3 3 PMR®
bore in prodpction
OEC 200 NA PMRC
Wellhead/trge/tubing head connectors 3 NA PMRC
Workover/infervention connectors 3 NA 100
Tubing heads 3 NA NA
ValvesP 200 3 600
Valve actuafors 200 3 600
Tree cap copnectors 3 NA PMRC
Flowline corlnectors 200. NA PMRC®
Subsea chokes 200 3 500
Subsea choke actuators 200 3 1 000®
Subsea wellhead casing hangers 3 NA NA
Subsea wellhead annulus seal 3 3 NA
assemblies {including emergency seal
assemblies)
Subsea tubipg hangers, HXd, internal 3 NA NA
tree caps arjd crown plugs
Poppets, sliging sleevess/and check 200 3 PMRC
valves
Mudline tubing-heads 3 NA NA
Mudline wellhead, casing hangers, 3 NA NA
tubing hangers
Running toolsd 3 NA PMRS
NOTE Pressure cycles, temperature cycles and endurance cycles are run as specified above in a cumulative test with one product

b

¢ PMR signifies “per manufacturer rating”.

2  Temperature cycles shall be in accordance with ISO 10423.

Subsea wellhead running tools are not included.

Before and after the pressure cycle test a low-pressure, 2 MPa (300 psi) + 10 %, leak-tightness test shall be performed.

€ A choke-actuator cycle is defined as total choke stroke from full-open to full-close or full-close to full-open.
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ISO 13628-

Product family validation

4:2010(E)

A product of one size may be used to verify other sizes in a product family, providing the following
requirements are met.

a) A product family is a group of products for which the design principles, physical configuration, and

functional operation are the same, but which differ in size.

b) The product geometries shall be parametrically modelled such that the design stress levels and
deflections in relation to material mechanical properties are based on the same criteria for all members of

the product family in order to verify designs via this method.
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Scaling may be used to verify the members of a product family in accordance with ISO 10423,

7.9 Documentation

manufacturer shall document the procedures used and the results of all validation tests usg
pment in this part of ISO 13628. The documentation requirements for validation-testing shall 4
he documentation requirements for design documentation in 5.1.5 with the addition that the do
| identify the person(s) conducting and witnessing the tests and the time and place of the testin

Materials

1 General

material performance, processing and compositional Mtequirements for all pressure-con
sure-controlling parts specified in this part of ISO 13628.shall conform to ISO 10423. For purp
rence, subsea wellheads and tubing heads shall be.considered as bodies.

P Material properties

ddition to the materials specified in 1SQ 10423, other, higher-strength materials may be us
satisfy the design requirements of 5,1 and comply with the manufacturer's written specifig
rpy impact values required by ISO 10423 are minimum requirements and higher values may
eet local legislation or user requirements.

forged material used for_fpressure-containing and high-load-bearing parts, forging prad
tment and test coupon (QTC or prolongation) requirements should meet those of API RP 6HT.
fest coupon shall accompany the material it qualifies through all thermal processing, excluding

h-load-bearing” destribes a load condition acting on a component such that the resul
valent stress exegeds 50 % of the base-material’'s minimum yield strength.

B Productspecification level

pressure-containing and pressure-controlling materials used in equipment covered by
13628 shall comply with requirements for PSL 2 or PSL 3/3G in accordance with ISO 1042

Annex F.
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In addition,
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ling loaded

his part of
3. All other

item

s-should be in accordance with the manufacturer’s written specification.

5.2.4 Corrosion considerations

5241

Corrosion from retained fluids

Material selection based upon wellbore fluids shall be made in accordance with 5.1.2.3.
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5.24.2

Corrosion from marine environment

Corrosion protection through material selection based on a marine environment shall consider, as a minimum,
the following:

weldab

crevic

external fluids;

internal fluids;

ility;

corrosion:
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5.3.3 Cor

5331 (

Corrosion r
following:

a) welding
surface

ar-metals effects;
c-protection effects;

S.

ctural materials

omponents are normally of welded construction using common structural steels. Any stre
onforms to the requirements of the design may be used.

ing
Esure-containing/controlling components

on pressure-containing/controlling components shall~xcomply with the requirements of 1ISO 10
PSL 3/3G, as specified.

ctural components

elds shall be treated as non-pressure-containing welds and shall comply with 1ISO 10423
| structural welding code, such as-‘AWS D1.1. Weld locations where the loaded stress exce
weld or base-material yield strength, and welded pad eyes for lifting shall be identified as “cri
Shall be treated as in 5.3.1, PSk 3/3G.

osion-resistant overlays

beneral

esistant overlays/shall be made in accordance with 1ISO 10423 requirements with regard to

requirements for weld overlay for corrosion-resistance and/or hard facing and other mat
-praperty controls,

hgth

423
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eds
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b) quality
5.3.3.2

Overlay of r

Ring grooves

ing grooves shall meet the applicable requirements of ISO 10423 with regard to the following:

a) weld overlay requirements in ISO 10423 for corrosion-resistant ring grooves;

b) quality requirements in 1SO 10423 for weld-metal overlay (ring grooves, stems, valve bore sealing
mechanisms and choke trim).

NOTE

26

Overlay of ring grooves is typically intended to provide corrosion-resistance only.
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5.3.3.3 Stems, valve bore sealing mechanisms and choke trim

Overlay of stems, valve bore sealing mechanisms (VBSM), and choke trim shall meet the applicable
requirements of ISO 10423 with regard to the following:

a) weld overlay requirements in ISO 10423 for other corrosion-resistant overlays;

b) quality requirements in ISO 10423 for weld-metal overlay (ring grooves, stems, valve-bore sealing
mechanisms and choke trim).

NOTE Overlay of stems, valve bore sealing mechanisms and choke trim is typically intended to provide both
corrpsion resistance and wear resistance.

5.3.8.4 CRM overlay of wetted surfaces, pressure-containing parts

Ovgdrlay of wetted surfaces on pressure-containing parts shall meet applicable requirements of 1ISQ 10423 with
regard to the following:

a) [weld overlay requirements in ISO 10423 for other corrosion-resistant overlays;

b) |quality requirements in ISO 10423 for weld-metal corrosion-resistant alloy overlay (bodies, bpnnets, end
and outlet connections).

NOTE CRM overlay of wetted surfaces on pressure-containing parts'is typically intended to meet the requirements of
ISO[10423 material class HH, and/or high resistance to seawater.and retained fluids. This category doe$ not include
localized CRM overlay of seal surfaces only.

5.3.8.5 Other corrosion-resistant overlay of seal surfaces

Ovdrlay of seal surfaces on pressure-containing and pressure-controlling parts shall meefl applicable
requirements of ISO 10423 with regard to the fellowing:

a) |weld overlay requirements in ISO 10423 for other corrosion-resistant overlays;
b) |quality requirements, which shall be specified by the manufacturer and shall meet, as & minimum,
requirements in ISO 10423 forweld-metal overlay (ring grooves, stems, valve-bore sealing mechanisms

and choke trim).

NOTE Localized CRM ‘averlay of seal surfaces on pressure-containing or pressure-controlling parts is typically
intended to provide enhaneed corrosion resistance for critical seal interfaces. This is distinct from full CRM overlay of
wettpd surfaces to meet'material class requirements.

Requirements_gstablished by the manufacturer shall include consideration of design requireménts for the
oveflay.

5.4 AQuality control

5.4.1 General
The quality-control requirements for equipment specified in this part of ISO 13628 shall conform to ISO 10423.
For those components not covered in ISO 10423, equipment-specific quality-control requirements shall

comply with the manufacturer's written specifications. Purchaser and manufacturer should agree on any
additional requirements.

5.4.2 Product specification level

Quality control and testing for pressure-containing and pressure-controlling components covered by this part
of ISO 13628 shall comply with requirements for PSL 2 or PSL 3 as established in ISO 10423. Quality control
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for PSL 3G shall be the same as for PSL 3 with the exception of pressure testing, which shall comply with
5.4.6. Requirements for other components shall be in accordance with the manufacturer’s written specification.

5.4.3 Structural components

Quality control and testing of welding for structural components shall be specified as non-pressure-containing
welds and comply with 1ISO 10423 or a documented structural welding code, such as AWS D.1.1. “Critical
welds” shall be treated as pressure-controlling welds and comply with ISO 10423, PSL 3, excluding volumetric
NDE examination.

5.4.4 Lifting devices

Guidelines for lifting pad eyes are defined in Annex K.

Additionally}, welds on pad eyes and other lifting devices attached by welding shall be in accordance with the
weld requirgments as specified in 5.3.2 and 5.4.3. All pad eye and lifting device welds shall be designatefl as
“critical welfls”. Lifting pad eyes shall also be individually proof-load tested to at least twe.and one-half (2,5)
times the dpcumented safe working load for the individual pad eye (SWL/number of pad eyes). Pad eyes shall
be tested with magnetic particles and/or dye penetrant following proof testing. Proof-load testing shall be

repeated fo|

pad eyes and other lifting devices shall meet PSL 3 requirements.
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inspection.

lowing significant repairs or modifications prior to being put into use. The-base metal and welg

ing for PSL 2 and PSL 3 equipment

ydrostatic pressure testing

r to testing.

sure ratings, the hydrostatic body test pressure shall be a minimum of 1,5 times the rated wor
he acceptance criterion for hydrostatic.jpressure tests shall be no visible leakage during the
pressure-monitoring gauge and/or a.chart recorder is used for documentation purposes, the o
Id have an acceptable pressure settling rate not exceeding 3 % of the test pressure per hour.

pressure shall not fall below the test pressure before the end of the test hold period. Initial
all not be greater than 5 % above the specified test pressure.

rift test
should be condueted in accordance with 1ISO 10423 after completion of pressure testing. Ver
quire the passage of wellbore tools shall be physically drifted with the 1SO 10423-specified
Lins that require the passage of TFL tools shall be physically drifted with the 1SO 13628-3

confifmed as to drift alignment by other means, such as the use of a borescope and vi

s of

for hydrostatic pressure testing of equipment spegified in Clauses 6 through 11 shall conform to
the requirements for PSL 2 or PSL 3 in accordance with 1SO*10423, with the exception that parts may

be

king
hold
hart
The
test

tical
drift
drift

Dther configurations that do not allow the use of a physical drift mandrel due to access or length of

sual

5.4.6 Testing for PSL 3G equipment

54.6.1

See5.45.2

5.4.6.2

546.2.1

Drift test

Pressure testing

Hydrostatic body and seat test for valves and chokes

A hydrostatic body test and hydrostatic valve seat tests shall be performed prior to any gas testing.

28
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The acceptance criterion for hydrostatic pressure tests shall be no visible leakage during the hold period. If a
pressure-monitoring gauge and/or a chart recorder is used for documentation purposes, the chart record
should have an acceptable pressure settling rate not exceeding 3 % of the test pressure per hour. The final
settling pressure shall not fall below the test pressure before the end of the test hold period. Initial test
pressure shall not be greater than 5 % above the specified test pressure.

5.4.6.2.2 Gas body test for assembled valves and chokes

The

a)

test shall be conducted under the following conditions.

The test shall he conducted at ambient temperature

b)
c)
d)

e)

f)

The
mor
pres
less
Initi
5.4.
The
The

a)

b)

<)
d)

The test medium shall be nitrogen.

The test shall be conducted with the equipment completely submerged in a water bath.

The valves and chokes shall be in the partially open position during testing.

The gas body test for assembled equipment shall consist of a single-holding period of ng
15 min, the timing of which shall not start until the test pressure has been-reached and the equ
pressure-monitoring gauge have been isolated from the pressure source.

The test pressure shall equal the rated working pressure of the €quipment.

acceptance criterion for gas tests shall be no visible bubbles during the hold period. If
itoring gauge and/or chart recorder is used for documentation purposes, the chart record sh
sure settling rate not exceeding 3 % of the test pressure per 15 min or per 2 MPa (300 psi), \

. The final settling pressure shall not fall below théltest pressure before the end of the test
| test pressure shall not be greater than 5 % above the specified test pressure.

5.2.3  Gas seat test — Valves

gas seat test may be conducted in addition to, or in place of, the hydrostatic seat test.

test shall be conducted under the, following conditions.

The gas pressure shall be‘applied to each side of gate or plug of bi-directional valves with th
open to the atmosphere“Unidirectional valves shall be tested in the direction indicated o
except for check valves, which shall be tested from the downstream side.

The test shall be\conducted at ambient temperatures.

The test medium shall be nitrogen.

The test shall be conducted with the equipment completely submerged in a bath of water.

t less than
ipment and

h pressure-
buld have a
Vhichever is
nold period.

b other side
n the body,

e)

Testing shall consist of two, monitored holding periods.

f)
9)
h)

i)
)

The primary test pressure shall equal rated working pressure.
The primary test monitored hold period shall be 15 min.

The pressure shall be reduced to zero between the primary and secondary hold points,
opening the valve.

The secondary test pressure shall be 2 MPa + 0,2 MPa (300 psi + 30 psi).

but not by

The secondary test monitored hold period shall be 15 min; the upstream pressure is then vented to zero,

but not by opening the valve.
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k)

1)

The acceptance criterion for gas tests shall be no visible bubbles during the hold period.

The valves shall be fully opened and fully closed between tests.

Bi-directional valves shall be tested on the other side of the gate or plug using the same procedure.

For the primary high-pressure seat test, if a pressure-monitoring gauge and/or chart recorder is used for
documentation purposes, the chart record should have a pressure settling rate not exceeding 3 % of the test
pressure per 15 min or per 2 MPa (300 psi), whichever is less. The final settling pressure shall not fall below
the test pressure before the end of the test hold period. Initial test pressure shall not be greater than 5 %

above the specified test pressure.

For the secpndary low pressure seat test, the test pressure shall be 2 MPa + 0,2 MPa (300 psi + 30_psi) pver
the hold petiod.

5.4.7 Hydraulic system pressure testing

Components that contain a hydraulic control fluid shall be tested to a hydrostatic body/shell test at 1,5 times
the hydraulic RWP of their respective hydraulic systems with primary and secondary hold times in accordgnce
with 5.4, PBL 3. All operating subsystems (actuators, connectors, etc.) that are-operated by the hydraulic
system shall function at 0,9 times the hydraulic RWP or less of their respective system.

As the hydfaulic system does not communicate with the wellbore, its RWP shall be limited to the weakest
pressure-cgntaining element or less, as specified by the manufacturer, The hydrostatic test pressure of| the
hydraulic system shall be 1,5 times the hydraulic RWP with primary and{secondary hold times in accordgnce
with 5.4, PBL 3. The test medium is the hydraulic system fluid. Acceptance criterion is no visible leakage.
Chart recorgling is not required.

5.4.8 Catlpodic protection

Electric continuity tests shall be performed to prove the-effectiveness of the cathodic protection system. If the
electrical continuity is not obtained, earth cabling shall be incorporated in the ineffective areas where| the
resistance ig greater than 0,10 Q.

5.5 Equipment marking

5.5.1 General

Equipment |that meets the requiféements of this International Standard shall be marked “ISO 13628-4" in
accordance with ISO 10423, marking "ISO 13628-4" in place of "ISO 10423."

All equipmént marked “I1S©)13628-4" shall, also, be marked with the following minimum information: [part
number, manufacturer pame or trademark. See ISO 10423 for metallic marking locations.

Equipment |shall be=marked in either metric units or imperial units where size information is applicable |and
useful. The|units 'shall be marked together with the numbers.

5,5.2 Pad

ol life H—y
Cyto ariu 1t pgultits

Pad eyes intended for lifting an assembly should be painted red and properly marked for lifting so as to alert
personnel that safe handling can be made from this point.

Lift pad eyes or lift points on each respective assembly shall be marked with the documented total safe
working load (SWL) as follows.

EXAMPLE 1

Using a four-pad eye lift arrangement, each with a static safe working load of 25 tons, yields a total

safe

working load (SWL) of 100 tons with a sling load lift-angle limit (90° — &) of 60° from horizontal. The static marking at or
near the lift location is as follows:

30

"100 tons total SWL static, 4 point lift, 60-90"
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EXAMPLE 2 For offshore or immersion (subsea) lift conditions, the marking for the total dynamic safe working load
should be marked in addition to the static load marking. The reduced SWL capacity reflects load amplification factors
(LAF) that are listed in Annex K.

"50 tons total SWL dynamic, 4 point lift, 60-90"
SAFETY PRECAUTIONS — Pad eyes on frames not painted red and/or properly labeled should be

considered only as aids for handling lines (tag lines) or tie-down (transportation, sea fastening, etc.).
Any pad eye or lift point not properly marked with the appropriate lift marking should not be used for

lifting. Lifting from unmarked pad eyes can lead to serious damage or injury.

Per
mak
“s 1

All

equ
100
red
fast
liftin
for g

5.5.

The
mar

5.5

Sub
clag

5.6

5.6.

All 6
test

5.6.

Prio
des
bec

A Temperature classification

SONNel Snould pay Special atention 10 paytoad Welghts and thelr markings and, in parucutar 113
e sure total safe working loads match rigging requirements: “tons” refers to an imperial ton
n” refers to a “short ton” (2 000 Ibs); “tonne” refers to a metric ton (1 000 kg or 2 200 Ib).

hssemblies and equipment that are handled between supply boat and rig may, have dedi
pment (sling assemblies, etc.), which comply with local legislation or regulations. All package
kN (22 500 Ibs) shall have pad eyes for handling and sea fastening. These pad-eyes shall no
and should be considered only as aids for handling lines (tag lines) or'tie-down (transpo

bning, etc.). Any pad eye not stamped or stenciled with the appropriate Jift marking should not
g. Lifting from unmarked pad eyes can lead to serious damage or injury? All other equipment

B Other lifting devices

rated lifting capacity of other lifting devices, such as.t0ols, as determined in 5.1.3.8, shal
ked in accordance with 5.5.2 in a position visible whensthe lifting device is in the operating posi

sification in accordance with 1ISO 10423;
Storing and shipping

1 Draining after testing

ng and prior to storage or shipment.

P Rust preyention

spelling, to
(2 240 Ibs);

cated lifting
5 exceeding
be painted
rtation, sea
be used for
not suitable

hipping in baskets or containers shall be furnished with facilities for,sea fastening as appropriate.

| be clearly
on.

sea equipment manufactured in accordance, with 5.1.2.2 shall be marked with the appropriate {femperature

guipment shall be drained and lubricated in accordance with the manufacturer’s written specifjcation after

corr

r to shipment, parts and equipment shall have exposed metallic surfaces (except thosg
gnated,>such as anodes or nameplates) either protected with a rust preventive coating th
bme ﬂwd at temperatures less than 50 °C (125 °F) or f|IIed W|th a compatlble f|UId contain

otherwise
ht does not
ng suitable
coated, but

showing damage after testlng, should undergo coatlng repair pr|0r to storage or shlpment a specified in
5.1.4.8.

5.6.3 Sealing surface protection

Exposed seals and seal surfaces, threads, and operating parts shall be protected from mechanical damage
during shipping. Equipment or containers shall be designed such that equipment does not rest on any seal or
seal surface during shipment or storage.

5.6.4 Loose seals and ring gaskets

Loose seals, stab subs and ring gaskets shall be individually boxed or wrapped for shipping and storage.

© 1SO 2010 — All rights reserved

31


https://standardsiso.com/api/?name=ce27268bcdd7d1a57f99f885db975967

ISO 13628-4:2010(E)

5.6.5 Elastomer age control

The manufacturer shall document instructions concerning the proper storage environment, age control
procedures and protection of elastomer materials.

5.6.6 Hydraulic systems

Prior to shipment, the total shipment including hydraulic lines shall be flushed and filled in accordance with the
manufacturer’'s written specification. Exposed hydraulic end fittings shall be capped or covered. All pressure
shall be bled from equipment, unless otherwise agreed between the manufacturer and purchaser.

5.6.7 Elegtrical/electronic systems

The manufacturer shall document instructions concerning proper storage and shipping of all electrical cahles,
connectors fand electronic packages (pods).

5.6.8 Shipments
For shipmept, units and assemblies should be securely crated or mounted on skids\so as to prevent damage
and to faciltate sling handling. All metal surfaces shall be protected by paint ‘er-fust preventative, and all
flange face$, clamp hubs and threads shall be protected by suitable covers.

Consideratipn should be given to transportation and handling onshore as\well as offshore. Where appropr|ate,
equipment $hould be supplied with removable bumper bars or transportation boxes/frames.

5.6.9 Assembly, installation and maintenance instructions

The manufacturer shall document instructions concerningffield assembly, installation and maintenancg of
equipment.[These shall address safe operating procedures<and practices.

5.6.10 Exténded storage

Storage anfl preservation requirements for equipment after delivery to the user is beyond the scope of|this
part of ISO [L3628. The manufacturer shallprovide recommendations for storage to the user upon request.

6 Genefal design requirements for subsea trees and tubing hangers
6.1 Genegral

6.1.1 Intr¢duction

Clause 6 prpvides’specific requirements for the equipment covered in Clauses 7 and 9. Subsea tree assembly
configuratigns_.vary depending on wellhead type, service, well shut-in pressure, water depth, resefvoir

thao _ciithcaa tran nnnfinnw—tion
7 Suiootatrec— oGt

parametersi—ehvirenmentalfactors—and—operationalrequirements—As—sueh
requirements, including the location and quantity of USVs are not specified in Clause 6. As a minimum, the
barrier philosophy in accordance with ISO 13628-1 shall be met. The number of potential leak paths should be

minimized during system design.
Equipment that is used in the assembly of the subsea tree, but which is not covered in Clauses 6, 7, and 9,

shall comply with the manufacturer’s written specifications. Purchaser and manufacturer should agree on any
additional requirements.
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6.1.2 Handling and installation

Structural analysis should be performed by the user to ensure that structural failure does not occur at a point
below the tree re-entry spool and that the tree can be left in a safe condition in the event of a drive-off before
the tree running tool/EDP can be disconnected.

The design of the subsea tree assembly should consider the ease of handling and installation. All equipment
assemblies should be balanced within 1°. Consideration should be given to the submerged condition of this
equipment, including buoyancy or weighted modules removed after installation. The use of balance weights
should be minimized to keep shipping weight to a minimum and the location of balance weights should be

carefully chosen so that observation/access by diver/ROV is hot compromised.

6.1.

The
mar
well
Spo
curr
seal
test

6.1.

The)
ass
sub

6.1.

Con
inte

EXA
for d

Inte
des
mat

6.1.

Tes
exp
des

B Orientation and alignment

design should pay particular attention to the orientation and alignment between equipment pa
ufacturer shall conduct tolerance and stack-up analysis to ensure that trees will,. engage tubi

kages. The
ng hangers,

heads and guidebases; that tree running tools will engage re-entry spools; that-caps will engage re-entry

DS, etc. These studies shall take into account external influences, such as, flowline forces, t
ents, riser offsets, etc. Equipment shall be suitably aligned and orientated before stab subs
ing pockets. Where feasible during factory acceptance testing, calculatigns should be verified
ng of interfaces that will be engaged remotely.

1 Rating

PSL designation, pressure rating, temperature rating and material class assigned to the
bmbly shall be determined by the minimum rating of any’single component used in the asse
Sea tree that is normally exposed to wellbore fluid.

-

b Interchangeability
hponents and sub-assemblies for different arrangements of subsea tree configurations
changeabile if functional requirements permit.

MPLES Change-out of tree conneetors to suit different wellhead profiles, change-out of wing-valve &
ifferent services, such as production, injection, etc., and the interchangeability of spares.

rchangeability between mating trees, tubing hangers, caps, tool interfaces, etc., shall be ass
gn and dimensional control. It is recommended that items that are engaged subsea be interf
ng item or a fixture.dnfegration testing is outside the scope of this part of ISO 13628.

I~

b Safety

ling is one of the most dangerous operations conducted on oilfield equipment. A pressure test
Dses the equipment to a higher stored energy state than it sees in normal field operation to ens

Emperature,
enter their
by realistic

bubsea tree
mbly of the

should be

rrangements

ured by the
aced with a

ntentionally
ure that the
assembled.

gn-s_sound, that materials have no significant flaws and that the equipment has been properly

Nor

nabpersonnel protective equipment does not provide protection in the event of a high-volume pressure

release. The following are some recommended minimum practices to consider to improve personnel safety.

Safe job analysis should be performed before any pressure and load testing is performed.

— When a component or assembly is pressure-tested, protective barriers should be utilized, personnel
should be kept out of hazardous areas, and appropriate stand-off distances should be established. This is

especially important the first time a new piece of equipment is tested.

— Venting of trapped air prior to hydrostatic testing is essential to minimize stored energy potential. The
designer should take this into consideration when locating test/vent ports and when specifying the

orientation of the equipment during test.
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— Where practical, minimize the volume of stored pressure energy by applying higher pressure tests to
smaller sub-assemblies versus testing full assemblies at one time. Or, make use of other energy-
reduction methods such as volume-reducing devices in non-functional areas.

— Controlled methods should be specified for verifying and confirming that test pressures have been
completely vented/bled down.

EXAMPLE Specifying multiple venting points, requiring all valves to be fully opened.

— Gas tests should always be performed only after hydrostatic testing and never at a pressure above the
working pressure rating of the equipment.

— Gas tegts should be performed only while equipment is submerged to the maximum water depth.possible
in the test pit/chamber.

— Considgration should be given to safe ways for test personnel to verify leakage, suchas using remote
pressufe recorders, cameras, mirrors/periscopes, drip cloths/paper, etc., to look for drips/bubbles.

— The uge of ballistics calculations have proven useful in establishing requirements for, and typeg of,
shielding devices and safe work zones for test personnel.

— Pressufe testing tools can fail just like the equipment being tested. Test-equipment should be undgr a
prevenfive maintenance program, since test flanges, clamps, hoses¢ete., are exposed to more extreme
pressufe loads than any other equipment.

— As prgssure-test hose lines always cross safety barriers,“they should be secured/staked with a
mechajical constraint to prevent whipping in the event that'@ hose or end fitting fails. Consider burying
pressufe lines to prevent damage in high-traffic areas from*ork lifts, etc.

Safe accesp for personnel to equipment packages during testing, inspection, maintenance, preparatior} for
installation jor other tasks should be considered as @art of the design. Where necessary, access devjces
should be flirnished. Access devices should include_a’warning label stating that a fall-arrest device shouldl be
used wherg personnel are required to work on top-of equipment packages. When assemblies are stacked| the
access devices should be positioned to facilitate) safe transfer from one assembly to the other.

6.2 Tree|valving

6.2.1 Madter valves, vertical tree

Any valve ip the vertical bore-of the tree between the wellhead and the tree side outlet shall be defined s a
master valve. A vertical subsea tree shall have one or more master valves in the vertical production (injection)
bore and vertical annulus' (when applicable). At least one valve in each vertical bore shall be an actugted,
fail-closed Valve.

6.2.2 Maslter valves, horizontal tree

The inboard valve branching horizontally off the tree between the tree body and tubing hanger and the
production (injection) flow path (bore) shall be defined as the production master valve. The inboard valve on
the bore into the annulus below the tubing hanger shall be defined as the annulus master valve. A horizontal
subsea tree shall have one or more master valves on each of the above bores. At least one valve in each of
the above bores shall be an actuated, fail-closed valve.

6.2.3 Wing valves, vertical tree
A wing valve is a valve in the subsea tree assembly that controls either the production (injection) or annulus

flow path and is not in the vertical bore of the tree. The side outlet for production (injection) shall have at least
one wing valve. The annulus flow path of the subsea tree shall have at least one wing valve (depending on
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tree configuration) when a second annulus master valve is not present, with respect to operational/process
and/or well intervention requirements.

6.2.4 Wing valves, horizontal tree

The horizontal subsea tree shall have a wing valve downstream (upstream — injection) of the master valve in
both the production (injection) flow path and the annulus flow path with respect to operational/process and/or

well

intervention requirements.

6.2.5 Swab closures, vertical and horizontal tree

Any| bore that passes through the subsea tree assembly that can be used in workover operatigns shall be
equjpped with at least two swab closures. The swab closure is a device that allows verticahaccgess into the
treel but is not open during production flow. Swab closures may be caps, stabs, tubing plugs or palves. The
rempval or opening of the swab closure shall not result in any diametrical restriction.through thg production
borg of the tree or tubing hanger.

Swab valves may be either manual or actuated. When actuated, they shall be operable only from the
workover system.

Annulus access valves and/or workover valves are considered forms of swab closures.

6.2.p Crossover valves

A clossover valve is an optional valve that, when opened, .allows communication between the gnnulus and
prodluction tree paths, which are normally isolated.

6.2./ Tree assembly pressure closures

Thig part of ISO 13628 is concerned only with the pressure-closure requirements contained within|the subsea
treel assembly. Other industry-recognized pressure closures contained in the total system, such gs downhole

SCS
preg
clos

6.2.

The)
sub
and
add

sure closure requirements of the subsea tree assembly replace the need for other syste
ures.

B Production (injection)'and annulus flow paths

minimum requirement-for valving in the production (injection) and annulus flowpaths to n
Cea tree as a barrierelement, is one actuated, fail-closed master valve in the production (inj
one actuated,(fail“closed master valve in the annulus bore. Other valves as described in
bd when required by legislation or project requirements with respect to operational/process

ESVs or flowline valves, are beyond the scope of this part of ISO 13628. It is not intended that multiple

M pressure

haintain the
pction) bore
5.2 may be
and/or well-

intefvention requirements.
Thel anpulus flow path shall be designed to allow for the management of casing pressure in thg production
annplus “and the ability to circulate during workover and well-control situations with consideratipn given to

I the risk- of pl i
redumng e risk-of plugging

A schematic for a typical vertical dual-bore subsea tree is illustrated in Figure 1. Figure 2 illustrates vertical

tree

s with tubing heads. Figure 3 illustrates horizontal subsea trees.

6.2.9 Production and annulus bore penetrations

There shall be at least two fail-closed pressure closures, one of which shall be an actuated, fail-closed valve,
for any penetration leading into the path of the tree or tubing head. The master valve may be used as one of
the barriers for conduit penetrations downstream of the master valve. There shall be at least one testable
pressure closure between the wellhead and any penetration leading into the annulus path of the tree or tubing
head.
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Sealed sensor devices with two or more pressure-containing sealing barriers may be directly attached to the
penetration without additional barrier devices, so long as the sensor device has at least the same design

rating as tree or tubing head body it is connected to.

Flanges, clamp hubs or other end connection, as applicable, meeting the requirements of Clause 7 shall be
used to provide connections for the penetrations to the tree or tubing head.

Figure 4 illustrate the minimum configurations that meet the requirements of 6.2.9.

NOTE The dotted inclusions are optional. A non-pressure-containing tree cap can be considered when two swab

closures are included.

10

9 9
10 Di i‘: 14
12 12
13( ] |14
15
X

Key
1 CAP 9  option
2 ASV (mgnual or failed closed-or optional plug) 10 AMV
3PSV (mgnual or failed clgsed or optional plug) 11 PMV
4 AWV 12 optional master (manual or hyd.)
5 PWV 13 tubing hanger
6 annulus 14 wellhead
7  producti¢n 15 SCSsvV
8 XoVv

Figure 1 — Example of a dual-bore tree on a subsea wellhead
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] =2
4 ) I R
6 8 7
9 9
10 11
12 §1 2 13
14
11 | }J
) Y~
5 13 ‘J 20" 54 —23
14
22
NRIRE

Key
1 [CAP 13 tubing hanger
2 ASV (manual or failed closed or optional plug) 14  tubing head
3PSV (manual or failed closed or optional plug) 15 wellhead
4 AWV 16 annulus isolation
5 PWV 17 optional ASV (WOV or AAV) (mand
6 pnnulus 18 optional XOV
7 production 19 PSV
8 KoV 20 to umbilical line or service line
9 pption 21 annulus valves
10 AMV 22 wellhead
11 pPMV 23 production line
12 pptional master (manual or hyd.)
NOTE The dotted inclusions are optional. A non-pressure-containing tree cap can be considere
swab closures.are included.

al or hyd.)

d when two

Figure 2 — Example of vertical trees on tubing heads

© 1SO 2010 — All rights reserved

37


https://standardsiso.com/api/?name=ce27268bcdd7d1a57f99f885db975967

ISO 13628-4:2010(E)

S ) r% Fﬂ— : 29
4 [%'%

yJ

X
%12 W 12 11
Key
1 ASV (WOV or AAV) 7 AMV
2 Xov 8 PMV
3 treecap 9 PWV
4 AWV 10 tree body
5 tubing hanger 11 wellhead
6 AWV (hyd or manual) 12 SCSSV

Figure 3 — Examples of horizontal trees
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a) Production bore penetrations

Figure 4 — Examples of bore penetrations
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b) Annulus bore penetrations
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6.2.10 SCSSV control line penetrations

At least one pressure-controlling closure shall be used at all SCSSV control-line penetrations that pass
through either the tree or tubing head. Manual valves (diver/ROV-operated) are acceptable closing devices.

Any remotely operated closure device, including control-line couplers that are designed to prevent the ingress
of seawater, used in the SCSSV control line circuit shall be designed such that it does not interfere with the
closure of the SCSSV. Connections threaded directly into a tree body or wing-valve block for SCSSV control
line penetrations are prohibited.

Check valves shall not be used anywhere in the SCSSV circuit if their closure can prevent venting down of the
confrol pressure.

Figure 5 illustrates typical subsea tree valving for SCSSV circuits that meet the requirements ‘of 6.2.

Cr

g

Key
CID

PSV

PWV

PMV

SCSSYV isolation
SCSSV

o U1 W N

NOTE The SCSSV line is designed to prevent hydraulic lock-open of SCSSV when it is disconnected.

Figure 5 — Examples of tree valving for downhole chemical injection and SCSSV
6.2.11 Downhole chemical-injection line penetrations

Two fail-closed valves are required for all chemical-injection lines that pass through the tubing hanger.
Flow-closed check valves are acceptable as one of the fail-closed valves, for lines with a diameter of 25,4 mm
(1,00 in) or smaller. At least one of the fail-closed valves shall be an actuated, fail-closed valve. The left side
of Figure 5 illustrates typical subsea tree valving for the above. The check valve may be inboard or outboard
of the fail-closed valve. Flanges, clamp hubs or OECs, as applicable, meeting the requirements of Clause 7
shall be used to provide connections for the penetrations to the tree. Threaded connections going directly into
a tree body or wing-valve block for injection line penetrations when located inboard of the two closure devices
are prohibited.
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6.2.12 Pressure monitoring/test lines and internal control lines

At least one pressure-controlling closure shall be used on all pressure-monitoring/test lines that pass into or
through either the tree or tubing head.

The rated working pressure of any hydraulic control line that has the potential for wellbore communication
shall be equal to or greater than the working pressure of the tree. Threaded connections going directly into a
tree body or wing valve block for injection-line penetrations, when located inboard of the two closure devices,

are prohibited.

On lines such as connector cavity-test lines, manual isolation valves are acceptable closure devices.

6.2.13 Compensating barrier

Where a ¢
pressure, it
check valvg
circuit to eli
valves. The

6.2.14 Dow

At least ong
tree and tuk

Manual val
devices for
the tree onl

Remotely o
are operate

Closure de

system is Ieing operated. When a control pod is used to operate the intelligent well-control system,

intelligent w
fluid/pressu

Thermal ex
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have a RW

Flanges, clamp hubs or @ECs, as applicable, meeting the requirements of Clause 7 shall be used to pro,

connections
tree body o

Check valv

bmpensating barrier is used to exclude seawater from the actuator and to balance: hydros
s, should be included in the circuit to prevent hydraulic lock. A relief device shall-be included in

minate the chance that the failure of an actuator seal can affect the performance of the remai
manufacturer shall document the compensation fill procedure.

nhole hydraulic control line penetrations for intelligent well completions

pressure-controlling closure shall be used in all hydraulic control lines that penetrate through
ing head and that are used to operate downhole, intelligent,“well-completion systems.

Ves (diver-/ROV-/ROT-operated) or remotely operated fail-closed valves are acceptable clo
intelligent well-control systems that are operated by@“ydraulic power source that is connectg
by a diver/ROV/ROT during a well intervention.

perated fail-closed valves are acceptable clasure devices for intelligent well-control systems
d remotely through the production controldmbilical.

Vices should be kept in the closed\pesition at all times except while the intelligent well-co

ell-control functions shall be vented through a hydraulic circuit other than the one(s) used to
re from other control functions on the tree, including the SCSSV.

pansion of the hydraulicifluid in the intelligent well-control lines should be considered in the de

pn of the intelligent avell-control system. Intelligent well-control line circuits should be designe
P that is greater thafirthe well shut-in pressure.

for the intelligent well-control penetrations to the tree. Threaded connections going directly in
wing-valve block for intelligent well-control line penetrations are prohibited.

bs_should not be used anywhere in the intelligent well control circuit if their closure could pre
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6.3 Testi
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ng of subsea tree assemblies

6.3.1 Validation testing

There are no validation testing requirements for subsea tree assemblies. However, all parts and equipment
covered in Clause 7 used in the assembly of subsea trees shall conform to its applicable validation testing
requirements.
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6.3.2 Factory acceptance testing

The subsea tree assembly shall be factory acceptance tested in accordance with the manufacturer’s written
specification using the actual mating equipment or an appropriate test fixture that simulates the applicable
guidebase (CGB, PGB, GRA, tree frame, etc.), wellhead and tubing hanger interfaces. See Clause 5 for
testing requirements.

Because of the different subsea tree configurations, components can be directly exposed to wellbore fluid in
some instances or serve as a second barrier in others. To that end, Table 4 is provided as a pictorial
representation to clarify where the components are located and what hydrostatic test pressures are required
with respect to body, interface, and lockdown retention testing. Detailed test requirements for each
element/location are described in the applicable clauses within this part of ISO 13628.
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Table 4 — Pressure test pictorial representations

Position Description RWP Hydrostatic body test Lockdown
pressure retention test
pressure
a) Vertical subseatree
/ .
[ ]
e E X
e pd h
C
13 | K X 0 F X
I B
LI
/ ‘/A
A Subsea wellhead 1,0 x RWP 1,5 x RWP NA
Tubing head connector,
B Tubing head and tree 1,0 x RWP 1,5 x RWP NA
connector
C Valves, valve block 1,0 xXRWP 1,5 x RWP NA
SCSSV flow passages and 1,0-RWP up to 1,5 x RWP up to
seal sub RWP + 17,2 MPa 1,5 x [RWP + 17,2 MPa NA
5 (pressure-containing) (2 500 psi) max. (2 500 psi)]
SCSSV flow passages and 1,0 x RWP up to 1,0 x RWP up to
seal sub RWP + 17,2 MPa 1,0 x [(RWP + 17,2 MPa NA
(pressure-contralling) (2 500 psi) max. (2 500 psi)]
E Tree cap (passages and 1,0 x RWP 1,5 x RWP NA
lock meehanism)
F Tubing hanger 1,0 x RWP 1,5 x RWP NA
Below installed tubing
L1 hanger NA NA 1,1 x RWP
L2 (nat Above tubing plug NA NA 1,0 x RWP
shown] Below tubing plug NA NA 1,1 x RWP
1,0 x RWP up to
L3 Gallery RWP + 17,2 MPa NA NA

(2 500 psi) max.
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b) Horizontal subsea tree with separate internal tree cap

(2 500 psi) max.

Position Description RWP Hydrostatic body test LocKHdown
pressure retent|on test

pressure

Subsea wellhead 1,0 x RWR 1,5 x RWP NA

B Tree connector 1,0 x RWP 1,5 x RWP NA

Valves, valve block 1,04 RWP 1,5 x RWP NA

SCSSYV flow passages and 10 x RWP up to 1,5 x RWP up to
seal sub (pressure- RWP + 17,2 MPa 1,5 x [RWP + 17,2 MPa NA
b containing) (2 500 psi) max. (2 500 psi)]
SCSSV flow passages and 1,0 x RWP up to 1,0 x RWP up to
seal sub (pressure- RWP + 17,2 MPa 1,0 x [RWP + 17,2 MPa NA
controlling) (2 500 psi) max. (2 500 psi)]

E Debris cap PMR PMR NA

F Crown plugs 1,0 x RWP 1,5 x RWP NA

G Internal tree cap 1,0 x RWP 1,5 x RWP NA

H Tubing hanger 1,0 x RWP 1,5 x RWP NA
L1 Below installed tubing NA NA 1,54 RWP

hanger
L2 Below internal tree cap NA NA 1,5y RWP
- Above lower crown plug? NA NA 1.0 Y RWP
Below lower crown plug? NA NA 1,5 x RWP
L4 Above upper crown plug NA NA 1,0 x RWP
Below upper crown plug? NA NA 1,5 x RWP
1,0 x RWP up to
L5 Gallery RWP + 17,2 MPa NA NA

& If a lower crown plug is in place during the upper-crown-plug test from below, then the lower crown plug shall be pressure-
equalized from above and below the lower crown plug during the test.

© 1SO 2010 — All rights reserved
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c) Horizontal subsea tree without separate internal tree cap
Positig Description RWP Hydrostatic body test Lockdown
pressure retention test

pressure

Subsea wellhead 1,0 x RWP 1,5 x RWP NA

B Tree connector 1,0 x RWP 1,5 x RWP NA

Valves, valve block 1,0 x RWP 1,5 x RWP NA

SCSSV flow passages and 1,0 x RWP upte 1,5 x RWP up to
seal sub (pressure- RWP + 17,2 MPa 1,5 x [RWP + 17,2 MPa NA
b containing) (2 500 psiY max. (2 500 psi)]
SCSSV flow passages and 1,04 RWP up to 1,0 x RWP up to
seal sub (pressure- RWP + 17,2 MPa 1,0 x [RWP + 17,2 MPa NA
controlling) (2 500 psi) max. (2 500 psi)]

E Debris cap PMR PMR NA

F Crown plugs 1,0 x RWP 1,5 x RWP NA

G ROV tree eap PMR PMR NA

H Tubing hanger 1,0 x RWP 1,5 x RWP NA
L1 Belowdnstalled tubing NA NA 1,5 x RWP

hanger
Lo Above lower crown plug? NA NA 1,0 x RWP
Below lower crown plug? NA NA 1,5 x RWP
L3 Above upper crown plug NA NA 1.0 x RWP.
Below upper crown plug? NA NA 1,5 x RWP
1,0 x RWP up to
L4 Gallery RWP + 17,2 MPa NA NA

(2 500 psi) max.

a

If a lower crown plug is in place during the upper-crown-plug test from below, then the lower crown plug shall be pressure-
equalized from above and below the lower crown plug during the test.
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ISO 13628-

Marking

4:2010(E)

The subsea tree assembly shall be tagged with a nameplate labelled as “Subsea tree assembly”, located on
the master valve or tree valve block, and contain the following information as a minimum:

name and location of assembler/date;
PSL designation of assembly;

rated working pressure of assembly;

temperature rating of assembly;
material class of assembly (including maximum H5S partial pressure if applicable);
unique identifier (serial number);

ISO 13628-4.

6.5 Storing and shipping
Any| disassembly, removal or replacement of parts or equipment aftép testing shall be as agreed with the
pur¢haser.
The| shipping weight of the subsea tree, including balance weights, should be kept to a minimum. In many
casgs, maximum lift weight can be restricted by rig-cranelimitations in accordance with local Iggislation or
regulations.
7 |Specific requirements — Subsea-tree-related equipment and sub assemijlies
7.1 Flanged end and outlet connections
7.1l General — Flange types
Clalise 7 specifies the ISO (API). type end and outlet flanges used on subsea completions equipmgnt. Table 5
lists|the types and sizes of flanges covered by this part of ISO 13628.
Table 5 — Rated working pressures and size ranges of ISO (API) flanges
Hated working Flange size range
pressure
Type 17SS Type 17SV Type 6BX
MRa (pci) mm (in) mm (in) mm |n)
34,5 (5000) | 52to 346 (2 1/16 to 52t0346 | (21/16t0135/8) | 346t0540 | (13 5/8 to 21 1/4)
13 5/8)
69,0 | (10 000) — — 4610 346 | (113/16t0 135/8) | 46 to 540 (1 13/16 to 21 1/4)
103,5 | (15 000) — — — — 46 to 496 (1 13/16 to 18 3/4)

Standard flanges for subsea completion equipment with working pressures of 34,5 MPa (5 000 psi) and below
in sizes of 52 mm (2 1/16 in) through 346 mm (13 5/8 in) shall be type 17SS flanges as defined in 7.1.2.2.
Type 17SS flanges are based on type 6B flanges, as defined in ISO 10423, modified slightly for consistency
with established subsea practice. The primary modifications are substitution of BX type ring gaskets for

© 1SO 2010 — All rights reserved
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subsea service and slight reductions of through-bore diameters on some flange sizes. Type 17SS flanges
have been developed for the sizes and rated working pressures given in Table 7.

Standard flanges for 34,5 MPa (5000 psi) and below in sizes of 346 mm (13 5/8 in) through 540 mm
(21 1/4 in) shall be type 6BX flanges as defined in ISO 10423.

Standard flanges for subsea completions with maximum working pressures of 69 MPa (10 000 psi) or
103,5 MPa (15 000 psi) shall be type 6BX flanges as defined in ISO 10423. ISO-type flanges for subsea
completions may be either integral, blind or welding neck flanges. Threaded flanges, as defined in ISO 10423,

shall not be

used on subsea completion equipment handling produced fluids, except as specified in 7.3.

Segmented

Swivel flan
Type 17SV
completiong
mate with s

All end an
manufactur

7.1.2 Des

7.1.21
All flanges
make-up. T
flange. The

All flanged
specificatio
Table 6, arg

flanges shall not be used.

flanges, as defined herein, have been developed as the standard swivel-flange design-for sulf
in the sizes and working pressures given in Table 5. Type 17SV swivel flangescatre designg
andard 1SO-type 17SS and type 6BX flanges of the same size and pressure rating:

 outlet flanges used on subsea completion equipment shall have their*ring grooves e
bd from or inlaid with corrosion-resistant material in accordance with 7.1:2.5.5.

gn
beneral

used on subsea completions equipment shall be of the ring-joint type designed for face-to-
he connection make-up force and external loads shall react primarily on the raised face of
efore, at least one of the flanges in a connection shall have a raised face.

connections that are made up underwater in accordance with the manufacturer's wr
n shall be equipped with a means to vent. any trapped fluids. Type SBX ring gaskets, as show
an acceptable means for venting type.6BX, 17SS, or 17SV flanges. Type SBX or ISO 10423-

pes are often used to facilitate subsea flowline connections that are made up underwater.

sea
d to

ther

ace
the

tten
nin
ype

BX ring gagkets, are acceptable for 6BX, 17SS.or27SV flanges made up in air.

and
hall

Other propijietary flange and seal designsiythat eliminate the trapped fluid problem have been developed
these are, therefore, well suited for underwater make-up. These proprietary flange and seal designs 1
comply with 7.4.

Trapped flu
Means sha
the threade

d can also interfere Wwith the proper make-up of studs or bolts installed into blind holes underwater.
| be provided foraenting such trapped fluid from beneath the studs (such as holes or groovegs in
d hole and/or the stud).

7.1.2.2 Standard<subsea flanges — Type 17SS flanges with working pressures up to
34,5 MPa (% 000 psi)
7.1.2.2.1 [General

52 mm (2 1/16 in) through 279 mm (11 in) type 17SS flange designs are based on type 6B flange designs as
defined in 1SO 10423, but they have been modified to incorporate type BX ring gaskets (the established
practice for subsea completions) rather than type R or RX gaskets. In addition, type 17SS flanges shall be
designed with raised faces for rigid face-to-face make-up.

34,5 MPa (5000 psi) type 17SS flanges shall be used for all 52 mm (2 1/16 in) through 279 mm (11 in)
subsea-completion ISO-type flange applications at or below 34,5 MPa (5 000 psi) working pressure.

346 mm (13 5/8 in) through 540 mm (21 1/4 in) standard subsea flanges for working pressures of 34,5 MPa
(5 000 psi) and below shall be type 6BX flanges as defined in ISO 10423.
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7.1.

7.1.

ISO 13628

2.2.2 Dimensions

2221 Standard dimensions

Dimensions for type 17SS flanges shall conform to Figure 6 and Tables 7 through 10.

Dimensions for ring grooves shall conform to Tables 6 through 10.

-4:2010(E)

7.1.2.2.2.2 Integral flange exceptions

Type 17/SS flanges used as end connections on subsea completion equipment may have entrjqce bevels,
coupterbores or recesses to receive running/test tools, plugs, etc. The dimensions of such entrance bevels,
coupterbores, and recesses are not covered by this part of ISO 13628 but shall not exceedthe B dimension of
Figure 6 and Tables 7 and 8. The manufacturer shall ensure that the modified integralflange designs shall
megt the requirements of Clause 5.

7.1.p.2.2.3 Threaded flanges

Threaded flanges shall not be used on subsea completions equipment, except as provided in 7.1{2.2.2.2 and
7.3.

7.1.p2.2.4 Welding neck flanges — Line pipe

The

a)

b)

c)

It is
treg

7.1.

Cor
I1ISO

7.1.
103

following conditions shall apply.

Bore and wall thickness: The bore diameter, J., shall not exceed the values given in T
specified bore shall not result in a weld-end wall thickness less than 87,5 % of the wall thick
pipe to which the flange is being attached.

Weld end preparation: Dimensions for weldyend preparation shall conform to Figure 8.

Taper: When the thickness at the welding end is at least 2,3 mm (0,09 in) greater than that
and the additional thickness decreases the ID, the flange shall be taper-bored from the wg
slope not exceeding 3 to 1.

not intended in this partrof+SO 13628 that Type 17SS welding neck flanges be welded to w
bodies. Their purpose-is to provide a welding transition between a flange and a pipe.

P.2.3 Ring groeves

osion-resistant, inlaid ring grooves shall comply with the requirements in Tables 6 and
10423.

.3\ ‘Standard subsea flanges — Type 6BX with working pressures of 69 MPa (10 000 p

able 9. The
ness of the

of the pipe,
Id end at a

ellheads or

10 and in

Si) or

5"MPa (15 000 psi)

Standard flanges for subsea completion equipment with a working pressure of 69 MPa (10 000 psi) or
103,5 MPa (15 000 psi) shall comply with the requirements for type 6BX flanges, as defined in ISO 10423.
These flanges are ring-joint-type flanges, designed for face-to-face make-up. The connection make-up force

and

external loads shall react primarily on the raised face of the flange.

Corrosion-resistant, inlaid ring grooves for type 6BX flanges shall comply with the requirements of ISO 10423.
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7.1.2.4  Special-purpose subsea flanges — Type 17SS with working pressures of 103,5 MPa
(15 000 psi) or 120,7 MPa (17 500 psi)

Special-purpose 25 mm (1 in) flanges for use with a working pressure of 103,5 MPa (15 000 psi) or 19 mm
(0,75 in) flanges for use with a working pressure of 120,7 MPa (17 500 psi) for subsea completion equipment
shall comply with the requirements for type 6BX flanges, as defined in Table 8. These flanges are ring-joint-
type flanges, designed for face-to-face make-up. The connection make-up force and external loads react
primarily on the raised face of the flange.

For the BX-150 and BX-149 ring-groove profiles, the flange’s raised face profile can come very close to the
heat-affected zone (HAZ) created at the outermost diameter of the CRA weld overlay during the finish
machining process of the flange, which can cause inspection problems. The alternate rough/finish machine
profile illustfated in Figure 7 may be used to avoid HAZ interface problems.
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Table 9 — Hub and bore dimensions for type 17SS welding neck flanges
for 34,5 MPa (5 000 psi) rated working pressure

OH
o4

Y

N/

) /
y Y /4 ;
A
NOJTE See Table 7 for dimensions B, Q, and T and for those not shown.
Nominal size Neck diameter of Tolerance for HL Maximunm bore
and bore of welding neck of welding ne¢ck flange
flange flange
H, J_+0,76 (0,03)

mm (in) mm (in) mm (in) mm (in)

52 (2 1/16) 60,5 (2,38) +2 +0,09 43,0 (1,69)
0,7 -0,03

65 (2 9/16) 73,2 (2,88) +2 +0,09 54,1 (2,13)
-07 -0,03

98 (3 1/8) 88,9 (3,50) +2 +0,09 66,5 (2,62)
-07 -0,03

103 (4 1/16) 114,3 (4,50) +2 +0,09 87,4 (3,44)
-07 -0,03

130 (5 v8) 1412 (5,56) +2 +0,09 109,5 (4,31)
-07 -0,03

179 (7 1/16) 168,4 (6,63) + 4 +0,16 131,0 (5,19)
-07 -0,03

228 (9) 219,2 (8,63) + 4 +0,16 173,0 (6,81)
-07 -0,03

279 (11) 2731 (10,75) +4 +016 215,9 (8,50)
-07 -0,03

346 (13 5/8) 424,0 (16,69) + 4 +0,16 347,0 (13,61)
-07 -0,03
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A
A

$B

A
 J

&  Optional; pptional porting shall have a design rating equal to or higher than the RWP of the flange.

NOTE Raised hub, Xrgg, raised face, Q, and counterbore, B, are optional. See Table 7 or Table-8 for dimensions B,
X, Q, and T gnd for those not shown.

Figure 6 — Type 17SS integral or blind flange
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Table 10 — Rough machining detail for corrosion-resistant APl ring groove

Dimensions in millimetres (inches) unless otherwise indicated

o +0,8 (0.03)
% A0
% <t
)
. +0,8 (0.03)
\% L #B0
n2° 230
L7 =5
r— >
|
) > A=t
(=]
© =) .
R 1,6 (0.06) = 0.25in (6 mm
g‘o
6,3 ym (250<in/ +‘\‘
Y
2 13,3 (0,13) allowed for finish machining.
Ring Outside Inside diameter Depth of Ring Outside Inside diameter Depth of
nurhber | diameter of of groove groove number diameter of of groove groove
groove groove
A B C A B C
mm (in) mm (in) mm (in) mm (in) mm (in) mm (in)
BX}149 | 53,34 | (2,100) | 28,96 | (1,140) | 889 [(0,350)| | BX-159 | 443,64 | (17,466) |358,75| (14,124) | 2p,73| (0,895)
BX|150 | 84,48 | (3,326) | 41,76 | (1,644)"|N2,32 [ (0,485)] | BX-160 | 419,00| (16,496) | 359,00 (14,134) | 2p,96 | (0,825)
BX}151 | 88,80 | (3,496) | 45,06 | (15774) | 12,32 | (0,485)] | BX-162 | 489,36 | (19,266) |433,43| (17,064) | 1b,11| (0,595)
BXt152 | 97,18 | (3,826) | 51,92 ( (2,044) | 12,83 |(0,505)]| | BX-163 | 574,45| (22,616) | 503,28 | (19,814) | 2p,02| (0,985)
BX}153 | 113,94 | (4,486) | 66,147 (2,604) | 13,59 | (0,535)] | BX-164 | 588,92 | (23,186) | 503,02 | (19,804) | 2p,02| (0,985)
BXt154 | 129,95 | (5,116).1-79,10 | (3,114) | 14,35|(0,565)] | BX-165 | 643,53 | (25,336) | 568,81 | (22,394) | 2p,78| (1,015)
BXt155 | 161,70 | (6:366) | 106,27 | (4,184) | 15,11 | (0,595)] | BX-166 | 659,03 | (25,946) | 596,06 | (22,404) | 2b,78| (1,015)
BX}156 | 252,881((9,956) | 185,78 | (7,314) | 17,91 | (0,705)] | BX-167 | 779,42 | (30,686) | 713,33 | (28,084) | 2b,78| (1,105)
BX}157 | 310,08 | (12,206) | 236,83 | (9,324) | 19,43 | (0,765)| | BX-168 | 785,27 | (30,916) | 71359 | (28,094) | 2b,78| (1,105)
BX}158<| 368,20 | (14,496) | 289,92 | (11,414) | 20,96 | (0,825)] | BX-169 | 187,86| (7,396) |133,96| (5.274) |1b,38| (0,645)
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Dimensions in millimetres (inches)

[
o $ 85,1 (3,35) R 3(0,12)
< b e

SN - =

RER $108 (4,26)

& Face off fpr final machine.

Figure 7 — Alternate rough and finish machining detail
for corrosion-resistant BX-149 and -150 ring grooves

This alternate weld preparation may be employed only where the strength ‘of the overlay alloy equal
exceeds the strength of the base material and volumetric NDE is perfarmied on the weld metal and fupi
zone with the same acceptance criteria as is used for the base metal.

2y
o
>S5

All overlay material shall be compatible in accordance with the manudfacturer’s written specification with jwell
fluids, inhibjtion fluids, injection fluids, etc., and with both the_hase metal of the flange and the ring gakket
material (welding, galling and dissimilar metals corrosion).

BDimensions in millimetres (inches) unless otherwise indigated

6,4 (1/4) min.
—> 700
6,4 (1f4) min. & R3 (1/8) min. N !
o ' [ ' o B a o ' o ' a
37°3¢" £2°30 Y % 37°30" £2°30 J %
A J / — Y \ —
\
~ =F = ~
3 M 3
& - g
Y ‘_V |
[ A A
é N - —
el & ) P>
—| ™ E >~
[o0) —_ +l
~ £ (o0
S| S A
e o=
| T =)
o ~~ +
— -1
a) For neck thickness < 22 (7/8) b) For neck thickness > 22 (7/8)

Figure 8 — Weld end preparation for types 17SS and 17SV welding neck flanges
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7.1.25 Swivel flanges — Type 17S for working pressures 34,5 MPa (5 000 psi) or 69 MPa (10 000 psi)

7.1.25.1 General

Type 17SV flanges are multiple-piece assemblies in which the flange rim is free to rotate relative to the flange
hub. A retainer groove is provided on the neck of the hub to allow installation of a snap wire of sufficient
diameter to hold the ring on the hub during storage, handling and installation. Type 17SV flanges may be used
on subsea completion equipment where it is difficult or impossible to rotate either of the flange hubs to align
the mating bolt holes. Type 17SV flanges mate with standard types 6BX and 17SS flanges of the same size
and pressure rating.

Typg 17SV swivel flanges are of the ring-joint type and are designed for face-to-face make-up. The
conpection make-up force and external loads shall react primarily on the raised face of the flange.

7.1p.5.2 Dimensions

Dimensions for type 17SV flanges shall conform to Tables 11 through 14.

Dimensions for welding neck preparations shall conform to Figure 8 and Table 11.

Dimensions for ring grooves shall conform to Tables 6 and 10.

7.1..5.3 Flange face

Flange faces shall be fully machined. The nut bearing surfaceshall be parallel to the flange gaskef face within
1°. The back face may be fully machined or spot faced at;the bolt holes. The thickness of type 17SS flanges
and|type 17SV hubs and swivel rings after facing shall imget the dimensions of Tables 7, 8, and 11|through 14,
as gpplicable. The thickness of type 6BX flanges shall\meet the requirements of ISO 10423.

7.1.p.54 Gaskets

Types 6BX, 17SS and 17SV flanges in_subsea completion equipment shall use types BX or SBX gaskets in
accprdance with 7.6. If these flanges @re ' made up underwater in accordance with the manufactufer’s written
spegification, they shall use internally cross-drilled type SBX ring gaskets to prevent fluid entrapmeént between
the pasket and the ring groove during flange make-up.

7.1..5.5 Corrosion-resistant ring grooves

All ¢nd and outlet flanges used on subsea completions shall be manufactured from, or inlaid witH, corrosion-
resistant materials{wijth proven seawater resistance under the specified operating conditions. The chosen
material shall alse™be resistant to corrosion from the internal fluid. Corrosion-resistant inlaid BX rjng grooves
sha|l comply with 1ISO 10423.

Prigr to,application of the overlay, preparation of the BX ring grooves shall conform to the dimensions of
Tabje-10~as applicable, or other weld preparations may be employed where the strength of fthe overlay
matt I eguals—-or-e aad ha enath-o ha h a_m arl nd oliumatric ND is narfarmad Dntheweld

metal and fusion zone with the same acceptance criteria as is used for the base metal. The overlay material
shall be compatible in accordance with the manufacturer’s written specification with well fluid, inhibition fluid,
injection fluids, etc., and with both the base metal of the flange and the ring-gasket material (welding, galling
and dissimilar metals corrosion).

7.1.2.5.6 Flange materials

Flange materials shall conform to the requirements in Clause 5 as applicable and materials with a minimum
yield strength of 517 MPa (75 000 psi) shall be used for type 17SV flanges for 69 MPa (10 000 psi) rated
working pressure.
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Table 11 — Hub and bore dimensions for type 17SV flanges
for 34,5 MPa (5 000 psi) rated working pressure

Dimensions in millimetres (inches) unless otherwise indicated
L

A
\

Ma

GRP
< r ey
R3 (0.12R B 3,2 (12& -
N/ |
|
|

A
A

Py

$B

¥
$00

/s\zu ze

R3 (0.125)

A \

\3 x 45° (0125 x 45°)

25° i‘0°15'

@

e
~
2

a  Groove|ocation, M +%7 (+%'030) }

b Groove|radius, GR *%1 ( +%005) _

€ Break sharp corners.

Hub? and bore dimensions

Nominal size Outside Total Large Length of Groove Retainer Ring
and bore diameter thickness diameter of neck location groove gagket

neck radius no.
oD T J L M GR BK

mm (in) mm (in) Mm (in) mm (in) mm (in) mm (in) mm (in)
52 | (211b)4128 | (5031) | 205 [(1166) 1 03 | (3656) | 84 [(3282)1 74 [ (2007} 3 l(125)| 182
65 | (29/16) | 147 | (5,781) | 29,5 | (1,166) | 112 | (4,406) | 84 | (3,282) | 74 | (2,907) | 3 |(0,125) | 153
78 | (318) | 160 | (6,312) | 29,5 | (1,166) | 126 | (4,938) | 88 | (3,432) 78 | (3,067)| 3 |(0,125)| 154
103 | (4 v16) | 194 | (7,625) | 30,5 | (1,197) | 159 | (6,250) | 96 | (3,757)| 86 |(3,382) | 3 [(0,125)| 155
130 | (51/8) | 240 | (9,380) | 36,0 | (1,410) | 197 | (7,755) | 121 | (4,732) | 111 | (4,357) | 3 [(0,125) | 169
179 | (7 v16) | 272 | (10,700) | 41,5 | (1,622) | 231 | (9,075) | 141 | (5,541) | 127 | (4,979) | 5 [(0,188) | 156
228 9) 340 | (13,250) | 41,5 | (1,622) | 296 | (11,625) | 156 | (6,113) | 141 | (5,551) | 5 |(0,188) | 157
279 (11) |[415](16,250) | 42,0 | (1,654) | 372 | (14,625) | 162 | (6,932) | 162 | (6,370) | 5 |(0,188) | 158
346 | (13 5/8) | 524 | (20,625) | 47,52 | (1,871) | 489 | (19,000) | 182 | (7,150) | 168 | (6,614) | 5 |(0,188) | 160

2 Hub material strength shall be equal to or greater than 517,1 MPa (75 000 psi).
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Table 13 — Hub dimensions for type 17SV flanges for 69 MPa (10 000 psi) rated working pressure

Dimensions in millimetres (inches)

Hub? dimensions

Nominal size Outside Total Large diameter | Length of Groove Retainer Ring
and bore diameter thickness of neck neck location groove gasket
radius no.
oD T J L M RG BX
m (in) mm (in) mm (in) mm (in) mm (in) mm (in) mm (in)
46| | (113/16) | 115 | (4,500) | 29,5 | (1,166) | 82,6 | (3,250) | 84 |(3,282) | 74 | (2,907)| 3 |[K0:2p5)| 151
52[ | (21/16) | 130 | (5,000) | 29,5 | (1,166) | 95,3 | (3,750) | 84 |(3,282) | 74 | (2,907)| 3)[(0,1¢5)| 152
65| | (29/16) | 150 | (5,800) | 29,5 | (1,166) | 1156 | (4,550) | 84 |(3,302) | 75 | (2,.92A.}"3 |(0,1p5)| 153
78| | (31/16) | 175 | (6,930) | 30,5 | (1,197) | 144,3 | (5,680) | 93 | (3,666) | 84 | (3291)| 3 |(0,1p5)| 154
103 | (4 1/16) | 215 | (8,437) | 33,3 |(1,310) | 178,0 | (6,812) | 109 | (4,277)| 99 |(3,902) | 3 | (0,1#5)| 155
13 (518) [225] (9,960) | 38,1 | (1,500) | 211,7 | (8,335) | 121 | (4,732) |(11% | (4,357) | 3 |[(0,125) | 169
179 | (7 1/16) | 350 | (13,660) | 42,0 | (1,653) | 305,7 | (12,035) | 158 | (6,204).| 143 | (5,641) | 5 |(0,188)| 156
228 9) 415 | (16,250) | 42,0 | (1,653) | 371,5 | (14,625) | 185 |(#270) | 170 | (6,707) | 5 |(0,188) | 157
279 (11) | 480 | (18,870) | 51,7 | (2,035) | 438,0 | (17,245) | 20%| (8,153) | 193 | (7,591) | 5 |(0,188)| 158
346 | (135/8) | 565 | (22,250) | 58,7 | (2,309) | 523,9 | (20,625)/.242 | (9,531) | 228 | (8,969) | 5 |(0,188)| 159
2 | Hub material strength shall be equal to or greater than 517,1 MP&(75 000 psi).
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Table 14 — Basic ring and bolt dimensions for type 17SV flanges
for 69 MPa (10 000 psi) rated working pressure

Dimensions in millimetres (inches) unless otherwise indicated

o Tolerances
_ RL i
T " R (outside diameter):
Cx 45 o B0 Sizes 2 1/16 t0 5 1/8 +2 mm (0,062 in)
Y Sizes 7 1/16 to 11 +3 mm (0,125 in)
/ A
" RL __ (length of ring) 2 mm ( +%125 n)
|\ : 2 0,062
" . RT  (depth of large diameter) *§ mm ( Q n)
[ [Tg}
< Il : +1 +0,031
§ g N \x‘f N RJ1 (large-ID ring) Omm( o n)
ASS
A R3 (012 S °
v = RJ2 (small-ID ring) T mm ( *%031 n)
I* 4 \ Y
Y \ A C (chamfer) *8’3 mm ( *%010 n)
\
X v Bolt diameter:
D
R +2,0 (+0.060
0o : —o5 MM _0020 ”)
oy ‘) Sizes 2 116 to 7 1/16 03
Size§’0 to 11 5o mm ( 5650 n)
Basic dimensions of ring? Bolts
Large ID of ring | Small ID of ring | Length of ring Chamfer Diameter of bolt [ Number | Diameter|of
circle of bolts bolt holgs
RJ1 RJ2 RL C BC
mm in) mm (in) mm (in) mm (in) mm (in) mm (ip)
1159 | (4562) | 84,1 | (3,312) | 63| (2450) | 3 | (0,125) | 146,1 | (5,75) 8 23 | (0,88)
128,6 | (9062) | 96,8 | (3,812)- [~63 | (2450) | 3 | (0,125) | 158,8 | (6,25) 8 23 | (0,88)
1489 | (9862) | 1171 | (46%2) | 63 | (2,470) | 3 | (0,125) | 184,1 | (7.25) 8 26 | (1,p0)
177,6 | (6,992) | 1458 [<(5:742) | 72 | (2.834) | 3 | (0,125) | 2159 | (8,50) 8 29 | 112
2159 | (8500) | 1746 (6,875) | 88 | (3.445) | 3 | (0,125) | 258,8 | (10,19) 8 32 | (1.p5)
2546 | (10,022) | 2133 | (8,397) | 99 | (3,900) | 3 | (0,125) | 300,0 | (11,81) 12 32 | (1.p5)
348,55 | (18,722)\ 307,3 | (12,097) | 130 | (5,122) | 5 | (0,188) | 403,4 | (15,98) 12 42 | (1,62
409,7 | (16332 | 373 | (14687) [ 158 | (6188) | 5 | (0188) | 4963 | (18,75) 16 42 | (1,62)
480,9 | (18,932) | 439,6 | (17,307) | 180 | (7,072) | 5 | (0,188) | 565,2 | (22,25) 16 48 | (1,88)
566,7 | (22,312) | 5254 | (20,687) | 215 | (8,450) | 5 | (0,188) | 673,1 | (26,50) 20 51 | (2,00)

& Ring material strength shall be equal to or greater than 517,1 MPa (75 000 psi).
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7.1.3 Testing

Loose flanges furnished under 7.1 do not require a hydrostatic test prior to final acceptance.

7.2

ISO clamp hub-type connections

-4:2010(E)

API clamp-hub-type connections for use on subsea completion equipment shall comply with the dimensional
requirements of 1ISO 13533. All end and outlet clamp hubs used on subsea completion equipment shall have
their ring grooves either manufactured from, or inlaid with, corrosion resistant materials.

Cor

rosion-resistant-inlaid rlng grooves for r\lamn hubs shall r\r\mhl\l with 1SO 13533 (r\r‘ i 7a) I:lnllrn Z

if B
sea

NOT

For
treal
the

7.3

Loo
conj
on

bolt
suc
25,4
in Tl
use

welgled connections as defined in 7.20.2.600n the tree side of the threaded connection

bled
and
env

Thré

requirements of 5.1.2.1.7.

7.4

The
artig
thes
ests

K or SBX gaskets are used). Overlays are not required if the base material is compatlble With
vater, etc.

E For the purposes of this provision, APl Spec 16A is equivalent to ISO 13533 (all parts).
forged material used for pressure-containing and high-load-bearing parts; forging prac

tment and test coupon (QTC or prolongation) requirements should meet those-of APl RP 6HT.
fest coupon shall accompany the material it qualifies through all thermal precessing, excluding

Threaded connections
5e-threaded flanges and other threaded end and outlet connections shall not be used

non-production connections, such as injection piping, provided there is an isolation valve 3
bd flange or a clamp hub connection on the tree side of the threaded flange. Integral threaded
N as instrument connections, test ports, and injection/monitor connections, may be used in
mm (1,00 in), provided they are used in conjunction with the appropriate rated working press
able 2 and ISO 10423 and are located downstream of the first wing valve. If threaded conrj
l upstream of the first wing valve, there shallhe an isolation valve and either a bolted flange, ¢

der/greaselinjection fittings shall be allowed upstream of the first wing valve without the isg
flange/clamp hub if at least twospfessure barriers between the produced fluid and t
ronment are provided. The sealing.areas shall be made of corrosion-resistant materials.

paded connections used on~subsea equipment covered by this part of ISO 13628 shall com

Other end connéctors

ulated jumper assemblies or instrument/monitor flanges is allowable in subsea completion ¢
e connectors have been designed, documented and tested in accordance with the re
blished\in Clause 5.

Mat

brials for OECs shall meet the requirements of 5.2 and 5.3. If the connector’s primary seals ar

use of other non<standard end connectors, such as misalignment connectors, non-ISO flangeg,

nd Table 6
well fluids,

tices, heat
In addition,
stress relief.

on subsea

pletion equipment, except for tubing hangers, that handles produced fluid. Threaded flanges npay be used

nd either a
connections,
sizes up to
ure defined
ections are
amp hub or

Threaded
lation valve
he external

ply with the

ball joints,
quipment if
quirements

P not metal-

to-metal, redundant seals shall be provided. OECs used on subsea completion equipment sha

| have seal

surfaces that engage metal-to-metal seals and shall be inlaid with a corrosion-resistant material that is
compatible with well fluids, seawater, etc. Overlays are not required if the base material is a corrosion-
resistant material.

For forged material used for pressure-containing and high-load-bearing parts, forging practices, heat
treatment and test coupon (QTC or prolongation) requirements should meet those of APl RP 6HT. In addition,
the test coupon shall accompany the material it qualifies through all thermal processing, excluding stress relief.
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7.5 Studs, nuts and bolting

7.5.1 Gen

eral

Selection of stud, nut and bolting materials and coatings/platings should consider seawater-induced chloride
stress corrosion cracking and corrosion fatigue. Hydrogen embrittlement induced by cathodic protection
systems should be considered. Consideration should be given to the effect of coatings on the cathodic
protection systems.

Some high-strength bolting materials might not be suitable for service in a seawater environment. Refer to

5.1.3.5.

7.5.2 ISO|studs and nuts

The requirgments for studs and nuts apply only to those used in end and outlet connections.-Such studs
nuts used gn subsea completion equipment covered by this part of ISO 13628 shall comply with'ISO 1042
7.5.3 Other studs, nuts and bolting

All other styds, nuts and bolting used on equipment shall comply with the manufactufrer’s written specificat
7.5.4 Antl-corrosion coating/plating

The use of|coatings that can be harmful to the environment or galvanically active should be avoided. L]
legislation ghould be checked for coatings deemed hazardous.

7.5.5 MakNe-up torque requirements

Make-up refuirements shall comply with 5.1.3.5.

Studs, nut$ and other closure bolting for subsea service are often manufactured with anti-corro
coatings/plgtings which can dramatically affect.thé stud-to-nut friction factor. Manufacturers shall docur
recommended make-up tension (or torque) fortheir fasteners using tables, similar to the one in Annex G.
The use of calibrated torque or bolt-tensioning equipment is recommended to ensure accurate mak
tension.

7.6 Ring|gaskets

7.6.1 General

In 7.6 are cpvered type’ SBX ring gaskets for use in ISO types 6BX, 17SS, and 17SV flanged connections,
ISO 13533 |clampsconnections used in subsea completion equipment. Type SBX gaskets are vente
prevent prepsure. lock when connections are made up underwater.

and

ons.

pcal

5ion
hent

B-Up

and
1l to

Connections that are not made up underwater may use non-vented type BX gaskets.

Other propr

ietary gaskets shall conform to the manufacturer’s written specification.

Although positioning of ring gaskets in their mating grooves is often a problem when making up flanges/clamp
hubs on horizontal bores underwater, grease shall not be used to hold ring gaskets in position during make-up,
since grease can interfere with proper make-up of the gasket. Likewise, the practice of tack welding rods to
the OD of seal rings (to simplify positioning of the ring during make-up) shall not be used on gaskets for
subsea service. Instead, gasket installation tools should be used if assistance is required to retain the gasket
in position during make up.
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7.6.2 Design

7.6.2.1 Dimensions

Type SBX ring gaskets shall conform to the dimensions, surface finishes, and tolerances given in Table 6 and
ISO 10423.

7.6.2.2 Pressure passage hole

Each BX gaskets shall have one pressure passage hole drilled through its height as shown in ISO 10423.

Typg BX ring gaskets are not suitable for connections that are made up underwater since fluid\trgpped in the
ring| groove can interfere with proper make up. Type SBX vented ring gaskets shall be (used |in place of
typg BX gaskets on ISO type flange connections made up underwater in accordance with the mahufacturer's
writfen specification. Type SBX ring gaskets shall conform to Table 6.

If other types of end connectors are used on equipment that is made up underwater in accordance with the
manufacturer's written specification, then means shall be provided to vent trapped pressure Hetween the
gasket and the connector.

7.6.2.3 Reuse of gaskets

Excppt for testing purposes, ISO ring gaskets shall not be reused-

7.6.8 Materials

7.6.8.1 Ring gasket materials

Ring gaskets used for all pressure-containing flanged and clamped subsea connections shall be
manufactured from corrosion-resistant materials. Gasket materials shall conform to the requjrements of
1SO|10423.

7.6.8.2 Coatings and platings

Thel thickness of coatings and/platings used on ISO ring gaskets to aid seal engagement whilg minimizing
galling shall not exceed 0,01(mm (0,000 5 in). The use of coatings that can be harmful to the enJironment or
gaManically active should (g avoided. Local legislation should be checked for coatings deemed hafgardous.
7.7] Completion-gtidebase

7.7 General

Thel completion guidebase (CGB) is similar in function to a permanent guidebase used on a subsga wellhead.
Thel CGB attaches to either the conductor housrng (after the PGB is removed) or is attached t¢ the tubing
heak provides the

same gwdance for the drllllng and completron equment (BOP productlon tree runnlng tools), and also
provides landing and structural support for ancillary equipment, such as remote OEC flowline connections.
The CGB provides guidance of the BOP and subsea tree onto the subsea wellhead or tubing head using
guideline or guidelineless methods. It also shall not interfere with BOP stack installation. Consideration shall
be given to required ROV access and cuttings disposal.

Guidance and orientation with other subsea equipment shall conform with 7.15.2.1.

Guidance on design and associated load testing shall conform to the requirements in 5.1.3.6.
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7.7.2 Des

7.7.2.1

ign

Loads

The following loads should be considered and documented by the manufacturer when designing the CGB:

guideline tension;

flowline pull-in, connection, installation, and operational loads (refer to 7.18.2.2.1);

annulu

enviror]

shaggi
BOP a
ROV in

sea fag

7722 I

The dimen
Figure 9 a),

7.8 Tree
7.8.1 Gen

7.8.1.1 E

In 7.8 are
wellhead. Ir

7812 T

Three types

hydrau

i 1 Ao
ALLLC OO LUTITITLUUTIT TUAU S,

mental;

installation loads (including conductor hang off on spider beams);

g loads;

nd tree loads;

pact loads;

tening (when supported on spider beams).
imensions

tions of the CGB shall conform to the dimensions listed in 7.15.2.1 and 8.3.2 and show
unless the orientation system requires tighter tolerances.

connectors and tubing heads
eral

guipment covered

covered the tree and tubing head connectors that attach the tree or tubing head to the suk
addition, tubing heads.are also covered in 7.8.

ree/tubing head)spool connectors
of tree/spodl connectors are commonly used:

ic remote operated;

mecha

Cal TEMOote actuated;,

mechanical diver/ROV operated.

in

Ssea

All connectors shall be designated by size, pressure rating and the profile type of the subsea wellhead to
which they will be attached (see Table 15). Tree/spool connectors shall conform to maximum standard
pressure ratings of 34,5 MPa (5 000 psi), 69 MPa (10 000 psi) or 103,5 MPa (15 000 psi), as applicable. Body
proof testing shall be conducted at 1,5 times the pressure rating. The design and installed preload should give
consideration to possible higher pressure from an SCSSV seal-sub leakage in the gallery inside the tree

connector.

The tree connector may be a separate unit or may be integral with the XT valve block.
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Table 15 — Wellhead systems — Standard sizes and types

System designation High-pressure housing Minimum vertical bore
working pressure
mm — Mpa (in; psi) MPa (psi) mm (in)
476 — 69 (18 3/4; 10 000) 69,0 (10 000) 446 (17,56)
476 -103 (18 3/4; 15 000) 103,5 (15 000) 446 (17,56)
425-35 (16 3/4; 5 000) 34,5 (5 000) 384 (15,12)
425 — 69 (16 3/4; 10 000) 69,0 (10 000) 384 (15,12
527 —540 — 14 | (20 3/4; 21 1/4; 2 000) 13,8 (2 000) 472 (18,59
346 — 69 (13 5/8; 10 000) 69,0 (10 000) 313 (12,31
540 — 35 (21 1/4; 5 000) 34,5 (5 000) 472 (18,59
346 — 103 (13 5/8; 15 000) 103,5 (15 000) 313 (12,31
476 — 69 (18 3/4; 10 000) 69,0 (10 000) 246 (17,56
346 — 103 (13 5/8; 15 000) 103,5 (15 000) 313 (12,31

7.8.L.3 Tubing heads

7.8..3.1 Uses

Tubjng heads are commonly used to
— |provide a crossover between wellheads and stibsea trees made by different equipment manufacturers;
— |provide a crossover between different sizes and/or pressure ratings of subsea wellheads and frees;

— |provide a surface for landing and sealing a tubing hanger if the wellhead is damaged or is not [designed to
receive the hanger;

— |provide a means for attaching any guidance equipment to the subsea wellhead.

7.8JL.3.2 Types, sizes-and pressure rating

The| tubing head shall"be designated by size, pressure rating, and the profile types of its top fand bottom
conpections. Top«connections are commonly either hub- or mandrel-type connections that shall match the tree
conpector. The(bottom connection shall match the wellhead. The tubing head and connecfor may be
manufacturedvas an integral unit. Tubing heads shall conform to standard pressure ratings df 34,5 MPa
(5 000 psi)~'69 MPa (10 000 psi) or 103,5 MPa (15 000 psi), as applicable. Body proof testifg shall be
conflucted at 1,5 times the pressure rating. When the tubing head and connector are manufacfured as an

intearalunit-then-the-pressure-rating-shallapphsto the unit as-a-whole
> ! g ) Py

7.8.2 Design

7.8.2.1 Loads/conditions

As a minimum, the following loading parameters/conditions shall be considered and documented by the
manufacturer when designing the tree connector and tubing head:

— internal and external pressure;

— pressure separation loads, which shall be based on worst-case sealing conditions (leakage to the largest
redundant seal diameter shall be assumed);
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fatigue

mechanical preloads;
riser bending and tension loads (completion and/or drilling riser);
environmental loads;

snagging loads;

considerations;

vibration;

mecha
hydrau
therma|
BOP Io
tree log
flowling
installa
overpu

corrosi

7.8.22 L

The manufa

7823 A
Hydraulical
pressures g
manufactur
provide gre

nical installation (impact) loads;

ic coupler/flowline stab connector thrust and/or preloads;
expansion (trapped fluids, dissimilar metals);

ads;

ds;

loads;

fion/workover;

l;

DN.

oad/capacity

cturer shall specify the loads/conditions fer-which the equipment is designed.

ctuating pressures

y actuated tree and tubing head connectors shall be capable of containing hydraulic rele
f at least 1,25 times hydraulid RWP in the event that normal operating pressure is inadequate.
br shall document both_ nermal and maximum operating pressures. The connector design
ater unlocking forcethan locking force. It is the responsibility of the manufacturer document

connector Igcking and unlockirig pressures and forces.

[«

pu

7.8.2.4

Hydraulical

econdary réelease

y actuated’tree and tubing head connectors shall be designed with a secondary release met

which may
ROV/hot st

be hydraulic or mechanical. Hydraulic open- and close-control line piping shall provide eith

ase
The
hall
the

nod,
br a
bent

bfisolation valve, or be positioned with a cut-away loop (for cutting the lines by diver/ROV) to
pressure, iftaeeded,—(e—al-lew—&he—seemdaﬁy-memm.—

7.8.2.5

Position indication

Remotely operated tree connector and/or tubing head connectors shall be equipped with an external position

indicator su

7.8.2.6

itable for observation by diver/ROV.

Self-locking requirement

Hydraulic tree and tubing-head connectors shall be designed to prevent release due to loss of hydraulic
locking pressure. This may be achieved by the connector self-locking mechanism (such as a flat-to-flat locking
segment design) or backed up using a mechanical locking device or other demonstrated means. The design
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of mechanical locking devices shall consider release in the event of malfunction. The connector and
mechanical locking device design shall ensure that locking is effective with worst-case dimensional tolerances
of the locking mechanism.

7.8.2.7 Overlay of seal surfaces

Seal surfaces for tree and tubing-head connectors that engage metal-to-metal seals shall be inlaid with
corrosion-resistant material that is compatible with well fluids, seawater, etc. Overlays are not required if the
base metal is compatible with well fluids, seawater, etc., e.g. if the material is a CRA. Design is in accordance
with the manufacturer’s specifications.

7.8p.8 Seals testing

Meadns shall be provided for testing all primary seals in the connector cavity to the rated working |pressure of
the [ree/spool connector or tubing hanger, whichever is lower.

7.8.2.9 Seal replacement

The]design shall allow for easy and safe replacement of the primary seal and.stab subs.

7.8.2.10 Hydraulic lock

Theldesign shall ensure that trapped fluid does not interfere with/the’installation of the connector.

7.8.2.11 Materials
Matgrials shall conform to 5.2.
For| forged material used for pressure-containing and high-load-bearing parts, forging pragtices, heat

treament and test coupon (QTC or prolongation) requirements should meet those of APl RP 6HT | In addition,
the fest coupon shall accompany the materjal it qualifies through all thermal processing, excluding |stress relief.

7.8 Testing

7.8.8.1 General

Theltest procedure in 7.8.8.2 applies to both mechanical and hydraulic connectors.

7.8.8.2 Factory@ceeptance testing

Aftegr final assembly, the connector shall be tested for proper operation and interface in accordance with the
manufacturer’s’written specification using actual mating equipment or an appropriate test fixture| Functional
testlng shall*be conducted in accordance with the manufacturer’s written specification to verify the primary and
secpndary operating and release mechanisms, override mechanisms and locking mechanisms. Tlesting shall
veri [/ that the actual nppmting fnrr‘p':llnrpQQqu fall within the manufacturer’'s documented cpprifir‘ htions.

Connectors that are hydraulically operated shall have its internal hydraulic circuit, piston(s), and cylinder
cavity(s) subjected to a hydrostatic test to demonstrate structural integrity. The test pressure shall be a
minimum of 1,5 times the hydraulic RWP of the connector. No visible leakage shall be allowed. Minimum hold
period for the connector’s hydraulic actuator hydrostatic test is 3 min.
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7.9 Tree

7.9.1 Gen

stab/seal subs for vertical tree

eral

Stab subs and seal subs provide pressure-containing or pressure-controlling conduits between two remotely
mated subsea components within the tree/tubing head envelope (valve block to tubing hanger, for example).
Stab/seal subs are used on the production (injection) bore, annulus bore, hydraulic couplers, SCSSV control
lines and downhole chemical-injection lines. The housing for electrical penetrator(s) shall also be treated as a
stab sub with respect to the design requirements in 7.9. Stab/seal subs shall be considered pressure-
containing if their failure to seal as intended results in a release of wellbore fluid to the environment. Stab/seal

subs shall

he considered Ihn:\:Ql|n:\_r*nnfmlIir\g if at least one additional seal bharrier exists hetween

the

stab/seal sU

b and the environment.

Stab subs &@nd seal subs in the production and annulus bore should conform to standard maximum,pres

ratings of 3
ISO 13628.
design up t
stab, or the
control fluid
control pre
(2 500 psi)

4,5 MPa (5 000 psi), 69 MPa (10 000 psi) or 103,5 MPa (15 000 psi) as covered by«this pa

b the tree pressure rating, pressure rating of any seal sub in the annulus envelgpg‘outside the
hyperbaric pressure rating, whichever is greatest. Stab subs or seal subs used’to conduct SC
or injected chemicals shall be rated to a working pressure equal to orsgreater than the SC
Esure or injection pressure, respectively, whichever is the higher, afd-be limited to 17,2 |
blus the RWP of the tree. Proof testing shall be at 1,0 times the stabfseal sub pressure rating i

stab/seal slib is pressure-controlling, and 1,5 times the stab/seal sub pressute rating if the stab/seal sy

pressure-cq
passage. G
that gallery
working pre

7.9.2 Des

79.21 L

ntaining. Working-pressure tests shall be at the pressure rating of the seal sub and its
alleries outboard the stab/seal sub shall be tested to the highest pressure rated stab/seal sU

unless a means to vent the gallery is provided, in which case the gallery test shall be at|
ssure rating of the interface.

gn

oads/conditions

As a mininpum, the following loading parametersfeonditions shall be considered and documented by

manufactur
interna
separa
bendin
therma
COrrosi

galling.

br when designing the stab subs/sealsubs:
and external pressure;
ion loads;
j loads during installation;
expansion;

DN;

sure
[t of

The effects of pressure acting externally on stabs and seal subs shall also be ceonsidered in {heir

Seal
ESV
5SV
Pa
the
bis
fluid
b in
the

the

7.9.2.2

Seal design

The seal mechanism may be either a metal-to-metal or a redundant non-metallic seal. The design should
consider ease and safety of seal replacement. Corrosion-resistant material shall be used for the metal-to-
metal seal-sub designs and is recommended for redundant non-metallic seal designs.

7.9.2.3

The design

72

Exclusion of debris

should consider the effect or the exclusion of debris at the stab/seal sub interface.
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7.10 Valves, valve blocks and actuators

7.10.1 Overview

7.10.1.1 General

-4:2010(E)

In 7.10 are covered subsea valves, valve blocks and actuators used on subsea trees. It provides information

with

respect to design performance standards.

7.10.1.2 Flanged end valves

Va
spe

For
pres

7.1(

Clamp-type connections shall conform to ISO 13533. OECs shall conform te ‘Z.4.

NOT

7.1d

7.1(

7.1(

Val
dim
7.1

If th
hav

es having ISO-type flanged end connections shall use integral, studded, or welding negk,
Cified in 7.1.

units having end and outlet connections with different pressure ratings, the rating,.of the |
sure-containing part shall be the rating of the unit.

.1.3 Other end connector valves

E For the purposes of this provision, APl Spec 16A is equivalent to 1IS©\13533 (all parts).
.2 Design
.2.1 Valves and valve blocks

.2.1.1 General
es and valve blocks used in the subsea tree bores and tree piping shall conform to the app

bnsional requirements of ISO 10423. Other valve and valve block dimensions shall be in acco
hrough 7.6.

b a higher pressure rating than the-tree-pressure rating, the design shall consider the effect

flanges as

pwest-rated

icable bore
rdance with

e lower end connection of the tree that-mates to the tree connector encapsulates SCSSV contfol lines that

bf a leaking

control line or seal sub unless relief.is provided as described in 5.1.2.1.1. Proof testing of the end gonnections

and|body shall be at 1,5 times RWP.

For|valves and valve blocks, used in TFL applications, the design shall also comply with 1ISO 13648-3 for TFL

pumpdown systems.

Cornsideration should,be given to the inclusion of diver/ROV valve overrides, particularly in the veftical run, to

facilitate well intetvention in the event of hydraulic control failure.

Re-packing/greasing facilities, if incorporated, shall meet the requirements of 7.3.

7.10.2:1:2" Valves

The following apply to all valve types.

a) Valves shall have their service classification as identified in Clause 5, with respect to pressure rating,
temperature and material class. Additionally, underwater safety valves (USVs) shall be rated for sandy
service (PR2 class Il), as defined by 1ISO 10423.

b) Valves for subsea service shall be designed considering the effects of external hydrostatic pressure and
the environment as well as internal fluid conditions.

¢) Manufacturers of subsea valves shall document design and operating parameters of the valves as listed

in Table 16.
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d) Measures shall be taken to ensure that there are no burrs or upsets at the gate and seat bores that can
damage the gate and seat surfaces or interfere with the passage of wireline or TFL tools.

Table 16 — Design and operating parameters of valves and actuators

A Valve
1 [Nominal bore size
2 | Working pressure
3 | Class of service
4 | Temperature classifications
5 | Type apd size connections
6 | Valve gtroke
7 Overall external dimensions and mass
8 | Materigls class rating
9 Failed position (open, closed, in place)?
10 [Unidirectional or bi-directional
11 (Positiop indicator type (visual, electrical, etc.)
B Actuator
1 Minimym hydraulic operating pressure
2 Maximyim hydraulic operating pressure
3 | Temperature classifications
4 [ Actuatgr volume displacement
5 | Numbgr of turns to open/close valveP?
6 |Override force or torque required?
7 | Maximyim override force or torqueP
8 |Maxim{im override speed®
9 Overall external dimensions and mass
10 |Override type and class (in accordance with ISO 13628-8)P
11 [Make gnd model number of valves the actuator is designed for
C Valve/hydraulic actuator assembly
1 Maximyim water depth rating
At maximun] rated depth of assembly and maximum rated bore pressure, the actuator hydraulic pressure in MPa (pg) at
the followind valve positions:
2 | Start tq open from_previously closed position
3 Fully open
4 | Start td close from previously open position
5 |Fully clpsed

At maximum rated depth of assembly and 0 MPa (psi), bore pressure, the actuator hydraulic pressure, expressed in
megapascals (pounds per square inch) in at the following valve positions:

Start to open from previously closed position

Fully open

Start to close from previously open position

Fully closed

Where applicable.

T o2lOo|0|(N|O®

If equipped with manual or ROV override.
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7.10.2.1.3 Valve blocks

Valve blocks shall meet the design requirements given in 6.1 and in ISO 10423.

Dual bore valve blocks shall meet the applicable design requirements of ISO 10423. Table 17 specifies the
centre distances for dual parallel bore valve blocks designed to this part of ISO 13628. There are no specific

end-to-end dimension or outlet requirements for these valve blocks.

Other multiple bore valve block configurations shall meet the applicable design requirements of ISO 10423.

Table 17 — Centre distances of conduit bores for dual parallel bore valve blocks

Valve size

mm (in)

Valve-bore centre to
valve-bore centre

mm (in)

Large valve-bore ceptre to
block-body cenfre

mm (in)

34,5 MPa (5 000 psi)

52 x 52 (2-1/16 x 2-1/16)

90,09 (3,547)

45,06 (1,774)

65 x 52 (2-9/16 x 2-1/16)

90,09 (3,547)

41,91(1,650)

79 x 52 (3-1/8 x 2-1/16)

116,28 (4,578)

51,00 (2,008)

103 x 52 (4-1/16 x 2-1/16)

115,90 (4,563)

44,45 (1,750)

130 x 52 (5-1/8 x 2-1/16)

114,30 (4,500)

0,0

69,0 MPa (10800 psi)

52 x 52 (2-1/16 x 2-1/16)

90,17(3,550)

45,05 (1,774)

65 x 52 (2-9/16 x 2-1/16)

101,60 (4,000)

47,63 (1,875)

78 x 52 (3-1/16 x 2-1/16)

128,27 (5,050)

64,10 (2,524)

103 x 52 (4-1/16 x 2-1/16)

127,00 (5,000)

41,28 (1,625)

130 x 52 (5-1/8 x 2-1/16)

146,05 (5,750)

0,0

103,5 MPa (15 000 psi)

52 x 52 (2-1/16 x 2-1/36)

90,17 (3,550)

45,05 (1,774)

65 x 52 (2-9/16 x*2<1/16)

101,60 (4,000)

47,63 (1,875)

78 x 52 (3-1/46 X 2-1/16)

128,27 (5,050)

64,10 (2,524)

103 x 52 {4-1/16 x 2-1/16)

139,70 (5,500)

28,58 (1,125)

130052 (5-1/8 x 2-1/16)

171,45 (6,750)

0,0

Bore-position seal-preparation centers shall be within 0,13 mm (0,005 in) of their true position wit

h respect to

the block-body center or block-body end connection seal. Bores shall be true within 0,25 mm (0,010 in) total
indicator reading with respect to the centers of the bore seal preparation.

7.10.2.1.4 Materials

Materials shall conform to 5.2. Seal surfaces that engage metal-to-metal seals for pressure-controlling seals
shall be inlaid or appropriately coated with a corrosion-resistant material that is compatible with well fluids,
seawater, etc. Overlays or coatings are not required if the base material is compatible with well fluids,
seawater, etc. See 7.1.2.5.5 for pressure-containing-seal surface-treatment requirements.
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For forged material used for pressure-containing and high-load-bearing parts, forging practices, heat
treatment and test coupon (QTC or prolongation) requirements should meet those of APl RP 6HT. In addition,
the test coupon shall accompany the material it qualifies through all thermal processing, excluding stress relief.

7.10.2.2 Actuators

7.10.2.2.1 Equipment covered

In 7.10.2.2 are addressed mechanical and hydraulic actuators.

7.10.2.2.2 [General
The following requirements apply to the design of subsea valve actuators.

a) Design|shall consider marine growth, fouling, corrosion, hydraulic operating fluid and, if exposed, the jwell
streamfluid.

b) Subsea actuator opening and closing force shall be sufficient to operate the subseawalve when the vplve
is at the most severe design operating conditions without exceeding 90 % _af the hydraulic opergting
pressufe as defined in 7.10.2.2.2 ¢). This requirement is intended to enSure that the actuatgr is
adequately designed to operate with the hydraulic power source at FAT and SIT without the presgure
(ambient external and hydraulic pressure head) associated with water depth.

c) Subsed actuators covered by this part of ISO 13628 shall be designed by the manufacturer to meef the
hydraulic control pressure rating in accordance with the manufacturer’s specification.

d) In addjtion to the requirement in 7.10.2.2.2 c), the subsearactuator shall be designed to control| the
subsed valve when the valve is at its most severe design' condition and at the hydraulic pressune(s)
associated with the most severe intended operating sequence of the valve(s) that are connected fo a
commgn supply umbilical. This implies that the actuator shall be able to ensure that fail-closed (or|fail-
open of fail-in-place) valves retain their fail (reset)-position, and can subsequently respond to a comnjand
to move the valve to its actuated position, over-the range of hydraulic supply pressure created by a
severe|operating sequence due to extremely-long offsets (between the hydraulic supply source and the
actuatqr), accumulator supply drawdown or multiple valve/function operations, etc.

7.10.2.2.3 |Manual actuators
The following requirements apply to,manual actuators.

a) The dgsign of the manual actuation mechanism shall take into consideration the ability of divers, ADSs
and/or |ROVs, for operations. Manual valves shall be operable by divers and/or ROVs. The valve sha|l be
protected from over<torquing.

b) Manufacturers <of) manual actuators or overrides for subsea valves shall document maintengnce
requiregments;,number of turns to open, operating torque, maximum allowable torque or appropriate lipear
force tq actuate.

c) Valves shall be turned in the counter-clockwise direction to open and the clockwise direction to close as
viewed from the end of the stem for fail-close valves.

d) Intervention fixtures for manual valve actuators shall comply with the requirements of 13628-8 or
ISO 13628-9, as appropriate for the intended use.

7.10.2.2.4 Hydraulic actuators
The following requirements apply to hydraulic actuators.

a) Hydraulic actuators shall be designed for a specific valve or specific group of valves.

b) Hydraulic actuators shall have porting to facilitate flushing of the hydraulic cylinder.
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c)

d)

e)
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Hydraulic actuators shall be designed to operate without damage to the valve or actuator (to such an
extent that prevents meeting any other performance requirement), when hydraulic actuation pressure
(within its rated working pressure) is either applied or vented under any valve bore pressure conditions or

stoppage of the valve bore sealing mechanism at any intermediate position.

The design of the actuator shall consider the effects of external hydrostatic pressure at the

manufacturer's maximum rated water depth and the RWP of the valve.

Manual overrides, if provided, shall be in accordance with the following requirements.

— A rotation-type override shall open the valve with a counter-clockwise rotation as viewed from the

f)

a)

h)

7.1d

7.1d

The
to a

7.1(

Meg
eve

7.1d

Man
actu
clos

end ot the stem on tall closed valves.
— A push-pull-type override for fail-closed valve shall open the valve with a push on the-ove
For fail-open valves, the manufacturers shall document the method and procedures.for overrid
Position indicators shall be incorporated on all actuators unless otherwise _agreed with purc
shall clearly show valve position (open/close and full travel) for observation by diver/ROV.
actuator incorporates ROV override, consideration should be given te visibility of the positi

from the working ROV.

The actuator fail-safe mechanism shall be designed and verified«o provide a minimum mean
5 000 cycles.

Actuator manufacturer shall document design and operating parameters, as listed in Table 16,
.2.3 Valve/hydraulic actuator assembly

.2.3.1 Closing/opening force

subsea valve and hydraulic actuator assembly design shall utilize valve bore pressure and/or
5sist closing of the fail-to-close position-valve (or opening for a fail-to-open position valve).

.2.3.2 Actuator protectionfrem wellbore pressure

Ins shall be provided to prevent overpressuring of the actuator piston and compensation chan
nt that well bore pressure leaks into the actuator.

.2.3.3 Water depth rating

ufacturer_shall specify the maximum water depth rating of the valve/actuator assembly. Subse
ator assemblies designated as fail-closed (open) shall be designed and fabricated to be cap,
ing (opening) the valve at the maximum rated water depth under all of the following conditions:

ride.
e.

haser. They
Where the
bn indicator

pring life of

s5pring force

bers, in the

a valve and
able of fully

a)

b) differential pressure equal to the rated bore pressure across the valve bore sealing mechanism at the

c)

d)

e)

time of operation;

external pressure on the valve/actuator assembly at the maximum rated water depth using seawater

specific gravity of 1,03;

no hydraulic assistance in the closing (opening) direction of the actuator other than hydrostatic pressure

at the operating depth;

for hydraulic actuators, 0,69 MPa (100 psi) plus seawater ambient hydrostatic pressure at th
rated depth of the assembly acting on the actuator piston in the opening (closing) direction.
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Other actuator performance criteria may be specified by the manufacturer, such as wire/coiled tubing shearing
design criteria, but these shall be considered separately from the above fundamental set of criteria.

NOTE The maximum water depth rating is calculated using the above set of “extreme worst case” conditions for the
purpose of standard reference, but does not necessarily represent operating limitation. Additional information relating to
operating water depth for specific applications can be provided and agreed between manufacturer and user as being more
representative of likely field conditions.

7.10.3 Materials

Materials shall conform to 5.2. Seal surfaces that engage metal-to-metal seals shall be inlaid with a corrosion-
resistant mpterial that i1s compatible with well fluids, seawater, etc. Overlays are not required If the.Rase

material is gompatible with well fluids, seawater, etc.
For forged| material used for pressure-containing and high-load-bearing parts, forging practices, heat
treatment apd test coupon (QTC or prolongation) requirements should meet those of APl RP 6HT. In addiion,

the test coupon shall accompany the material it qualifies through all thermal processing, exeluding stress rglief.

7.10.4 Testing

7.10.4.1 Validation testing

7.10.4.1.1 |General

Validation t
of ISO 1364

psting is required to qualify specific valve and valve actuator designs manufactured under this
8 (see 5.1.7).

part

7.10.4.1.2 |[Sandy service

Sandy-serv,
specified in

ce underwater safety valves shall be tested in accordance with ISO 10423, in addition to test
Clause 5.

7.10.4.1.3 |Valve and actuator assembly testing

Subsea val
Unidirectior]
be tested wj

For a fail-c
simulated)

e and actuator assemblies shall be tested to demonstrate the performance limits of the assenpbly.
al valves shall be tested with/pressure applied in the intended direction. Bi-directional valves shall
th pressure applied in both’directions in separate tests.

|| or
the

osed (fail-open) yalve, with the assembly subjected to external hydrostatic pressure (actua
pf the maximumrated water depth and full rated bore pressure, applied as a differential across

gate, it sha
maximum ¢
hydraulic p

For a hydr
(actual or s

th a
hum

Il be shown that the valve opens (closes) fully from a previously closed (open) position wi
pf 90 % of the hydraulic RWP above actual or simulated ambient pressure, or the minin
ssure asdefined in 7.10.2.2, applied to the actuator.

uI|c fail- closed (fail- open) valve Wlth the assembly subjected to the external hydrostatic presg

ure,
the

valve shall be shown to move from a prewously fuIIy open (closed) position to a fully closed (open) position as
the hydraulic pressure in the actuator is lowered to a minimum of 0,69 MPa (100 psi) above ambient pressure.

For a fail-in-place valve, with the assembly subjected to the external hydrostatic pressure (actual or simulated)
of the maximum rated water depth, the valve shall be shown to close or open fully from a previously open or
closed position with a maximum of 90 % of the operating hydraulic fluid pressure above actual or simulated
ambient pressure, or the minimum hydraulic pressure as defined in 7.10.2.2.2, applied to the actuator. A fail-
in-place hydraulic valve shall remain in position as the hydraulic pressure in the actuator is lowered to a
minimum of 0,69 MPa (100 psi) above ambient pressure.
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7.10.4.2 Factory acceptance testing

7.10.4.2.1 General

ISO 13628-4:2010(E)

Each subsea valve and valve actuator shall be subjected to a hydrostatic and operational test to demonstrate
the structural integrity and proper assembly and operation of each completed valve and/or actuator. Tables 18

and 19 offer examples of test documentation.

7.10.4.2.2 Subseavalve

E lo L L Ul £ + +. + PPN - pu | W) Do
ac—stpseavaive—snamn e Iatiury atltpialitt tColTUu 1T atturuaricc Vil 9

spegified in 5.4.5 or 5.4.6.

LD
L £ Ul

Dol 2
robo v
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Table 18a — Example of PSL 2 valve factory acceptance test documentation

VALVE SHELL PRESSURE TEST

HYDROSTATIC TEST GAS TEST
PSI Start Time End Time PSI Start Time End Time
1. Primary Body Test (TP) NA NA NA
3 min hold
2. Secondary Body Test (TP) NA NA NA
3 min hold
VALVE SEAT PRESSURE TEST
HYDROSTATIC TEST GAS TEST
PSI Start Time End Time PSI Start Time End Time
3. Drift Tgst Successfully Completed Yes/No (As applicable)
4. Seat Test (RWP) NA NA NA
3 min hold
5. First| hydrostatic break NA NA NA NA NA
open seaft
6. Seat Test (RWP) NA NA NA
3 min hold (PSL 2)
7. Secornd hydrostatic break NA NA NA NA NA
open seaft
8. Seat Test (WP) NA NA NA
3 min hold (PSL 2)
9.2 Opposite Seat Test (RWP) NA NA NA
3 min hold
10.2 Firgt hydrostatic break NA NA NA NA NA
open opposite seat
11.2 Opposite Seat Test NA NA NA
(RWP)
3 min hold
12.2 Second hydrostatic break NA NA NA NA NA
open opposite seat
13.2 OpppsiteSeat Test (LP) NA NA NA
3 min hol

a8  Bi-directional sealing valves only.

TP = test pressure = 1,5 x Rated working pressure (RWP), LP = low pressure = 0,2 x Rated working pressure (RWP).

80

© SO 2010 -

All rights reserved


https://standardsiso.com/api/?name=ce27268bcdd7d1a57f99f885db975967

ISO 13628-4:2010(E)

Table 18b — Example of PSL 3 valve factory acceptance test documentation

VALVE SHELL PRESSURE TEST

HYDROSTATIC TEST GAS TEST
PSI Start Time End Time PSI Start Time End Time
1. Primary Body Test (TP) NA NA NA
3 min hold
2. Second. Body Test (TP) NA NA NA
IS mimhofd(PSE3)
VALVE SHELL PRESSURE TEST
HYDROSTATIC TEST GAS.TEST
PSI Start Time End Time PSI StartTime End Time

3. Drift Test Successfully Completed Yes/No (As applicable)
4. Seat Test (RWP) NA NA NA
3 min hold
%. First hydrostatic break NA NA NA NA NA
¢pen seat
6. Seat Test (RWP) NA NA NA
15 min hold (PSL 3)
1. Second hydrostatic break NA NA NA NA NA

pen seat
8. Seat Test (LP) NA NA NA
15 min hold
9.2 Opposite Seat Test (RWP) NA NA NA
3 min hold
10.2 First hydrostatic break NA NA NA NA NA

pen opposite seat
11.2 Opposite Seat (Test NA NA NA
RWP) 15 min hold
12.2 First hydrostatic break NA NA NA NA NA

pen opposite seat
13. 2 Opposite'Seat Test (LP) NA NA NA
15 minghold
4 “Bi-directional sealing valves only.

TP = test pressure = 1,5 x Rated working pressure (RWP), LP = low pressure = 0,2 x Rated working pressure (RWP).
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Table 18c — Example of PSL 3G valve factory acceptance test documentation

VALVE SHELL PRESSURE TEST
HYDROSTATIC TEST GAS TEST
PSI Start Time End Time PSI Start Time End Time
1. Primary Body Test (TP) NA NA NA
3 min hold
2. Second. Body Test (TP) NA NA NA
15 min h@id(PSC3G)
3. Third Body Test (RWP) NA NA NA
15 min hold (PSL 3G)
VALVE SHELL PRESSURE TEST
HYDROSTATIC TEST GAS-TEST
PSI Start Time End Time PSI Start Time End Time
4. Drift Tgst Successfully Completed Yes/No (As applicable)
5. Seat Test (RWP) NA NA NA
3 min hold
6. First| hydrostatic break NA NA NA NA NA
open sedt (RWP)
7. Seat t¢gst (RWP) NA NA NA
15 min h¢ld
8. Second hydrostatic break NA NA NA NA NA
open sedt (RWP)
9. Seat Test (LP) NA NA NA
15 min hold
10.2 Ogpposite Seat Test NA NA NA
(RWP) 3 min hold
11.2 Firgt hydrostatic break NA NA NA NA NA
open opposite seat (RWP)
12.2 Opposite Seat Test NA NA NA
(RWP) 1% min hold
13.2 Second hydrostatie-break NA NA NA NA NA
open opfosite seat (RWP)
14. 2 Opgosite Seat Test (LP) NA NA NA
15 min h¢ld
15. Seat gas test (RWP) NA NA NA
15 min hold
16.2 Opposite Seat Gas Test | NA NA NA
(RWP) 15 min hold
a  Bi-directional sealing valves only
TP = test pressure = 1,5 x Rated working pressure (RWP), LP = low pressure = 0,2 x Rated working pressure (RWP).

82 © 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=ce27268bcdd7d1a57f99f885db975967

ISO 13628

7.10.4.2.3 Subsea valve actuator

The

a)

following are tests for the subsea valve actuator.

Hydraulic actuator hydrostatic shell test:

-4:2010(E)

Each hydraulic actuator cylinder and piston shall be subjected to a hydrostatic test to demonstrate structural
integrity. The test pressure shall be a minimum of 1,5 times the hydraulic RWP of the actuator. No visible
leakage shall be allowed.

Minimum hold period for actuator hydrostatic test is 3 min.

b)

The
fully
acc
by t
that

c)

The
and
med
The
preg
The)

d)
The)

Actuator operational test:

actuator shall be tested for proper operation by stroking the actuator from the fully closed po
open position, a minimum of three times. The actuator shall operate smoothly, in both d
brdance with the manufacturer’s written specification. Test media for hydraulic actuators shall

the seals were not damaged by the high-pressure test.

Hydraulic actuator seal test:

actuator seals shall be pressure-tested in two steps by applying‘pressures of 0,2 times the hyd
a minimum of 1,0 times the hydraulic RWP of the actuator~No seal leakage shall be allowe
ia shall be specified by the manufacturer. The minimum test duration for each test pressure sh
test period shall not begin until the test pressure hasbeen reached and has stabilized. The
sure reading and time at the beginning and at the engd. of each pressure holding period shall b
low-pressure test is not applicable to flow-by-type actuators.

Hydraulic actuator compensation circuit test:

actuator compensation chamber shall be.tested per the manufacturer’s written specification.

Sition to the
irections in
be specified

he manufacturer. Cycling prior to further testing followed by low pressure testing in the next step confirms

raulic RWP
d. The test
all be 3 min.
test gauge
e recorded.
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Table 19 — Example documentation of the factory acceptance testing for an hydraulic actuator
(Click here to access an electronic revisable version of this form.)

Factory acceptance test form for an hydraulic actuator

Test sequence Hydrostatic test

(3 min minimum hold period) Pressure Start time End time

1 | Control port hydrostatic test
(1,5 times hydraulic RWP)

2 | Contro|-pert-hydrestatic-test

B
1,5 tinles hydraulic RWP)

3 | Contro| port seal test
(0,2 timpes hydraulic RWP)

4 | Contro| port seal test
(2,0 tin'es hydraulic RWP)

5 Comp’jnsation port hydrostatic test
(1,5 times compensation working
pressufe)

6 | Spring|chamber hydrostatic test
(1,5 times compensation working
pressufe)

7 Actuatgr functional test:
Compléte three cycles

8 Manua] operation test: Stroke, expressed as Force per torque, Force per torque,
Complete three cycles (rotary design) | millimetres (inchesyper |expressed as newtons |expressed as newtops
one cygle (linear design) number of turns-o (pounds) per (pounds) per

operate newton-(foot-pounds) newton-(foot-poundy)
with no pressure with differential
pressure

7.10.4.2.4 |Testing of valve/actuatorcassembly

After final pssembly, each valvefactuator assembly (including override if fitted) shall be subjected o a
functional @and pressure test do,~demonstrate proper assembly and operation in accordance with |the
manufacturer’'s written specification. Equipment assembled entirely with previously hydrostatically tepted
equipment peed only be tested to rated working pressure. The functional test shall be performed by a quallfied
subsea valye/actuator manufacturer. All test data shall be recorded on a data sheet and shall be maintalned
by the subsea valvefactuator manufacturer for at least five years after date of manufacture. The test ¢lata
sheet shall pe signed.and dated by the person(s) performing the functional test(s).

The subseq valve and actuator assembly shall meet the testing requirement of 7.10.4.2.2 and 7.10.4.2.4.

7.10.5 Marking

7.10.5.1 Subsea valve marking

The valve portion of subsea valve equipment shall be marked as shown in Table 20. The manufacturer may
arrange required nameplate markings as suitable to fit available nameplate space.
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Table 20 — Marking for subsea valves

Marking Application
1 |Manufacturer’'s name or trademark Body (if accessible) and nameplate
2 |1SO 13628-4 Nameplate
3 |RWP Body (if accessible), bonnet and nameplate
4 |[PSL Nameplate
5 | Subsea valve size and, when applicable, the restricted | Body or nameplate or both at manufacturer’s option
Or oversized bore
6| | Direction of flow, if applicable Body or nearest accessible location
7| | Serial or identification number unique to the particular Nameplate and body if accessible
subsea valve

7.10.5.2 Subsea valve actuator marking

Thel subsea valve actuator shall be marked as shown in Table 21.

Table 21 — Marking for subsea valvé actuator

Marking Application
1| | Manufacturer’'s name or trademark Nameplate and cylinder
2| |1SO 13628-4 Nameplate
3| | Maximum working pressure of the cylinder Nameplate
4| | Manufacturer’s part number Nameplate
5] | Serial or identification number Nameplate and cylinder

7.10.5.3 Subsea valve and actuator assembly marking

The|subsea valve and actuater‘assembly shall be marked as shown in Table 22.

Table 22 — Marking for subsea valve and actuator assembly

Marking Application
1| |Assemblerissname or trademark Nameplate
2| |1SO £3628-4 Nameplate
3| JAssembly serial or identification number Nameplate
4 —ViaximumnT water dept ratmng Nameptate

7.10.5.4 Nameplates

Nameplates shall be attached after final coating of the equipment. Nameplates should be designed to remain
legible for the design life of the valve/actuator.

7.10.5.5 Low-stress marking

All marking done directly on pressure-containing components, excluding peripheral marking on API flanges,
shall be done using low-stress marking methods.
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7.10.5.6 Flow direction

All subsea valves that are designed to have unidirectional flow should have the flow direction prominently and
permanently marked.

7.11 TFL wye spool and diverter

7.11.1 Gen

eral

The TFL wye spool is located between the master valves and the swab closure. The purpose of the wye spool

is to provid
bore(s) of
See ISO 13
7.11.2 Des
7.11.2.1

All transitio

e well, while still permitting normal wireline or other types of vertical access through the tree
628-3 for TFL pump-down systems for further information.

gn
Vye spool

nal surfaces through the wye spool shall have chamfered surfaces witheut a reduced diamete

large gaps in accordance with the dimensional requirements of ISO 13628-3 for FL pump-down systems.
The intersegtion of the flowloop bore with the vertical wellbore shall comply-with the dimensional requiremgnts
of ISO 13628-3 for TFL pump-down systems.

7.11.2.2 Diverter

Provisions shall be made to divert TFL tools to and from the TFL loops in accordance with the manufactufer’s
written spegification. Diverter device(s) shall be designed.insaccordance with 1ISO 13628-3 for TFL pump-dpwn
systems.

7.11.2.3 MNaterials

Materials shall conform to 5.2. Seal surfaceS that engage metal-to-metal seals shall be inlaid with a
corrosion-rgsistant material that is compatiblé with well fluids, seawater, etc. Overlays are not required if the
base materfal is compatible with well fldids, seawater, etc.

For forged| material used for préssure-containing and high-load-bearing parts, forging practices, heat
treatment apd test coupon (QT.C-0r prolongation) requirements should meet those of API RP 6HT. In addition,
the test coupon shall accompany the material it qualifies through all thermal processing, excluding stress rglief.
7.11.2.4 Ipterfaces

7.11.2.4.1 (Genéral

The wye sft ool may he infngral with either the master-valve hlack ar swah-valve black \When non-inte. raL

tion
top.

ror

7.11.2.4.2 t0 7.11.2.4.5 shall apply.

7.11.2.4.2

Master valve block interface

The wye-spool lower connection shall be sized to mate with the master-valve block upper connection. This
connection shall provide pressure integrity equal to the working pressure of the subsea tree and provide a
structural strength capable of withstanding the combined loads of full working pressure at the connection plus
any externally applied loads.
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7.11.2.4.3 Swab closure interface

The upper wye spool connection shall be sized to mate with the swab-closure lower connection. The
connection shall provide pressure integrity equal to the working pressure of the subsea tree and provide a
structural strength capable of withstanding the combined loads of full working pressure at the connection plus

any

externally applied loads.

7.11.2.4.4 TFL flowloop interfaces

The wye outlet connection shall be sized to mate with either the TFL flowloop piping or the wing valve. This

conpection shall pravide pressure integrity equal to the working pressure of the tree and pravide

a structural

stre
extq
tens
as d

wye
ISO|
or g

7.11
The)
use

stra
sha

7.1]

All
ISO|

7.1

7.13

7.12

In
cou

7.20.

7.12

The

ngth capable of withstanding the combined loads of full working pressure at the connectig
rnally applied loads specified by the manufacturer. Combined pressure loading, piping @
ion), flowloop make-up and any other applied loads shall not exceed the yield strength) of the
efined in 7.17, nor shall it reduce the flowline internal diameter to below the drift diameter. The
spool shall be aligned with the bore of the flowloop according to the dimefsjonal requ
13628-3 for TFL pumpdown systems. Angles of the TFL wye spool/flowloop cannéction shall
gual to 15° from vertical.

.2.45 WYE spool/diverter interface
diverter bore shall be concentric with the bore of the flowline and*a smooth transition surfac

ght section shall also be provided above or below any locking recess or side pocket. The inte
| provide a smooth transition from cylindrical passage to cuivature of the loop.

.3 Testing

TFL wye spools and diverters shall be tested;in accordance with 5.4 and drift-tested as
13628-3 for TFL pumpdown systems.

P Re-entry interface
.1 General

.1.1 Introduction

(.12 are addressed~the upper terminations of the tree. The design and manufacture
blers/connectors, (which might or might not be integral with the tree upper connection, are al

1.2 Putpose

purpose is to provide an uppermost attachment interface on the tree for connection of

n plus any
reloads (or
TFL piping
bore of the
rements of
pe less than

e should be

J to connect the bores. In addition to the straight section of the“flowloop above the transition surface, a

'nal surface

Specified in

of control
fdressed in

a tree running tool used for installation and workover purposes,
a tree cap,

internal crown plugs, if applicable,

interface to LWRP or subsea drilling BOP stack, if applicable,

interface to other intervention hardware.
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Integral or non-integral

The tree upper connection may consist of a separate spool, which mechanically connects and seals to the
tree upper valve or upper valve block termination. The upper connection may consist of an integral interface

profile in or

7.12.2 Des

on top of the valve(s) body.

ign

7.12.2.1 Pressure rating

The re-entry-interface-shat-berated-to-the-tree VVUI:\;IIU pressure p:us arattowance—for-othet :uadilly effects

as defined in 7.12.3.

7.12.2.2 Re-entry interface upper connection/profile

The tree retentry interface shall provide a locking and sealing profile with a design strength’ based on loafling

consideratigns specified in 7.12.3. Corrosion-resistant overlays shall be provided for metal' sealing surfates.

Overlays afe not required if the base metal is corrosion-resistant. The connection shall also providg for

passage of wireline tools and shall not limit the drift diameter of the tree bore.

7.12.3 Desjgn loads/conditions

Analytical design methods shall conform to 5.1. As a minimum, the following loading parameters/conditjons

shall be corjsidered and documented by the manufacturer when desighing the re-entry interface:

— internal and external pressure;

— pressufe separation loads, which shall be based on worst-case sealing conditions (leakage to the larpest
redundpnt seal diameter shall be assumed);

— mechapical preloads;

— riser bgnding and tension loads;

— externgl environmental loads;

— fatigue|considerations;

— vibratign;

— mechapical installation (impact) loads;

— hydraulic coupler thrust and/or preloads;

—  COrrosipmn;

7.13 Subseatree cap
7.13.1 General

7.13.1.1 Introduction

Vertical and horizontal trees use internally and externally attached tree caps. When internal caps are used, an
external debris cap or cover may be installed to protect sealing surfaces and hydraulic couplers. Hydraulic
couplers may be incorporated in the tree cap. These may be integral with the cap or externally attached. The
design and manufacture of control couplers/connectors are addressed in 7.20.2.6.
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7.13.1.2 Non-pressure-containing tree cap

Non-pressure-containing tree caps protect the tree re-entry interface, hydraulic couplers and vertical wellbores
from possible environmental damage or undesired effects resulting from corrosion, marine growth or potential
mechanical loads. Design of non-pressure-containing tree caps shall comply with Clause 5 and is not
addressed further in this part of ISO 13628.

7.13.1.3 Pressure-containing tree cap

An externally attached pressure-containing tree cap provides protection to the re-entry interface and hydraulic

t. The cap

couplers and provides an additional sealing barrier between tree wellhare(s) and the environme

may
preg

7.13

7.173
The

with
extq

7.13

The
load

7.13

The
corr

inclilde a secondary release feature or separate fishing profile. Three types of tree cap are commo

7.13

Ana
sho

also perform the function of mating the control system hydraulic couplers. An interga
sure-containing tree cap provides an additional pressure barrier.

.2 Design

2.1 General
provisions in 7.13.2 apply to pressure-containing tree caps. The desigh of this equipment g
rnally attached tree caps.

.2.2 Pressure rating

tree cap shall be rated to the tree working pressure as defined by 5.1.2.1.2 plus an allowan
ing effects as defined in 7.13.2.4.

.2.3 Tree cap locking mechanism

tree-cap locking mechanism shall be designedto contain the rated tree working pressure act
esponding seal areas that interface with the, upper tree connection. The tree cap locking mech
hydraulic, remote operated;
mechanical, remote operated;
mechanical diver/ROV operated.
.2.4 Design loads/eonditions

lytical design“methods shall conform to 5.1. As a minimum, the following loading parameter
ild be considered and documented by the manufacturer when designing the tree cap:

internakand external pressure;

ly attached

hall comply

5.1. The requirements given in 7.13.2.2 to 7.13.2.4 are generally-applicable to both internally and

ce for other

ng over the
anism shall
hly used:

5/conditions

pressure separation loads, which shall be based on worst-case sealing conditions (leakage tg

the largest

redundant seal diameter shall be assumed) unless relieT IS provided as described in 5.T.2.T.T;
mechanical preloads;

installation string bending and tension loads;

temperature variations;

external environmental loads;

fatigue considerations;

vibration;
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droppe

trapped volumes and thermal expansion;
mechanical installation (impact) loads;
hydraulic coupler thrust and/or preloads;

corrosion;

d objects and snag loads.

7.13.3 Des|

7.133.1 |

A means sh

7.13.3.2 H

g and-furnctiomat requirenTernts

nstallation pressure test

all be provided to test the upper tree connection and tree-cap seal(s) after installation.

ressure venting

A means slpall be provided such that any pressure underneath the tree cap can ©e-vented prior to remg

This functig
independen

7.13.3.3 H

A means sh

7.13.3.4 (

Hydraulical
above norn
to effect re
release pre
documente

[«

f.

7.13.3.5

Tree caps
Diver/ROV/
be positiong

n may be designed either to be automatic through the running/retrieval tool or to be perfor
tly by diver/ROV.

ydraulic lock

perating pressure

y actuated tree caps shall be capable of containing hydraulic release pressures of at least 2
al operating release pressures in the event that normal operating release pressure is inadeq
ease of the connector. The manufacturer shall document both normal and maximum opera
ssures. The unlocking force shalkbe greater than the locking force. The values shal
| by the manufacturer.

econdary release

shall be designed with)a secondary release method, which may be hydraulic or mechan
remote tooling methods should be considered. Hydraulic open and close control-line piping s
ed to allow cutting by diver/ROV or contain a means to vent hydraulic lock pressure if necessar

the secondary release tofunction.

7.13.3.6 E

External trg

xternal'pesition indication

e-caps shall be equipped with an external position indicator to show when the tree cap is

locked.

all be provided for the prevention of hydraulic lock during.installation or removal of the tree cap.

val.
med

5 %
hate
ting

be

cal.
hall
for

fully

7.13.3.7 Self-locking requirement

Hydraulic tree caps shall be designed to prevent release due to loss of hydraulic locking pressure.

This may be achieved or backed up using a mechanical locking device or other demonstrated means. The

design of th

90

e locking device shall consider release in the event of a malfunction.

© 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=ce27268bcdd7d1a57f99f885db975967

ISO 13628

7.13.4 Materials

-4:2010(E)

Materials shall conform to 5.2. Seal surfaces that engage metal-to-metal seals shall be inlaid with a corrosion-
resistant material that is compatible with well fluids, seawater, etc. Overlays are not required if the base
material is compatible with well fluids, seawater, etc.

For forged material used for pressure-containing and high-load-bearing parts, forging practices, heat
treatment and test coupon (QTC or prolongation) requirements should meet those of APl RP 6HT. In addition,
the test coupon shall accompany the material it qualifies through all thermal processing, excluding stress relief.

7.13.5_Testing

7.19
The
plud
inte

7.13

Vali
am

(e.g
mee

7.13
Fun
ope
the

Pre

7.14
7.14

Atr
be 1

Too

5.1 General
following test procedure applies to tree caps having either mechanical or hydraulic*connec

s, associated with HXT tubing hangers or internal tree caps, shall follow the same testing requ
nal tree caps.

.5.2 Validation testing
fation testing of the tree cap shall comply with 5.1.7. In addition, thetree cap lock down shall
nimum of 1,5 times the RWP from below and from above to 140 times the RWP. Where acc

poppet, shuttle, sliding sleeve, etc.) and chemical carriers,are incorporated into the design,
t the design performance qualification requirements as showh in Table 4.

.5.3 Factory acceptance testing

ctional testing shall be conducted in accordanceiwith the manufacturer’s written specification
Fating and release mechanisms, override mechanisms, and locking mechanisms. Testing shal
actual operating forces/pressures fall within.the manufacturer’'s documented specifications.

Esure-containing tree caps shall be tested in accordance with 7.8.4.2, as applicable.

l Tree-cap running tool
.1 General

pe-cap running tool is-used to install and remove subsea tree-cap assemblies. Tree-cap runnin
nechanically or hydraulically operated.

s for running'tree caps may have some of the following functions:
actuation of the tree-cap connector;

pressure tests of the tree-cap seals;

ors. Crown
rements as

he tested to
bss devices
these shall

o verify the
| verify that

g tools may

relieve pressure beneath the tree cap;

injection of corrosion inhibitor fluid.

7.14.2 Design

7.14.2.1 Operating criteria

The manufacturer shall specify the operating criteria for which the tree-cap running/retrieval tool is designed.

Tree-cap running/retrieval tools should be designed such that they function in the conditions/circumstances
expected to exist during tree-cap running/retrieving operations and well re-entry/workover operations. Specific
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operating criteria (design loads and angle limits, etc.) should consider the maximum surface-vessel motions

and resultin

g maximum running string tensions and angles that can occur.

7.14.2.2 Loads

As a minimum, the following loading parameters/conditions should be considered and documented by the
manufacturer when designing the tree cap running tool:

— internal and external pressure;

- ressuke canarationloads which chall ha hacad anwaorct.caca caalina conditione (laakaga tao tha lar
p e-separation-oads-which-shal-be-based-en-werst sealing-conditions-eakage-to-the-las

redund

— mecha

— installafion string bending and tension loads;

— enviror
— fatigue
— vibratig
— mechal
— hydrau
— therma|
— installa]
— corrosi
The manufg

71423 T

7.14.2.3.1

The interfa

ant seal diameter shall be assumed);

nical preloads;

mental loads;

considerations;

n,

nical installation (impact) loads;

ic coupler thrust and/or preloads;

expansion (trapped fluids, dissimilar metals);

fion/workover overpull;

DN.

cturer shall specify the loads/conditions for which the equipment is designed.

ree-cap to running-tooldnterfaces

General

departure

not cause any damdge'to the tree cap such that prevents meeting any other performance requirement
present a rigk of snagging or loosening the tree cap when removed at that angle.

The tree-c

— locking

gle as documented by the manufacturer to meet the operational requirements. This release 5

interface consists of several main component areas:

gest

Ce between the tree cap and running tool shall be designed for release at a running sfring

hall
nor

profile and connector;

— re-entry seal (where applicable);

— extensi

on subs or seals (where applicable);

— controls and instrumentation (where applicable);

— diver/RQV interfaces (for operation and pressure testing functions).

92
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7.14.2.3.2 Locking profile and connector

The tree-cap running tool shall land and lock onto the locking profile of the tree cap and shall withstand the
separating forces resulting from applied mechanical loads and when applicable the rated working pressure of
the tree as specified by the manufacturer. The tree-cap running-tool connector shall meet functional
requirements set forth in 7.14.2.2.

Means shall be provided to prevent trapped fluid from interfering with the make-up of the hydraulic or
mechanical running-tool connector.

7.142.33 Controls and instrumentation

Control system and data gathering instrumentation conduits may pass through the tree running tool body.
Specific designs and selection of component materials are the responsibility of the manufacturer.

7.14.2.4 Tree-guide frame interface

Guiglance and orientation with other subsea equipment should conform to\or be an extengion of the
geometries specified in 7.15.2.1, when applicable to the design.

7.14.25 Secondary release
Hydraulically actuated tree-cap running tools shall be designed wijth’a secondary release method that may be
hydraulic or mechanical. ROV/diver/remote tooling or through-installation string should be [considered.

Hydraulic open and close piping shall be positioned to allow.cutting by diver/ROV or contain a mgans to vent
hydraulic lock pressure if needed for the secondary release to function.

7.14.2.6 Position indication

Remotely operated tree-cap running tools shall be equipped with an external position indicator |suitable for
obsgrvation by diver/ROV.

7.14.3 Testing
7.14.3.1 General
Theltest procedure in 7.14.3,2 applies to both mechanical and hydraulic tree-cap running-tool connectors.

7.14.3.2 Factory acCeptance testing

Functional testing-shall be conducted in accordance with the manufacturer’s written specification {o verify the
opefating and. release mechanisms, override mechanisms, and locking mechanisms. Testing shall verify that
the pctualoperating forces/pressures fall within the manufacturer’'s documented specifications.

Pregsure-containing tree-cap running tools shall be tested in accordance with 7.8.4.2, as applicablég.

7.15 Tree-guide frame

7.15.1 General

The tree-guide frame interfaces with either a CGB or PGB (or GRA) to guide the subsea tree onto the subsea
wellhead or tubing head. The frame may also provide a structural mounting for piping, flowline connection,
control interfaces, work platforms, anodes, handling points, ROV docking/override panels and structural
protection both on surface and subsea for tree components. The tree-guide frame provides an envelope and
structural mounting for the control pod, when used. The envelope shall allow sufficient space for control-pod
installation, retrieval and access. The provisions in this subclause also apply if a retrievable choke module is
located on the subsea tree. The design should consider protection of actuators and critical components from
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dropped objects, trawl boards, etc. when applicable. Design and associated load testing shall conform to the
requirements in 5.1.3.6.

The tree-guidebase should have a guidance structure that interfaces with the CGB or posts from the PGB
(GRA), to provide initial orientation and alignment. It shall be designed to provide alignment to protect seals,
control line stabs and seal surfaces from damage in accordance with the manufacturer’s written specification.

7.15.2 Des

ign

7.15.2.1 Guidance and orientation

For guidelirLe configurations, interfacing shall conform to the dimensions shown in Figure 9 a), unless

orientation
273 mm Of
vertical tilt (
Where guid
tool during

For guidelir

system requires tighter tolerances. Guide-post funnels are typically fabricated"™ f

x 13 mm wall (10 3/4 in OD x 0,5 in wall) pipe or tubulars. Spatial orientation (heading ((yaw)
bitch-sway) and fixed X-Y-Z position) tolerance is typically + 0,5° when mated with.the’guide pq
ance and orientation is dependent on guide posts, alternative means of orienting) the tree run

surface installation/testing shall be considered to prevent damage to seal bores during installati

eless configurations, a re-entry funnel may surround the wellhead or tubing head looking upy

(funnel-up)
subsequen

more) diagonal
components$/structures. The outermost diameter of the diagonal cone should be no less than 1,5 times
diameter off the component it is capturing. The diagonal cone’s angle ‘should be no shallower than 40°
respect to Horizontal. Typically the cone angle is 45°. Once captured,-thie cone(s) and inner cylinder shoul

designed t
subsequen

Portions of
equipment
acceptable,

practice should be carried out with sound engineering judgement comparing operational limits lost versus

and mass (

Since funng

beam structure should be incorporated-in‘the frame’s design to provide a sound, flat surface that can firml|

on spider b

When spati
orienting pi
true orientd
orientation
there are
[Figure 9 b)
acceptable.

or may be configured in concert with matching funnel equipment\op the tree connector
ly landed over the wellhead/tubing head (funnel down). Funnel geometry usually involves one
cone(s) and a centre cylinder frame to provide ~alignment between m3

allow for equipment re-entry at tilt angles up to_3%"(from vertical) in any orientation,
ly assist in righting the captured component to vertical;

the re-entry cone may be scalloped out to accommodate the guidelineless re-entry of adja
lvhose capture funnel can intersect with the-main funnel(s) because of space constraints. Th
although it takes away from the re-entry_properties of the funnel in the scalloped-out ared

veight) gained. Ideally, scalloped funnels should be minimized or covered wherever practical.
l-up re-entry designs are typically cylindrical and conical in nature, horizontal resting pads
bams to support or suspend the equipment.

al orientation is required, funnel-up funnels and capture equipment may also feature Y-slots
ns. The upper pofttion of the Y-slot should be wide enough to capture mating pins within + 7,5
ition. The Y-slot) should then taper down to a width commensurate with the pin to pro
o within + 0,5¢ (similar to the angular orientation provided by guide posts and funnels). Typic
wo or faurn‘orienting pins, each with a minimum diameter of 101,6 mm (4,0in) in diam
. Other:orientation methods, such as orienting helixes or indexing devices (ratchets, etc.) are
Whatever the orienting method, it is necessary that the design allow for the 3° tilt re-q

the
rom
and
sts.
ning
bn.

yard
and

(or
ting
the
Wwith
l be
and

Cent
s is
L Its
Size

br a
y Sit

and
° of
vide
ally,
eter
Also
ntry

requiremen

with'enough play to accommodate this gimballing effect unimpeded.

Funnel-down orientation methods include helixes, indexing devices or circumferential alignment pins/posts.
Orientation should initially allow a wide enough capture within +7,5° of true orientation, then refine the
alignment down to an orientation to within + 0,5°. Whatever the orienting method, it is necessary that the
design allow for the 3° tilt re-entry requirement with enough play to accommodate this gimballing effect
unimpeded.

Handling lugs should be provided on the guide frame to allow handling of the assembled tree.
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7.15.2.2 Handling

Lifting pad eyes may be provided on the guide frame to allow handling of the assembled tree complete with
test skid in accordance with 5.1.3.8, 5.4.4 and 5.5.2. Lifting lugs may also be provided for tag lines.
Alternatively, other safe means for handling the tree may be provided.

7.15.2.3 Loads

The guide funnels should be capable of supporting the full weight of the stacked tree, running tool and EDP,
or alternatively Iandlng pads may be provided. Depending on the environment in which the tree |s being used,
the protection
e, shall be

installation Ioads and snag loads. As a minimum, the following loads, where appropria
congidered and documented by the manufacturer when designing the tree guide frame:

— |guideline tension;

— |flowline reaction loads;

— |snag loads;

— |dropped object loads;

— |impact loads;

— |installation loads and intervention loads;

— |piping and connection loads (due to frame deflection);
— |handling and shipping loads.

7.18.2.4 Intervention interfaces

Proyision for all ROV intervention to felevant ROV functions shall be provided. Subsea intervention fixtures

attached to the tree-guide frame shall be in accordance with 1ISO 13628-8. The frame design shalllnot impede
access or observation, as appropriate, by divers/ROV of tree functions and position indicators.

7.18.3 Testing

Intefface testing for guideline systems shall be conducted on the guide frame by installing the frame on a four-
post, 1,829 m (6,0ft) radius test stump, or PGB in compliance with this part of ISO 13628. |A wellhead
conpector and mandrel or other centralizing means shall be used during the test. Test results| shall be in
accprdance with(the manufacturer’s written specifications.
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Dimensions in millimetres (inches) unless otherwise indicated
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a8 Cumulative tolerances between all interfacing components shall be less than or equal to the positional tolerance
shown.

b Typical.
¢ Reference dimension.
d  Ref ANSI Y14 5M for tolerance explanation.

NOTE Guide posts positional tolerances and determined relative to the wellhead housing bore (Datum —A-), method
of measurement to be specified by the manufacturer

Figure 9 — Tree guide frames
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7.16 Tree running tool

7.16.1 General

-4:2010(E)

The function of a hydraulic or mechanical tree running tool is to suspend the tree during installation and
retrieval operations from the subsea wellhead and to connect to the tree during workover operations. It may
also be used to connect the completion riser to the subsea tree during installation, test or workover operations.
A subsea wireline/coil tubing BOP or other tool packages may be run between the completion riser and tree
running tool. The requirement for soft landing systems should be evaluated.

7.14

The
doc

Treg
exis
critq
ma

7.14

As
mar

o — b H
< JpPclialimityg Lriteria

purchaser shall specify the operating criteria necessary for the tree installation. The manufa
iment the operating limits for which the tree running/retrieval tool is designed.

b running/retrieval tools should be designed to be operable in the conditions/circumstances
t during tree running/retrieving operations and well re-entry/workover operations. Specifi
ria (design loads and angle limits etc.) should consider the maximum surface.wessel motions &
imum running string tensions and angles that can occur.

.3 Loads

ufacturer when designing the tree running tool:
internal and external pressure;

pressure separation loads, which shall be based:-on worst-case sealing conditions (leakage tg
redundant seal diameter shall be assumed, unless relief is provided as described in 5.1.2.1.1)

mechanical preloads;

riser bending and tension loads;
environmental loads;

fatigue considerations;

vibration;

mechanical inStallation (impact) loads;

hydraufie-Coupler thrust and/or preloads;

cturer shall

bxpected to
C operating
nd resulting

A minimum, the following loading parameters/conditions shall’ be considered and documenmted by the

the largest

thermal expansion (trapped fluids, dissimilar metals);

installation/workover overpull;

corrosion.

The manufacturer shall specify the loads/conditions for which the equipment is designed. The manufacturer
shall state whether the basis of load ratings is stress limits or seal separation limits.
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7.16.4 Tree interface

7.16.4.1 General

The tree running tool interfaces with the tree upper connection. This interface shall be designed for
emergency release at a running string departure angle as specified by the manufacturer or purchaser. This
release shall not cause any damage to the subsea tree such that prevents meeting any other performance
requirement.

The tree interface consists of four main component areas:

locking
re-entr
extens
control

For use wi
release caf
design can
unlocking ti

7.16.4.2 U
The tree ru
the separat
specified by
in 7.8.3.

Means shal
connector.

7.16.4.3 H
An addition
interface. T
working pre

The pressu
the maximy
control circy

7.16.4.4 E

profile and connector;
seal, where applicable;
on subs or seals, where applicable;
5 and instrumentation, where applicable.
h dynamically positioned rigs, it is particularly important that the connector have a high-a
ability and that the connector can be quickly unlocked. In some:systems, the EDP conne

meet these requirements. The manufacturer and/or purchaser-shall specify the angle
me.

ocking profile and connector

hning tool shall land and lock onto the locking profile of the tree re-entry spool and shall withs
ng forces resulting from applied mechanical loads and the rated working pressure of the tre
the manufacturer. The tree running tool confiector shall meet functional requirements set f

e-entry seal

bl sealing barrier to the_environment may be included in the interface between the tree/running
his seal encircles all- hore extension subs and may enclose hydraulic control circuits. The r
ssure of this gasketshall be specified by the manufacturer.

re-containing{capability of this gasket shall be at least equal to the tree-rated working pressur

m anticipated-control pressure of the downhole safety valve, whichever is greater, if the SC
it(s) is_encapsulated by this seal, unless relief is provided as described in 5.1.2.1.1.

xtension subs or seals

ngle
ctor
and

and
b as
orth

be provided to prevent trapped fluid from interfering with make-up of the hydraulic or mechanical

tool
hted

e or
bSV

Extension subs or seals (if used) shall engage the mating surfaces in the upper tree connection for the
purpose of isolating each bore. The seal mechanism shall be either metal-to-metal seal(s) or redundant non-
metallic seals.

In multi-bore applications that use a re-entry seal as described in 7.16.4.3, each extension sub or seal shall be

designed to

withstand an external pressure as specified by the manufacturer.

7.16.4.5 Controls and instrumentation

Control system and data gathering instrumentation conduits may pass through the tree running tool body.
Specific designs and selection of component materials are the responsibility of the manufacturer.
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7.16.4.6 Running string interface

The

tree running tool may interface with one or more of the following:
drilling riser system;
subsea WCT-BOP or wireline cutter;

completion riser or stress joint;

drill pine or tubing runnina stringa:
T T ~ ~ 7
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LRP;

wire rope deployment system.

4.7 Guidance and orientation

Jance and orientation with other subsea equipment shall conform to or.be an extension of the
cified in 7.15.2.1.

.4.8 Control system interface
tree/running tool and/or the workover control interface nermally transfers control of the subsg

normal surface production control point to the workoverontrol system. The protocol should be
e workover control system when in workover mode.

4.9 Secondary release
raulically actuated tree running tool connectors shall be designed with a secondary reled
/diver/remote tooling or through-installation string should be considered. Hydraulic open and d

piping shall be positioned to allow cutting by diver/ROV or contain a means to vent hydraulic o
fuired for the secondary release t@_function.

.4.10 Position indication

notely operated tree running tool connectors shall be equipped with an external position indica
bservation by diver/ROV.

.5 Materials

b runningtool portions that can be exposed to wellbore fluids shall be made of materials confor

.6 "Factory acceptance testing

geometries

a tree from
transferred

e method.
lose control
ck pressure

\tor suitable

ming to 5.2.

Functional testing shall be conducted in accordance with the manufacturer’s written specification to verify the
operating and release mechanisms, override mechanisms, and locking mechanisms. Testing shall verify that
the actual operating forces/pressures fall within the manufacturer’'s documented specifications.

Pressure containing tree running tools shall be tested per 7.8.4.2, as applicable.
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7.17 Tree piping

7.17.1 General

The term tree piping is used to encompass the requirements for all pipe, fittings or pressure conduits,
excluding valves and chokes, from the vertical bores of the tree to the flowline connection(s) leaving the
subsea tree. The piping may be used for production, pigging, monitoring, water, gas or chemical injection,
service or test of the subsea tree.

Inboard tree piping is upstream of the last tree valve (including choke assemblies). Outboard tree piping is

downstream-of-the last-tree valve —and upstream of-the flowline connection

Where tree| piping extends beyond the tree guide-frame envelope, protection shall be provided. Accesg for
diver/ROV/ROT to conduct operations about the tree should be considered during the design.‘af flow|oop
routing and|protection.

7.17.2 Desjgn

7.17.2.1 Allowable stresses

Outboard tfee piping shall conform to the requirements of an existing, documented piping code, such as
ANSI/ASME B31.4, ANSI/ASME B31.8 or ANSI/ASME B31.3. As a minimum, the design rated working
pressure offthe outboard piping shall be equal to the rated working pressure of the tree. Inboard piping $hall
be designed in accordance with 5.1. In all cases, the following shall be.considered:

— allowable stress at working pressure;

— allowable stress at test pressure;

— externgl loading;

— toleranges;

— corrosipn/erosion allowance;

— temperpture;

— wall thipning due to bending;

— vibratign.

7.17.2.2 @perating parameters

Operating darameéters for tree piping shall be based on the service, temperature, material and external loafling
on each lije-~Tree piping may be designed to flex to enable connectors to stroke or to compensatq for
manufacturing tolerances. Special consideration shall be given 1o piping downsiream of chokes, due to

possible high fluid velocities and low temperatures; see Clause 5.

7.17.2.3 Tree piping flowloops

Tree piping flowloops may be fabricated using forged fittings or pre-bent sections, or may be formed in a
continuous piece. Either “cold” bending or “hot” bending may be used. Bends that are being used in H,S
service shall conform to the requirements of ISO 15156 (all parts). Induction-bent piping shall be
manufactured in accordance with qualified procedures and suppliers.

100 © 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=ce27268bcdd7d1a57f99f885db975967

ISO 13628-

7.17.2.4 TFL tree piping flowloops

4:2010(E)

TFL piping flowloops shall also be designed in accordance with ISO 13628-3 for TFL pumpdown systems

and

7.10.

7.17.2.5 Pigging

The manufacturer shall document the ability to pig tree piping where such piping is intended to be piggable.
Demonstration of the piggability of the intended piping shall be agreed to by the purchaser and manufacturer.

7.17%
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perinanent bend stress, thermal expansion, wellhead deflection and the specified operating press
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tree piping and flowline connector, when required by the system, shall be designed to.aliow
hection in accordance with the manufacturer’s written specification. Alternatively, the flexibility
the interface piping system. In the connected position, the combination of.induced p

ped the allowable stress as defined in 7.17.2.1. Stresses induced during make:=ap may exceed
.2.1, but shall not exceed material minimum yield strength.

Esure/temperature transducers and chemical-injection penetrations Jocated on inboard pipi
pped with flanged or studded outlets that conform to 7.1 or 7.4.

etrations located on outboard piping may be either flanged,)threaded or weld-on bosses
nections shall conform to 7.3, flanged connections shall conform to 7.1 or 7.4, and weld-on &
orm to ANSI/ASME B16.11.

hbricating protective guards or covers.

.2.7 Specification break

location of the specification break between the requirements of this specification (on the tree g
of the flowline/pipeline is specifically~defined below.

following apply for tree and tubing head/CGB specification breaks.

in accardance with 5.1. Outboard piping shall be in accordance with the spe
code-using the subsea tree’'s RWP as the piping code’s design pressure. P
include APIRP 1111, ANSI/ASME B31.4, ANSI/ASME B31.8 or ANSI/ASME
connections/fittings for both inboard and outboard piping shall be designed in
with 7.1 through 7.4, regardless of piping code used.
Testing: All testing for inboard piping shall conform to the requirements in accordan
Outboard piping shall be in accordance with the specified piping code.

lexibility for
ay be built

i’uFe tension,
re shall not

the level in

ng shall be

. Threaded
osses shall

pguarding of the transducer connections shall be previded by either locating the ports in protecfed areas or

r CGB) and

Design code: In accordance with 7.17.1, all inboard piping (upstream of the last valve) shall he designed

ified piping
ping codes
B31.3. End
accordance

te with 5.4.

Materials:

Materials for inboard piping shall conform to 5.2. Material for outboard piping and pipe

fittings shall conform to the requirements of the specified piping code. For example, wall
thickness calculated using ANSI/ASME B31.3 requires the use of ANSI/ASME B31.3

allowable material stresses.

Welding: Welding of inboard piping shall be in accordance with 5.3. Welding of outboard

conform to the specified piping code or 5.3, whichever is appropriate.
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7.18 Flowline connector systems

7.18.1 General — Types and uses

In 7.18 are covered the tree-mounted flowline connector systems that are used to connect subsea flowlines,
umbilicals, jumpers, etc., to subsea trees.

7.18.2 Flowline connector support frame

7.18.2.1 General

The connedtor system shall be supported by an appropriately designed support frame that shall be attachgd to
the subsealtree and/or subsea wellhead. The support frame shall be attached to the subsea wellhead-houging,
the PGB, GRA or CGB, the tree and/or tree frame or other structural member suitable for accommodating all
expected lopding conditions.

7.18.2.2 Design

7.18.2.2.1 |Loads

The following loads shall be considered and documented by the manufacturers when designing the flowline
connector support frame:

— flowling pull-in, catenary and/or drag forces during installation;
— flowling alignment loads (rotational, lateral, and axial) duringrinstallation;

— flowling reaction loads due to residual stresses, flowline weight, thermal expansion/contraction [and
operatipnal/environmental effects;

— reactiops from environmental loads on flowlineseonnector running/retrieval and maintenance tools;
— flowling reaction/alignment loads when the-tree is pulled for service;

— flowling/umbilical overloads;

— wellhedd deflection;

— internal and external pressures (operational and hydrostatic/gas tests).

7.18.2.2.2 |Functiopalirequirements

The flowling confector support frame shall transmit all loads imparted by the flowline and umbilical info a
structural member to ensure that the:

— tree valves and/or tree piping are protected from flowline/umbilical loads which could damage these
components;

— alignment of critical mating components is provided and maintained during installation;
— tree can be removed and replaced without damage to critical mating components.

The flowline connector support frame shall be designed to avoid interfering with the BOP stack.
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7.18.3 Flowline connectors

7.18.3.1 General

-4:2010(E)

The flowline connector and its associated running tools provide the means for joining the subsea flowline(s)
and/or umbilical(s) to the subsea tree. In some cases, the flowline connector also provides means for
disconnecting and removing the tree without retrieving the subsea flowline/umbilical to the surface.

Flowline connectors generally fall into three categories:

a)

manual connectors npnrn’rpd hy divers ar RQVs;

b)
c)
7.18
Floy
be i

preg

7.18

The
con

hydraulic connectors with integral hydraulics similar to subsea wellhead connectors;

mechanical connectors with the hydraulic actuators contained in a separate running tool.

.3.2 Design
vline connectors shall have a RWP equal to the RWP of the tree. The design of flowline conn

n accordance with the specified piping code using the subsea tree’s " RWP as the piping co
sure. Hydraulic circuits shall be designed in accordance with 5.4.7.

.3.3 Loads

following loads shall be considered and documentedchy,the manufacturer when designing
hector and associated running tools:

flowline pull-in, catenary and/or drag forces during installation;
flowline alignment loads (rotational, lateral,.and axial) during installation;

flowline reaction loads due to residual stresses, flowline weight, thermal expansion/cont
operational/environmental effects;

reactions from environmentakloads on flowline connector running/retrieval and maintenance tq
flowline reaction/alignment loads when the tree is pulled for service;
flowline/umbilical-ovetloads;

wellhead deflection;

internal-ard external pressures (operational and hydrostatic/gas tests);

ectors shall
de’s design

the flowline

raction and

ols;

load created by a loss of stationkeeping.

The flowline connector shall ensure sealing under all pressure and external loading conditions specified.

When actuated to the locked position, hydraulic flowline connectors shall remain self-locked without requiring
that the hydraulic pressure be maintained. Connectors shall be designed to prevent loosening due to cyclic
installation and/or operational loading. This shall be achieved by a mechanical locking system or backup
system or other demonstrated means. Mechanical locking devices shall incorporate a release mechanism in
the event of malfunction.
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7.18.3.4 Dimensions

The dimensions of the flowline connector’s flow passages should be compatible with the drift diameters of the

flowlines.

If TFL service is specified, the TFL flow passage geometry shall meet the dimensional requirements of
ISO 13628-3 for TFL pumpdown systems.

If pigging capability is specified, the flowline connector flow passages should be configured to provide
transitions and internal geometry compatible with the type(s) of pig specified by the manufacturer.

The end co
comply with

The termina
7.1 through

flowline sid¢.

7.18.3.5 H
The flowlin
mating con
structural c
during insta

hnections used on the flowline connector (flanges, clamp hubs, or other types of connections). s
7.1 through 7.6. Preparations for welded end connections shall comply with 7.1.2.

ition interface between the flowline connector and the flowline shall conform to the reguiremen
7.4 at the flowline connector side, and to the requirements of the specified piping code on

h

unctional requirements

a)

connector and/or its associated running tool(s) should provide ¢positioning and alignmer
ponents such that connection can be accomplished without damage to sealing component
bnnection devices. Seals and sealing surfaces shall be designed. such that they can be prote
lations operations.

Primary seals on flowline connectors shall be metal-to-metal. Glands for the metal seals shall be inlaid

COrrosion-re

sistant material unless the base material is corrosion-resistant.

Where muliiple bore seals are enclosed within an outer environmental or secondary seal, bi-directional

seals shall

The flowlin
connection

The flowlin
provided fo
pressure ral

The flowling

Flowline co
the tree sys

7.18.4 Tes

be provided to prevent cross-communication between individual bores.

P connection system shall provide means for pressure testing the flowline and/or umb
following installation and hook-up.

b connector shall have the same working pressure rating as the subsea tree. Means shal
I pressure-testing the tree and ‘all its associated valves and chokes without exceeding the
ing of the flowline connector.

connector should have-a visual means for external position verification.

tem.
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s of
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5 or
cted

Wwith

pore
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nnector components located downstream of the choke may have a lower temperature rating than

7.18.4.1 (

beneral

In 7.18.4 is covered the testing of the flowline connector system, which includes the flowline-connector
support frame, the flowline connector, the flow loops and associated running/retrieval and maintenance tools.

7.18.4.2 Validation testing

Tests shall be conducted to verify the structural and pressure integrity of the flowline connector system under
the rated loads specified by the manufacturer in accordance with 6.1. Such tests shall also take into
consideration the:
— simulated operation of all running/retrieval tools under loads typical of those expected during actual field
installations;
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— simulated pull-in or catenary flowline loads (as applicable) during flowline installation and connection;
— removal and replacement of primary seals for flowline connectors for remotely replaceable seals;

— functional tests of required running/retrieval and maintenance tools;

— maximum specified misalignment;

— connection qualification test including torsion, bending, pressure and temperature.

Themanufactirershall document-successiul r\nmplnﬁnn ofthe ahove tests

7.18.4.3 Factory acceptance testing
Faclory acceptance testing is as given in a) to c) following.
a) [Structural components:

All fnating structural components shall be tested in accordance with the manufacturer’s written gpecification
for fjt and function using actual mating equipment or test fixtures.

b) |Pressure-containing components:

Functional testing shall be conducted in accordance with the manufacturer’s written specification {o verify the
primary and secondary operating and release mechanisms, ‘override mechanisms and locking rmechanisms.
Tesling shall verify that the actual operating forces/pressures fall within the manufacturer's gocumented
spegifications.

Flowline connectors shall be hydrostatically tested;in accordance with the specified piping code using the
subgea tree’s RWP as the piping code’s design pressure. In addition, the flowline connector shall pe tested in
accprdance with 7.8.4.2, as applicable.

¢) |Running tools:

Functional testing of running/retrieval and maintenance tools shall be conducted in accordange with the
marnufacturer’s written specification to verify the primary and secondary operating and release nfechanisms,
ove(ride mechanisms and lo¢king mechanisms. Testing shall verify that the actual operating forcejs/pressures
fall within the manufacturer’s documented specifications.

7.18.5 In-situ testing

In-sjtu testing iS beyond the scope of this part of ISO 13628. However, if in-situ testing of flowlineg is required
at pyessures.above the tree-rated working pressure, a test isolation valve with a working pressure|higher than
that|of the-free can be required.

7.1 _Ancillar/ eguinmentrunnino-togls
. PARM A Rkl o )

7.19.1 Design

7.19.1.1 Operating criteria

The manufacturer shall document the operating criteria, clearance and access criteria for ancillary equipment
and their running/retrieval tools as it pertains to the mounting on the subsea tree. Ancillary equipment may
include control pods, retrievable chokes and flowline connection equipment.

Running/retrieval and testing tools should be designed such that they are operable in the
conditions/circumstances expected to exist during running/retrieving operations and workover operations.
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Specific operating criteria (design loads and angle limits, etc.) should consider the maximum surface-vessel
motions and resulting maximum running-string tensions and angles that can occur.

7.19.1.2 Loads and component strength

As a minimum, the following loading parameters/conditions shall be considered and documented by the
manufacturer when designing the running tool:

— internal and external pressure;

- pressure-separaticaloads—which-shal-be-based-onworst-case-sealingconditions-{eakagetothelar
redundant seal diameter shall be assumed);

— mechapical preloads;

— running string bending and tension loads;

— envirorjmental loads;

— fatigue|considerations;

— vibratidn;

— mechapical installation (impact) loads;

— hydraulic coupler thrust and/or preloads;

— installation/workover overpull;

— corrosipn.

The manufacturer shall specify the loads/conditians for which the equipment is designed. The manufact

shall docun

7.19.1.3 H

ent the load/capacity for their running tool.

unning tool interfaces

The running tool shall be capable-~of connection, functioning and disconnection at the maximum comb

loads, as sf

Control and
maximum ¢

7.19.1.4 (

If the subs

ecified in 7.19.1.2.

/or test connecCtions that pass through the interface shall retain their pressure integrity at
pmbined loadvating.

buidance*and orientation

pa-tree structure is used for alignment and orientation, running-tool guidance structures

gest

urer

ned

the

hall

conform to

or be an extension or the geometries speciiied In 7.15.Z.1. Thdependent guldance and orienla

shall be designed in accordance with the manufacturer’s written specification.

7.19.1.5 Remote intervention equipment

tion

Remote intervention fixtures shall be designed in accordance with requirements of 1SO 13628-8 or

ISO 13628-

106
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7.20 Tree-mounted hydraulic/electric/optical control interfaces

7.20.1 General

Tree-mounted hydraulic/electric/optical control interfaces covered by this part of ISO 13628 include all pipes,
hoses, electric or optical cables, fittings or connectors mounted on the subsea tree, flowline base or
associated running/retrieving tools for the purpose of transmitting hydraulic, electric or optical signals or
hydraulic or electric power between controls, valve actuators and monitoring devices on the tree, flowline base
or running tools and the control umbilical(s) or riser paths.

7.2¢-2Design

7.2Q.2.1 Pipe/tubing/hose

Allopvable stresses in pipe/tubing shall be in accordance with ANSI/ASME B31.3. Hose’design shall conform
to ANSI/SAE J517 and shall include validation to ANSI/SAE J343. Design shall take into account the

— |allowable stresses at working pressure;
— |allowable stresses at test pressure;

— |external loading;

— |collapse;

— | manufacturing tolerances;

— |fluid compatibility;

— |flow rate;

— |corrosion/erosion;

— |temperature range;

— |vibration.

7.20.2.2 Size and pressure

All pipe/tubing/hesevshall be 6,0 mm (0,25 in) diameter, or larger. Sizes and pressure ratings o¢f individual
tubipg runs shallbe determined to suit the functions being operated. Consideration shall e given to
preyenting réstrictions in the control tubing that can cause undesirable pressure drops across fhe system.
Injettion lines, downhole hydraulic, connector/gasket seals test lines, pressure monitor lines or any line that by
des|gn“is_exposed to wellbore fluids shall be rated at the working pressure of the tree. SCSSV lipes shall be
rated"abthe specified SCSSV operating pressure (see 5.1.2.1.1 and 9.2.7 for additional informatior%

7.20.2.3 Optical cables and cable penetrations

Optical fibres shall be routed inside fluid-filled conduits; typically a fluid-filled hose for flying-lead or short-cable
applications, and a metal tube for longer umbilical applications. Optical terminations shall include qualified
penetrations to prevent fluid leakage from these conduits. Optical penetrations into pressure-containing
cavities or piping systems shall be qualified for the full differential pressure across the penetration. Optical
fibres run in fluid-filled hoses shall include sufficient internal fibre slack length to prevent fibre tensioning under
the expected load conditions.
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7.20.2.4 Envelope

All pipe/tubing/hose/electric or optical cable shall be within the envelope defined by the guide frames of the
tree, running/retrieving tool or the flowline base.

7.20.2.5 Routing

The routing of all conduits (pipe/tubing/hose/electric or optical cable) shall be carefully planned and conduits
should be supported and protected to minimize damage during testing, installation/retrieval and normal
operations of the subsea tree. Free spans shall be av0|ded and, where necessary, condwts shall be
supported the
requiremenfs of ISO 15156 (all parts) for cold- Worklng Cold bends shall be in accordance Wwith
ANSI/ASME B31.3. Tubing running to hydraulic tree connectors, running tool connectors angds flowline
connectors [shall be accessible to divers/ROV/ROT, such that it can be disconnected, vented or cuf, inordér to

Electrical cables should be routed such that any water entering the compensated hoses moves away from the
end termingtions by gravity. Electrical signal cables shall be screened/shielded to avoid cross talk and gther

Hydraulic cpuplers, end fittings and couplers shall meet or exceed requirements of the existing piping dode
used for the piping/tubing/hose design in 7.20.2.1. Small-bore [less than 25,4 mm (1,0 in) ID] tubing funs
should be glanned so as to use the minimum number of fittings or weld joints. Welding may be used toljoin
tubes at th¢ manufacturer’s discretion. Fittings and socket welds may be used on all small-bore tubing [that
does not pgnetrate the wellbore. Fittings and socket welds may-b€ used on small-bore tubing that penetrates
the wellbor¢ (for example, chemical injection or SCSSV) if theyare outboard of two isolation devices, one of
which is remotely operated. Connections on small-bore tubing that penetrates the wellbore inboard of the|two
isolation dgvices shall be full-penetration butt welds as. specified in 5.3.1. Tubing and hose fittings shall be

Quality regqdiirements for small-bore tubing and cennections shall be to the manufacturer’s written specificgtion.

The couplinig stab/receiver plate assembly.shall be designed to withstand the rated working pressure applied
simultaneoysly in every control path without deforming to the extent that any other performance requiremeht is
affected in|[ accordance with the manufacturer's written specification. In addition, when non-presgure
balanced-control couplers are used, the manufacturer shall determine and document the rated water depth at
which coupler plate/junction plate.ean decouple the control couplers without deformation damage to the glate
assemblies|with zero pressure-inside the couplers. The manufacturer shall determine and document the fprce
required forfdecoupling at the rated water depth with zero pressure inside the couplers.

Proprietary |coupler stab{and receiver-plate designs shall meet the test requirements in 7.20.5.

7.20.2.7 Hlectrical connectors

Electrical connection interiaces made up subsea shall prevent the Ingress or water or external contaminants.
The retrievable half of conductive-type electrical connectors should contain seals, primary compensation
chambers, penetrators, springs, etc. The design of the non-retrievable half should consider the effects of
corrosion, calcareous growth, cathodic protection, etc.

7.20.2.8 Optical connectors

Optical-connection interfaces made up subsea shall feature pressure-compensated chambers in which the
final optical-fibre connections are engaged. The configuration shall prevent the ingress of water or external
contaminants that can potentially interfere with the optical fibre engagement. Optical connectors should ideally
include an automatic mechanism to wipe the face of the fibres prior to final engagement of the mating fibres.
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7.20.2.9 Control line stabs/couplers

As a minimum, control line stabs for the SCSSV, production master valve(s), production wing valve, and
annulus master valve shall be designed so as not to trap pressure when the control stabs are separated
except where allowed in 9.2.9.

Both vented and non-vented control stabs shall be designed to minimize seawater ingress when
connected/disconnected. They shall be capable of disconnection at the rated internal working pressure,
without detrimental effects to the seal interface. The half containing the seals shall be located in the
retrievable assemblies. In addition to the internal working pressure, the control stabs shall be designed to
withstand external hydrostatic pressure at manufacturer’s rated water depth. Stabs shall be capable of sealing

at gdll pressures within their rating, in both the mated and un-mated (non-vented type) condition
noted in 7.20.

NOTE
treel|is controlled by direct or a piloted hydraulic control system. Subsea tree interface designs.with individ
control lines often feature poppet connections to protect the line from debris and seawater ingress. If the)
conrection were separated during a severe damage or emergency disconnect event before hydraulic line prej
bled] down, the individual stab’s poppet can trap hydraulic control line pressure behind the“poppet, preventi
mentioned fail-closed safety devices from closing. The venting control stab requirément is intended to ci
trapped pressure possibility.

The
inte
ISO
thes

venting control stab requirement is not intended for other control‘system configurations or t
face connections providing a fail-safe vent feature is included-to\allow fail-closed safety devig
13628-6/AP1 17F provides guidance on proper avoidance of’trapped hydraulic pressure s
e control systems.

7.20.2.10 Alignment/orientation of receiver plates
Mul
alig
stal]
alig
one

i-port hydraulic receiver plates, as used at thec€ontrol pod, tree cap, tree running tool, etc., sk
ment system to ensure correct alignment of\hydraulic couplers prior to engagement of their
's couplers shall be mounted in a manfer to accommodate any misalignment during m3
hment shall also not allow miscommunication between umbilical lines and tree plumbing, i.e. S
orientation only.

7.20.3 Assembly practice

7.20.3.1 Cleanliness during/assembly

Pragtices should be adoepted during assembly to maintain tubing/piping/fittings cleanliness.

7.20.3.2 Flushing

Aftgr assembly, all tubing runs and hydraulically actuated equipment shall be flushed to meet the
reglirements of SAE/AS 4059. The class of cleanliness shall be as agreed between the manuf

, except as

Venting control stab connections are primarily intended as a well control feature of a\subsea tjee when the

ual hydraulic
control stab
ssure can be
g the above
cumvent the

heir internal
es to close.
tuations for

all have an
seals. The
ke-up. The
hall align in

cleanliness
acturer and
in the field

ope

7.20.4 Materials

7.20.4.1 Corrosion

off after completion of flushing/testing to prevent particle contamination during storage and

tc., shall be
retrieval.

Pipe/tubing and end fittings, connectors and connector plates shall be made of materials that can withstand

atmospheric and seawater corrosion.

Pipe/tubing/hoses in contact with wellbore fluids or injected chemical shall be made from materials compatible

with those fluids. Recommended test procedures can be found in Annex J.
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7.20.4.2 Seal materials

Seal materials shall be suitable for the type of hydraulic control fluid being used in the system. Seals in
contact with wellbore fluids or injected chemicals shall be made of materials compatible with those fluids.

7.20.5 Testing

7.20.5.1 Small bore tubing, hoses, and connections

Testing of assembled pipe/tubing/hose and end fittings, connectors and connector plates exposed to
production Fresstre—snacontformtooAexcepttat-tne—te sresstre—shatrnotexceedthe—testpresstne of
the lowest| pressure-rated component in the system in accordance with 5.4.7. Testing of assempled
pipe/tubingfhose and end fittings, connectors and connector plates carrying control fluid shall “b¢ in
accordance with ANSIASME B31.3 as specified in 5.4.7. FAT for hoses on equipment that is accessible af the
surface by Ipcation or operational use shall be repeated for hoses more than five years old.

7.20.5.2 Stab/receiver plate assembly

The stab/receiver plate assembly shall be tested to rated working pressure applied_simultaneously in eyery
control path in accordance with the manufacturer’'s written specification.

7.20.6 Connector plate marking

Each conngctor plate shall be permanently marked with the following fminimum information:

a) its part|number;

b) path dgsignation numbers or letters identifying each path/connector.

All part nunpbers, path designations, operating pressures of each path and other pertinent information shpuld
be included|in the design documentation.

7.21 Subgea chokes and actuators

7.21.1 General

In 7.21 are|covered subsea chokes, ‘actuators and their assemblies used in subsea applications. It provjdes
requiremenfs for the choke/actdator assembly performance standards, sizing, design, materials, tesjing,
marking, stprage and shipping-Subsea choke applications are production, gas lift and injection.

The design| of the treetsystem should consider any requirements for replacement of high-wear items of| the
subsea choke, including isolation prior to retrieval and testing following re-installation. Placement of the chjoke

should alloy adequate spacing for retrieval, and diver/ROV override operations.

7.21.2 Subsea chokes

7.21.2.1 General

7.21.2.1.1 Adjustable chokes

Adjustable chokes have an externally controlled, variable-area orifice trim and may be coupled with a linear

scale valve-opening-indicating mechanism.
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7.21.2.1.2 Positive chokes

Positive chokes accommodate replaceable parts having a fixed orifice dimension, commonly known as flow
beans.

7.21.2.1.3 Oirifice configuration

A variety of orifice configurations (sometimes referred to as “trim”) are available for chokes. Six of the most
common adjustable orifice configurations are rotating disc, needle and seat, plug and cage, sliding sleeve and
cage, cage and external sleeve, and multistage. Examples of orifice configurations are shown in Figure 10.

Optj

mum orifice configuration is selected on the basis of aperating pressures _temperatures and fl

w media.

7.2]

The
med

Thel
anti

sho
cho

7.2]

7.2

Sub

7.2]

Mar

.2.1.4 Choke capacity

manufacturer shall document the flow rate based on maximum orifice, pressure, temperatu
ia.

choke flow capacity is determined in accordance with requirements of ISA 75.01.01 and IS
Cipated or actual production flow rate and fluid conditions (pressures afnd)temperature). The
vn in Annex M for purchasing guidelines shall be supplied to the choke“manufacturer for the s

e.
.2.2 Design
.2.2.1 General

sea chokes shall be designed in accordance with the.general design requirements of 5.1.

.2.2.2 Design and operating parameters

ufacturers shall document the following(design and operating parameters of the subsea choke
maximum pressure rating;

maximum reverse differentialNpressure rating;

maximum C,;

temperature ratings
—  maximum,

—  minmum;

PSL level;

re and fluid

A 75.02 for
information
izing of the

gy B |
matcriar Liadss,

type of choke (retrieval style):
— non-retrievable,
— diver assist retrievable,

— tool retrievable;

functional style of choke:
— adjustable choke prep. for manual actuator,

— adjustable choke prep. for hydraulic actuator,
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end connections:

size and pressure rating,

— ring gasket size (if applicable);
— type of operation:

— ROV,

— ROT,

— diver assist,

— en( effector configuration;
— water depth rating.
7.21.2.2.3 |Pressure rating
Subsea chpkes with RWPs of 34,5 MPa (5 000 psi), 69 MPa (10 000 psi) or 103,5 MPa (15 000 psi)
covered by fthis International Standard.
For chokes having end connections with different pressure ratings,~the rating of lowest-r
pressure-cdntaining part shall be the rating of the subsea choke. The rated working pressure of the sul
choke shall|be equal to or greater than the rated working pressure of the-Subsea tree.
7.21.2.2.4 |Temperature rating
All pressurg-containing components of subsea chokes shall bé.designed for the temperature ratings spec
in 5.1.2.2. for subsea chokes, the maximum temperature 1ating is based on the highest temperature of
fluid that cgn flow through the choke. Subsea chokes shall have a maximum temperature rating equal t
greater thap the tree. The minimum temperature rating of subsea chokes shall be in accordance with
manufacturgr’s written specifications but equal to or, less than the tree rating.
7.21.2.2.5 |End connections
End connegtions for chokes shall be as-specified in 7.1 to 7.6.
7.21.2.2.6 |Vent requirements
Subsea chgkes shall be designed to prevent internal cavities from trapping pressure. The system shall h
the means |to facilitate pressure being vented prior to releasing and during landing of the body-to-bo
connector.
7.21.2.2.7 |External pressure requirements

Subsea ch@kes shall be designed to withstand external hydrostatic pressure at the maximum rated w

are

hted
sea

fied
the
D or
the

ave
hnet

ater

depth. The design shall prevent the ingress of water from external hydrostatic pressure.
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Figure 10 — Choke common orifice configurations
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7.21.2.3 Choke testing

7.21.2.3.1 Factory acceptance test

Hydrostatic testing of subsea chokes shall be in accordance with 5.4. For FAT data sheet for subsea choke,
refer to Tables 23 and 24.

Table 23 — Example documentation of the factory acceptance testing
for the operational test of a subsea choke with hydraulic operator
(choke with hydraulic operator)

(Click here to access an electronic revisable version of this form.)

Faftory acceptance test form for the operational test of a subsea choke with hydraulic operator
(choke with hydraulic operator)

Test [Cycle Choke Hydraulic Verification that the choke operated smoothlyand | Reversjng
no. | no. pressure pressure without backdriving pressulre?
required to - ) - -
During opening During-elosing
Close Open Yes | No Witness Yes [<No Witness  |Open|Close
choke choke
1 1 Atmospheric
2 Atmospheric
3 Atmospheric
2 1 Working
pressure
2 Working
pressure
3 Working
pressure
4 Working
pressure
5 Working
pressure

2 Pressure|to reverse operating_direction subsequent to overstepping shall be less than 90 % of hydraulic pressure utilizdd to
overstep or oyer travel on linear actators.
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Table 24 — Example documentation of the factory acceptance testing
for a subsea choke with mechanical operator
and/or hydraulic operator with mechanical override operational test
(choke with manual operator, and choke hydraulic operator with manual override)
(Click here to access an electronic revisable version of this form.)

Factory acceptance test form for a subsea choke with mechanical operator
and/or hydraulic operator with mechanical override operational test
(choke with manual operator, and choke hydraulic operator with manual override)

Test | Cycle Choke pressure Verification that the choke operated smoothly and without
N\ . Nu. IUG.L;"\U‘I;V;IIU VV;t:I;II thclllallufabtulcl,b apct,;ficu' tUI\..]uC“T]it
During opening During closing
Yes | No | Starting | Running | Witness | Yes | No | Starting [/Runnifg | Witness
torque | torque torque*® | torque
1 1 Atmospheric
pressure
2 Atmospheric
pressure
3 Atmospheric
pressure
2 1 Working pressure
2 Working pressure
3 Working pressure
4 Working pressure
5 Working pressure

7.21.3 Subsea choke actuators

7.21.3.1 General
In 7}21.3 are covered manualand hydraulic actuators for subsea applications. The design of electfic-power or

motpr-driven actuators, position indicators and control feedback equipment are beyond the scop€g of this part
of 1I$0 13628.

7.21.3.2 Design

7.21.3.2.1 General

Thel follewing requirements apply to subsea choke actuators.

a) The r'lncirJn of subsea choke actuators shall anply with 5.1

b) Design shall consider marine growth, fouling, corrosion, hydraulic operating fluid and, if exposed, the well-
stream fluid(s).

c) Subsea choke actuators shall conform to the temperature ratings of 5.1.2.2.
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7.21.3.2.2 Manual actuators

The following requirements apply to manual actuators.

The design of the manual actuation mechanism shall take into consideration ease of operation,
adaptability of diver tools, ADSs and/or ROVs for operations.

Manufacturers of manual actuators or overrides for subsea chokes shall document maintenance
requirements and operating information, such as the number of turns to open, operating torque, maximum
allowable torque and, where appropriate, linear force to actuate.

listed ig 7.22.3.2.4.

working@ pressure as specified in 7.21.3.2.3 a).

cturer shall document the design and operating parameters of subsea choke manual actuator

Hydraulic actuators
g requirements apply to hydraulic actuators.

lic actuators shall be designed for a hydraulic rated working ‘pressure rating of either 10,3 |
psi), 20,7 MPa (3 000 psi), or 34,5 MPa (5 000 psi) or «in_accordance with the manufactu
specification.

g and closing force and/or torque of hydraulic actuators shall operate the subsea choke when
s at the most severe design operating conditiois without exceeding 90 % of the hydraulic r

lic actuators shall be designed for a specific choke or specific group of chokes with considerg
pperating characteristics and maximum rated working conditions (temperature range, press
pf those chokes.

lic actuators shall be designedito operate without damage to the choke or actuator (to the eX
bvents meeting any other performance requirement), when hydraulic actuation pressure (withi
vorking pressure) is either applied or vented under any choke-bore pressure conditions
je of the choke-bore-sealing mechanism at any intermediate position.
sign of the hydraulic actuators shall consider the effects of the rated working pressure within

Ng pressure.

illed thydraulic actuators shall be designed with volume compensation to accommodate
pture.range specified, fluid compressibility and operational volume change.

npnrnfnd subsea chokes shall be turned in the counter-clockwise direction to open and the
se direction to close as viewed from the end of the stem.

b intervention fixtures shall be designed in accordance with requirements of 1SO13628-8 or
£528-9.

MPa
er's

the
hted

tion
ure,

tent
h its
, or

the

external hydrostatic pressure at the manufacturer’s maximum depth rating and maximum hydraulic

the

Manufacturer shall document design and operating parameters of subsea choke hydraulic actuators as
listed in 7.22.3.2.5.

Application of operating pressure shall be possible without causing damage, even if the manual override
has been operated.

Rotary override shall be turned in the counter-clockwise direction to open and the clockwise direction to
close as viewed from the end of the stem.

a)

b)

c) Rotary
clockw

d) Remot
ISO 13

e) Manufg

7.21.3.2.3

The followin

a) Hydrad
(1500
written

b) Openin
choke

c) Hydrad
of the
depth)

d) Hydrad
that prg
rated
stoppa

e) The d¢
choke,
operati

f)  Liquid-
temper

9)

h)

D)
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7.21.3.2.4 Design and operating parameters of manual actuators for subsea chokes

The following parameters shall be specified:

— operating torque input (non-impact);

— maximum rated torque capacity (non-impact);

— type and size of interface (ROV) for manual operation;

— material class;

— |temperature rating;

— |number of turns full open to full close.
7.21.3.2.5 Design and operating parameters of hydraulic actuators for subsea chgkes

Thel following parameters shall be specified:

— |design type (ratchet, stepping, rotary, linear actuators);
— |maximum output torque capacity;

— |material class;

— |temperature rating;

— |full stroke definition;

— |hydraulic fluid compatibility;

— |hydraulic cylinder(s):
— number of cylinders,

— volume,

— | maximum actuator operation’ speed,;
— |type of local position-indicator (if any);
— | manual override(if supplied):

— ROV-assist or diver assist,

— , maximum input torque capacity:

— operation (hon-impact),

— pressure rating: maximup, hydraulic operating pressure and minimum hydraulic operating

— maximum (non-impact),
— type and size of interface (ROV) for manual operation hex,
— number of turns to open or close the choke;

— water depth rating;

— type of volume compensation device (if any):
— bladder,

— piston.

© 1SO 2010 — All rights reserved

pressure;

117


https://standardsiso.com/api/?name=ce27268bcdd7d1a57f99f885db975967

ISO 13628-4:2010(E)

7.21.3.2.6

Documentation

The actuator manufacturer shall prepare an installation and service manual.

7.21.3.3 Actuator testing

The following requirements apply to actuator testing.

a) Subsea choke actuators shall be factory acceptance tested in accordance with 1ISO 10423, except for
backseating. All test data shall be recorded on a data sheet similar to that indicated in Table 25.
b)  When stbsea—choke—actuatorsare—shipped—Sseparately—theactoators—shal-beassembled—wih—aqtest
fixture that meets the specified choke operating parameters, and tested as specified in 7.21.4.2.
7.21.4 Chgke and actuator assembly
7.21.4.1 Design
Subsea chgkes shall be assembled with an actuator designed to operate that choke.
Subsea chgke and actuator assembly designated as “fail in the last position” shalltbe designed and fabricated
to prevent Qackdriving by the choke under all operating conditions, at the loss of‘hydraulic actuator pressuie.
Manual choke actuators shall prevent backdriving under all operating conditions.
Means shall be provided to prevent wellbore fluid from pressuring the-actuator.
Table 25 — Example data sheet for the factory acceptance testing
of an hydraulic actuator
(Click here to access an electronic reviSable version of this form.)
Example data sheet for the factory acceptance testing of an hydraulic actuator
A: Agtuator data
Mandifacturer
Model no. Part no.
Serial no. Size
Hydraulic gressure rating
Temperature rating PSL level
Actuator s¢parate [ or with choke []
B: Actuator cylinder seal test (hydrostatic test)
Test prespure
Cylinder 1
Holding peyigd Beginning
Completion
Total test time (min)
Cylinder 2
Holding period Beginning
Completion
Total test time (min)
Performed by Date
C: Performance test for actuators shipped separately
See Table 23.
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7.21.4.2 Choke/actuator assembly factory acceptance test

7.21.4.2.1 General

-4:2010(E)

The subsea choke and actuator assembly shall be tested to demonstrate proper assembly and operation. All
test data shall be recorded on a data sheet similar to that indicated in Tables 26 and 27. The test data sheet
shall be signed and dated by the person(s) performing the test(s).

7.21.4.2.2 Hydraulic actuator cylinder seal test

Th
RW,|
test
and
and

7.2]

7.2]
with
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P of the actuator. No visible seal leakage shall be allowed. The minimum test duration for 'ea

time at the beginning and at the end of each pressure-holding period shall be recorded.

.4.2.3 Operational test
4,231 Each subsea choke and actuator assembly shall be tested.for_proper operation in
this part of 1ISO 13628. This shall be accomplished by actuating the\subsea choke from the

tion to the fully open position a minimum of three times with the choke body at atmospheric p
nimum of five times with the choke body at rated working pressute.

e 24 and/or Table 25.
4.2.3.2
mation shall be recorded on a data sheet, sueh’as that shown in Table 23:
pressure inside choke body;

actuator pressure required to close choke;

actuator pressure required te.open choke;

verification that the choke-operated smoothly and without backdriving;

4.2.3.3 For-assemblies with manual operators, the following information shall be recorde
bt such as.illustrated by Table 24:

presSute inside choke body;

verificatiaon that the choke npnrnfnd cmnnfhly and without hnr\lzdri\ling within the manufacture

shall be 3 min. The test period shall not begin until the test pressure has been reached and'ha
the pressure-monitoring device has been isolated from the pressure source. The test presg

operational test of each subsea choke and actuator shall include the recording of the test datg

For assemblies with hydraulic operatorS; the actuation of the choke shall be ag
an actuator pressure equal to or less than 90\% of the rated operating pressure, and the following

actuator pressure-te-reverse operational direction subsequent to operation to engage the trave

PO % of the
Ch pressure
1S stabilized
ure reading

accordance
fully closed
essure and

as given in

complished

| end stop.

d on a data

's specified

7.21.4.2.3.4

torque limit.

For assemblies with hydraulic operators and manual overrides, the sets of tests outlined in

7.21.4.2.3.2 and 7.21.4.2.3.3 shall be accomplished and the results recorded on a data sheet such as those
given in Tables 26 and 27.
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Table 26 — Example data sheet for the factory acceptance testing of a subsea choke
(Click here to access an electronic revisable version of this form.)

Example data sheet for the factory acceptance testing of a subsea choke

A: Choke data

Manufacturer
Model No. Part No.
Serial No. Orifice size
Working pressure Test pressure
Temperatyre rating PSL level

B: Hydrostatic test

Test pfessure

First holdirlg period Beginning

Completion

Total test time (min)

Second ho]ding period  Beginning

Completion

Total test time (min)

Performed|by Date

C: Operational test of subsea choke with handwheel

Cycle humber Pressure in choke Remarks
MPa (psi)

Test 1

i 0,403'(15)

Test 2

1 Working pressure of choke

Performed by Date
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7.21.5 Insert retrievable choke

7.21.5.1 General

Insert retrievable chokes shall have a visual marking system indicating full makeup and full release position of
the insert to body connector system.

7.21.5.2 Connector

Connector system shall be designed to be self locking in the clamped position to prevent backdriving in

H <l L . 11 <l
serytreeumaer-armoperattonaroads:

A rgtary connector drive shall be turned in the counter-clockwise direction to open the conneqtor and the
clogkwise direction to close as viewed from the end of the stem.

7.21.5.3 Seal system

It shall be possible to test the insert to the body seat seal to validate seal function. A blanking trim may be
utilized when performing this test.

7.21.5.4 Design and operating parameters of connectors for subsea chokes
Thel following parameters shall be specified:

— |clamp makeup torque or linear thrust rating;

— | clamp maximum input torque or maximum linear thrust rating;

— |type and size of interface (ROV);

— |number of turns to open or close, or lingar travel, to operate the clamp.

7.21.6 Materials

Botlh subsea chokes and subseayactuators shall be made of materials that meet the applicable requirements
of 5|2 and the requirements aof ISO 10423.

7.21.7 Welding
Welding of pressdre-containing components shall be performed in accordance with the requirements given in
5.3.| Welding_af~pressure-controlling (“trim”) components shall comply with the manufacturer's written
spegifications:.

7.21.8- Marking

Marking shall be as specified in 5.5. In addition, subsea chokes, manual actuators, hydraulic actuators and
choke/actuator assemblies shall be marked as given in Tables 27, 28, 29 and 30, respectively.

7.22 Miscellaneous equipment

7.22.1 General

A variety of miscellaneous tools and accessories are used with subsea wellhead and subsea completion
equipment. In 7.2.2 are identified the requirements for some common tools. These tools and other
miscellaneous equipment not specifically listed here shall be designed and manufactured in accordance with
the structural requirements, stress limitations and documentation requirements of 5.1.
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Table 27 — Marking data sheet for subsea chokes

Marking

Location

Manufacturer’'s name and/or trademark

Body or nameplate

Model number and type

Body or nameplate

Maximum working pressure rating

Body or nameplate

Serial or ide

ntification number unique to the particular choke

Body or nameplate

Maximum orifice size in diameter increments of 0,4 mm (1/64 in.)

Body or nameplate

Direction of

low

Body

ISO requirements

Body or nameplate

— ISO 13648-4

— PSL leve

— Performapce level

— Material ¢lass

— Temperajure rating

— Date (mopth/year)

Flange size|pressure and ring joint designation Flange(s) periphery

Material and hardness Body and bonnet (cap)

Part numbe Body or nameplate
Table 28 — Marking data sheet for manual subsea choke actuators

Marking Location

Manufacturgr Body or nameplate

Model number Body or nameplate

Input torque|rating (maximum) - Nm (ft-lbs) Nameplate

Maximum olitput torque - Nm (ft-lbs) Nameplate

Number of tyrns to open Nameplate

Date (month/year) Nameplate

Serial numbgr (if required) Nameplate

Part numbe Nameplate

ISO requirements Nameplate

— Temperajurerange

— I1SO 13628-4

— Date (month/year)
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Table 29 — Marking data sheet for subsea hydraulic choke actuators

Marking Location

Manufacturer Nameplate
Model number Nameplate
Maximum operating hydraulic pressure — MPa (psi) Nameplate and cylinder
Input torque rating (maximum) - Nm (ft-lbs) Nameplate
Maximum output torque - Nm (ft-bs) Nameplate
Number of steps to open Nampplatp
IS requirements Nameplate
— PSL level
— Temperature range
— IO 13628-4
— [bate (month/year)
Serjal number (if required) Nameplate
Parf number Nameplate
Maiual override direction to open Nameplate

Table 30 — Marking for subsea chokerand actuator assembly

Marking Application
Asgembler’'s name or trademark Nameplate
1ISd 13628-4 Nameplate
Assembly serial or identification number Nameplate
Ratpd water depth Nameplate
7.23.2 Design
7.22.2.1 General design-requirements
7.22.2.1.1 Loads
As A minimum,‘the following loads shall, where applicable, be considered when designing migcellaneous
equjpment:
— |suspended weight;
— control pressure;
— well pressure;
— hydrostatic pressure;
— handling loads;
— impact.
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7.22.2.1.2

Operating pressure

Tools operated by hydraulic pressure shall be rated in accordance with the pressure ratings specified by the
manufacturer.

7.22.2.2 Remote guideline establishment and re-establishment tools

Guideline establishment/re-establishment tools are used to attach cables to guide posts of subsea completion
structures. Any such tool that uses the relative guide post positions shall be designed based on the spacing
described in 8.3.2.2.

7.22.2.3 Test stands and fixtures

7.22.2.3.1 |General

Test standq and fixtures (including jigs) are used at the point of assembly or installation to-verify the interface
and functiopal operation, load and pressure capacity, and interchangeability of the equipment being installed.
They may glso serve as the shipping skids for transporting equipment offshore. Test stands and fixtures ysed
only at the manufacturer’s facilities are outside the scope of this part of ISO 13628,

7.22.2.3.2 |Accuracy of test equipment

Where test|equipment is used to simulate a mating component for testing‘the assembly of interest, it shafl be
made to thg same dimensions and tolerances at all interfaces as the simulated component.

7.22.2.3.3 |Loads during testing/handling and assembly

Design of tgst stands and fixtures shall consider assembly and handling loads as well as test loads.

7.22.2.3.4 |Test stumps

Test stumps simulate the profiles of the wellhead, tree re-entry interface, etc., to facilitate pressure testing of
the tree, trge running tool, tree cap, etc., and\te position orienting joints relative to the BOP stack. They may
also contai hydraulic couplers to facilitate. testing of the controls functions. Stab pockets may be mach|ned
directly in the stump or, for tree testingymay be contained in a dummy tubing hanger. When specified, the ftree
test stump g$hall accept a real tubing (hanger. Test ports shall communicate with the individual bores of the|test
stumps to facilitate pressure testing: The benefits of piping all test ports back to a common manifold with
isolation tegt valves shall be examined. Guidance provided by the test stumps shall simulate the requiremgnts
of the actugdl equipment being-tested.

7.22.2.3.5 |Equipmentiused for shipping

Test skids,| etc. «used for shipping equipment offshore shall provide protection to the equipment dyring
handling arjd transportation. Sea fastenings shall be designed to take all the static and accelerated loafing
conditions gueto roll, pitch and heave of the vessel in the locality where it will be transported and should be
suitable for securing the assembly to the rig and rig skids.

7.22.3 Materials

Materials shall conform to 5.1 and 5.2 if subjected to well-fluid contact. Selection of other materials shall
consider encountered fluids and galvanic compatibility, as well as mechanical properties. Seal surfaces that
engage metal-to-metal seals shall be inlaid with a corrosion-resistant material that is compatible with the well
fluids, seawater, etc. Overlays are not required if the base material is compatible with well fluids, seawater, etc.

For forged material used for pressure-containing and high-load-bearing parts, forging practices, heat
treatment and test coupon (QTC or prolongation) requirements should meet those of APl RP 6HT. In addition,
the test coupon shall accompany the material it qualifies through all thermal processing, excluding stress relief.
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7.22.4 Testing

All components subject to pressure shall be tested to one and one-half times their RWP unless a different test
pressure is required elsewhere in this part of ISO 13628. The test procedure shall conform to 5.4. Fit and
functional testing shall be performed in accordance with the manufacturer’'s written specification for any tool
that has an interface with equipment that is being installed subsea.

7.22.5 Marking

Tools shall be permanently marked following the methods and requirements of 5.5. In addition, all tools that
are not a permanent part of a subsea assembly shall be marked with the date of manufacture, applicable load
ratifgs and part numbper.

8 [Specific requirements — Subsea wellhead

8.1 General
8.1.1 Clause 8 describes subsea wellhead systems that are normally run from floating drilling rigs. It
estgblishes standards and specifications for this equipment. The subsea wellhead system suppor{s and seals
casing strings. It also supports the BOP stack during drilling, and the, SubSea tree and possibly the tubing
hanper after completion. The subsea wellhead system is installed at or near the mudline.

8.1.p  All pressure-containing and pressure-controlling partséincluded as part of the subsga wellhead
equjpment shall be designed to meet all of the requirements of ISO 15156 (all parts). These parts ipclude

— |wellhead housing;

— |casing hanger bodies;

— |annulus seal assemblies.

8.1.8 The following parts or features are.excluded from ISO 15156 (all parts) requirements:
— |lock rings;

— |load rings;

— |load shoulders;

— |suspension equipment;

— |bore protectors:and wear bushings.

8.1.4 Additionally, life-of-well parameters shall be included in design considerations, including gontributions
fronp the drilling, testing, completion and production phases of well operations. While the codes gqverning the
strugtural \Capacity of the wellhead system ensure reliability in the short-term, this is insufficiert to ensure
integrity, for long-term production applications.

Further evaluation is required for the following issues, which affect long-term reliability:
— cyclic external loads;

— internal pressure cycle loads and displacements;

— thermal loads and gradients;

— general corrosion;

— stress corrosion cracking (due to hydrogen, H,S or chlorides).
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These issues may require assessment by fatigue analysis, fracture mechanics evaluation, structural
evaluation due to thermal loading, or structural evaluation with reduced capacity due to corrosion allowance.
While cathodic protection systems are often utilized for production wells to reduce corrosion, this can increase

the possibility for stress corrosion cracking due to the release of free hydrogen.

8.2 Temporary guidebase

8.2.1 General

The TGB when used provides a guide template for drilling the conductor hole and stabbing the conductor pipe.

It compens; isati T = it f for

the PGB. |If used together with a PGB, a cone-and-gimbal arrangement compensates for ,angular

misalignmept between the TGB and the PGB due to the seabed topography and the verticality of the well.| For

guideline systems, it also establishes the initial anchor point for the guidelines. It may also include asprovision

for suspending a foundation sleeve to support unconsolidated surface soils. The TGB might not alway$ be

used, as in the case of template completions or satellite structure (foundation and/or proteetive structure)

completiong.

A TGB may also serve as a mudmat if the drilling of the conductor hole is performed by jetting operations. In

this instancg, it serves a physical stop to assure that the wellhead stays a fixed distance above the sea floor

and subsequently serves as a temporary foundation, enhancing the bearing loadcapacity in unconsolidatgd or

under-consplidated surface soils. The increased bearing capacity is used ‘to support the weight of]|the

conductor (preventing it from sinking) until the next section of hole is drilled and the surface pipe is sufficigntly

landed and|cemented in place.

Provisions for the design and associated load testing shall conform te'the requirements in 5.1.3.6.

8.2.2 Desjgn

8.2.2.1 Uoads

The following loads shall be considered and documented by the manufacturer when designing the TGB:

— Dballast;

— guidelipe tension;

— weight jof conductor pipe;

— weight jof PGB assembly;

— Hanging or suspension-loads;

— soil redction.

The TGB shall'be’ capable of supporting, as a minimum, a static load of 780 kN (175 000 Ibf) on the interface

with the PGB-while the TGB is supported at four locations, equally spaced 90°+ 2° apart and a minimuin of

1575 mm (62in) from the centre (radial measure). Recommendations for lifting pad eyes are outlined in

Annex K.

8.2.2.2 Dimensions

The requirements for dimensions are as follows.

a) The TGB minimum bearing area shall be 7 m2 (75 ft2). This area may be augmented with weld-on or bolt-
on extensions to compensate for soil strengths and anticipated loads.

b) TGB should pass through a 5 m (16,4 ft) square opening or as specified by the manufacturer.

c) TGB shall provide four guideline anchor points in position to match the guide posts on the PGB.
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d) Together with the PGB, the TGB shall allow a minimum angular misalignment of 5° between the

e)

8.3

conductor pipe and the temporary guidebase.

TGB shall provide a minimum storage volume of 2 m3 (70,6 ft3) for ballast material.

Permanent guidebase

8.3.1 General

The PGB attaches to the conductor housmg and provides gwdance for the drlllmg and complet|on equipment

of t
BOP,
ests
the
inst
flow
con
con
inst

AP
entn
be ¢
GR

e welIhead housmg and BOP After the wellhead housmg mstallatlon the PGB prowdes gmc
P, subsea tree or tubing head onto the wellhead housing using guideline or guidelineless~metk
insh structural support and final alignment for the wellhead system and provides a seat/and Io
conductor housing. PGBs can be built as a single piece or split into two pieces to<ease h
hllation. Optionally, they may include provisions for conductor-pipe hang-off, wefrieval and
line loads. The PGB may be retrieved after drilling is complete and replaced by'a PGB carry

nection/manifold equipment. Alternatively, the PGB installed for drilling may car
nection/manifold equipment. In either case, the equipment shall not™interfere with the
hllation. Consideration shall be given to required ROV access and cuttings disposal.

5B using a re-entry funnel for guidelineless equipment guidance-is‘often referred to as a guids
y assembly or GRA. The re-entry funnel may be on the GRA/hQusing looking upward (funnel
onfigured in concert with matching funnel equipment on the&ubSea equipment subsequently |3
A\ (funnel down). Funnel geometry usually involves one (ermore) diagonal cone(s) and a cer

franpe to provide alignment between mating components/sttuctures. The outermost diameter of t

con
ang
cap
ang
vert

b should be no less than 1,5 times the diameter of.the component it is capturing. The diag
e should be no shallower than 40° with respect“to horizontal. Typically the cone angle is
ured, the GRA’s cone(s) and inner cylinder should be designed to allow for equipment re
es up to 3° from vertical in any orientation, and-subsequently assist in righting the captured cg
cal.

Portions of the re-entry cone may be scalloped out to accommodate the guidelineless re-entry

equ
acc
prag
and

GR
con
pro

Wh
and

bptable, although it takes away from the re-entry properties of the funnel in the scalloped-a
tice should be carried out with~sound engineering judgement comparing operational limits lost
weight gained. Ideally, scalloped funnels should be minimized or covered wherever practical.

\s also may include provisions for conductor-pipe hang-off. If so, since GRAs are typically cyl

ide a sound flatsurface that can firmly sit on spider beams.

cal in nature, horizontal resting pads or a beam structure should be incorporated in the framef

) installation
ance of the
ods. It may
ck down for
andling and
to transfer
ing flowline
ry  flowline
BOP stack

lineless re-
Lup) or may
inded in the
tre cylinder
he diagonal
pnal cone’s
45°, Once
entry at tilt
mponent to

of adjacent

pment whose capture funnel can(infersect with the main funnel(s) because of space constrajnts. This is

ut area. Its
VEersus size

ndrical and
s design to

bn spatial-grientation is required, the funnel-up funnels and capture equipment may also fea
orienting.pins. The upper portion of the Y-slot should be wide enough to capture mating pins

ure Y-slots
ithin + 7,5°

of tfue ofientation. The Y-slot should then taper down to a width commensurate with the pirl to provide
orieptation to W|th|n + 0, 5° (S|m|Iar to the angular orlentatlon prowded by guide posts and funnel ). Typically,
there indiameter. Other

orlentatlon methods such as orienting helixes or indexing deV|ces (ratchets, etc.) are also acceptable.
Whatever the orienting method, it is necessary that the design allow for the 3° tilt re-entry requirement with
enough play to accommodate this gimballing effect unimpeded.

Funnel-down funnels do not easily accommodate Y-slots and orienting pins. Alternate orientation methods
such as orientation helixes or indexing devices may be required.

PGB/GRAs should not impede the flowby required for cementing, jetting ops., etc.

Provisions for design and associated load testing shall conform to the requirements in 5.1.3.6.
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8.3.2 Des

ign

8.3.2.1 Loads

The following loads shall be considered and documented by the manufacturer when designing the PGB (see
Figures 11 and 12):

— conductor pipe weight;

— conductor housing weight;

— hangin

— jetting-

j loads;

5tring weight when supported on the spider beams;

— qguidelipe tension;

— flowling

— annulu

— enviror

— reactio

pull-in, connection or installation loads;
5 access connection loads;
mental;

n for TGB;

— installation loads (including conductor hang-off on spider beams);

— snaggi
— BOPIg
— seafas
The PGB o

interface w
apart and a

8.3.22 H
The PGB d
a) The din

b) The gu
typicall

hg loads;

ads;

tening (when supported on spider beams).

I GRA shall be capable of supporting, as a minimum, a static load of 780 kN (175 000 Ibf) on

th the conductor housing while the PGB is supported at four locations equally spaced 90°
minimum of 1 525 mm (60 in) from the centre (radial measure).

GB dimensions
mensional requirements are as follows.
nensionsfythe PGB shall conform to the dimensions shown in Figure 9 a).

ide<pasts shall be fabricated of 219 mm (8 5/8 in) OD pipe or tubulars. Guide post funnels
y fabricated from 273 mm OD x 13 mm wall (10 3/4 in OD x 0,5 in wall) pipe or tubulars.

the
+ 2°

are

c) The length of the guide post [item 1 in Figure 9 a)] shall be 2 440 mm (8 ft) minimum for drilling purposes.

The gu

128

ide posts may be extended to provide guidance for the subsea tree, LWRP and/or tree cap.
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T
) B
Key
1 riser tension 5 environmental (current, wave, action, etc.)
2 applied moments 6  soil reaction
3 guideline tension 7  thermal
4  flow line connection

Figure 11 — External loads on a subsea tree and wellhead
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By

Key
F
M, torsional

force fro

M, bending
T
]

tension
angle at

8.3.23 (
The re-entr
with matchi
Funnel geg
alignment b
less than 1
shallower t

n guideline
bending moment
moment

Wwhich guideline force acts

Figure 12 — Permanent guidebase (PGB) loads

bRA dimensions

y funnel may be on the GRA%housing looking upward (funnel-up) or may be configured in cor
ng funnel equipment on the subsea equipment subsequently landed in the GRA (funnel do
metry usually involves.one (or more) diagonal cone(s) and a centre cylinder frame to pro
etween mating components/structures. The outermost diameter of the diagonal cone should b
5times the diameter“of the component it is capturing. The diagonal cone’s angle should bg
nan 40° with respect to horizontal. Typically, the cone angle is 45°. Once captured, the G

cert
vn).
vide
P NO
t NO
RAS

cone(s) and inner cylinder-should be designed to allow for equipment re-entry at tilt angles up to 3° from

vertical in a

Portions of
equipment

Ny orientatiopn;and subsequently assist in righting the captured component to vertical.

the resentry cone may be scalloped out to accommodate the guidelineless re-entry of adja
vhose' capture funnel can intersect with the main funnel(s) because of space constraints. Th

Cent
s is

acceptable

although it takes away from the re-entry properties of the funnel in the scalloped-out are

Its

practice should be carried out with sound engineering judgement comparing operational limits lost versus size

and weight

gained. Ideally, scalloped funnels should be minimized or covered wherever practical.

GRAs also may include provisions for conductor-pipe hang-off. If so, since GRAs are typically cylindrical and
conical in nature, horizontal resting pads or a beam structure should be incorporated in the frame’s design to
provide a sound, flat surface that can firmly sit on spider beams.

See 7.15.2.
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1 when spatial orientation is required.
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8.3.2.4  Functional requirements

The functional requirements are as follows.

a) When used with the TGB, the PGB (GRA) shall allow a minimum angular misalignment of 5° between a
762 mm (30 in) conductor pipe and the TGB. For other conductor pipe sizes, the manufacturer shall

document the misalignment capability.

b) Guide posts shall be field-replaceable without welding, using either diver, ROV or remote tooling. The
locking mechanism should not inadvertently release due to snagging wires, cables, etc.

¢) |Guide posts can be either slotted or non-slotted. Slotted guide posts are required when used With a TGB,
if the guidelines are not disconnected from the TGB. For slotted guide posts, provisions_shall[be made to
insert guidelines of at least 19 mm (3/4 in) OD into the post with retainers at the toprand at|or near the
bottom of the post.

d) [Provisions shall be made to attach guidelines to the top of the guide posts. (Fhe guidelines shall be
capable of being released and re-established. This may be by the use of diver, ROV or remotd tooling.

e) |The PGB (GRA) should contain a feature that facilitates the orientation between the PGB (GRA) and the
conductor housing. The orientation device may allow the installation of the guidebase |in multiple-
orientation positions to suit rig heading. The orientation device may also provide an anti-rotatign feature to
resist the loads defined in 8.3.2.1.

f) |When specified, the PGB (GRA) shall contain grouting funnels for cement top-up.

g) |When specified, the PGB (GRA) shall contain seals¢cand a structure to deflect seabed and gement-port
gases (which can form hydrates) from entering the<BOP, subsea tree or tubing head connectof.

h) |Guidelineless equipment shall not reduce the¢elease angle of the BOP, tree or tubing head connector.
The guidelineless equipment shall allow nstallation and retrieval of equipment up to a 3° apgle without
damaging the wellhead seal surfaces or contacting installed wellhead gaskets.

i) |A positive lock or load shoulder should be used to hang off the conductor in the PGB (GRA).
j) |Dedicated lift points shall be<provided.

k) |PGB (GRA) should not impede flowby.

I) |PGB (GRA) shall.be-designed to be run with a conductor housing or independently on a running tool.
8.4| Conductorhousing

8.4l Genheral

Thel cenductor housing attaches to the top of the conductor pipe to form the basic foundation of a gubsea well.
The housing typically has a means of attaching 1o the PGB (GRA), which can also provide a means for anti-
rotation between the PGB (GRA) and the conductor housing.

A typical conductor housing profile is shown in Figure 13. The internal profile of the conductor housing
includes a landing shoulder suitable for supporting the wellhead housing and the loads imposed during the
drilling, completion and workover operations. Running tool preparations should also be a part of the internal
housing profile. The external profile of the conductor housing shall be compatible with supporting the
conductor pipe in the rotary table and/or at the spider beams in the moonpool. Cement return passageways
may be incorporated in the conductor housing/PGB (GRA) assembly to allow directing cement and mud
returns either below the PGB (GRA) or through ports in the PGB (GRA).

Provision for seals against hydrates, etc., may also be incorporated in the conductor housing when required.
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Other enhancements to the conductor housing, such as cuttings disposal, cement top-off, rigid lockdown, etc.,
may be included. An intermediate casing string may also be hung off inside the conductor housing prior to the
wellhead casing string. Facilities for landing the intermediate casing string can be required for the wellhead
casing string. Methods of annular shut-off may be used on flowby holes to avoid hydrate migration from the
annulus between the conductor pipe and the wellhead casing string.

8.4.2 Des

8.4.21

The followi
housing; se

wellhed
hangin
riser fo
PGB Io
enviror
shag Ig
pressu
therma|

The interfa

ign

Loads

e 8.2.2.1:

1d loads;

j/hangoff loads while suspended in the moonpool;
ces;

ads (see Figures 11 and 12);

mental loads;

ads;

e loads;

loads.

te between the conductor housing and the, PGB shall be designed for a minimum rated loa

d of

780 kN (17% 000 Ibf).

8.4.2.2 Dimensions

The requirements for dimensions are as-faltows:

a) The follpwing dimensions typieally apply to 762 mm (30 in) through 914,4 mm (36 in) conductor housings:
— mipimum ID: 665,mm (26,20 in);

—  maximum OD:_X 950 mm (37,40 in).

b) The cdnductor-housing is not limited to 762 mm (30 in) through 914,4 mm (36 in) sizes. Rotary-tpble
dimendions, ‘seabed soil conditions and foundation loads should be considered when selecting|the
outsidg diameter of the conductor housing. The drill-bit gauge diameter used for the next string of caking
plus 3 MM {18 clearance shoutd-beconsidered-whensefectingthe-mtermat diameterof thecomddctor
housing.

132 © 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=ce27268bcdd7d1a57f99f885db975967

ISO 13628-4:2010(E)

1
2
3
011
T 4
/
] |
/ 7
( |
| .8
] |
\J |
Key
1 |ellhead lock down 6 permanent guidebase
2 |anding shoulderd{or wellhead 7 landing shoulder
3 permanent guidebase attachment 8 centreline
4 running todl'and tieback connector preparation 9 conductor casing
5 [Fement port (optional)
Figure 13 — Typical conductor housing

8.4.2.3 Bottom connection

The bottom connection includes all the weldments (extensions, reducers, swages, etc.) between the
conductor housing and the conductor pipe.

If the bottom end connection is being welded, it shall be prepared for a full-penetration butt-weld.

The user shall specify the allowable SCF, maximum defect size and NDE inspection criteria when fatigue
criteria are identified.
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Pup joint

tor housing may have a pup joint that is factory-welded on to ease field installation.

Handling/support

Handling and support lugs may be supplied for hang-off during installation and for handling during shipping
and installation. The maximum rotary table hang-off height for tool-joint make-up should be specified by the

user.

84.3 Imp

Impact testi

8.4.4 Tes

Validation t
8.5 Well

8.5.1 Gen

The wellhes

the surface| and subsequent casing strings and tubing hanger and resists against external loads. The H
stack or subsea tree attaches and seals to the top of the wellhead housing using a compatible wellH

connector
standard syf

8.5.2 Des

8521 |

As a minim
the wellheal

— riser fo
BOP Io
subsed
pressu

radial |

therma

cttesting

hg is not required.

ing

bsting shall be in accordance with 5.1.7. No factory acceptance testing is required.
nead housing

eral

d housing lands inside the conductor housing. It provides pressure integrity for the well, suspg

nd gasket. The wellhead housing shall accept tubing hangers or tubing hanger adapter.
stem sizes are given in Table 15. Figure 14 shows profiles of two typical wellhead housings.

gn
oads

Lim, the following loads shall be considered and documented by the manufacturer when desig
d housing:

ces (drilling, production and workover);
ads;

tree loads;

e (internal.and external);

pads;

loads;

nds
BOP
ead
The

hing

suspen

tubing-

hydrau

fatigue
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environmental loads;

flowline loads;

ded-casing loads;

conductor-housing reactions;

hanger reactions;
lic connector loads;

loading.
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2.2 Connections

2.2.1 Top connection

The top connection should be of a hub or mandrel type (see Figure 14) as specified by the user. The gasket
profiles shall be manufactured from or inlaid with corrosion-resistant material as specified in 5.3.3. The gasket
profile shall provide a primary and a secondary gasket seal area.

8.5.

2.2.2 Bottom connection

Th
well

If th

The
critq

8.5.

The

8.5.

Bod

8.5.
The
a)

b)

8.5.

The
10
exp

| R Y L H 44 lo + 4l + £+l £ H + £ 4l la H £ clads
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e bottom connection is being welded, it shall be prepared for a full-penetration butt-weld.

user shall specify the allowable SCF, maximum defect size and NDE inspection criteria W
ria are identified.

P.2.3  Pup joint

wellhead housing may have a pup joint that is factory-welded on tocease field installation.

P.2.4 Body penetrations

y penetrations within the housing pressure boundary arénot permitted.

B Dimensions
dimensional requirements are as follows.
The minimum vertical bore of the wellhead housing shall be as given in Table 15.

Dimensions of the wellhead pressure boundary (see Figure 14) shall be in accordang
manufacturer’s written specification.

1 Rated working pressure

RWP for the wellhead housing pressure boundary (see Figure 14) shall be 34,5 MPa (5 000 (
000 psi) or 103,5MPa (15 000 psi). Selection of the rated working pressure should consider th
bcted SCSSVoperating pressure (see 5.1.2.1.1).

f a subsea

hen fatigue

e with the

si), 69 MPa
£ maximum
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11

\
Tel [

10
Mandrel type.T Hub type 1
Key
1 connectgr profile 7 hanger lock-down profile
2 housing Jock-down 8 hanger landing shoulder
3 landing ghoulder 9 minimum bore
4  gasket pfofile 10 centreline
5 running fool preparation 11  wellhead housing pressure boundary
6 casing hpnger/pack-off seal area 12 position of lowermost casing hanger seal assembly
Figure 14 — Typical wellhead housings
8.5.5 Testing

8.5.5.1 Factory acceptance testing

All wellhead housings shall be hydrostatically tested prior to shipment from the manufacturer’s facility. The
hydrostatic test is performed to verify the pressure integrity of the housing pressure boundary. All wellhead

housings shall be tested to the requirements of ISO 10423, PSL 3 or PSL 3G.

136
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The hydrostatic body test pressure shall be determined from the housing rated working pressure
(see Table 31). The hydrostatic body test pressure shall not be less than the values given in Table 31.

Wellhead housings shall show no visible leakage or visible bubbles in the water bath during each pressure
holding period. Any permanent deformation of the housing, after hydrostatic testing is complete, shall not
adversely affect the function of the casing hangers, packoffs, gaskets, connectors or other subsea equipment.
Housing should show no deformation, within tolerances, after hydrostatic testing is complete.

Table 31 — Test pressure

8.6

8.6.

The
well
well
sup
Med
pre

Ap
han
mak
both
with

NOT

Sub
cas
cas
meq

Rated working pressure Hydrostatic body test pressure
MPa (psi) MPa (psi)
34,5 (5 000) 51,8 (7 560)
69,0 (10 000) 103,5 (15 000)
103,5 (15 000) 155,2 (22 500)

Casing hangers

1 General

subsea casing hanger is installed on top of each casingstfing and supports the string when I3
head housing. It is configured to run through the drilling riser and subsea BOP stack, land in
head, and support the required casing load. It shall ‘have provisions for an annulus seal as
port loads generated by BOP test pressures above the hanger and loads due to subsequent c3
Ins shall be provided to transfer casing load\ahd test pressure load to the wellhead housir
ious casing hanger.

Ip joint of casing should be installed on the hanger in the shop. This reduces the risk of dan
dling and later make-up in the field>"API threaded connections should follow 1SO 10426 (3
e-up requirements when connecting the pup joint to the hanger. Sufficient length shall be
the hanger and the pup jointfor tonging. Proprietary thread connection should be made up in
the manufacturer’s written (specification.

E For the purposes.of this provision, APl Spec 5CT is equivalent to ISO 10426 (all parts).

sea casing hangefs shall be treated as pressure-controlling equipment as defined in ISO 104
ps, a casing string may be suspended in a submudline landing ring that is included as par
ng string bélew the wellhead. Submudline casing hangers suspended from submudline landin
t the requirements of 8.14.

Al

ckdown mechanism, if required, is used to limit or restrict movement of the casing h

nded in the
the subsea
sembly and
sing strings.
g or to the

nage during
[l parts) for
brovided on
accordance

P3. In some
of another
) rings shall

hnger. This

meghanism may be integral to the seal assembly or run as part of an independent assembly.

8.6.2 Design

8.6.2.1

Loads

As a minimum, the following loads shall be considered and documented by the manufacturer when designing

casi

ng hangers (including lockdown mechanisms, if used):
suspended weight;

overpull;
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pressure, internal and external;

— thermal;
— torsional;
— radial;
— impact.
8.6.2.2  Threadedconmectons
The type of|casing threads on the hanger shall be specified by the user. Identification markings shall*conform
to 1ISO 10423.
Casing thrgads should be coated to prevent galling when required by the thread type or material and shpuld
be specified by the manufacturer.
8.6.2.3 Vertical bore
8.6.2.3.1 |Full opening vertical bore
The minimpym vertical bores for full-opening or full-bore casing hangers shall be as given in Tablg 32.
Equipment ponforming to this requirement shall be referred to as having, full-opening bores.
8.6.2.3.2 |Reduced opening vertical bore
Reduced vartical bores may also be supplied.
Table 32 — Minimum vertical borecsijzes for casing hangers and wear bushings
Casing OD Minimum vertical bore

mm (in) mm (in)

178 (7 153 (6,03)

194 (7 5/8) 172 (6,78)

P19 (8 5/8) 195 (7,66)

D44 (9 5/8) 217 (8,53)

D51 (9 7/8) 217 (8,53)

D73 (10 3/4) 242 (9,53)

po8 (11 3/4) 271 (10,66)

340 (13 3/8) 312 (12,28)

346 (13 5/8) 312 (12,28)

356 (14) 312 (12,28)

406 (16) 376 (14,81)

457 (18) 420 (16,55)

508 (20) 467 (17,58)
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8.6.2.4  Outside profile

The outside profile shall be in accordance with the manufacturer’s written specification.

8.6.2.5 Casing hanger ratings

The load and pressure ratings for casing hangers can be a function of the tubular grade of material and wall
section as well as the wellhead equipment in which it is installed. Manufacturers shall determine and
document the load/pressure ratings for casing hangers as defined below.

a) Hanaging capacity:
~ ~ T 7

The| manufacturer’s stated hanging capacity rating for a casing hanger includes the casing thread|(hormally a
femple thread) cut into the hanger body.

b) |Pressure rating:

The| manufacturer’s stated pressure rating for a casing hanger includes the hanger-body and the cgsing thread
(nomally a female thread) cut into the lower end of the hanger.

NOTE The user is responsible for determining the working pressure of a‘given weight and grade of cpsing and its
hanging capacity.

c) |BOP test pressure:
The| BOP test pressure rating for a casing hanger is the maximum pressure that may be applied to the upper
porgon of the hanger body and to the annulus seal assembly. This rating specifically excludeq the casing
conpection at the lower end of the casing hanger.
d) [Support capacity:

Thel manufacturer's stated support capacity s the rated weight that the casing hanger(s) are|capable of

transferring to the wellhead housing or:-previous casing hanger(s). The effects of full rated intefnal working
pregsure shall be included.

8.6.2.6 Flowby area
An [external flowby area qallows for returns to flow past the hanger during cementing operatjons and is
des|gned to minimize pressure drop, while passing as large a particle size as possible. Caging hanger

minjmum flowby areas-and maximum particle size shall be documented by the manufacturer and| maintained
for @ach casing hanger assembly.

8.6.8 Testing

8.6.3.17\ ‘Validation testing

Validation testing of subsea wellhead casing hangers shall conform to 5.1.7. Validation testing for internal
pressure shall be performed to verify the structural integrity of the hanger and shall be independent of the
casing grade and thread.

8.6.3.2 Factory acceptance testing
It is not necessary that the factory acceptance testing of subsea wellhead casing hangers include a

hygrometer. A dimensional check or drift test shall be performed on the hanger to verify the minimum vertical
bore (see Table 32) is in accordance with the manufacturer’s specification.
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8.7 Annulus seal assemblies

8.7.1 General

Annulus seal assemblies provide pressure isolation between each casing hanger and the wellhead housing.
They may be run simultaneously with the subsea casing hanger, or separately. Annulus seal assemblies are
actuated by various methods, including torque, weight and/or hydraulic pressure. The production annulus seal
assembly should be isolated from the production annulus by a seal sleeve or constructed from suitable
materials if the potential for corrosion or loss of inhibited fluids exists.

Subsea annulus-seal assemblies shall be treated-as prnccllrn-nnnfrnllmg equipment-as defined in 1SQ 104

3.

8.7.2 Desjgn

8.7.2.1 Loads

The following loads shall be considered and documented by the manufacturer when designing the annulus
seal assemplies:

setting [loads;

therma] loads;

pressufe loads;

releasing and/or retrieval loads.

8.7.2.2 Rated working pressure

the
king

The rated working pressure from above for the annulus seal assembly shall be equal to or greater than
rated working pressure of the casing hanger [see 816.2.5 b)]. The manufacturer shall specify the rated wor|
pressure frgm below if it is different than the ratedworking pressure from above.

8.7.2.3  Qutside profile

The outsidg profile shall be in accordance with the manufacturer’s written specification.

8.7.2.4 lockdown

The annulug seal assembly"may be locked to the casing hanger and/or wellhead using a lock mechanism [that
allows retrigval without\damage to the seal surfaces in the event of seal failure. Lockdown mechanisms may
be rigid or pllow some' casing hanger/annulus seal movement. The requirement for an additional lockdpwn
device or liniting-device during production should be considered based on expected loads (see 8.7.2.1|and
8.8) and anhulds, seal design.

8.7.3 Emergency annulus seal assemblies

Emergency annulus seal assemblies that position the seal in a different area or use a different seal

mechanism

shall be designed. The design shall meet all requirements given in 8.7.2.

8.7.4 Testing

8.74.1

Validation testing

Validation testing of annulus seal assembly and emergency annulus seal assembly shall conform to 5.1.7.
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8.7.4.2  Factory acceptance testing

Factory acceptance testing is not required for either the annulus seal assembly or emergency annulus seal
assembly.

8.8

Casing hanger lockdown bushing

8.8.1 General

A casing hanger lockdown bushing may be installed on top of the uppermost casing hanger in the subsea

wel

Loc

The)
sub
drill

The
sea
tubi
resy
lock

8.8.

8.8.

As a minimum,ithe following loads shall be considered and documented by the manufacturer whe

lock

Tead fousinyto provide ore or more of the-fottowimngfunctiors:

rigidize and prevent vertical movement of the casing hanger and annulus seal assemi
improving the long-term sealing integrity of the annulus seal assembly;

resist greater upward loads than the lockdown device on the annulus seal assembly is
resisting, such as thermal expansion loads of the production casing string;

isolate the uppermost annulus seal assembly from the annulus between’the production tub
production casing hanger;

provide a sealing interface to a subsea tree, tubing hanger or tubing head,;

provide a lockdown profile for the tubing hanger.

down bushings shall be treated as pressure-controlling, equipment as defined in 1ISO 10423.
lockdown bushing may be configured to run in open water and/or through the drilling/completi

sea BOP. The lockdown bushing shall b€ designed such that it is retrievable
ng/completion riser and subsea BOP.

requirement for using a lockdown bushing is dependent on the design of the casing hanger 3
assembly, the project specific loading conditions and the interface to the subsea tree, tubin
ng head. When the wellhead and-tree systems are provided by different manufacturers,

onsible for interfacing with the'subsea wellhead and tree system manufacturers to determin
down bushing is required.

P Design

D1 Loads

down bushings:

setting loads;

ly, thereby

capable of

ng and the

bn riser and
hrough the

ind annulus
) hanger or
the user is
e whether a

n designing

overputt;
pressure, internal and external (including casing-expansion loads);
thermal (including casing-expansion loads);

torsional;

impact;

releasing and/or retrieval loads;

tubing hanger pressure end loads;
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— tubing string suspension loads;

8.8.2.2

BOP test loads.

Vertical bore

The minimum vertical bore through the lockdown bushing shall be equal to or greater than the minimum drift

diameter of

8.8.2.3

the production casing hanger or production casing string, whichever is smaller.

Outside profile

The outside

88.24 \

The manufg

The manuf
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Validation t
external pre
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profile shall be in accordance with the manufacturer’s written specification.

ertical load capacity
cturer shall determine and document the vertical lockdown load capacity of the I6ckdown bush
hcturer shall determine and document the maximum downward load capacity of the lockd

can be required to support a tubing hanger or BOP test tool. Tubing)suspension loads
d loads shall be considered.

ressure rating

hcturer's stated internal pressure rating for the lockdown™bushing shall meet or exceed
ting of the production-casing hanger and productionseasing string, whichever is smaller.
5sure rating should be equal to the pressure rating of the subsea tree system, if possible.

cturer shall determine and document the external pressure rating of the lockdown bushing.
ssure rating shall consider the hydrostatic head of sea water and the test pressure that wi

ing
alidation testing
psting of casing hanger lackdown bushing shall conform to 5.1.7. Validation testing for internal

ssure and upward and-downward load capacity shall be performed to verify the structural inte
pwn bushing.

actory acceptance testing

eptance festing of lockdown bushing shall include internal and external pressure hydrostatic te
nal check' or drift test shall be performed on the hanger to verify the minimum vertical bore
with the manufacturer’s specification.

p to verify the sealing integrity of the gasket between the wellhead housing and the subsea treg.
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8.9 Bore

8.9.1 Gen

protectors and wear bushings

eral

A bore protector protects annulus seal assembly sealing surfaces inside the wellhead housing before casing
hangers are installed. After a casing hanger is run, a correspondingly sized wear bushing is installed to protect
the remaining annular sealing surfaces and the previously installed annular seal assemblies and casing
hangers. They are generally not pressure-retaining devices. However, wear bushings may be designed to
support BOP stack pressure test loading.
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8.9.2 Design

8.9.2.1 Loads

The following loads shall be considered and documented by the manufacturer when designing the bore
protectors or wear bushings:

— BOP test pressure loading;

— radial loads;

— | drill pipe hang off loads.

It is|not necessary that the bore protectors or wear bushings meet the requirements of Clause 5.
8.9.p.2  Vertical bores

8.9..2.1 Full opening vertical bores
Thel minimum vertical bore of the bore protector shall be as given in Jable 33. The minimum Vertical bore

thropgh wear bushings shall be as given in Table 32. Bore protectors and wear bushings conform|ng to these
requirements shall be referred to as having full-opening bores.

8.9.p.2.2 Reduced opening vertical bores

Reduced vertical bores may also be supplied.

8.9..2.3 Wear bushings and bore protectors

Wedr bushings and bore protectors shall have lead-in tapers top and bottom to avoid causing the bit or tool
passing through them to hang up.

Table 33+ Minimum vertical bores for bore protectors

BOP stack-sizes Minimum vertical bore
mim (in) mm (in)
346 (13 5/8) 312 (12,31)
425 (16 3/4) 384 (15,12)
476 (18 3/4) 446 (17,56)
527 to 540 (20 3/4 to 21 1/4) 472 (18,59)

8.9.2.3 Outside profile

The outside profile shall be in accordance with the manufacturer’s written specifications.

8.9.2.4 Rated working pressure

Bore protectors and wear bushings are not normally designed to retain pressure.
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8.9.2.5 Lockdown/anti-rotation
The wear bushings and bore protectors shall be designed such that they are locked in place and are

restrained from rotation as required. Manufacturer shall document lockdown, retrieval and anti-rotation design
loads.

8.9.3 Materials

The materials used in bore protectors and wear bushings shall comply with the manufacturer’s written
specifications. Recommendations for hardness of wear bushings can be found in ISO 10423.

8.9.4 Tesfing

Bore protegtors and wear bushing shall be dimensionally inspected to confirm minimum vertical bore:

8.10 Corrpsion cap

The function of the corrosion cap is to protect the subsea wellhead from contamination by debris, mdrine
growth and|corrosion. These caps usually are non-pressure-containing and lock onto-the external profile of the
wellhead housing. If a pressure retaining cap is utilized, means shall be provided-for sensing and relieying
pressure prjor to releasing the cap. The cap is installed just prior to temporarycabandonment of a well. It may
be a design that allows installation prior to, or after installation of, the tubingshanger. The cap may be required
to have theffacility for injection of a corrosion inhibitor into the well.

The corrosipn cap may be run with a dedicated tool or by ROV. Consideration shall be given to the length of
time the cap is expected to be on the wellhead with respect to coesrosion of the cap itself and the provisign of

cathodic prptection. Due consideration shall also be given to{the method of inhibiting the well, espedially
where perspnnel can be exposed to inhibitor chemicals.

8.11 Runmning, retrieving and testing tools
Tools for rynning, retrieving and for testing all subsea wellhead components, including guidance equipnient,

housings, cpsing suspension equipment, annudlus sealing equipment and protective devices, are addressdd in
Annex H.

8.12 Traw|l protective structure

An over-trayvlable protection struettre shall be provided when requested by the user. The structure may serve
a dual purppse:

— externdl protectionto\foreign objects against being dropped/dragged or snagged;

— interna] corrosion protection of seal surfaces.

8.13 Wellhead inclination and orientation

For ease of current and future operations, the conductor should be as close to vertical as possible. An
inclination of 0,5° or less helps to ensure that future completion scenarios are possible. An inclination of
between 0,5° and 1,0° can restrict options for tiebacks, well completion and re-entry, but can be safely drilled
by making some adjustments to rig position. Readings of more than 1° can lead to damage due to drill-pipe
key seating between the casing hanger and flex joint, even with rig position adjustments; and an angle greater
than 1,25° can severely restrict future operations. Additional guidance can be obtained by consulting the
manufacturer following a discussion with the user on intended future well activities. In any event, the actual
inclination and azimuth of the wellhead (for example 0,4°, with top of wellhead leaning toward 258° from true
north) shall be recorded in the job report and well file.
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Typical considerations when determining the acceptable inclination are as follows.
— performance capabilities of equipment and tooling;

— subsequent operations that will be performed: Do they involve a subsea tree, template, tieback to surface
for a platform, or floating production facility;

— size and configuration of subsea test tree, if a horizontal tree will be used;

— length of tubing hanger, tieback, etc.;

— |water depth, currents and sea states, in general, which can increase the sensitivity to being(off vertical;
— |well re-entry methods and frequency of re-entry;

— |record keeping, likelihood that someone will check the slope indicator records imfuture beford re-entering
the well;

— |relative angle between marine riser and bop/wellhead;
— |whether angle of wellhead can change over time;
— |uncertainty of angle measurements, now and in the future;

— |allowable angles, which can be different for installation. and retrieval; generally retrieval is more difficult
because tension increases drag when not aligned;

— |likely increase in wear/key seating on bore surfages and tools as inclination increases;

— |ability to migrate rig position to align the riserwith the wellhead.
8.14 Submudline casing hanger andseal assemblies

8.14.1 General

Submudline casing hangers prgvide a suspension point for additional intermediate casing strings|that cannot
be gccommodated by a standard conductor or wellhead housings. Submudline casing hanger seallassemblies
proyide pressure isolationybetween the submudline landing ring and submudline casing hanger. Submudline
landing rings are intégrally incorporated into the casing string below a subsea wellhead or Igw-pressure
houking. Submudlifie)casing hangers suspend the next casing string, landing on and transferring their loads to
the Janding ring..koad limits and pressure ratings for the landing ring, the submudline casing hanger and seal
assembly shathbe defined by the manufacturer. The user should define the material, interface and [design-load
requirements»of the casing strings that incorporate the submudline landing ring and casing hanger in the well
des|gn.«Submudline seal assemblies are actuated by various methods, including torque, wdight and/or
hydraglic'pressure.

8.14.2 Design

Submudline landing rings and casing hangers are integral parts of casing strings. They are, therefore,
specifically excluded from the design requirements and pressure rating methods assigned to like components
in Clause 8. Design requirements and allowable stresses for these components are provided in 10.1.2 dealing
with mudline suspension equipment. These allowable stresses are in keeping with current industry practice for
safe working pressures for casing. Equipment ratings should remain the same regardless of their location in
the casing string. Submudline landing rings and casing hangers should not be subjected to the rated working
pressure nor test pressure associated with the low-pressure or high-pressure wellhead housing when a
landing ring is placed directly below these housings.
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Submudline seals, seal assemblies and submudline emergency seal assemblies shall be treated as pressure-
controlling equipment as defined in 8.7. They are also specifically excluded from the pressure-rating methods
assigned to like components in Clause 8, and specifically given a pressure rating commensurate with that of
the corresponding submudline landing ring and casing hanger.

9 Specific requirements — Subsea tubing hanger system

9.1 General

The tubing an
associated [tubing-hanger running tool and, in certain cases, an orientation joint. This part of ISO 13628 is
limited to tubing hangers that are landed in a wellhead, tubing head or horizontal tree. A tubing annulus sefl is
effected befween the tubing hanger of the casing hanger, the tubing head or the horizontal tree; and| the
hanger is Igcked in place. It is designed to provide a means for making a pressure-tight connection between
the tubing gtring(s), tubing annulus and the corresponding subsea tree or tubing-hanger running tool borgs. It
may also pfovide a continuous means of communication or control of SCSSVs, electrical:transducers and/or
other downhole devices.

There are three basic types of tubing hangers:

a) concertric;

b) eccentric (those that require orientation to align multiple tubing bores or control ports);
c) horizorjtal tree type.

See Annex [D for representative illustrations of these tubing hanger types.

There are tyvo types of orientation systems:

— active (rotary) type, requiring the rotation of the-running string by the application of torque at the surface,
until it locates an orientation device that orients the hanger relative to the wellhead/tubing head/horizgntal
tree;

— passive (linear) type, uses downward or upward motion of the running string to engage a pin or key in an
orientation device that automatically orients the hanger relative to the wellhead/tubing head/horizgntal
tree.

9.2 Design

9.2.1 General

The OD of the tubing hanger system shall be compatible with the ID of the BOP stack and marine riser sygtem
being used| Particular attention shall be given to the design of the lock and seal mechanisms to minimizg the
rlSk Of thelr hanyuly up dul;llu ;IIOta”Qt;UII Ul ICtI ;UVG.:. ThC dUQ;UII ohuu:d :\UC'.I d;ulllctclo tU thc III;II;IIIUIII and
minimize the length of large diameters in order to ease running and retrieving of the tubing-hanger system
through the ball/flex joint. The operating procedures should advise the limiting ball/flex-joint angle for running
and retrieving of the tubing hanger system. The design of tubing hanger systems shall comply with 5.1.
Irrespective of orientation system, the seals shall not engage in the sealing bore until the orientation is
complete. Typical orientation devices are keys that engage slots in the BOP connector, orienting
bushings/cams temporarily installed in the BOP connector, orienting bushings/cams permanently installed in
the tubing head or horizontal tree body and extending pins in the BOP stack used in conjunction with a
camming profile on the running tool or orientation joint.

The orientation joint is outside the scope of this part of ISO 13628.
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On concentric tubing-hanger systems and horizontal trees, annulus access may be through an outlet below
the tubing hanger in the tubing head or horizontal tree body. Where it is through the hanger and into the tree
connector cavity area, provision shall be provided for sealing off the annulus bore by the use of a check valve,
sliding sleeve or similar device.

The tubing hanger running tool may be mechanically or hydraulically actuated. On hydraulically actuated
designs, the running tool shall be of a “fail-as-is” design, so that in the event of loss of control pressure, it shall
not result in the release of the tubing hanger from its running tool. There shall be positive indication that the
running tool is correctly attached to the tubing hanger before supporting the weight of the tubing string. It is a
requirement to effect release of the hydraulic running tool from the tubing hanger in the event of lost hydraulic
control pressure. The top of the running tool/orientation joint shall interface with the completion riser, tubing
strirjgs or drill pipe as specified by the manufacturer. On horizontal tree applications, the top of [the running
toolfextension joint shall interface with the tieback string or subsea test tree.

9.2 Loads

As @& minimum, the following loads shall be considered and documented by the manufacturer when designing
the fubing hanger system:

— |suspended weight;

— |overpull;

— |pressure, internal and external;

— |tubing hanger/running tool separation loads due to pressiire testing;
— |thermal loads;

— |torsional loads;

— |radial loads;

— |oriented loads;

— |tree-reacting loads.
9.2.B Threaded connections

9.2.8.1 Tubinghanger

Thel type of tubing threads on the hanger shall be specified by the user. Identification markings shall conform
to 150 10423 Tubing threads should be coated to prevent galling when required by the thr¢ad type or
material:

9.2.37Z Running tool

Tubing threads or tool joints, if used, shall be in accordance with API RP 5B or ISO 10424-1 or the
manufacturer’s written specification. The tool shall have adequate dimension for tonging.

The load capacity of the tool shall not be inferred from the choice of end connections on the tools.

9.2.4 Running tool seals

All stab subs and other sealing elements shall have a minimum of one elastomer seal. If additional seals are
used, hydraulic lock issues should be considered.
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9.2.5 Vertical bores

The minimum vertical bore with and without profiles shall comply with the manufacturer’s written specification.
The effect of wall-thickness reduction due to plug profiles in the tubing hanger shall be included in the design
analysis and documented as required in 5.1. The plug-latching profile may be machined in an insert or may be
machined directly into the tubing hanger. The tubing hanger bores shall be drifted in accordance with
manufacturer’s written specifications. When specified by the manufacturer, the annulus bore shall include a
plug-catcher device, which may be integral or threaded to the hanger. When specified by the user, the plug
profiles shall be in nipples threaded into the bottom of the hanger.

On horizontal trees, straddle sleeves are provided for the protection of the plug profiles during downhole
wireline or ¢oiled tubing interventions. In addition, an isolation straddle sleeve shall be required to close off the
tubing-hander side outlet during tripping in and out of the hole.

9.2.6 Tubjng hanger plugs
Tubing-han
covered un
and are util
and testing

per plugs used in vertical trees are used as a temporary closure device and;yas such, are
er the provisions of 9.2.6. Tubing-hanger plugs used with horizontal trees arecalled crown p
zed as permanent pressure barriers. Crown plugs shall meet the generahkdesign criteria, mat
requirements of an internal tree cap as stated in 7.12 and Tables 4 and’5,

not
ugs
brial

9.2.7 Rat¢d working pressure

The tubing
103,5 MPa
Any operat
rating equa

nanger shall have a rated working pressure of either 34,5 MRa (5 000 psi), 69 MPa (10 000 psi
15 000 psi) . This rating shall be exclusive of the tubing connection(s) at the bottom of the han
ng control or injection passage through the tubing hanger body shall have a minimum pres
to 1,0 times RWP, up to a pressure rating equal to.1;0:times RWP plus 17,2 MPa (2 500 psi).

, or
ger.
sure

Pa
and
tical
ea

The rated working pressure of the tubing hanger shall be ggual to the tree pressure rating of either 34,5 |
(5 000 psi),| 69 MPa (10 000 psi), or 103,5 MPa (15 000,psi). The tubing-hanger lockdown mechanism
annulus-seql assembly shall have a design capability 0 retain a pressure load of 1,1 times RWP for a ver
tree complgtion system. The tubing-hanger lockdown mechanism and annulus-seal assembly shall ha
design capability to retain a pressure load of 1,5.times the RWP for a horizontal tree completion system.

9.2.8 Sea| barriers

There shall
and the enV

be a minimum of two seal barriers between the production and annulus bores of the tubing hal
ironment. ISO 13628-1 discusses seal barrier philosophy and provides examples.

nger

9.2.9 SCYSV and chemigal=injection control-line stab design

There shall
the tubing h

be a minimum'of two seal barriers between the SCSSV and chemical-injection control-line stalys of

anger and the environment.

On vertical [treé applications, SCSSV control-line stabs in the tubing hanger shall be designed so as to yent
control pregstre when the tree is removed. The SCSSV control stab shall be designed to minimize the ingfess
of debris and seawater when the tree is removed. The pressure rating of the control line stabs shall be the
same as or greater than the SCSSV control pressure and shall be selected from 9.2.7.

On horizontal tree applications, the horizontal SCSSV control line stab may contain an integral coupler with
poppet check valve or other valve type for the purpose of isolating the wellbore completion fluid from the
control-line internal control fluid. However, the check valve shall not interfere with the intended function of the
SCSSV.

9.2.10 Miscellaneous tools

Miscellaneous tools, such as storage and test stands, emergency recovery tools, inspection stands, lead
impression tools, wireline-installed internal isolation sleeves (horizontal tree), shall be supplied as needed.
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9.3 Materials

Materials shall conform to 5.2. Seal surfaces that engage metal-to-metal seals shall be inlaid with or be made
from a corrosion-resistant material that is compatible with well fluids, seawater, etc.

For forged material used for pressure-containing and high-load-bearing parts, forging practices, heat
treatment and test coupon (QTC or prolongation) requirements should meet those of APl RP 6HT. In addition,
the test coupon shall accompany the material it qualifies through all thermal processing, excluding stress relief.

9.4 Testing

9.4l Validation testing

Valipation testing of the tubing hanger shall comply with 5.1.7. In addition, the tubing-hangér lockdown shall
be tested to a minimum of 1,1 times RWP for VXT or 1,5 times RWP for HXT from beleWw and frgm above to
1,0times RWP for both. Where annulus-access devices (e.g. poppet, shuttle,.(sliding sleevq, etc.) and
chemical-injection stab barriers are incorporated into the tubing hanger design,these shall mee{ the design
performance qualification requirements as shown in Table 3.

9.4.p Factory acceptance testing

9.4.p.1  Tubing hanger

All fubing hangers shall be hydrostatically tested prior to shipment from the manufacturer's facility. The
hydfostatic body test pressure of production and annulus bores shall be equal to or gfeater than
1,5times RWP in accordance with the requirements in5.4.5. All operating control or injection passages

thro
acc

Ap

brdance with 5.4.5.

Ip joint of tubing shall be installed on the hanger and the connection hydrostatic tested to ma

writfen specifications.

Tub
ma

ng hanger internal profiles shall( be drifted and pressure tested with a mating plug or fi
ufacturer’s written specificatians., The pressure test for this profile and plug in a horizontal

system shall be 1,5 times the RWHR\of the tubing hanger.

Fun
prin
inst
mar

9.4.

All v
5.4,

ctional testing shall be-conducted in accordance with the manufacturer’'s written specification
ary and secondary~operating and release mechanisms, override mechanisms, locking n
umentation and control line. Testing shall verify that the actual operating forces/pressures fa
ufacturer's documented specifications.

P.2  Tubing hanger running tool

vellbore pressure-containing/controlling components shall comply with the hydrostatic test requ
b Wwith the addition that the through-bores of the running tools shall be tested to a test pressure

Lugh the tubing-hanger body shall be hydrostatically tested to 1,5times their respectivg RWPs in

hufacturer’s

ture to the
completion

o verify the
echanisms,
Il within the

irements of
equal to at

O el \ALD

leas

o
UL, g TICo TANVVI .

Components having multiple bores or ports shall have each bore or port tested individually if there is
possibility of intercommunication.

Components that contain hydraulic control fluid shall be subjected to a hydrostatic body/shell test in
accordance with the requirements given in 5.4.7.

Functional testing shall be conducted in accordance with the manufacturer’s written specification to verify the
primary and secondary operating and release mechanisms, override mechanisms, locking mechanisms,
instrumentation and control line. Testing shall verify that the actual operating forces/pressures fall within the
manufacturer's documented specifications.
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10 Speci

fic requirements — Mudline suspension equipment

10.1 General

10.1.1 Introduction

10.1.11

Clause 10 covers drilling and completion equipment used to suspend the casing weight at or near
the mudline, to provide pressure control and to provide annulus access to the surface wellhead. Mudline
equipment is used when drilling with a bottom-supported rig or platform and provides for drilling, abandonment
and tiebacks to either a platform or subsea completion. Mudline landing rings and hangers can sometimes be

used as pa
8.14.

Mudline cag
tools (tieba
from the dg
Clause 8, a|

allowable s{resses are in keeping with current industry practice for safe working pressures for casing.

Mudline eqliipment typically involves proprietary profiles/configurations and/or 1IS@ standard connections.

tools used f

10.1.1.2

[ Of the casIng string below a subsea wellnead. such parts shall comply with the requiremen

ing hangers, casing hanger running tools (landing subs), casing hanger landing rings, and tiek
Lk subs) are, in fact, an integral part of the casing strings. They are therefore specifically exclu
sign requirements and pressure rating methods assigned to like components.in SO 10423
hd specifically given the design requirements and allowable stresses in 10.1cthrough 10.5. Th

pr installation, retrieval and testing are typically task-specific and remotely operated.

The technical content of Clause 10 provides equipment-spécific requirements for performa

s of

ack
ded
and
ese

The

nce,

design, maferial and testing. Specific mudline suspension equipment used during drilling and/or run as pdrt of

the casing 9
landing
casing
casing
tieback
abandd

10.1.1.3
casing strin

purposes, these components“shall be treated as “casing and tubing hanger mandrels” as set fort

ISO 10423.
Specific mu

mudlin

tring includes the following; see Figure E.1:
rings;

hangers;

hanger running tools (landing subs);
adapters (tieback subs);

nment caps.

Major components of mudline suspension equipment used during drilling and/or run as part of
g are designated as.pressure-controlling parts as defined in 1SO 10423. For quality co

dline conyersion equipment for subsea completions includes the following; see Figure E.2:

b conversion equipment (with space-out adjustment);

the
htrol
N in

— tubing

head assemblies

10.1.1.5

Major components of mudline-conversion equipment shall be designated as either press

ure-

containing or pressure-controlling parts using the definitions set forth in ISO 10423. Components designated
as pressure-containing parts shall be treated as “bodies” in ISO 10423.

High-pressure risers and accessory tools used with mudline equipment, such as brush and cleanout tools, cap
running tools, etc., are beyond the scope of this part of ISO 13628.
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10.1.2 Design

10.1.2.1 General
The general design requirements for mudline equipment shall comply with 5.1. If specific requirements for

mudline equipment in Cause 10 differ from the general requirements stated in 5.1, these specific requirements
shall take precedence.

10.1.2.2 Rated working pressure

) H £ ITH H . +aal Let ) H lo ol H P 1
For reach—mptece—of- mudine—eguipment—arated—working—pressure—shat-be—determinec—i—aceo dance with

Tabje 34 and Annex E, or by proof testing as specified in 1ISO 10423.

Thel rated working pressure shall be inclusive of the pressure capacity of the end connections:

Table 34 — Maximum allowable stress due to pressure®p

(for mudline equipment only)

At rated working pressure At test pressure

Allowable stress ] _ ] ] _ _ ]
Suspension equipment Conversion equipment Suspension & conversion efuipment

Membrane stress ='Sm (where Sy, + Sp < 1 X Syiq)

Membrane
0,8 x Syig 0;67/x Syig 0,9 x Syig
Membrane +.Bending = Sy + Sp (Where Sy, < 0,67 % Syig)
Membrane + 1,2 x Sy 1,0 x Syig 1,35 x Syq
bending

Membrane + bending = Sy, + Sp (Where 0,67 X Syig < Sm < 0,9 X Syiq)

2,004 x Sy — 1,2)X Sy N/A 2,15 x Syig— 1,2 x Sy,

Key: Smis the calculated. membrane stress.
Sp is the calculated bending stress.
Syid is the minimum specified yield stress.

& Stresses given jn\this table shall be determined in accordance with the definitions and methods prepented in
Annex E. The desigher shall consider the effects of stresses beyond the yield point on non-integral cornnections,
such as thredded connections and latch profiles, where progressive distortion can result.

b Bendifig)stresses in this method are limited to values lower than are permitted by the ASME mgthod for
secondary stresses, since this table provides a limit-based method with inherently higher safety mafgins. An
alternative method is included in Annex E to permit higher secondary stresses while controlling nmembrane
stresses to the traditional, more conservative limits.

10.1.2.3 Hanging/running capacity rating

10.1.2.3.1 Rating running capacity

A rated running capacity shall be determined for each piece of mudline suspension equipment in the load path
between the top connection of the running tool and the lower connection of the hanger that is run as part of
the casing string. The rated running capacity is defined as the maximum weight that can be run below the
mudline component. Rated running capacity is not the same as joint strength, ultimate tensile strength or proof
test load.
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Rated running capacity includes the tension capacity of the threaded end connection that is machined into the
mudline component and excludes thread pullout strength for the threaded end connection since pullout
strength is a function of the weight and grade of casing that is threaded into the mudline component during

use.

Primary membrane stresses in the body at the rated running capacity shall not exceed 80 % of the minimum
specified yield strength and shall be exclusive of internally applied pressure and externally applied global

bending loa

10.1.2.3.2

The rated hg
casing weig
component

Different ra
external ex
shall have 3

Compressiv

hanging capacity provided that all other performance requirements are satisfied.

Rated hang
pressure sh
exceed 80 ¢

Rated hang

assembly of

10.1.24 (

The manufacturer shall document minimum ID and maximum OD dimensions for mudline equipment. Th

values shal
(0,001 in.).

ODs that npust pass through other mudline components. Outside dimensions shall exclude the expar]

condition of

10.1.2.5 H

Manufactur
including:

— flow-by
—  flow-hyj

critical

ds.

Rated hanging capacity

ht. The rated hanglng capacity is defined as the maximum weight that can be suspended frorr
at the rated location.

ed hanging capacities can be required for several locations on the component. Far, example,
panding latch or fixed landing ring and each internal latch profile or internal landing shouldg
rated hanging capacity.

e stresses at load shoulders shall be permitted to exceed material yield strength at the r
ing capacities shall include the effects of full rated working pressure. Both internal and extg
all be included. Primary membrane stresses in the body at the.rated hanging capacities shal

o of minimum specified yield strength.

ing capacities shall be documented by the manufacturerfor a given set of nested equipment i
for each component individually.

utside and inside diameters

be based on machining dimensions, and.shall be stated in decimal form to the nearest 0,02
This requirement applies only to IDs mwhich must pass (admit) other mudline components an
expanding latches.

low-by areas

brs shall document the minimum flow-by area and maximum particle size provided for each des

area while running through a specified weight of casing;
area wheénylanded in a specified mudline component;

velocity for running-tool wash ports.

ngs
the

ach

pr(s)

hted

rnal
not

1 an

ese
mm
d to
ded

gn,

10.1.2.6 T

emperature ratings

Each component shall have a temperature rating as specified in 5.1.2.2.

10.1.2.7 Misalignment

The manufacturer shall document allowable inclination from vertical for drilling and production tieback.
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10.1.3 Materials

10.1.3.1 Material classes

Appropriate material classes for mudline equipment are AA through CC for general service, and DD through
HH for sour service as defined by 1SO 10423.

NOTE For the purposes of this provision, NACE MR0175 is equivalent to ISO 15156 (all parts).

Subsea mudline completion equipment shall follow appropriate material classes AA to HH listed in Table 1.

10.5-32—NACETequiTerments
Formaterial classes DD through HH (sour service), ISO 15156 (all parts) requirements shall be limited to the
intefnal pressure-containing and pressure-controlling components exposed to wellbore, fluids. Fpr example,
souf-service mudline hangers may include non-NACE external latch mechanisms and load rings.

NOTE For the purposes of this provision, NACE MR0175 is equivalent to ISO 15156 (all.parts).
10.1.4 Testing

10.1.4.1 Validation testing

Manufacturers are required to conduct and document validation #esting results in accordance with $.1.7.
10.1.4.2 Factory acceptance testing

10.1.4.2.1 Hydrostatic testing

Hydrostatic factory acceptance testing of mudline ‘'suspension equipment is not a requirement. If{included in
the manufacturer’s written specification, thenxtest pressures shall not exceed the test pressure as|determined
in E}2.5.

Hydrostatic factory acceptance testing-ef mudline conversion equipment is mandatory and shall be tested in
accprdance with 5.4.5.

10.1.4.2.2 Dirift testing

Driff testing is not a requirement of this part of 1SO 13628. If drift testing is included in the mahufacturer’s
writfen specificatiop;.then the requirements in 1SO 11960, Clause 7, shall be followed. The drjft test may
spetify either individual component drift testing or assembly drift testing (i.e. hanger, running toolfand casing
pupp assembled:together).

10.1.4.2.3>~Stack-up and fit test

A'S ;‘Ir‘l{-lllh and _fit test is not an‘llllil’ﬂf’l hy this part of 1SQ 13628 _1f Qt:ur‘l(-llp and fit fn:fing is part of the

manufacturer’'s written specification, then the manufacturer shall document the requirements for measuring
and/or recording axial and drift dimensions that shall be taken to verify proper stack-up.

10.1.5 Marking and documentation
10.1.5.1 All mudline equipment shall be stamped with at least the following information:
— manufacturer’'s name or trademark;

— size;
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— assembly serial number, if applicable;
— part number and revision;
— material class and maximum H»S partial pressure.

10.1.5.2 The following information shall be either stamped on the equipment or provided in the system
documentation as applicable:

— rated working pressure;

— rated rllmning capacity;

— rated hpnging capacity;

— minimym flowby area;

— maximym particle size;

— drift digmeter;

— maximym allowable test pressure;

— maximym make up and breakout torque;
— maximym wash port flow rate.

10.1.5.3 In addition to the requirements in 10.1.5.1 and.20.1.5.2, mudline conversion equipment shall be
stamped in faccordance with 5.5.

10.2 Mudline suspension-landing/elevationgring

10.2.1 Deskription
The landing/elevation ring is an internalupset located at or near the mudline to provide an internal lanfling
shoulder fof supporting all combined casing loads. The following considerations shall be addressed when
generating flesigns and technical specifications for the landing elevation ring:
— shouldégr load-bearing stremgth;

— compldtion elevation.above mudline;

— centraljzation.of casing hangers;

— mud andtement return flowby area.

10.2.2 Design

The following criteria shall be considered and documented by the manufacturer when designing the
landing/elevation ring:

— structural loads, including casing-hanging loads;
— dimensional compatibility with other hangers;

— dimensional compatibility with specified bit programme;
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— welding requirements;
— mud flowby requirements.

The minimum ID of each ring shall be selected to allow both the landing of subsequent casing hangers and
the passage of bit sizes to be used.

10.2.3 Documentation

The manufacturer shall document any critical alignment and/or welding requirements for attachment of the

Iancinn/aln\laﬁnn rma-ta-the conductaor nina.
HgreevaHoi-HRgtote-ceRadetepipe

10.8 Casing hangers
10.3.1 Description

10.3.12.1 Mudline casing hangers

Mudline casing hangers typically provide the following functions and featdres within the mudline [suspension
system:

— |support casing weight at mudline;

— |support casing weight of subsequent strings;

— |allow annulus access to the surface wellhead;

— |allow for mud/cement flowby while running and’landing in previous hanger;

— |allow attachment of running tool, tiebackx«tiser sub and/or subsea conversion equipment;

— |provide for reciprocating the casing string during cementing operations.

10.3.1.2 End connections

The| casing hanger and running tool are normally installed with casing extensions made up to|both ends.
Normally, the running tool (landing sub) extension has a pin-by-box casing nipple extension, and the casing
hanper has a pin-by-pin.easing extension. The assembly of casing extensions, running tool and caking hanger
shal|l be done prior to,shipment to the rig. This allows the handling and running of the casing-hangér assembly
as jlist another piece’of casing.

10.3.1.3 Landing shoulders

Lanfing shoulders on casing hangers are typically one of two following types:

— fixed support rings;
— non-fixed or expanding/contracting latch rings.

The fixed support ring lands on a bevelled landing shoulder (usually 45°) in the landing ring or previous casing
hanger. Flowby porting for mud and cement passage and adequate bearing capacity is maintained on this
landing ring.

The non-fixed support ring has an expanding/contracting latching load ring that locates in the appropriate
landing groove. In some cases during cementing operations, the casing is reciprocated a short distance above
the hanger seat. Therefore, the non-fixed landing rings typically do not have permanent lockdown
mechanisms.
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10.3.1.4

Internal profiles

The internal profiles of mudline casing hangers serve these functions:

lock an

cam-actuat

Wash ports
rate, witho

are opened,.

out the c
hanger/run

10.3.2 Des|

10.3.2.1 U

The followi
system cas

casing

pressu

operati

10.3.2.2 H

Casing-han
design conf

10.3.2.3 H

The maxim

10.3.2.4 H

Standard |9

d seal running tool (landing sub) and tieback adapters;

seat subsequent casing hangers;

seat tubing hanger (optional).

bd locking mechanism. The running tool is usually designed to release with right-hand rotation.

may be incorporated as necessary into each landing sub or casing hanger to give a\washout

cutting out the port area. After the casing hanger has been landed and cemented; the wash p
After flushing out the casing riser annulus, the wash ports are closed. The_purpose of was
sing riser area is to ensure that excessive cement has been removed from the cal
ing tool connection area.

gn
oads

ng loads shall be considered and documented by the“\manufacturer when designing mug
ng hangers:

loads;
e;
ng torque.

lowby area

guration.

article size

im particle size shall be documented for each casing hanger-design configuration.

nd congections

OZor other end connections provided on the casing hanger and running tool (landing sub) 3

flow
orts
hing
5ing

line

per minimum flowby areas-shall be documented by the manufacturer for each casing-hapger

hall

comply with the requirements of 7.1 through 7.6.

Adequate surface areas for tongs should be provided for installing the casing into the casing hanger and
running tool (landing sub).

10.4 Casing hanger running tools and tieback adapters

10.4.1 Des

cription

Casing-hanger running tools shall be designed to provide a reversible connection between the mudline hanger
and the casing riser used for drilling operations. They may be either threaded (including an optional weight
set) or cam-actuated tools as supplied by each individual manufacturer. Threaded running tools engage
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directly into the casing hanger. Cam-actuated tools engage in an internal locking groove inside of the casing
hanger. Wash ports may be provided in the casing hanger or landing sub to allow for cleaning of cement from
around the previously run hanger/landing sub connection.

Casing-hanger tieback adapters (tieback subs) are used to connect casing pipe joints to mudline suspension
wellhead equipment for either surface wellhead completions or subsea completion purposes. The
requirements for tieback adapters shall be the same as those for casing hanger running tools.

Mudline casing hangers and tieback adaptors shall be treated as pressure-controlling equipment as defined in
ISO 10423.

10.4.2 Design

10.4.2.1 Loads

As @ minimum, the following loads shall be considered and documented by the manufacturer when designing
the funning tools:

— |suspended weight;
— |pressure loads;
— |torque;

— |overpull;

— |environmental loads.

10.4.2.2 Threaded running and tieback adapters

Threaded running tools shall be right-hand, release. Threaded tieback adapters and tieback profiles shall be
righf-hand make-up.

The| manufacturer shall document maximum flow rate through washout ports.
10.5 Abandonment caps

10.3.1 Description

Abgndonment capsjytypically, are used during temporary abandonment and protect internal hanger profiles,
threfads and seal-areas from marine growth, mechanical damage and debris.

10.9.2 Design

Pregsure and any external loads applied during installation, pressure relief and retrieval shall bel considered
and documented by the manufacturer in the design of abandonment caps. Abandonment caps shall be
equipped with a means of relieving pressure prior to removal.

10.6 Mudline conversion equipment for subsea completions

10.6.1 Description
Mudline conversions for subsea completion provide the interface between mudline suspension equipment and

subsea completion equipment; see Figure E.2. Care shall be exercised when specifying in situ testing of
conversion equipment such that the suspension equipment does not see higher pressure than it is rated for.
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Major components of mudline conversion equipment shall be treated as pressure-controlling parts as defined
in ISO 10423.

10.6.2 Des

ign

Mudline conversions typically provide limited structural support, centralization and pressure control for

preparing a

well drilled with mudline hangers for a subsea completion.

The lower end of mudline conversion equipment shall provide a load shoulder (or threaded) and sealing
interface for at least two tieback adapters and casing strings. The conversion may also provide a centralizing

and load-b

aring feature to provide structural integrity to transfer applied loads to the surface casin

o or

conductor f
accommod
subsea co

The upper ¢nd of mudline conversion equipment shall feature a tubing-head assembly to intefface with a h

pressure cg
tubing hang
the annular

Care shall
suspension
adapter, or

The casing

ipe. The mudline conversion hardware also shall feature the necessary adjustment capalbilit
te the spacing between the mudline wellhead casing hangers, the surface pipe end-and
pletion hardware.

mpletion riser, the subsea tubing hanger and subsea tree. The tubing head also-interfaces with
er/wear bushing, riser testing plug equipment and an annulus access connection to one or mo
spaces between the casing strings/tieback adapters below.

be exercised when specifying in situ testing of mudline conversion equipment such that
equipment does not see higher pressures than pressure rating, forthe well’s casing, the tiel
the casing strings installed above and below the casing hanger-

riser string that attaches to the tubing head is often the:defining requirement for pressure r3

y to
the

igh-
the
e of

the
ack

ting

and equipnjent size for a mudline conversion system. Usually, this-riser string has a thicker wall and/@r is

made fromj
environmen
in resisting
service, cor
and environ

Bodies of
defined in I

10.6.3 Rats
The RWP f

used to cor
the maximu

10.6.4 Fac

All tubing-h
They shall

the higher-strength materials required to withstand both internal pressure and exts
tal loads. The riser also has to feature a tensioning\point, similar to floating drilling risers, to a
environmental conditions. Therefore, careful sweighing of drift diameter, NACE or non-Nj
nector size and strength and material availability shall be examined versus the well’'s requirem
ment to determine suitability.

mudline conversion tubing-head ass€mblies shall be treated as pressure-containing parts
50 10423.

bd working pressure
pr the tubing-head assembly pressure boundary shall be based on the RWP of the casing

nplete the well and install tubing strings. Selection of the rated working pressure should cons
m expected SCSS\\Operating pressure; see 5.1.2.1.1.

ory acceptarice testing

pad assemblies shall be hydrostatically tested prior to shipment from the manufacturer’s fag
he tested to the requirements of this part of ISO 13628 with the addition that the tests (inclu

rnal
ESist
\CE
S

as

iser
ider

ility.
Hing

PSL 2) sha

I lhave a secondary holding period of not less than 15 min. The hydrostatic test is performe

d to

verify the pr

ESSure ntegrity of the Nousing pressure bounadary.

The overall hydrostatic body test pressure shall be determined by the lesser of either the rated working
pressure of the tubing head’s body or the high-pressure casing-string riser's pressure rating; as defined in
Annex E. Typical pressure ratings for the tubing head assembly are listed in Table 35.

10.7 Tubing hanger system — Mudline conversion equipment for subsea completions

All design, materials and testing of the tubing hanger system shall be in accordance with Clause 9.
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ISO 13628-

Specific requirements — Drill-through mudline suspension equipment

11.1 General

4:2010(E)

Clause 11 describes drill-through mudline suspension equipment that is normally run from a bottom-supported
drilling rig. Drill-through mudline suspension equipment is used when it is anticipated that the well will be
drilled and completed without suspending the well and nippling down the surface BOP, and culminating in a
subsea completion interface for installing a subsea tree. Drill-through equipment is a hybrid between mudline
wellhead and subsea wellhead technology. The equipment is configured in such a way, starting with individual
mudline casmg hangers and risers and then swnchmg over to a spemal casmg hanger that has a housing that

har
inne

thic
preg
and

of spich a system.
NOTE For the purposes of this provision, NACE MRO175 is equivalent to ISO 15156 (all parts).
11.2 External drill-through casing hangers (outside of the hybrid casing hanger hol

All drill-through mudline casing hangers.external to the hybrid casing hanger housing shall be dg

mar

Extd
ISO

11.

11.3

Thel
pro
han

lware external to the hybrid housing may be non-NACE depending on the surface-casing
rmost casing riser string that attaches to the hybrid casing-hanger housing is often t
reguirement for pressure rating and equipment size for a drill-threugh system. Usually, this riser

er wall and/or is made from the higher-strength materials/réquired to achieve a higher-th

strength and material availability shall be done versus the well’s requirements to determine th

ufactured in accordance with 10.1\through 10.4.

ernal drill-through mudline casing hanger bodies shall be treated as pressure-controlling parts g
10423.

B Hybrid casingfranger housing

.1 General

hybrid_casing-hanger housing lands inside the last mudline suspension casing-hanger lan

ides pressure integrity for the well, suspends the intermediate and subsequent casing stringq,

taIIed such
¢ typically a
or exceeds
rwards into
suspension

suspension
D 15156 (all
suspension
lesign. The
he defining
5tring has a
an-average

sure rating. Therefore, careful consideration of drift diameter, NACE or non-NACE service, copnector size

e suitability

sing)

signed and

s defined in

Jing ring. It
the tubing

lana
tree

attaches and seals to the upper connection after the drilling phase is complete.

pef_when installed and transfers external loads back into the surface casing hanger. Interndlly, it has a
WNWW i i ingltie- 'he subsea

Hybrid casing hanger housings shall be treated as pressure-containing equipment as defined in ISO 10423.
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11.3.2 Design
11.3.2.1 Loads

As a minimum, the following loads shall be considered and documented by the manufacturer when designing
the high-pressure housing:

— riser forces (drilling, production and workover, including tension);

— fatigue loads;

—  Subsegtree :Uado,

— pressufe;

— radial Ipads;

— therma) loads;

— envirorjmental loads;

— flowling loads;

— suspended casing loads;

— surfacq casing hanger/conductor housing reactions;
— tubing-hanger reactions;

— riser arjd tree connector loads.
11.3.2.2 d{onnections

11.3.2.2.1 |Top connection

The top cornnection should be of a hub or mandrel type (see Figure 14) as specified by the manufacturer. [The
gasket proffles shall be manufactured from or inlaid with corrosion-resistant material as specified in 5.3.3.

11.3.2.2.2 |Bottom connection
The high-pilessure housing attaches to the top of the intermediate casing to form the basic foundation pf a

subsea well. If the bottom connection is being welded, it shall be prepared for a full penetration butt-weld. If
threaded, the type of casing thread on the housing shall be as specified in ISO 10423.

11.3.2.2.3 |Pup joint

the housing.

The WeIIheJd housing may have a pup joint that is factory-welded on to ease field installation or threaded|into

11.3.3 Dimensions
The dimensional requirements are as follows.

a) The minimum bore of the housing shall not be less than the drift diameter of the intermediate casing. The
manufacturer shall document the through-bore size.

b) Dimensions of the wellhead pressure boundary (see Figure 14) shall be in accordance with the
manufacturer’s written specification.

¢) The wellhead-housing minimum flow-by area shall be documented by the manufacturer.
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11.3.4 Rated working pressure

The RWP for the hybrid casing hanger housing pressure boundary (see 3.1.63) shall be based on the RWP of
the casing riser used to drill and complete the remaining casing and tubing strings for the well. Selection of the
rated working pressure should consider the maximum expected SCSSV operating pressure; see 5.1.2.1.1.

11.3.5 Factory acceptance testing

All hybrid casing-hanger housings shall be hydrostatically tested prior to shipment from the manufacturer’s
facility. They shall be tested to the reqwrements of thls part of ISO 13628, with the addition that the tests
(includi tatic test is
performed to verify the pressure integrity of the housing pressure boundary.

Thel overall hydrostatic body-test pressure shall be determined by the lesser of either the rajed working
pregsure of the housing’s body or the high-pressure casing-string riser’s pressure rating, or.the pregsure rating
of innermost drill-through mudline casing-hanger that will be attached to the production casing string, as
defiped in Annex E. Typical pressure ratings for the hybrid casing hanger housing body are listed in Table 35.

Table 35 — Mudline conversion tubing head assembly. < Test pressure

Rated working pressure Hydrostatic body test pressure
MPa (psi) MRa (psi)
34,5 (5 000) 51,8 (7 500)
51,8 (7 500) 77,57 (11 250)
69,0 (10 000) 103,5 (15 000)

Hydrostatic factory acceptance testing of hybrid casing hanger housings is mandatory and shall b¢ performed
in accordance with 5.4.5. A dimensional ccheck or drift test shall be performed on the housing to verify the
min|mum vertical bore; see Table 33.

11.4 Internal drill-through mudline casing hangers

11.4.1 General

Intefnal drill-through_mudline casing hangers are installed on top of each casing string and suppdrt the string
whegn landed in thehybrid casing hanger housing. They are configured to run through the surfacq BOP stack
and| high-pressuté. drilling riser, land inside the hybrid casing hanger housing and support the reqlired casing
load. They shall have provisions for an annulus seal assembly and support loads generated Qy BOP test
pregsures apove the hanger and loads due to subsequent casing strings. Means shall be provided to transfer
casing load and test-pressure load to the hybrid casing-hanger housing or to the previous casing hanger.

An ' ' ' ' MmO ' ations and is
deS|gned to minimize pressure drop, while passing as large a patrticle size as pOSSIb|e A pup joint of casing
should be installed on the hanger in the shop. This reduces the risk of damage during handling.

Bodies of internal drill-through mudline casing hangers shall be treated as pressure-controlling parts as
defined in ISO 10423.
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11.4.2 Des

ign

11.4.2.1 Loads

As a minimum, the following loads shall be considered and documented by the manufacturer when designing
internal drill-through mudline casing hangers:

— suspen

ded weight;

— overpull;

— pressu

— thermal;

— torsion
— radial;
— impact
11422 T
The type of
11423

114231

The minimy
requiremen

11.4.2.3.2

Reduced vq

e, internal and external;

bl:

hreaded connections

casing threads on the hanger shall be as specified in 1SO-10423.
ertical bore

Full opening vertical bore

m vertical bores for casing hangers shall‘\be as given in Table 36. Equipment conforming to
shall be referred to as having full-opehing bores.

Reduced opening vertical bores

rtical bores may also be supplied.

Table 36 — Minimum vertical bore sizes for casing hangers and wear bushings

Casing OD Minimum vertical bore
mm (in) mm (in)
178 (7 153 (6,03)
194 (7 5/8) 172 (6,78)
219 (8 5/8) 195 (7,66)
244 (9 5/8) 217 (8,53)
273 (10 3/4) 242 (9,53)

11.4.2.4 Outside profile

The outside profile shall be in accordance with the manufacturer’s written specification.
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this

© 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=ce27268bcdd7d1a57f99f885db975967

ISO 13628-4:2010(E)

11.4.2.5 Casing hanger ratings

The load and pressure ratings for casing hangers installed inside the wellhead can be a function of the tubular
grade of material and wall section as well as the wellhead equipment in which it is installed. Manufacturers
shall determine and document the load/pressure ratings for casing hangers as defined below.

a) Hanging capacity:

The manufacturer’s stated hanging capacity rating for a casing hanger includes the casing thread (normally a
female thread) cut into the hanger body.

b) |Pressure rating:

— The manufacturer’s stated pressure rating for a casing hanger includes the hanger bgdy and the
casing thread (normally a female thread) cut into the lower end of the hanger.

— The user is responsible for determining the working pressure of a given weight and grade |of casing.
c) |BOP test pressure:
The| BOP test-pressure rating for a casing hanger is the maximum pressure that may be applied fo the upper
portion of the hanger body and to the annulus seal assembly. This tating specifically excludeq the casing
conpection at the lower end of the casing hanger. The BOP test-pressure rating for a casing hanper shall be
equpl to the rated working pressure of the wellhead housing that'the’hanger is installed in.
d) [Support capacity:

The| manufacturer's stated support capacity is the rated weight that the casing hanger(s) are|capable of

trangferring to the wellhead housing or previous caSing hanger(s). The effects of full rated internal working
pregsure shall be included.

11.4.2.6 Flowby area

Caging-hanger minimum flowby areas_shall be documented by the manufacturer for each sizg of casing-
hanper assembly.

11.4.3 Testing

11.4.3.1 Validation testing
Valipation testing’af\drill-through mudline casing hangers shall conform to 5.1.7. Validation testing for internal

pregsure shall be-performed to verify the structural integrity of the hanger and shall be independent of the
casing grade and thread.

11.4.3:2™ Factory acceptance testing

Hydrostatic testing is not required as part of the factory acceptance testing of drill-through mudline casing
hangers. A dimensional check or drift test shall be performed on the hanger to verify the minimum vertical
bore; see Table 36.

11.5 Annulus seal assemblies

11.5.1 General

Annulus seal assemblies provide pressure isolation between each casing hanger and the wellhead housing.
They may be run simultaneously with the subsea casing hanger, or separately. Annulus seal assemblies are
actuated by various methods, including torque weight and/or hydraulic pressure.
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Drill-through mudline annulus-seal assemblies shall be treated as pressure-controlling equipment as defined
in ISO 10423.

11.5.2 Design

11.5.2.1 Loads

The following loads shall be considered and documented by the manufacturer when designing the annulus
seal assemblies:

— setting ffoads;
— therma] loads;
— pressufe loads;

— releasing and/or retrieval loads.

11.5.2.2 Rated working pressure

The annulus seal assembly shall contain pressure from above equal to the(rated working pressure of| the
casing hanger; see 11.4.2.5 b).

The manufacturer shall specify the rated working pressure from below, if it is different than the rated working
pressure frgm above.

11.5.2.3 Qutside profile
The outsidg profile shall be in accordance with the manufacturer’s written specification.
11.5.2.4 Uockdown

The annulys seal assembly shall be locked-to the casing hanger and/or wellhead housing using a Jock
mechanism|that allows retrieval without damage to the seal surfaces, in the event of seal failure.

11.5.2.5 HEmergency annulus seakassemblies

Emergency| annulus seal assemblies that position the seal in a different area or use a different peal
mechanism|may be supplied. They shall meet all requirements of 11.5.2.

11.5.3 Facfory acceptance testing

Factory acgeptancetesting is not required.

11.6 Boreprotectors and wear bustings

11.6.1 General

A bore protector protects annulus-seal assembly sealing surfaces inside the hybrid casing-hanger housing
before internal drill-through mudline casing hangers are installed. After a casing hanger is run, a
correspondingly sized wear bushing is installed to protect the remaining annular sealing surfaces and the
previously installed annular seal assemblies and casing hangers. They are generally not pressure-retaining
devices. However, wear bushings may be designed for BOP-stack pressure-test loading.
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11.6.2 Design

11.6.2.1 Loads
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The following loads shall be considered and documented by the manufacturer when designing the bore

protectors or wear bushings:
— BOP test pressure loading;

— radial loads.

It is|not necessary for bore protectors or wear bushings to meet the requirements of Clause 5.

11.6.2.2 Vertical bores

11..2.2.1 Full opening vertical bore

The| minimum vertical bore of the bore protector shall be as given in Table-37. The minimum \
through wear bushings shall be as given in Table 36. Bore protectors and wear bushings conform
requirements shall be referred to as having full-opening bores.

11..2.2.2 Reduced opening vertical bore

Reduced vertical bores may also be supplied.

Table 37 — Minimum vertical bores for bore protectors

ertical bore
ng to these

mm

Nominal BOP stack sizes

(in)

Minimum vertical bore

mm

(in)

346

(13 518)

312

(12,31)

11..2.3 Outside profile

The|outside profile shall be_ih accordance with the manufacturer’s written specifications.

11.4.2.4 Rated working pressure

Borg protectors'and wear bushings are not normally designed to retain pressure.

11.6.2.5 \Lockdown/anti-rotation

Means shailbe provided 1o restrain or 10CK the wear bushings or Pore protector wWithin the n
feature may also be designed to minimize rotation.

11.6.3 Materials

using. This

The materials used in bore protectors and wear bushings shall comply with the manufacturer's written

specifications.

11.6.4 Testing

Bore protectors and wear bushings shall be dimensionally inspected to confirm minimum vertical bore.
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11.7 Tubing hanger system — Drill-through mudline equipment for subsea completions
All design, materials and testing of the tubing hanger system shall be in accordance with Clause 9.
11.8 Abandonment caps

11.8.1 Description

Abandonment caps are typically not provided for drill-through mudline equipment, as it is assumed that the
well will be fully completed after drilling.

11.9 Runrluing, retrieving and testing tools
Tools for rgnning, retrieving and testing all drill-through mudline wellhead components, including guidgnce
equipment, |housings, casing suspension equipment, annulus sealing equipment and protecfiveé devices,|are
beyond the [scope of this part of ISO 13628.

See Annex [H for recommended guidelines for the design and testing of this equipment,

Wash ports may be provided in the running tools to allow for cleaning of cement\ffom around the previously
run hanger/ousing.
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Annex A
(informative)

Vertical subsea trees

4:2010(E)

Vertical subsea trees are installed either on the wellhead or on a tubing head, after the subsea tubing-hanger
has been |nstaIIed through the dr|II|ng BOP stack and Ianded and Iocked into the weIIhead or tublng head. The

The)
TFL
dow

Figy

shown are typical and should not be construed as requirements.

Majpr items of equipment in a subsea tree are

subsea tree may have a concentric bore or may have multiple bores. Annulus access may
of the tree bores or it may be through a side outlet in the tubing head, below the tubing hanger

production outlet may be at 90° to the production bore or may be angled to'best suit flow requ
trees, the outlets are swept in at 15° maximum to the production bore to)facilitate the passd
n tools.

res A.1 through A.3 illustrate the major items of equipment insertical subsea trees. The ar

completion guidebases and tubing head;
tree wellhead connector;

tree stabs and seal subs;

valves, valve blocks and valve actuators;
TFL wye spool;

tree re-entry interface;

tree cap;

tree-cap running tool;

tree piping,

tree‘guide frame;

9 of the tree

ihg Workover and testing [in special appllcat|ons production (|nject|0n) may be via the top of the tree] and
duriphg production (injection) via the production outlet that branches off the vertical bore.

be through

rements. In
ge of pump

fangements

tree running tool;

flowline connectors;
flowline-connector support frame;
subsea chokes and actuators;
tree-mounted control interfaces;

control pod interface.
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Key

N

n wing valve

n swab valve
alve block

10
6 crossover valve
7 tree connector
8 tree guide frame
9 annulus wing valve
10 flow line connection

Figure A.1 — Guideline style vertical tree

1 producti

2 treecap

3 producti

4 master
5 flow looq
168
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Key
1 [ree cap assembly 5 swab valves 9 flow line connector
2 FNITalaMVZ=11V72Y a anva snaal and divvartar 10 treaa auidae framao
9 ~ g
3 annulus loop 7  annulus wing valve 11  tree connector
4  TFL flow loop 8  master valve block 12 wellhead guidebase

Figure A.2 — Guideline style TFL tree
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-
)
Key Q\

1 swab valves 5 tubing hanger 9 GRA, CGB, or tubing head
2 annulus wing valve 6 ssover valve
3 annulus master valve YC) production outlet
4  master Vjlve @ ° wing valve
N
Qge?:igure A.3 — Guidelineless style vertical tree
?\
RS
e
S
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Annex B
(informative)

Horizontal subsea trees

4:2010(E)

Several options are available for horizontal tree arrangements. These offer different benefits for installation,
retrieval and maintenance. These are addressed for information only. No attempt is made within this part of

L WaYaYaYe)

ISO

+ 1 + pu | 4o
1oUZ0 U TVAlUAlT UT TTLUTTITTITTIU Al UPUUTT.

Hor|zontal subsea trees may be installed after drilling and installation of the complete wellbead
priof to installation of the tubing completion and tubing hanger. For this mode of operation,
installed on top of the horizontal subsea tree and the tubing hanger and tubing completioh is run
BOR and landed off on a landing shoulder in the bore of the horizontal subsea treesThe producti¢n flow path
exits horizontally through a branch bore in the tubing hanger between seals and connects to
prodluction outlet. A typical tree of this type is illustrated in Figure B.1. The arrangement shown ir

req
pres

In &
tubi
ann
med

Ag
Figy
“sSw.

A th
hori
and
run
orie

Hor
equ
pun

Hor
diffe

ires that the tubing completion be retrieved prior to retrieving the tree. The arrangement alsq
sure-containing internal tree cap above the tubing hanger to provide a‘sécond barrier.

n alternative arrangement, the tubing hanger and internal tree cap-are combined into a sing
ng hanger system suspended in the horizontal tree. It doubleSyup on the number of isolatio
Llar seals for barrier protection and features a debris cap’that can also serve as a back
hanism for the tubing hanger.

uidelineless version of the horizontal tree, which.is4ypically a funnel down arrangement,
re B.2. The extended neck on top of the tree is required for clearance for the BOP’s re-entry
hllow” of its connector.

ird configuration, generally referred to as(the “drill-through” horizontal tree, allows the install
yontal tree immediately after the wellhead housing is landed. This system allows carryout ou
installation of casing strings through:the horizontal tree, minimizing the number of times it is n
and retrieve the BOP stack. In this\configuration, the diameter of the tree-bore protector and tu
ntation system should drift the ¢asing hanger and seal assembly.

zontal trees may also be“used with mudline suspension equipment and drill-through mudline
pment and may, additionally, be configured for artificial lift completions, such as electric
ps or hydraulic submersible pumps.

zontal subsea frees use many of the same items of equipment as vertical trees. However, equ
rs significantly includes the:

tree bady,

system and
the BOP is
through the

the aligned
Figure B.1
includes a

e extended
h plugs and
-up locking

s shown in
funnel and

ation of the

the drilling
ecessary to
bing-hanger

suspension
bubmersible

ipment that

tabing hanger;

isolation plugs (left in place);

tree cap.
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Commoh names for individual components are included in the numbered key. The two items Mot identified are the
casing hangers (blue) and tree (yellow). O
O

7 S

Key Q

1  crownplugs % 6  extended tubing hanger 11 master valve

2 debris|c ?\ 7  re-entry interface 12 wing valve

3 internattreecap 8——armutusswab-vatve 13—crossovervatve

4 tubing hanger 9 annulus wing valve 14 crossover flowloop
5 locking debris cap 10 annulus master valve 15 production outlet

Figure B.1 — Guideline style horizontal tree
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Key

1 fe-entry interface

2 pnnulus swab valve
3 pnnulus wing valve

4 pnnulus master valve

master valve

wing valve

production outlet

guidelineless re-entry funnel (funnel’down)

N O Ol

Figure B.2 — Guidelineless stylehorizontal tree
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Annex C
(informative)

Subsea wellhead

The subsea wellhead is normally run from a floating drilling rig and is located at the mudline. It supports the
casing strings and seals off the annuli between them. It is used in conjunction with a subsea BOP stack that

locks and s
housing afte

Subsea w¢g
(guidelinelg

Subsea we
Major items
— TGB;
— PGBo
— condug
— wellhea
— casing

— seal as

1 4+ +lo | R LLL P H s ) la 4+ 1 l pu | 1 + ) laieula
Cdls U UTT THYTT=PIToSUTT WTITTT AU TTUUSTTITY. TTTIT SUDSTA TITT TULRS AITU STAIS TU TTITT TIYTT-PIco

pr drilling is complete. Figure C.1 illustrates the items of equipment used in a subsea wellhead;

llhead systems can be run with a TGB/PGB (guideline) TGB/GRA (guidelineless) or wit
5S), and can incorporate alternative means of orientation, if required.

llheads may be used for subsea completions or tied back to a surface completion.

of equipment used with subsea wellhead are:

GRA;
tor housing;
id housing;
hangers;

semblies (packoffs, emergency packoffs, lockdown bushings);

— bore protectors and wear bushings;

—  COrrosi

— running

bn caps;

tools.

ure

hout
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Key
1 |temporary guidebase running tool 12 340 mm (13-3/8 ) wear bushing
2 |762 mm (30%in)*housing running tool 13 508 mm x 340 mm (20 in x 13-3/8 in) annplus seal
3 | high-pressure housing running tool assembly
4 | casing’hanger running tool (drillpipe or fullbore) 14 340 mm (13-3/8) casing hanger
5 fest tool 15 housing bore protector
6 178 mm (7 in) wear bushing 16 high-pressure wellhead housing
7 245 mm x 178 mm (9-5/8 in x 7 in) annulus seal 17 surface casing [normally 508 mm (20 in)]
assembly 18 low-pressure conductor hsg [normally 762 mm (30 in)]
8 178 mm (7 in) casing hanger 19 permanent guidebase
245 mm (9-5/8 in) wear bushing 20 temporary guidebase
10 340 mm x 245 mm (13-3/8 in x 9-5/8 in) annulus seal 21 762 mm (30 in) conductor casing
assembly 22 seafloor
11 245 mm (9-5/8 in) casing hanger 23 guidelines
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Annex D
(informative)

Subsea tubing hanger

Subsea tubing hangers are located in the wellhead, tubing head (wellhead conversion assembly) or horizontal
tree.

They suspi?d the tubing, seal off the production and provide sealing pockets for the production and control
stabs as a minimum. Horizontal trees also have annular seals for the horizontal side outlets.

Tubing hanpers having multiple bores require orientating relative to the PGB to ensure that the,tree enggges
with the tubing hanger when installed. It is normal to orientate tubing hangers with horizontal produgtion
outlets to give a smooth flow passage between the tubing hanger and horizontal tree{Concentric tuping
hangers dd not necessarily require orientation, unless required as a consequence of ‘providing downhole
instrumentgtion.
After installption, the tubing hanger is locked into the mating wellhead, tubing:head, etc., to resist the fprce
due to prepssure in the production casing and to resist thermal expansion. Lock mechanisms may be
mechanically or hydraulically actuated depending on water depth and specific project requirements.
Major elements of the tubing hanger system are
— tubing hanger:

— cohcentric; see Figure D.1;

— myltiple bores; see Figure D.2;

— horizontal tree; see Figure D.3;

— horizontal tree, extended; see Figure D.4;
— tubing hanger running tool;

— orientation device;

— miscellpneous tools:
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Key Key
1 funning tool latching groove 1 runningteol latching groove
2 |ockdown 2 lockdewn
3 ptab sub seal pockets 3 stab.sub seal pockets
4  ireline plug profiles 4 _wireline plug profiles
5 production bore 5. production bore
6 peal 6 annulus bore
7 seal

Figure D.1 — Concentric tubing hanger

Figure D.2 — Tubing hanger with multi

ple bores
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Figure D.3 — Tubing hanger for horizontal tree
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Annex E
(normative)

Mudline suspension and conversion systems

E.1 General

Mudline suppension equipment is used to suspend casing weight at or near to the mudline, toproyide
pressure cgntrol and to provide annulus access to the surface wellhead. Mudline equipment is tsed when
drilling witH a bottom-supported rig or platform and provides for drilling, abandonment, platform tielpack
completion [and subsea completion. During drilling/workover operations, the BOP is located)at the surface.
The casing| annuli are not sealed at the mudline suspension; therefore, it is necessary-'to- install mudline
conversion pquipment prior to installing a tubing completion and subsea tree.

Tieback adppters, mudline conversion equipment and tubing heads are used te ‘provide a preparatiop to
accept the fubing hanger and a profile to which a subsea tree can be locked and Sealed.

Major itemg of equipment used with mudline equipment are:

— landind and elevation ring;

— casing fhangers;

— casing fhanger running tools and tieback adapters;

— abandqnment caps;

— mudling conversion equipment;

— mudling conversion tubing head.

Figure E.1 illustrates the items of equipment used in mudline suspension and conversion equipment.

E.2 Calcplation of pressure ratings for mudline suspension equipment

E.2.1 Intrpduction

The purpose of, this annex is to define methods for calculating rated working pressure and test pressure¢ for
mudline equipment that are consistent with accepted engineering practice. Mudline equipment design [is a
unique conpbination of tubular goods and hanger equipment and. therefore, it is not intended that these

methods and allowable stresses be applied to any other type of equipment. Fatigue analysis, thermal
expansion considerations and allowable values for localized bearing stress are beyond the scope of these
rated working pressure calculations.

As an alternative to the method presented in this annex, the designer may use the rules in ASME BPVC,
Section 1X,[13], Annex 4, modified in accordance with ISO 10423. In this case, bending stresses in wall-section
discontinuities can be treated as secondary stresses. However, when using this alternative method, the
calculation for the rated working pressure shall be made in combination with loads applied by the rated
running capacity (if applicable) and the rated hanging capacity as well as thermal loads. The designer shall
ensure that strains resulting from these higher allowable stresses do not impair the function of the component,
particularly in seal areas.
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b) Mudline suspension equipment a) Mudline conversion equipment

I

0
1
2

Key

1 |tubing hanger profile 12 tieback tool (tieback sub)

2 |annulus-outlet 13 casing riser (to jack up)

3 |structural support ring (optional) 14 casing hanger running tools (landing subs) or tiebgck tools
4 |workover completion riser (tieback subs)

5  connector profile 5—abarmdommenttap

6 wellhead adapter 16 762 mm (30 in) conductor casing

7  permanent guidebase 17 mudline

8  tubing heads 18 508 mm (20 in) casing hanger

9 annulus seal assembly 19 762 mm (30 in) landing ring

20 340 mm (13-3/8 in) casing hanger
21 245 mm (9-5/8 in) casing hanger

=
o

tieback adapter

[EEY
[

casing

Figure E.1 — Mudline suspension (wellhead) and conversion equipment
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a) Mudlline conversion equipment (installed) b)\Subsea tree on a mudline
suspension conversion

Key

1  tubing hHanger profile 11\ mudline casing hanger, 340 mm (13-3/8 in)
2 annulugoutlet 12 mudline casing hanger, 245 mm (9-5/8 in)
3 structurgl support ring (optional) 13 tree cap

4  casing hanger tieback adapter 14 production outlet

5  connectpr profile 15 annulus valves

6  tubing head 16 wing valve

7  conductor casing, 762 mm (30 in) 17 swab valve

8 mudline 18 master valve

9  mudling|casing hanger, 508-mMm (20 in) 19 mudline conversion

10 mudlinellanding ring, 762-mm (30 in)

Figure E.2 — Mudline conversion equipment

E.2.2 Determination of nlnlnlinri loads

For each component that is considered in the rating, the most highly stressed region in the component when
subjected to the worst case combination of internal pressure and pressure end load shall be established. In
performing this assessment, bending and axial loads other than those induced by the pressure end caps and
threaded end connections required for imposition of pressure end load may be ignored. Specifically, it is not
necessary to consider axial or bending loads caused by the connection of the component to other pieces of
equipment in service.

In establishing the most highly stressed region of the component, considerable care shall be used to ensure
that loads applied through any casing threads which are machined into the component are included. The
presence of threads cut into the wall of a component and the pressure end loads imparted to the main body of
the component through these threads results in local bending stress which shall be considered. The general
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shape of the main body of the component may also result in section bending stress, especially when pressure
end load is added. These shape effects shall also be considered when determining the loads on the
component.

E.2.3 Determination of stresses

After the location of the highest stress for any given component and loading condition have been determined,
the stress distribution across the critical section shall be linearized to establish the membrane stress, Sy, the
local bending stress, Sy, and peak stress, F, in the section; see Figure E.3 (see ISO 13625). The linearization
operation shall be performed on each component of stress. The individual linearized components shall then

be ysed to calculate a von Mises pqlli\l:ﬂpnf stress throl |gh the cross-section._The von Mises pqlli\ lent stress
or djstortion energy stress, Se, shall be calculated as given in Equation (E.1):
1

S, :[X2+sy2 45,2 -5,8, ~5,5,-8,8, +3( 42450 +sy22)}2 (E.1)
whgre

S Syr S, are the component normal stresses at a point;

Sy S Sy, are the component shear stresses at a point;

subscripts x, y and z refer to the global coordinate system.
The| linearization operation can be done by hand calculation but it is more often done using p computer
program. If a computer program or FEA post-processing.program is used, caution shall be used tp verify that

the
recq
sim
a bd
suc

program is calculating the linearization stresses- correctly. A check on computer outpdit is highly
mmended. One such simple check for FEA post:processing programs is to construct an FEA model of a
ble beam in four-point bending. This model should be analysed for plane strain conditions and $hould have
am depth made up of at least five elements, The linearized von Mises stress through the centie section of
N a beam should produce no von Mises membrane stress.

The)
mer
con

e linearized
hese values

von Mises stress values of interest in the cross section of the component being studied are th
nbrane (net section) stress, and the linearized local bending stress as shown in Figure E.3. T
sider the multiaxial stress condition at a point since they are von Mises equivalent stresses.

4 Allowable stresslevels for working and test conditions

allowable stress-fevels for test and working conditions are based on percentages of men

ding and membrane-only stress required to yield the material. For the case of the stresses use

brane-plus-
I in this, the
ce they are

I membrane.and bending stress calculated in E.2.3 shall be considered primary stresses sin

oads.

dertd understand what allowable levels should be used for this case, the limiting situation of full section
yielging) shall be defined Assuming the simple case of a rectangular beam and an elastic/perfectly plastic
material,_a plo imiting _membrane-plus-bending versus membrane-only stress can be made (see
ASME BPVC, Sectlon T and ASME BPVC, Section VIII[12], Figure E.4 shows the limiting values of various
combinations of membrane-plus-bending and membrane-only stresses normalized using the minimum
specified material yield strength, Sy. The limit stress ratio for membrane only is 1,0 and for bending only the
limit is 1,5. If a membrane stress less than 2/3 Sy is added to a large bending stress, the membrane-plus-
bending stress ratio may exceed 1,5. This is due to the stiffening effect of the membrane stress and shifting of
the beam’s neutral axis. This increase in bending capacity when axial load is applied is generally ignored.
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Key
1 local pegk stress, F 6 stress
2 local berjding stress, S, 7  thickness
3 net sectipn member streéssyS, 8 tensile load
4  total stress distribution 9 local bending moment
5 equivalent lineardistfibution 10 vertical plane through axisymmetric part
Figure .3~ Stress distribution, axi-symmetric cross-section, mudline suspension components
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Key
Sy membrane stress limit stress

test pressure limit
rated working pressure for suspension equipment
rated working pressure for conversion equipment

S, pending stress
Sy Jield strength

A W N R

Figure E.4 — Limiting stress values, mudline suspension components

E.2l5 Test pressure

For the purposes of this part of ISO 13628, the allowable von Mises stresses for hydrostatic test conditions on
both suspension and conversion equipment are as follows: the membrane stress, Sy, as given in
Inequality (E.2) and the membrane-plus-bending stress, Sy, + Sp, as given in Inequality (E.3) for S, <0,67Sy
and as given in Inequality (E.4), 1,2 S, for 0,67Sy <S,;, <0,90Sy:

S, <0,90S (E.2)

m Y

S, +Sp <1355 (E.3)
m b Y

S +Sp <2155 (E.4)
m b Y
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The allowable test pressure shall be that required to cause any of the allowable stresses to occur in the critical
cross-section of the component when pressure and end loads due to test end caps or plugs are considered. It
is mentioned that the above limits, shown in Figure E.4 for clarity, are identical to those given in ASME BPVC,

Section VI

[12] part AD, for hydrostatic test conditions.

E.2.6 Rated working pressure

E.2.6.1 Mudline suspension equipment

For the purposes of this part of 1ISO 13628, the allowable von Mises stresses for working conditions for

mudline suj
membrane-
Inequality (

Sm <@

The rated W
of the comp

E.262 M

For the pu

mudline copversion equipment are as follows: the membrang stress, Sy, as given in Inequality (E.8) and

membrane-
Sm <@
Sm+9S

The rated W

of the component being considered./These limits are about 75 % of test conditions. The conditions coin

with the no
limit for th
equipment.
casing strir
production

pension equipment are as 10llows. the membrane siress, sy, as given in Inequalty (E.5) an
plus-bending stress, Sy +Sp, as given in Inequality (E.6) for S, <0,67Sy and as_give

£.7), 1,2 S, for 0,67Sy < S, <0,80Sy :

,80S (
b <Svy (
b <2,004S, (
orking pressure shall be that required to cause these stresses tg,occur in the critical cross-sed

onent being considered. These limits are about 90 % of test canditions.

udline conversion equipment
poses of this part of ISO 13628, the allowable vén Mises stresses for working conditiong

plus-bending stress, S, + Sy, as given in Inequality (E.9):

,67Sy (
b <Sy (
orking pressure shall be thatrequired to cause these stresses to occur in the critical cross-seq

mal design stress limit-given in Reference [12]. It should be mentioned that the membrane st
£ conversion-equipment operating condition is more conservative than that for suspen
This is to account for the fact that the suspension equipment is used in service as a part of
g. Casing stringycomponents typically have higher allowable stress limits than completio
bquipment.

the

1IN
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E.6)
E.7)
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Annex F
(informative)

Drill-through mudline suspension systems

4:2010(E)

Drill-through mudline suspension equipment is used to suspend casing weight at or near to the mudline and to
provide pressure control Dr|II through mudIrne suspensron equrpment is used when drrIIrng with a bottom-
ported - . . v : ‘ rkover and

ratin
aba
the

mud

Maj

Figy

ally too large to allow running them through casing tiebacks. It is usual to use risers having
g and bore equivalent to the surface BOP for the installation of casing hangersyseal assemb
hdonment caps and tubing hangers. The wellhead housing contains the necessary profile for Ig
tubing hanger and has an external profile to which the subsea tree can beNocked; therefore

line requires no conversion equipment.

Dr items of equipment used with drill-through mudline suspension are<the:

conductor housing;

surface casing hanger;

wellhead housing;

casing hangers;

annulus seal assemblies;

bore protectors and wear bushings;

abandonment caps;

running, retrieving and_test'tools.

re F.1 illustrates the items of equipment used in drill-through mudline suspension systems.

ellhead-like
their OD is
a pressure
ies, internal
cking down
drill-through
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casing, 4

44 mm to 273 mm (9 5/8 in to 10 3/4 in)
b mm (16 in)

riser, 61’-1: mm (24 in)

ental tie-back pipe

equipment

ment cap

r profile

housing

bmbly

n casing hanger

173 mm to 508 mm (18 5/8 in to 20 in)
r housing

r, 762 mm (30 in)

73 mm to 508 mm (18 5/8 int0"20 in)
40 mm (13 3/8 in)

44 mm to 273 mm (9.5/8)in to 10 3/4 in)

14

Eigure F.1 — Drill-through mudline suspension system
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(informative)
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Assembly guidelines of ISO (API) bolted flanged connections

G.1 Scope

G.]

Sud|
ass
nec
defi

G.1
An

defi
flan

G.]

Stamdard closure bolting shall be made up to a minimum between 67 % to 73 % of the minimum n1

stre
sep
B7

725
177
AST

Low
sha
gas
atr
(80

Tab
grag
AST
mat]

.1 General

cessful use of 1ISO (API) bolted flanged connections require knowledge of their capabilities
bmbly. This annex provides the provisions for assembly and bolt make-up for type6BX integ
and blind flanges as defined in 1SO 10423 and type 17SS integral, welding(neck and bling
ned in this part of ISO 13628.

.2 Introduction

assembly procedure and recommended make-up tension of bolting for bolted flanged cor
ned. Its purpose is to ensure structural integrity and controk of*leak-tightness for the 1SO
jed connections.

.3 Recommended bolting make-up tension/torgue

hgth to ensure gasket seating during make-up<and increase face-to-face contact preload in €
bration forces at rated working pressure. Standard bolting materials, such as ASTM A193/A1
and B16, and ASTM A320/320M grades™L7 and L43, are defined as having a material yield
MPa (105 000 psi) for diameters up-to and including 63,5 mm (2,5 in). Larger-diameter

8 mm (7in) have a material cyield strength of 655 MPa (95 000 psi). CRA bolting
M A453/A453M class D (grade 660), has a material yield strength of 725 MPa (105 000 psi) fo

-strength closure bolting, such as ASTM A193/A193M grade B7M and ASTM A320/320M
| be made up to a minimum between 67 % to 73 % of the minimum specified yield strengt
et seating during make;up and to increase face-to-face contact preload in excessive of separ
hted working pressute. Low-strength bolting is defined as having a material yield strength
000 psi).

es G.1 and\&.3 provide torque values for ASTM A193/A193M grades B7 and B16, and ASTM
es L7 and) L43. Tables G.2 and G.4 provide torque values for ASTM A193/A193M grad
M A320/320M grade 7M bolting material, These tables provide calculated torque values b3
erialyield strengths listed in paragraphs 1 and 2 of this subclause and PTFE-coated bolts.

and careful
ral, welding
flanges as

nections is
API) bolted

aterial yield
xcessive of
D3M grades
strength of
polts up to
, such as
I all sizes.

grade L7M,
N to ensure
Ation forces
bf 550 MPa

[A320/320M
b B7M, and
sed on the

Some factors that affect the relationship between nut torque and bolt tension stress are the

thread pitch, pitch diameter and thread form;
surface finish of thread faces and nut bearing surface area;
degree of parallelism of nut-bearing area with flange face;

type of lubrication or coating of the threads (the friction factor associated with lubricants or c
vary up to 20 %), and nut-bearing surface area.
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It should be recognized that torque applied to a nut is only one of several ways to approximate tension and
stress in a fastener. The main requirement is to reach the applied tension stress range listed in this subclause
and to achieve gasket seating and hub face-to-face make-up. Lubricants, surface finishes, gasket hardness,
etc., may greatly influence the accuracy of actual bolt tension by applying torque. Therefore, the torque values
listed in Tables G.1 to G.4 are provided only as an informative guide, and should be verified by the
manufacturer using qualified bolting procedures.

Table G.1 — Recommended flange-bolt torque (API grease)

L7 L43 B16 B7 or gr660 material
Bolf size? Make-up at 67 % of yield strength Make-up at 73 % of yield strength
Bolt tension Make up torque Bolt tension Make‘uptorqpe
mm in, TIP kN (Ibf) N-m (ft Ibs) kN (Ibf) N:m (ft Ibs)
12,70 1/2; 13 UNC 44,17 (9 983) 108 (80) 48,38 (10 880) 118 (87
15,88 5/8; 11 UNC 70,72 (15 900) 210 (155) 77,06 (17 320) 229 (169)
19,05 3/4; 10 UNC | 104,66 | (23530) 366 (270) 114,04 (25630) 398 (294)
22,23 7/8; 9 UNC 144,49 | (32480) 582 (430) 157,43 (35 395) 634 (467)
25,40 1, 8 UN 189,56 | (42 615) 866 (639) 206,53 (46 430) 944 (696)
28,58 11/8; 8 UN 247,36 | (55610) 1252 (924) 269,51 (60 590) 1365 (1 0d6)
31,75 1 1/4; 8UN 312,84 | (70 330) 1739 (1 283) 340,86 (76 630) 1895 (1398)
34,93 13/8; 8 UN 386,00 | (86 777) 2337 (1 724) 420,57 (94 548) 2 547 (1878)
38,10 11/2; 8 UN 466,84 | (104 950) | 3059 (23256) 508,65 (114 349) | 3332 (2 498)
41,28 15/8; 8 UN 555,37 | (124852) | 3914 (2 887) 605,11 (136 032) | 4264 (3 145)
44,45 13/4;8 UN 651,57 | (146480) | 4915 (3 625) 709,93 (159560) | 5355 (3950)
47,63 17/8; 8 UN 755,46 | (169 833){\\6074 (4 480) 823,11 (185044) | 6618 (4 840)
50,80 2; 8 UN 867,02 | (194914) | 7401 (5 460) 944,66 (212370) | 8063 (5947)
57,15 21/4;8UN | 1113,19 | (250256) | 10607 | (7823) | 1212,88 (272 665) | 11557 | (8534)
63,50 21/2;8UN | 1390,09.|312504) | 14625 |(10787)| 1514,57 (340490) | 15935 | (11 7p3)
66,68 25/8;8 UNP | 1393;38 | (313245) | 15351 |(11322)| 151816 | (341297) | 16725 | (123p7)
69,85 23/4; 8 UNP {1 .536,02 | (345310) | 17684 |[(13043)| 167357 (376 234) | 19268 | (14 2[L1)
2 Metric eqpivalents fop-bolt tension and make up torque are listed for convenience, even though inch-size bolts are recommenddd for
use with this part of 1ISO13628.
b Calculated based on reduced yield strength of 655 MPa (95 000 psi).
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Table G.2 — Recommended flange bolt torque (API grease)

L7M or B7M material
Bolt size Make-up at 67 % of yield strength Make-up at 73 % of yield strength
Bolt tension Make up torque Bolt tension Make up torque
mm in, TIP kN (Ibf) N-m (ft Ibs) kN (Ibf) N-m (ft Ibs)
12,70 1/2,13UNC | 33,83 (7 606) 82 (61) 36,86 (8 287) 89 (67)
15,88 | 5/8, 11UNC | 53,88 | (12114) 160 (118) 58,71 (13 199) 174 (129)
19,05 3/4,10UNC | 79,74 (17 927) 279 (206) 86,88 (19 533) 304, (225)
42,23 7/8,9 UNC | 110,09 | (24 750) 443 (327) 119,95 (26 967) 483 (356)
25,40 1,8 UN 144,42 | (32 468) 660 (487) 157,35 (35 376) 719 (531)
48,58 11/8,8 UN | 188,46 | (42 368) 954 (704) 205,34 (46 162)) | 1039 (767)
41,75 11/4,8 UN | 23835 | (53584) | 1325 (977) 259,70 (58\383) | 1444 (1 065)
34,93 13/8,8UN | 29410 | (66116) | 1781 | (1314) 320,44 (72037) | 1941 (1 432)
38,10 11/2,8UN | 35569 | (79963) | 2330 | (1719) 387,54 (87 124) | 2539 (1873)
41,28 15/8,8 UN | 423,14 | (95125) | 2982 (2 200) 461)03 (103 644) | 3249 (2397)
44,45 13/4,8UN | 496,44 | (111603) | 3745 (2762) 540,90 (121597) | 4080 (3 009)
47,63 17/8,8UN | 575,59 | (129397) | 4628 (3413) 627,14 (140985) | 5043 (3719)
50,80 2, 8UN 660,59 | (148506) | 5639 (4 159) 719,75 (161 805) | 6144 (4 532)
47,15 21/4,8 UN | 848,15 | (190671) | 8081 [(5961) 924,10 | (207 746) | 8805 (6 495)
43,50 21/2,8UN |1059,11 | (238098) | 11143 | (8218) | 1153,96 | (259420) | 12141 | (8 954)
d6,68 | 25/8,8UN" | 1173,37 | (263785) | 12927 | (9534) | 127845 | (287408) | 14085 | (10 388)
q9,85 | 23/4,8 UN® | 1293,49 | (290 787)-| 14892 | (10984) | 1409,32 | (316828) | 16226 | (11 968)
191
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Table G.3 — Recommended flange bolt torque (PTFE filler-based coating)

L7,L43, B16, B7 or gr660 material

Bolt size Make-up at 67 % yield strength Make-up at 73 % yield strength
Bolt tension Make up torque Bolt tension Make up torque
mm in, TPI kN (Ibf) N-m (ft Ibs) kN (Ibf) N-m (ft Ibs)
12,70 1/2, 13UNC 44,40 (9 983) 64 (48) 48,38 (10 877) 70 (52)
15,88 5/8, 11UNC 70,72 (15 900) 125 (92) 77,06 (17 322) 137 (100)
19,05 3/4, I0UNC 104,66 (23530) 216 (160) 114,04 | (25637) 236 @4
22,23 7/8,9 UNC 144,49 (32 483) 343 (253) 157,43 | (35391) 373 (215)
25,40 1, 8 UN 189,56 (42 614) 510 (376) 206,53 | (46 430) 556 (4Q9)
28,58 11/8,8 UN 247,36 (55 608) 731 (539) 269,51 | (60588) 797 (548)
31,75 1 1/4,8 UN 312,84 (70330) | 1009 (744) 340,88 | (76 627){ 1099 | (810)
34,93 13/8,8 UN 386,00 (86777) | 1348 (994) 420,57 | (94548) | 1468 | (1083)
38,10 11/2,8UN 466,84 (104951) | 1754 | (1294) | 508,65 \N@A14349) | 1912 | (1 410)
41,28 15/8,8 UN 555,37 (124 852) | 2235 (1649) | 605110 (136032) | 2436 | (17P7)
44,45 13/4, 8 UN 651,57 (146 480) | 2797 (2063) |,709,93 | (159597) | 3047 | (2207)
47,63 17/8,8 UN 755,46 (169833) | 3445 (2 541), 823,11 | (185042) | 3753 | (27p8)
50,80 2,8 UN 867,02 (194914) | 4185 | (3087 | 944,66 | (212370) | 4559 | (3363)
57,15 21/4,8 UN 1113,19 | (250256) | 5968 | %4402) |1212,88 | (272667) | 6502 | (4 7P6)
63,50 21/2,8 UN 1390,09 | (312504) | 81957 (6044) | 1514,57 | (340490) | 8929 | (6586)
66,68 2 5/8, 8 UN2 1 393,38 (313 245) 8-587 (6333) [1518,16 | (341297) | 9356 | (6901)
69,85 2 3/4, 8 UN2 1 536,02 (345 310) 9 876 (7284) |[1673,57 | (376234) | 10760 [(7 937)
&  Calculat¢d based on reduced yield strength of 655 MPa (95 000 psi).
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Table G.4 — Recommended flange bolt torque (PTFE filler-based coating)

L7M or B7M material

Bolt size Make-up at 67 % of yield strength Make-up at 73 % of yield strength
Bolt tension Make up torque Bolt tension Make up torque
mm in, TPI kN (Ibf) N-m (ft Ibs) kN (Ibf) N-m (ft Ibs)
12,70 1/2, 13UNC 33,83 (7 606) 49 (36) 36,86 (8 287) 54 (39)
15,88 | 5/8, 11UNC 53,88 (12 114) 95 (70) 58,71 (13 199) 104 (76)
19,05 374, 10UNC 79,74 (I7927) 165 (122) 86,88 (I9532) 180 (133)
42,23 7/8,9 UNC 110,09 (24 750) 261 (193) 119,95 (26 966) 284 (210)
45,40 1, 8 UN 144,42 (32 468) 388 (287) 157,35 | (35376) 423 (312)
48,58 1 1/8, 8 UN 188,46 (42 368) 557 (411) 205,34 | (46462) 607 (448)
41,75 1 1/4, 8 UN 238,35 (53 584) 768 (567) 259,70 | (58-383) 837 (617)
34,93 13/8,8 UN 294,10 (66 116) | 1027 (757) 320,44~| (72036) | 1119 (825)
38,10 11/2,8 UN 355,69 (79 963) 1337 (986) 38754 (87 124) 1457 (1074)
41,28 15/8,8 UN 423,14 (95 125) 1703 (1 256) 461,03 | (103644) | 1856 (1 369)
44,45 13/4,8 UN 496,44 (111 603) 2131 (1 572) 540,90 (121 597) 2322 (1 713)
47,63 17/8,8 UN 575,59 (129397) | 2642 (1:936) 627,14 | (140985) | 2879 (2 109)
40,80 2, 8UN 660,59 | (148506) | 3188 | (2352) | 719,75 | (161805) | 3474| | (2563)
47,15 2 1/4,8 UN 848,15 | (190671) | 4547>| (3354) | 924,10 | (207 746) | 4954| | (3654)
63,50 21/2,8UN | 1059,11 | (238098) | .6244 | (4605) | 115396 | (259 420) | 6803| | (5017)
d6,68 | 2518 8UN" | 117337 | (263785)-| 7231 | (5333) | 127845 | (287408) | 7879| | (5811)
§9,85 23/4,8UN" | 129349 | (290787) | 8317 (6 134) | 1409,32 | (316828) | 9062 (6 683)

Thelvalues in Tables G.1 through.G:4 are calculated as given in a) through c).

a) |Hexagon size (heavy hex-nhuts) equals 1,5D + 3,175 mm (1,5D + 0,125 in), where D is the bqlt diameter,

b) |The flange bolt-torgque, T, expressed in Sl units of newton-metres, is given by Equation (G.1):

expressed in milllimetres (inches).

FE()* (1)) see30)| b aars(r)(r)
25102 | v(P) - ()( 1, )(sec 30°)] 4x102

(G.1)

where

D

is the bolt diameter, expressed in millimetres;
2

is the effective stress area, expressed in square millimetres, equal to (%){D _(Ogl\lﬂﬂ ;

is the bolt tension, expressed in newtons, equal to A times the bolt stress;

is the number of threads per millimetre;
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P is the pitch diameter, expressed in millimetres;
f  is the friction factor;
h  is the hexagon size, expressed in millimetres.

¢) The flange bolt torque, T, expressed in imperial units of foot-pounds, is given by Equation (G.2):

. F(P)|(F)+7()(P)(secant30?) | 1. b 0125(F)(f) .
_2( NI EVAY ,.mno\_+ 4(12) (G.2)
L}_ L\I } \I }\ N}\QC\IQ"L\)U }_
where

D isthe bolt diameter, expressed in inches;

2
A, s the effective stress area, equal to (%){D _(Ogl\lﬂﬂ ;

F is the force or bolt tension, expressed in pounds, equal to Ag times the\bolt stress;

N is the number of threads per inch;

P is the pitch diameter of thread, expressed in inches;

f s the friction factor (equal to 0,13 with threads and nut-bearing area well lubricated with API Bul BA2
thread compound; 0,07 for threads and nuts coated with a PTFE filler-based coating; 0,20 for ‘{dry”

unfoated/unlubricated threads and nuts) (dimensionless);

h  is the hexagon size, expressed in inches.

G.2 Guidelines for assembly

G.2.1 Intrpduction

Leak-free bplted flanged conpeetions are the result of many selections/activities having been made/perforfned
within a relgtively narrow bhand’of acceptable limits. One of these activities essential to leak-free performgnce
is the conmection assembly process. The provisions outlined in Annex G cover the assembly elemgnts
essential for consistent™~leak-tight performance of ISO (API) flanged connections. Written procedyres,
incorporating the features of these provisions shall be developed for use by the qualified connegtion
assemblers| Thetapplied torque/tension in the written procedures shall be qualified for some relevant [bolt
sizes with actdakmaterial, coating and lubrication.

NOTE 1  There are many ways to assemble an ISO (API) bolted flanged connection and Annex G is intended to provide
provisions to those responsible for preparing bolted flanged connection assembly (make-up) procedures or for qualifying
bolted flange connection assembler.

NOTE 2  The types of bolt-up tools and load control techniques covered by Annex G are not intended to exclude or limit
other tools and techniques that are certified to produce an equivalent or better bolt preload scatter value.

NOTE 3  The use of qualified assembly procedures and qualified assemblers is analogous to the general requirements
for welds, where use of qualified welding procedures and qualification of welders is present industry practice.
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.2 Examination of “working” surfaces

4:2010(E)

All flange “working” surfaces should be cleaned and examined before assembly. A non-abrasive cloth may be
used to clean all working surfaces to remove grease, preservation coatings and dirt. “Working” surfaces are
intended to have metal-to-metal contact during make-up, hence any painting on a flange’s working surfaces
should be removed. Adherent coatings, such a PTFE or plating, are acceptable on the flange working
surfaces. Greases shall not be applied on gaskets or grooves during make-up. Light oils may be used if

galli

ng or fretting is a concern.

Examine the ring groove surfaces of both connection flanges for appropriate surface finish and for damage to
surface finish, such as scratches, nicks, gouges and burrs. Indications running radially in the outer ring groove

(leak path) are of particular concern. Unacceptable scratches and dents in the groove and flange

t

re-machining. Correct any radial defect in the groove that exceeds the depth of serrations. The-(

be
Eng
que

An
both
gas

required, light oil can be used to lubricate the gasket during seating. ;Take care that no solid

pres

Exal
Pre
stud

queptionable parts.

Examine nut-bearing surfaces of flanges for scores, burrs, galling marks etc.; remove protrusions,
required.

G.2.3 Alighment of mating surfaces

Ensure that flanges are aligned both axially and rotationally to the design plane within specified tol
surg that any pipe or other connection that affects the alignment is properly supported. The use of

ach
hori
7,87
offs

pontal assembly. The flange-faces should be aligned within 0,5 mm per each 200 mm (0,02

moved by lightly polishing with a fine abrasive “wet or dry” paper around the gasket seat cirg
ure that the rework area blends in uniformly and avoid local polishing of theldefect.
stionable imperfections for appropriate disposition.

bw gasket shall be used whenever a flange is opened and re-made. Check the)gasket contact
surfaces for any mechanical damage and for surface roughness. Reject damaged or g
Kets. Gaskets may be reused for testing purpose. A new gasket shall always be used for final
ent in the lubricant. Report any questionable results.

mine stud and nut threads for deformation and damage,~such as rust, corrosion, cracks
iously used bolts should be thoroughly cleaned (such as wire brushing) before being reus

eve flange alignment is not-permitted. There should be just sufficient gap to insert the gaske

5 in) measured across-any diameter (0,15°), and flange bolt holes should be aligned within 3 n
bt; see Figure G.1. Report any questionable misalignment or use of excessive loads to align the

Dimensions

0,5

 J
A

ace require
efects may
umference.
Report any

surfaces of
uestionable
hssembly. If
articles are

and burrs.
ed. Inspect

s that have been subjected to high-cycle external loading with an appropriate NDE techniqlie. Replace

spot face if

prances. Be
bolt load to
t in case of
in per each
hm (0,12 in)
 flanges.

n millimetres

200

Figure G.1 — Flange-to-flange alignment tolerances
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G.2.4 Installation of BX gaskets

Check that the BX/SBX gasket complies with specified ring number and material specification.

Position the gasket such that it is concentric with the groove, taking suitable measures to ensure that it is

adequately

supported during the positioning process.

Ensure that the gasket remains in place during the assembly process. Do not use grease to keep the gasket

in position.

G.2.5 Inst

Verify comp
of bolts and

The nut thr
torque tools
exposed er]

corrosion cfacking.

Install bolts
torque. If nu

is applied ilnmediately. It is recommended to take measures to temporarily, seal off the flange faces to al

foreign part

liance with bolt and nut specifications for the following: material grades, coating, diameter, le
nut thickness equal to the bolt diameter (heavy hex series nut).

pad and nut-bearing surface should be lubricated in accordance to the qualifiedyprocedure w

are used. Ensure that the lubricant is chemically compatible with the bolt/pnut_materials and
vironment. Particular care should be taken to avoid lubricant chemistry that-can result in st

and nuts hand-tight, then manual torque to 100 N-m (75 ft-Ibs) but<not exceeding 15 % of tg

hgth

hen
the
ess

rget

ts do not hand-tighten, check for cause and make necessary correetions. If not, final target tofque

cle ingress into the gap between the flange-raised faces.

The nuts s

all engage the threads for the full depth of the nut. Corrosion of excess thread can hinder

void

oint

disassembly. A practice that facilities connection disassembly.is.to fully engage the nut on one end (with no

part of the olt projecting beyond the nut) so that all excess length is located on the opposite end. The ex

ess

threads shquld not project more than 13 mm (0,5 in) beyonhd the nut, unless required for use of hydraulic

tensioners. |Hydraulic bolt tensioners require excess thread length of about one bolt diameter for engagen

of a pull ad

G.2.6 Tightening of the bolts

Calibrated
increment r|

crisscross {ightening-sequence pattern as shown in Figure G.2. Do not tighten the connection while

subjectto p
Check that

Bolt tensior
hydrostatic
undergo so
tension (tor

pter.

fools shall be used. Use thelselected tightening method, tighten the connection using |
punds of 30 %, 60 %, then(100 % of the specified make-up torque value, in addition to using

ressure or mechanical(loads.
he flange-face gapyat the raised face is closed all around the circumference of the connection.
pressurel tests (body test or rated working pressure test). In some instances, the bolting

me minor yielding during the test. Retighten the bolts, as necessary, to 100 % of the mak
[ue).in a crisscross pattern.

hent

pad-
the
it is

(or torque):should be rechecked after a flange (or bolted clamp) has been subjected to the initial

can
b-Up
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can
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Alw
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G.2

ISO 13628

-4:2010(E)

a) Single-point b) Two-point c) Four-peint
bolt-tightening pattern bolt-tightening pattern bolt-tightening| patte

Figure G.2 — Cross-bolt torque tightening sequence
for one tool, two tools and four tools

.7 Connection disassembly
en a significant number of bolts is loosened in rotational orderthe elastic recovery of the cl3

result in excessive loads on the relatively few remaining holts; making further disassembly
etimes causing galling between the nut and bolt, which can.seriously affect safe disassembly.

-in loads in the connection due to restraints, *Loosen bolts in the order of a crisscr
Figure G.2) as follows.
Start with loosening the nuts to 60 % of the\target torque in a cross pattern.

Check the gap around the circumference and loosen nuts in the order required to ad
reasonably uniform gap.

Loosen the nuts to 30 % of thestarget torque.
If the gap around the circumference is reasonably uniform, proceed with nut removal on a rota

If the gap around the-circumference is not reasonably uniform, make the appropriate adju
selective loosening-before proceeding with nut removal on a rotational basis.

are reused\for testing purpose, marks should be placed on the gaskets to ensure that new
used forthe final assembly.

.8 Records

N

mped parts
difficult and

hys check, never take for granted, that the connection/has been de-pressurized. Ensure that there are no

DSS pattern

complish a

tional basis.
stments by

Remove bolts“and nuts. Before bolts can be reused, they shall be cleaned and NDE examinedl. If gaskets

paskets are

Manufacturers shall document recommended make-up tension (or torque) as a part of the end connection
assembly record for each assembled connection. A typical record is provided in Table G.5.
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Table G.5 — Flange connection make-up record
(Click here to access an electronic revisable version of this form.)

Flange connection identification:

BOLTED FLANGED CONNECTION MAKE-UP RECORD

ASSEMBLY

Assembled by:

Date:

Clean and g¢xamination of components prior to assembly

Clean and
seating surfaces are free for damages.

heck that ring groove and BX gasket

Clean bolts and nuts and check that they are-free
from damage.

Clean and check that the nut bearing surface of flanges are free of paint, dirt and galling marks

Check applled flange connection components

Bolt materia

Nut materijal

Bolt diametgr and length

Bolt/nut coating

Gasket size|and material

New BX gasket used for final assembly

Lubrication| of bolt/nut "working surfaces"

Check that @pplied lubrication on bolt end threads/nut bearing\surface
correspondd with the lubrication used for establishing torque tables

Applied lubrication:

Alignment and installation of bolts

Studs free t¢ move within in bolt holes ¥es No Maximum flange face gap (mm)
Hand tight tgrque (Nm) Minimum flange face gap (mm)
TIGHTENING OF BOLTS

Target bolt Ipad Tool type: Number of tools:

30 % preload

60 % preload

100 % preload

Torque Pump pressure Torque Pump pressure Torque Pump pressure
Face-to-face contact Torque by: Date:
UNANTICIPATED PROBLEMS AND

THEIR SOLUTIONS

CONTROL By: Date:

Target preload: |Torque: Tool: Pump pressure: | Preload acceptable: |Flange face contact:

198
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Annex H
(informative)

Design and testing of subsea wellhead running,
retrieving and testing tools

H.l] General

Ann
com

equ

pment and protective devices.

H.Z Design

H.2

As
tool

H.2

Too

1 Loads

h minimum, the following loads shall be considered when_designing the running, retrieving

D.

suspended weight;
bending loads;
pressure;

torsional loads;
radial loads;
overpull;
environmental loads;

hydraulic couglep thrust and/or preloads.

2 End.connections

joints or casing threads shall be in accordance with ISO 10424-1. Casing threads shall be in

with

ISO 10423. The tool shall have an adequate dimension for tonging. The load capacity of the t

ex H addresses the design and testing of tools for running, retrieving and testing all) subsg¢a wellhead
ponents, including guidance equipment, housings, casing suspension equipmehnt; annulus sealing

and testing

accordance
pol shall not

be inferred from the choice of end connections for the tool.

Torque-operated tools shall preferably use left-hand torque for make-up and right-hand torque for release, to
prevent backoff of casing/tubing/drill pipe threads during operation/disconnection.

H.2

.3 Vertical bore

Tools with through-bore shall have a sufficient ID and internal transitions to allow the passage of tools
required for subsequent operations in accordance with the manufacturer’s written specification.
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H.2.4 Outside profile
The outside profile of the tools shall be in accordance with the manufacturer’s written specification. The length,

outside profile and fluid-bypass area shall be designed to minimize surge/swab pressure and for ease of
running while tripping and circulating.

H.2.5 Load capacity

Tool load ratings shall be in accordance with the manufacturer’s written specification.

H.2.6 Venft

The condugtor-housing running tool shall be provided with a vent or system of vents. This system-ofivents is
used either|to fill the conductor with fluid during running or to allow the passage of cuttings during a jefting
operation.

H.2.7 Pregsure rating

The pressufe and depth rating of the tool shall be in accordance with the manufactdrer’s written specificatipn.

H.3 Matdrials

H.3.1 Selg¢ction

The materials used in these tools shall be chosen for strengthsatd it is not necessary that they be resistaft to
corrosive efivironments. They shall comply with the manufacturer’s written specification.

NOTE If exposure to severe stress cracking environments is expected, special practices beyond the scope of| this
part of ISO 1B628 can be required.

H.3.2 Codgtings

Coatings shall conform to 5.1.4.7.

H.4 Testing

H.4.1 Validation testing

Validation testing shall conform to 5.1.7.

H.4.2 Facfory acceptance testing

All tools shall be functionally tested, dimensionally inspected or gauged to verify their correct operation prior to
shipment from the manufacturer’s facility. Tools with hydraulic operating systems shall have the hydraulic
system tested in accordance with the manufacturer’s written specification. This hydrostatic test shall consist of
three parts:

— primary pressure-holding period,;

— reduction of the pressure to zero (atmospheric);

— secondary pressure-holding period.
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