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reword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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F[governmental, In_liaison with 190, also take part in the Wwork. SO collaborates close
rnational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

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

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

13628-1 was prepared by Technical Committee ISO/TC 67,.Materials, equipment and offshor
petroleum, petrochemical and natural gas industries, .Subcommittee SC 4, Drilling and
foment.

second edition cancels and replaces the first edition (ISO 13628-1:1999), which has been
5ed.

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

Part 1: General requirements andrécommendations

Part 2: Flexible pipe systems for subsea and marine applications 1)
Part 3: Through flowline (TFL) systems

Part 4: Subsea wellhead and tree equipment

Part 5: Subsea-wmbilicals

Part 6: Subsea production control systems

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

y with the

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

Standards

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

ct of patent

e structures
production

technically

ndustries —

The

Part 9: Remotely Operated Tool (ROT) intervention Systems
following parts are under preparation:

Part 7: Completion/workover riser systems

Part 10: Specification for bonded flexible pipe

Part 11: Flexible pipe systems for subsea and marine applications

1)

Under revision.
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Introduction

This part of ISO 13628 has been prepared to provide general requirements, recommendations and overall
guidance for the user to the various areas requiring consideration during development of a subsea production
system for the petroleum and natural gas industries. The functional requirements defined in this part of
ISO 13628 will allow alternatives in order to suit specific field requirements. The intention is to facilitate and
complement the decision process rather than o replace individual engineering judgement and, where
requirements are non-mandatory, to provide positive guidance for the selection of an optimum solution:
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Scope
part of ISO 13628 provides general requirements and overall recommendations for deve
plete subsea production systems, from the design phase to decommissioning and abando
of ISO 13628 is intended as an umbrella document to govern other, parts of ISO 13628 dealin

ome areas (e.g. system design, structures, manifolds, lifting<devices, and colour and ma
iled requirements are included herein, as these subjects are nat/covered in a subsystem stand

complete subsea production system comprises several . subsystems necessary to produce hy

ystem standards apply as far as the interface limits described in Clause 4.
cialized equipment, such as split trees and“trees and manifolds in atmospheric chambg
cifically discussed because of their limited‘use. However, the information presented is applica
s of equipment.

quirements as stated in this part of ISO 13628 are in conflict with, or are inconsistent with, re

plementary parts take precedence.

Normative refefences

following referenced documents are indispensable for the application of this document,
rences, only,the edition cited applies. For undated references, the latest edition of the
iment (inClyding any amendments) applies.

350641, Mechanical properties of corrosion-resistant stainless-steel fasteners — Part 1: Bolts,
s

tlopment of
hment. This
g with more

iled requirements for the subsystems which typically form part of a~subsea production system. However,

rking) more
ard.

drocarbons
ed, floating

rs, are not
ble to those

quirements

stated in the relevant complementary parts of ISO 13628, then the specific requiremgnts in the

For dated
referenced

screws and

ISO

3506-2, Mechanical properties of corrosion-resistant stainless-steel fasteners — Part 2: Nuts

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

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

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

ISO 13628-5, Petroleum and natural gas industries — Design and operation of subsea production systems —
Part 5: Subsea umbilicals
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ISO 13628-6, Petroleum and natural gas industries — Design and operation of subsea production systems —
Part 6: Subsea production control systems

ISO 13628-7: —2), Petroleum and natural gas industries — Design and operation of subsea production

systems —

Part 7: Completion/workover riser systems

ISO 13628-8, Petroleum and natural gas industries — Design and operation of subsea production systems —
Part 8: Remotely Operated Vehicle (ROV) interfaces on subsea production systems

ISO 13628-9, Petroleum and natural gas industries — Design and operation of subsea production systems —
Part 9: Remotely Operated Tool (ROT) intervention systems

API RP 2A,

Working Stfess Design Twenty-First Edition

DNV2.7-1,

3 Terms, definitions and abbreviations

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

3.1 Ternm

3.1.1
barrier

element forming part of a pressure-containing envelope which s, designed to prevent unintentional flo

produced/in

31.2
deep wate
water depth

NOTE R
“deep water”

3.1.3

first-end connection

connection

314
flowline
production/

NOTE |
a flowline.

Recommended Practice for Planning, Designing and Constructing Fixed Offshore Platform

Dffshore freight containers

s and definitions

jected fluids, particularly to the external environment

generally ranging from 610 m (2 000 ft) te:4 830 m (6 000 ft)

ince the physical circumstances of anpy\situtation will change as a function of water depth, use of the
implies that it may be necessary to consider design and/or technology alternatives.

made at the initiation point of the flowline or umbilical installation process

njection ling, ‘service line or pipeline through which fluid flows

h this part.of ISO 13628, the term is used to describe solutions or circumstances of general nature relaté

1"2]

v of

term

bd to

3.1.5

flying lead

unarmoured umbilical jumper with a termination plate at either end (incorporating connectors for the various
lines) used to connect subsea facilities together

NOTE 1 A flying lead is commonly used to connect e.g. a subsea control module on a subsea tree to a subsea
umbilical distribution unit.

NOTE 2  This type of umbilical jumper is lightweight and hence can be picked up from a deployment basket on the
seabed and manoeuvred into position using a free-flying ROV.

2) To be published.
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3.1.6

jum

per

short segment of flexible pipe with a connector half at either end

NOTE A jumper is commonly used to connect flowlines and/or subsea facilities together, e.g. a subsea
hard pipe riser installed on a production platform.

3.1.7
process valve

any

valve located downstream of the tree wing valves in the production flow path

flowline to a

3.1.

pul
dev
and

3.1.

sec
con

3.1.

spool

sho

NOT
subq

3.1.
ultr
wat

NOT

-in head
pulled along the seabed and/or through an I-tube or J-tube
D

pnd-end connection
hection made at the termination point of the flowline or umbilical installation process

10
t segment of rigid pipe with a connector half at either end

E A spool is commonly used to connect flowlines and/or. sibsea facilities together, e.g. a subg
ea manifold.

11
h-deep water
pr depth exceeding 1 830 m (6 000 ft)

E1 Since the physical circumstances of any situtation will change as a function of water depth, us

“ultrp-deep water” implies that it may be necessary to consider design and/or technology alternatives.

NOT

E 2 For description of pressure ‘and temperature ratings, the definition given in the applicabl

Inteqnational Standard and other relevant standards and design codes is used.

3.1.
um
sho
line

NOT
distr

3.2

12

pilical jumper

t segment of umbilicalvwith a termination plate at either end (incorporating connectors for
5) used to connect-subsea facilities together

E An umbilieal jumper is commonly used to connect e.g. a subsea umbilical termination to a sub
bution unit.

Abbreviated terms

ce used for terminating the end of a flowline or umbilical so that it can be loaded/offloaded from a vessel

ea tree to a

b of the term

b subsystem

the various

sea umbilical

AA\

AC

1 |
alirmuiuo dULUT oo vdive

alternating current

ADS atmospheric diving system

AlV

annulus isolation valve

AMV annulus master valve

API

American Petroleum Institute

ASV annulus swab valve
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AUV

AWS

BOP

CRA

C/WwWO

DC

DFI

DHPTT

DNV

EDP

ESD

ESP

FAT

FMEA

FPS

FPU

GOR

GVF

HAZOP

HBW

HIPPS

HPU

HV

HXT

IPU

LMRP

LPMV

LRFD

LRP

autonomous underwater vehicle
American Welding Society
blow-out preventer
corrosion-resistant alloy
completion/workover

direct current

design, fabrication, installation

dgwnhole pressure temperature transmitter
Det Norske Veritas

efnergency disconnect package
efnergency shutdown

electrical submersible pump

factory acceptance test

fajlure mode and effects analysis

fl

gating production system

fl

@ating production unit

gas-oil ratio

gas volume fraction

hazards in operation analysis

Brinell hardness

high-integrity pressure protection system
hydraulic pewer unit

Vickers\hardness

horizentattree

internal diameter

integrated pipeline umbilical

lower marine riser package (for drilling)
lower production master valve

load and resistance factored design

lower riser package (for workover)
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Lwi light well intervention

MEG monoethylene glycol

MIV methanol injection valve
MODU mobile offshore drilling unit
MPFM  multiphase flowmeter

MPP multiphase pump

NACE National Association of Corrosion Engineers
OTDR  optical time domain reflectometry

PCY

"~

production control system
PGB permanent guide base
PIV production isolation valve
PLHM  pipeline end manifold

PLHT  pipeline end termination

PLS plastic limit state

PM production master valve
PRE pitting-resistance equivalent
PSL production shut-down

PSW production swab valve
PWNM production wing valve

QRA quantitative risk.analysis

RAL “Reichsadsschuss fir Lieferbedingungen”, a Colour system used by German paint manufacturers
ROT remotgly operated tool

RO remotely operated vehicle

SAS safety-and-attomation-system

SCM subsea control module

SCSSV surface-controlled subsurface safety valve
SEM subsea electronic module

SIL safety integrity level

SITHP  shut-in tubing head pressure

SSIvV subsea isolation valve

© I1SO 2005 — All rights reserved 5
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SSP subsea processing

SUDU  subsea umbilical distribution unit
SUT subsea umbilical termination
SXT surface tree

TFL through-flowline system

TGB temporary guidebase

TH tubing hanger

THRT  tuping hanger running tool

TRT tr¢e running tool
ULS ulfimate limit state
UNS unified numbering system

UPMV  upper production master valve
UPS uninterruptable power supply
VXT vartical tree

WAT wax appearance temperature
WHP wellhead pressure

WOCS weprkover control system
WOR  wprkover riser

X0V crpss-over valve

XT tree

4 Systegms and interface descriptions

4.1 General

411 This clause describes subsea systems and main components in general and defines subsystem
interfaces and’¢orresponding specification break points.

4.1.2 Subsea production systems can range in complexity from a single satellite well with a flowline linked
to a fixed platform or an onshore installation, to several wells on a template or clustered around a manifold
producing via subsea processing/commingling facilities and transferring to a fixed or floating facility, or directly
to an onshore installation.

4.1.3 The major components of a typical subsea production system are shown in Figure 1. The various
elements are further described in detail in Annex A.

4.1.4 Detailed requirements are given in the following clauses and in subsystem standards of this part of

ISO 13628. Some specific requirements are covered by this part of ISO 13628 only. They apply to overall
system design, materials, structures, manifold piping, colour and marking, and lifting devices.

6 © I1SO 2005 — All rights reserved


https://standardsiso.com/api/?name=235d64d00100f95fefdf33cc6166b27a

ISO 13628-1:2005(E)

Key
funning and retrieving tools

nstallation and workover controls

completion/workover riser and workover controls)umbilical
Satellite well

femplate

flowlines

production controls

production riser

Fiser base/SSIV

manifold

- 2 O 00 NO OB~ WN -~

- O

export flowline

Figure 1 — Typical development scenarios

4.2| System description

4.21 Subsea production systems can be used to develop reservoirs, or parts of reservoirs, which require
drilling of the wells from more than one location. Deep water conditions, or even ultradeep water conditions,
can also inherently dictate development of a field by means of a subsea production system, since traditional
surface facilities such as on a steel-piled jacket, might be either technically unfeasible or uneconomical due to
the water depth.

4.2.2 Subsea equipment may also be used for the injection of water/gas into various formations for disposal
and/or to provide pressure maintenance in the reservoir.

© I1SO 2005 — All rights reserved 7
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4.2.3 The subsystems comprising a subsea production or injection system may include the following:
— a structural foundation/template for positioning and support of various equipment;

— one or more wellhead systems with associated casing strings to provide a basic foundation structure and
pressure containment system for the well(s);

— one or more subsea trees incorporating flow and pressure control valves;

— a well entry system, used for initial installation and abandonment, as well as various maintenance
activitiesan the subsea wells which require averhead well entry:

— a PCSffor remote monitoring and control of various subsea functions;

— an umpilical which may include electrical power and signal cables, as well as conduits, for hydraulic
controlfservice fluids and various chemicals to be injected subsea into the produced fluidhstreams;

— a manifold system for controlled commingling of various fluid streams;
— multipHase flowmeters, sand detection meters and/or leak detection devices;
— subsed processing equipment, including fluid separation devices and/or’pumps/compressors;

— one or|more flowlines to convey produced and/or injected fluids between the subsea installations and the
host fagility;

— HIPPS|to protect flowlines not rated for the full shut-in wellnhead pressure from being overpressured;

— one or|more risers to convey produced and/or injectedsfluids to/from the various flowlines located on the
seaflodr to the host processing facilities;

— interveption and inspection, maintenance and-tepair equipment as defined for all of the above;
— subsed protection structures;

— protectjon mats;

— pig lauhcher/receiver;

— pressufe- and temperature-monitoring devices;

— power distributionsequipment;

— tie-in spools and jumper flowlines;

— fIOWIin [=1] Id julll'JUl plUtUbt;Ull dUV;UUO (Illattl UOOUO, |uu|r\ dulllp;lly, tIUI I\lh;l '91 dUU hUUOUO, Utb),
— SSIVs at base of risers.

4.2.4 The subsea production system components are required to functionally and physically interface to
each other, as well as to

— the downhole completion equipment, including the SCSSV and any downhole pressure/temperature
gauges or chemical injection systems, and to any other interactive components such as remotely
operable sliding sleeves and corresponding equipment,

— the host processing facilities, including slug suppression/control devices.

8 © I1SO 2005 — All rights reserved


https://standardsiso.com/api/?name=235d64d00100f95fefdf33cc6166b27a

ISO 13628-1:2005(E)

4.3 Subsystem interfaces

431 Several systems and system elements interface such that determination of e.g. correct design
standard in many instances is difficult. In order to avoid inconsistent system design and subsequent
contractual disputes, it is recommended to focus on and define these areas and associated standards at an
early stage.

4.3.2 Typical system and “code-break” areas which should be addressed are

— tree to flowline/umbilical/manifold,

— |tree/TH to well completion system,
— |tree to WOR or marine riser,
— |tree control system interfaces.

4.3.8 In addition, system-dependent “weak points” should be defined and agreed-

5 |Design

5.1 General
5.11 When designing a subsea production system, a systems approach should be used which considers
equjpment and system testing, installation, commissioning;;operation, inspection, maintenance, repair, design
life and abandonment requirements.

5.1.2 Provision for possible future extensions afd operational flexibility to cater for reservoir|uncertainty
sholld be planned at an early design stage.

5.1.8 The design of a subsea produgction system should take into account the above phases|of the field
development, the requirements to operate the field, and the design data and design loads relgvant at the
locdtion of the subsea installation, The information should be provided in a design basis documgent. Typical
datgsheets included in Annex F may be used for this purpose.

5.1.4 The following subclauses give an overview of typical information required.
5.2| Design criteria
5.2/1 Environmental data

5.2.1.1 General

Thel following environmental data are typically required for the installation site of the subsea installation, and
applicable along flowline routes in the field and along pipeline routes for export.

5.21.2 Oceanographic data
Typically data are required for

— water: depth, visibility, salinity, temperature, lowest astronomical tide level, highest astronomical tide level,
resistivity, oxygen content, pH, mass density, specific heat capacity, swell, surge,

— currents: velocity profile, direction, distribution and periodic occurrence through the water column,

© I1SO 2005 — All rights reserved 9


https://standardsiso.com/api/?name=235d64d00100f95fefdf33cc6166b27a

ISO 13628-1:2005(E)

5.21.3

seabed: soil description, friction angles, soil shear-strength, depth profile and load-bearing capacity,
pockmarks, presence of shallow gas, earthquake data, seabed topography, stability under cyclonic
conditions, resistivity, density, marine growth, subsea obstacles, volcanoes, mudslides, scouring,

topology, subsurface hydrates, thermal conductivity, friction factors, lithology.

Meteorological data

Typically data are required for

5.2.2 Reslervoir and fluid data

The followin

The datash

523 Wel

The following information related te_drilling operation, corresponding well completion and well interventid

waves:
weathsg

iceberd

reservg
reservg

reservg

produc

GOR,

wax CO

water,

injectio
temper

required:

NOTE

10

wellhead details,.g. size, pressure rating and well interface data if existing wellhead;

wellhead typeii.e. subsea, mudline, hybrid, etc.;

drilling

height, wavelength, frequency, direction, distribution and periodic occurrence;

[Pepending on the{sgenario, some of the information asked for below is required at different stages.

r- air temperature, wind speeds, wind direction, distribution and periodic occurrence;

s: size, mass, frequency of occurrence, direction, velocity.

g data are typically required for various points over the life of the field:

ir characteristics (basic sediment and water data including reservoir depth, reservoir structure
ir life);

ir inflow information;

htent and WAT, asphaltenes and hydrates, flowrates, AP gravity, chlorides/salinity/pH of prody
viscosity, cloud points, pour point and scaling potential, formation-water content of minerals;

h characteristics (turbidity, oil in water. or gas allowances, scaling probability, press
ature, corrosivity, filtration requirements).

pet F1 in Annex F provides guidance;on information typically required.

I completion data

= .
aria vasittly prugrartiiic,

subsea BOP and drilling riser system details, i.e. size, pressure rating, etc.;

guidebase details;

wellhead elevation and orientation;

equipment installation system, i.e. guidelines or guidelineless ROV, ROT, ADS and diving systems;

potential drilling loads on the wellhead system;

ype,

| characteristics such as shut-in pressure, flowing (max./min.) pressure, temperature, density,
vater cut, bubblepoint, chemical composition, corrosivity (H,S and CO, mol %), sand, emulsipns,

ced

nis
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completion/workover riser type, dual string, single string, concentric, subsea test tree, etc. an
with stress-joint, EDP/TRT, LRP and THRT;

completion tubing size and drift schedule with relevant plug nipple information;

-1:2005(E)

d interfaces

downhole control and monitoring requirements, i.e. valve, pump, sleeve, pressure, temperature and flow

functions;

well barrier requirements;

tubina hanaer svustem and desian e _mechanically or hvudraulicall\sset._size confiauration etc ;
J ~J J J 7 J J J 7 7 J 7 -

completion/workover riser facilities, i.e. running of subsea tree, running of tubing hanger; wir
tubing, snubbing and operations, well stimulation, clean-up and testing, etc.

B  Process and operation data

Thel following process and operating data are typically required for various points*over the life of th¢

5.2.

production systems requirements, i.e. flowrates, flow regimes, flow-—control requirements
(flowing and shut-in) and temperatures at wellhead and at processing facility, insulation, cirg
heating requirements;

injection systems (water and/or gas) requirements, i.e. flowrates, flow regimes, flow control 2
requirements, pressures (flowing and shut-in) and temperatures at wellhead and at processing

chemical injection requirements, i.e. type and characteristics of fluids, rates, flow control re
pressures and temperatures at wellhead and at_processing facility;

well shut-in requirements, i.e. barrier requirements, ESD requirements, kill/service fluids, rates
and temperatures at wellhead and at drilling rig or processing facility, hydrate control philos
start-up and shut-down, HIPPS;

flowline cleaning requirements, i.e."pigging round-trip/bidirectional;

requirements;

inspection requijrements, i.e. type of inspection to be performed, inspection frequen
requirements, intelligent pigging requirements, barrier testing;

interventien/fequirements, i.e. intervention methods; ROV, ROT, ADS and diving;

well Workover, i.e. frequency, type of workover operation and methods to be used;

eline, coiled

b field:

pressures
ulation and

nd filtration
facility;

quirements,

, pressures
bphy during

well management requifements, i.e. flow control requirements, rate limitations, testing/logging

Cy, access

cimmidtanoaonc deldlina and nradiiction racuiramantc:
sirauitaneeus-drillingan en-requirements:
abandonment requirements, i.e. plug and abandonment.

5 Host facilities data

The subsea system interfaces with the hosting facility, and relevant interface information for the facility is
therefore required as follows:

type of hosting facility, i.e. fixed platform, floating production facility or land terminal;

production riser type and characteristics, i.e. rigid or flexible;

© I1SO 2005 — All rights reserved
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5.2.6 Safety and hazards

service facilities available, i.e. electrical, hydraulic, air, water, chemicals, etc.;

ESD and control interface;

deck pl

an for equipment location;

flowline and umbilical interfaces, including pigging and Kill facilities;

flowline and umbilical routing and approach corridors;

protect
applicg

distang
motion
numbe

pressu

existing export flowline capacities.

Safety inclU
environmen

To prepare
production

12

shallow
fishing
vessel
military
seabed

iceberg

ble;

e between subsea facilities and host facility;
characteristics for floating production vessels;

I, specification and position of J-tubes and/or I-tubes;

re/capacity ratings for topsides process equipment;

des all operational, technical and emergency préparations significant for the protection of peq
t, installations and vessels present.

bquipment, early information about the(following is important:
gas pocket(s);

activity and design criteria-for'its protection;

Activities;

activities;

scouring;

activity;

mudslide probabiliies;

subsea volcanic activity;

sand waves;

flowline trajectories;

seabed characteristics;

environmental protection (wildlife, breeding seasons, etc.);

on requirements for flowlines and equipment inside receiving-defined-facility safety(zonep, if

ple,

for marine and mudline activities and to establish safety criteria for technical design solutions for
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— emergency preparations;

— other infrastructure;
5.3 Field development

5.3.1 System definition

Due consideration should be given to the following aspects during system definition:

— |water depth, hydrostatic pressure and temperature;
— |field configuration, i.e. template, well cluster, satellite wells, manifolds, processing equipment, gtc.;
— | details of existing facilities and infrastructure, i.e. platforms, appraisal wells, pipelines, etc.;
— | moored and/or dynamically positioned drilling-vessel type, i.e. semisub, monéhull or jack-up;
— |anchor patterns and/or footprint and rig heading;

— |field development schedule, i.e. planned development wells, future wells, future prodyction tie-in
philosophy, spare capacity including hook-up philosophy;

— | possibilities for “early” well testing, and early production;
— | artificial lift requirements, i.e. ESP, hydraulic turbines or gas lift;
— | well stimulation requirements, i.e. acidizing, fracturing, etc.;

— | requirements for well killing (from production facility or from intervention vessel, kill-fluid chdracteristics,
flowrates and pressure);

— | requirements for gas or water injection (flowrates, cleanliness and pressures);

— |requirement for chemical injection or periodic squeeze treatment for prevention of hydrat¢ formation,
waxing, scaling, corrosion,(etc. (injection chemical type, flowrates and pressure);

— | requirement for any flowline over-pressure protection system;
— | well testing requirements;
— | workover system type, i.e. conventional and/or subsea lubricator type;

— | controlkahd monitoring philosophy;

— |ihtervention philosophy, i.e. diver or diverless;

— flowline cleaning requirements;

— well clean-up strategy;

— design basis data accuracy range;

— moored or dynamically positioned installation and intervention vessels;
— reservoir characteristics;

— characteristics of produced and injected fluids;
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— commissioning requirements.

In addition, a strategy on flow assurance for the development should be established. Various subjects on flow
assurance to consider are discussed in Annex .

5.3.2 Simultaneous operations

The potential for simultaneous operations during installation and/or intervention should be assessed.
Simultaneous operations may be achieved typically in the following combinations:

rom

— simultgneous production through flowline transport systems during rig activity in the affected area.

5.3.3 Environment

System degign shall comply with applicable regulations and, in order to protect the marine environment, [due
consideration should be taken of the following:

— seabed congestion from subsea structures and pipelines;
— restrictlons on fishing activities and marine traffic;

— discharge of hydraulic fluid;

— discharge of produced water;

— disposal of purge/pigging/test fluids;

— disposal of drilling fluids and cuttings.

5.4 Design loads

5.41 General

All applicalble loads that can affect the subsea production system during all relevant phases, such as
fabrication, [storing, testing, transportation, installation, drilling/completion, operation and removal, should be
defined and form the basis forthe design.

Accidental loads are project-specific, and should be verified by a special risk analysis for the actual applicgtion.
Accidental |oads can_include dropped objects, snag loads (fishing gear, anchors), abnormal environmgntal
loads (earthquake)i.etc.

The datashgets in Annex F may be used to record applicable loads.

5.4.2 Unpressurized primary structural components and lifting devices

Specific design requirements for unpressurized primary structural components, such as guidebases, and for
pad eyes and other lifting devices, such as running tools, are given in Annex K.

5.5 System design

5.5.1 System engineering

Subsea system engineering is an interdisciplinary approach which covers the complete system, from the
reservoir to the processing facilities on the host (inclusive), with consideration of the requirements of all
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phases of the development, including engineering, procurement, construction,

commissioning, operation, workover/maintenance and abandonment.

testing,

The system engineering process consists of a management part and a technical part. An evalu

-1:2005(E)

installation,

ation of the

need for application of the various system engineering processes should be performed for each specific field

development, based upon the characteristics of the development.

System engineering methodology is further described in Annex H.

5.5.2 Overall design

A The subsea production system should be designed to optimize life-cycle benefit dwh
tional and safety requirements.

2 The system shall be designed such that any operation can be suspended, leaving the
state if predefined operational limits are about to be exceeded.

3 The system should be designed for easy fault diagnosis without system retrieval.

4 A high system availability should be obtained through use of simple designs and reli

(su

reqliirement should be established in the design basis information for the' development.

5.5.2.5 Operational reliability should be documented fof/the subsea systems. For non
temporary equipment, relaxed requirements may be accepted:

5.5.2.6 Connectors should have an inherent feature-preventing unintentional release.

5.5.p.7 Means of obtaining/maintaining cleanliness in hydraulic systems to the standard
fabrjcation, testing, installation, commissioning and-operational periods should be included in the d
5.5.p.8 Drag/wave-induced forces during launching/retrieval through the splash zone
considered for design and arrangement.of.structural elements, including those which are not rigid
the pverall structure, e.g. hatches.

5.5..9 Heavy modules designed for guidelineless marine operation, such as subsea trees
shopld be capable of sustaining-all relevant loads and be equipped for guidance during landing

moq
ope

ules. The load-absorbing-structure should have sufficient strength to withstand loads determ
rational parameters of the defined intervention strategy.

5.5.
inte

.10
faces.

The subsea system should allow flushing of hydraulic circuits subsequent to co

5.5.
the

2.11 Invorder to improve overall availability, the possibility to replace components while ot
Systemrare in operation should be evaluated during the subsea system design phase.

a
plier's standard equipment preferably with a satisfactory field performance record). The systerﬂ:

ile meeting

well(s) in a

le products

availability

critical and

equired for
Bsign.

should be
members of

and BOPs,
bf tools and
ined by the

nnection of

her parts of

5.5.2.42

The—sitihsaa svstam should include——where—iustified or where—reauired_byv_lacal
+— H&684—S\SteR—SROtHa—HRGHG8—AeH! FHSHHB S —WAe! FegtH-8a—Yy—ocat

egulations,

protection of sensitive equipment from potential damage caused by fishing gear and dropped objects. The

protection should be evaluated on a probability/consequence basis. For protection related to i
overall design requirements should be evaluated based on operating philosophy and procedures.

5.5.2.13

ntervention,

Subsea production equipment installed inside the applicable safety/restricted zone of a production

unit should be protected against dropped objects. Such protection should be evaluated on the basis of

probability of drop/hit during operations.

© I1SO 2005 — All rights reserved
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5.5.2.14

In areas with fishing activity, two design options exist:

trawl-resistant structures and/or continuous surveillance;

5.5.2.15

dropped-ob

if the establishment of a restricted zone is not allowed, overtrawlable structures may be required.

establishment of a restricted zone, i.e. an area in which no bottom-gear fishing is allowed. This requires

If overtrawlable subsea protective structures are required, the design should aim at prevention of
any accidental damage to the subsea production equipment. Due consideration should be given to damage
scenarios which could limit the possibility for later access, intervention or re-entry. The datasheet F5 for

ect protection and fishing gear loads in Annex F should be used.

5.5.2.16
positions fo
wrong/unkn

5.5.2.17

connections.

5.5.2.18
protection s

5.5.2.19

equipp
with ap

equipp
transpq
equipp
5.5.3 Bar
5.5.3.1
5.5.3.2
should be
requiremen

harm perso

5.5.3.3

The subsea production system should include means of determining the fully open and_clq
' equipment, such as valves and connectors, etc., that may cause damage or be damaged du
lown position when performing an operation.

The subsea production system should have position indicators for all- subsea-oper
Equipment located near areas involving intervention by ROV/divercshould be protected.
hould be evaluated on a probability/consequence basis of both impact ‘and snagging.

The subsea production system equipment should be designed-{e be

bd with lifting points, for which the primary loadbearing structures shall be certified in accordg
propriate requirements (see Annex K),

bd with transportation skids as relevant,

rted in a safe manner,

bd with facilities to enable attachment ofisea-fastenings which should be certified.

riers

A barrier normally shall bectestable.

As part of the overall'subsea production system design, a comprehensive barrier philosg
developed. The barrier philosophy should provide clear and concise guidance on ba
s, with the obje¢tive of preventing unintentional release of produced/injected fluids which

hnel and/or the 'environment.

For new_subsea projects, a complete barrier philosophy should be developed prior to

commencement ofidetailed design. This document should define what types and how many barriers

required for

operation of the facilities, through all of the various phases of the field life, including the followi

sed
e to

hted

The

nce

phy
rrier
may

the
are

Ng:

installa
drilling

hook-u

modes

16

ion activities, including tie-in of subsequent wells to a live manitolq;
and completion activities, including well testing and clean-up activities;

p and commissioning activities;

such as circulating of flowlines and pigging;

well intervention activities, involving re-entry into a well and or retrieval of a tree;

maintenance activities, such as replacement of a subsea choke;

routine production operations, for both producing/injecting and shut-in modes as well as for service
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decommissioning activities.

Similarly, for new subsea projects the barrier philosophy should cover all of the pressure-containing elements
of the system, from the reservoir(s) through to the first block valve(s) at the receiving/injecting facilities on the
permanent host facility or the MODU/intervention vessel, as applicable.

5.5.34 In situations where a project/field specific barrier philosophy (as described above) does not exist
(e.g. for pre-existing subsea production facilities), then it is advisable to develop an operating barrier
philosophy or generic barrier philosophy to cover at the least the barrier requirements during “routine”
operation of the system, i.e. production, shut-ins and barrier testing. A case-specific barrier philosophy can
then be developed prior to any intervention, workover, etc., activity to address those elements not covered in

the
5.5.

the
pos

Ger
pro

5.6

5.6.

The)

bperating/generic barrier-philosophy document.

B.5 Given the wide variety of possible field characteristics and equipment configurations

the barrier philosophy for each subsea production system shall be consistent with all app
regulations,

while some aspects of a generic barrier philosophy may be, applicable to many subsea
generic barrier philosophy is appropriate and applicable,

personnel and typically involves the use of one or_more risk assessment techniques such
FMEA, QRA, task analysis and/or scenario based tisk assessment,

engineers, equipment suppliers and field personnel,

the guidance/requirements contained.in the barrier philosophy should be clear and concise, i
to different interpretations and/or misinterpretation.

eral guidance on consideratiohs for development of a barrier philosophy (including test ph
ided in Annex J.

Subsea wellhead

1 General

wellhead\system is the structural foundation for a subsea completion. Depending on the con

the
sys
all

production system, the environmental conditions and soil conditions, the loads applied to th
mmay vary significantly. Structural integrity should be verified for maximum load conditions
riling and production operations. Specific design requirements for subsea wellheads a

varying requirements of existing local regulations combined with field operator preference
Sible or desirable to provide specific guidelines in this part of ISO 13628 that couldbe used ag
bartier philosophy. Not withstanding this constraint, it can be stated that

as well as
s, it is not
a standard

icable local

production

systems, each specific situation should be evaluated on a case<by-case basis to at least confirm that the

development of both generic and case-specific barrier’philosophies requires the use of ¢xperienced

as HAZOP,

the barrier philosophy should be clearly cemmunicated to all relevant personnel, incluging design

e. not open

ilosophy) is

figuration of
e wellhead
considering

e given in

ISO

13628-4.

5.6.2 External loading

5.6.2.1

Loads on a subsea wellhead system may include component dead loads (mass, weight, gravity),

riser loads, flowline pull-in and expansion loads, thermal growth, and direct environmental action. Typical
loads are shown in Figure 2.

© I1SO 2005 — All rights reserved
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I T T 1
3
%
2
s
Key
1 riser tengion
2 appliedrroments
3 environmental load (current, wave action, snag loads, etc.)
4 flowline ¢onnection
5 soil reaction
6 thermal growth
7 guidewirp tension
Figure 2 — Loads on subsea wellhead system
5.6.2.2 Riser loads are transferred to the wellhead system during drilling, well completion, workover and

production. Depending on the type of subsea system, these loads can be either temporary (i.e. marine drilling
riser and C/WO riser) or permanent (i.e. production risers or injection risers). These loads should be
determined by performing riser analysis. Further guidance can be obtained from SO 13628-7,
API RP 16Q ['8] API RP 2RD [17] and DNV OS-F-201 [30]. Fatigue analysis may also be required where
variable loading conditions exist (i.e. vessel motion and wave-induced riser loads and riser loads due to
vortex-induced vibrations).

Applicable loads and applicable load combinations (see Annex F) and operational criteria for the

determination riser loads, identification of accidental riser loads, identification of any code-break
inconsistencies and their implications should be established during system engineering (see Annex H).
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NOTE Riser design codes account for normal, extreme and accidental loading conditions. The design codes used for
subsea trees and wellhead systems are normally based on rated capacity for normal operating conditions and on the
working stress format. Riser codes are based on either working stress design (WSD) format or load- and resistance-
factored design (LRFD) format.

5.6.2.3 Flowline pull-in loads can induce significant shear and bending moments on the wellhead.
Consideration should also be given to the effects of thermal growth or contraction in the well tubulars and
attached flowlines and to additional loads due to the possible non-verticality of the wellhead.

5.6.2.4 For template wells, the interface between the well and the template manifold piping is particularly
critical and shall be analysed for tolerances related to variation in temperature, pressure, position and
elerpents-ef-erientation-of-both-well-and-manifold-cempenents—All-permutations-inparametervaldaes should be
congidered, including thermal growth of the well and the well’s different global index with_fegpect to the
manifold piping, and any expected subsidence of the template supporting structure. This interfacq is a typical
critical design feature of a template design, and should be carefully analysed.

5.6..5 A subsea completion may be subject to direct environmental loads, for example cyrrent, wave
actipn, earthquakes, ice, and soil movements. Dropped objects and snag loads.from anchors of trawls can
alsq be a concern for certain applications.

5.6.8 Well intervention
In ofder to accommodate well intervention, the subsea production system should be designed to

— |facilitate orientation and guidance of intervention tooling, if applicable, i.e. ROV, ROT, WO rise

=

— | provide access points for intervention by vertical well,-or alternatively by TFL,
— | enable safe shut-down and disconnect of risers_within a pre-defined time,

— |facilitate establishment of two independent reservoir barriers in the event of any critical [operational
situation,

— |retrieve critical components,

— | allow well intervention with rig-offset within specified limits.

5.6.4 Structural analysijs

Thel soil data, external-loeads and reactions are used as input to a structural analysis of the subs¢a wellhead
system to determing“the appropriate wellhead stick-up height and structural casing requirements. This
struptural evaluation should verify that all components, as well as the foundation, will retain structural integrity
durihg drilling;~installation, operation and workover. 1SO 19901-2 [13], ISO 19901-4 [14] and 1SO (19901-5 [13]
confain discussions of methods available for this type of soil-structure analysis.

5.6.P Wellhead rating

5.6.5.1 Subsea wellhead systems are designed to withstand a specific maximum working pressure. The
design of the subsea wellhead housing is such that the BOP stack or tree is usually attached directly to the
housing. Therefore, the housing shall be designed to withstand the maximum pressure specified for the life of
the well. Maximum conditions are typically referred to as shut-in pressure and pressure during well Kill,
stimulation or injection operations, including maximum differential temperature anticipated.

5.6.5.2 In deep-water applications, the differential pressure across pressure-containing bodies is
substantially reduced by the effect from the external hydrostatic pressure. In some applications this effect may
be taken into consideration when determining in situ working pressure for such equipment. Note that pressure
tests under atmospheric conditions should be modified accordingly.

© IS0 2005 — Al rights reserved 19


https://standardsiso.com/api/?name=235d64d00100f95fefdf33cc6166b27a

ISO 13628

5.6.5.3
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Subsea wellhead systems commonly being manufactured are rated to working pressures of
35 MPa (5 000 psi), 70 MPa (10 000 psi) and 104 MPa (15 000 psi).

5.6.6 Service

Subsea wellhead systems shall be compatible with the type of service specified. Consideration should be
given to the temperature of produced fluid and the presence of carbon dioxide, hydrogen sulfide or chlorides,
which all can contribute to mass loss and corrosion or stress-corrosion/cracking failures. The risk of hydrogen

embrittleme

5.6.7 Run
In addition {
adequg
sufficie
resista
should
running
ease O

All running
pressure ra

5.6.8 Con

In some ca
injection wg

problem argas identified. The wellhead system should be carefully inspected to ensure that damage has

occurred du
Areas that s
— height
setting

conditi

conditi

ling for the casing string being run.

nt due to free hydrogen from cathodic protection systems shall also be evaluated.

ine-too) : |
0 specific requirements, each running tool design should meet the following basic guidelifes:
te flowby area around or through the tool;

ht length of large-diameter elements to prevent hang-up in a BOP ram cavity;

nce to drilling mud and cuttings;

pred connections for tools required to transmit torque;

protection for seals located on the largest diameter;

strip-down and redressing on the rig.

tools should be compatible with the running-string<tensile load, cementing practices, and inte

hpleting exploratory wells

ses, wells originally drilled as exploratory evaluation wells are converted to subsea productio
lls. The recommendations in this part of ISO 13628 should be applied to such wells, and pote

ring the time since the well was suspended.

hould be investigated prior'to making a decision to complete exploratory wells are:
bf the wellhead abové mudline;

of casing hangers at dedicated locations within the wellhead housing;

bn and pressure integrity of casing hanger seal assembilies;

briLef the permanent guidebase;

A detailed r

20

condition of the latching profile and seal area of the wellhead housing;

condition of uppermost casing hanger internal seal area.

eview of the well history should be made to determine possible problem areas.

rnal

n or
ntial

not
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5.7 Tubing hanger/tree system

5.7.1 System design considerations

The general considerations given in 5.6 for subsea wellhead systems are also applicable to the tubing hanger
and tree systems. Specific design requirements are given in ISO 13628-4.

5.7.2 Tubing hanger system

Specific design considerations with regard to the tubing hanger system include the following:

— | number, size and mass of tubing strings to be supported;
— |type of threaded connection for the tubing;

— |number and size of control ports, and pressure rating for downhole safety valve(s)-and others ps required;
— |installation of tubing hanger in its appropriate receptacle;

— | requirement for electrical and/or fibre optical connectors for downhole ‘monitoring and/or contrg

— | manufacture and type of wireline or TFL plug profiles (if any) te-be machined in the major bores;
— |whether or not the tree design permits vertical access to the tubing hanger annulus port. This|determines
whether a wireline plug, stab-to-open check valve, hydtaulically actuated sleeve or other megns is used
to secure the annulus when the tree or BOP is removed;

— |orientation, if required, relative to a given datum-for corresponding interface with the tree;
— |type of riser, integral riser or individual tubing tieback strings used for installation and for wireline work;
— | protection of control ports from debris/fluid contamination;

— |type of XT;

— |location of TH (in wellhead, in tubing spool or in XT).
5.7.80 Special considerations for design of subsea trees

5.7.5.1 Pressurerating

A complete ‘gperating envelope of the expected maximum and minimum pressures for the wellbofe, annulus,
seryice bore (if used) and hydraulic lines should be outlined.

Flowing pressure, shut-in pressure, injection and/or kill pressure of the well should be considered.fIn addition,
the maximum service pressure for a TFL tree and the maximum control pressure for the SCSSV should be
considered. The pressure information should be evaluated in conjunction with the external loads acting on the
system for the particular operation taking place.

All components and connections should have a pressure rating consistent with the system rating. Wye spools
should be rated to the same pressure as other tree components. Tree loops should be designed to the same
pressure rating as the flowline if located downstream of the wing valve, or the tree components if located
upstream. The tree running tool(s) should have a pressure rating equal to or greater than the lesser of the tree
or the installation riser. Proof testing of the components, pressure testing across valves and plugs, and gas
testing required for trees used in gas service should be performed.

ISO 13628-4 and the guidelines in Clause 7 should be followed for selection/identification of test criteria.
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5.7.3.2 Service

Tree components should be evaluated with respect to fluid compatibility. A careful examination of potential
fluid types and constituents should be performed (considering amounts, states, total and partial pressures,

and temperature ranges), see Clause 6.

5.7.3.3

Pressure compensation

The installation water depth should be considered so that hydraulic and pressure-compensation devices can
be adequately specified and designed. These devices are relevant for such items as the control system,
running tools,-valve actuators and pressure-containing equipment

5.7.34

Overall tre
operating @
floating veg
required of

5.7.3.5 E
There are ]
upper and

flowline cor
type of tree
applicable 1

Structural g
shifts its pg

ig type

and running tool sizes and shapes should be compatible with vessel handling* space
onstraints. These should be evaluated early in the design. The use of a bottom-supporte
sel (anchored or dynamically positioned) can determine the tension and bénding capabil
he tree.

xternal loads

wo types of primary external load, other than environmental load, to which a subsea tree an
ower connectors can be subjected. The first type is installation, which includes riser loads
nection loads. The second type of external load occurs dufing workover and, depending on
can be due to attachment of a C/WO riser system or marine drilling riser system. See 5.6.2.1
ser codes.

nalysis should be performed to verify that, in case the installation/workover vessel acciden
sition (rig drift-off) and the installation tool dogs;not disconnect immediately, the structural fa

will occur if a point above the specified barrier element for the operation, leaving the well in a safe s

Motion comn
after an acq
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is unavoida
considered

pensator lock-up should also be addressed. The specified barrier elements shall remain leak
idental condition.

imposed on the tree and/or the flowlines can also be a concern. If the loads are such that dam

When flow
addition to

5.7.3.6

oops are connected t6 pressure-containing members such as valve bodies, the external load
aximum pressure.Joads, should be considered to act on the valves.

ree valve configuration

Arrangements of treewvalves depend on the intended service. Valves and bore configuration should be stu

to ensure

fetysand the necessary operational flexibility, including compatibility with downhole tools, pl

wireline opgrations, and TFL equipment as specified in ISO 13628-3 [6]. In addition, the fluid paths shoul
designed tq avoid fluid or solids collection and erosion. If the tree piping/loops are to be pigged, the de
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ties
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p for
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ate.
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ble, then the failure point and the'consequence for the tree functions after the damage should be

U7J

Hied
Ligs,
il be

5ign

should be ¢

onsistent with the type(s) of pig(s) to be used.

A composite valve block should be considered when installation and workover will be from a floating vessel.
This design has greater external load-carrying capacity, fewer connections and more compactness. At least
one master valve per bore shall be a fail-closed valve. A diver/ROV override should be considered for
remotely operated valves.

5.7.3.7 Bore size

The production or injection bore should permit the installation/removal of plugs, wireline-retrievable valves and
running of other downhole tools and equipment in the tubing string as required. Flow direction, fluid type,
suspended particle type and size, and flowrates should also be considered.
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In the case of TFL trees, the Wye spool should be designed to pass TFL tools in accordance with
ISO 13628-3 [6].

The annulus bore may be either directly vertically accessible from the upper tree connection to the tubing

hanger bore, or accessible only for pressure-monitoring/equalization and injection. If injection of a fluid (into
the annulus) is required, then the path configuration should be designed to avoid potential erosion.

5.7.3.8 Flowline connection

The method and type of flowline connection influences the transmission and reaction of loads that may be
imppsed on the free

The| flowline connector should be designed for at least the same pressure rating as thexflowline, when
mounted outboard of the wing valve. If used with a TFL tree, the bores of the flowline cohnection should be
des|gned in accordance with ISO 13628-3 [6]. Flowline and umbilical connections are distussed in|more detail
in 5(11.

5.7.3.9 Subsea intervention
Thel type of installation, whether diver-assist or diverless, and how backup)operations will be hgndled if the
primary method fails, are important concerns. These topics are addressed in more detail in 8.p (see also
ISO| 13628-8 and ISO 13628-9).

If ap ROV is to be used, the capabilities and the type of ROV should be considered. Special RQV concerns
incliide

— |access,
— | docking/reaction points,

— | required mechanical or hydraulic power,
— |load carrying capacity of the ROV;

— | design of special service tools;

— |type of ROV deployment’ system (tether management system; cage deployment system |or surface-
deployed).

5.7.3.10 Tree control
There are a number of control systems and associated configurations available for trees; these arg covered in

detail in Annex’A. The external loading, layout and space constraints for the interface with the treg should be
congidered-in the design of both components.

All I'}I/dranlir\/nlnr\fri(‘nl functions needed for tree operation should be controlled from the remote-cantrol station.
A tree control module, if used, can be mounted at any location on the tree that provides access and protection.
Hydraulic piping and electrical cables, if used, should be routed to minimize potential damage. The mass and
location of the SCM module should be considered in order to attain a balanced tree configuration.

5.7.3.11 Piping, connections, ring grooves and gaskets

Piping runs should be designed to avoid fluid or solids collection points and erosion, and appropriate
allowances made for expected corrosion/erosion.
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5.7.3.12 Tree running tool

For guideline or guidelineless operations from a floating vessel, the tree running tool and/or workover BOP
running tool should be provided with a high-angle release connector. Also, a quick-disconnection feature

should be p

rovided.

Angle capability and disconnect time should be established for each specific application. Factors to be

considered

for design of high-angle release connections are

local regulations,

water @

vessel

5.8 Completion/workover riser system

5.8.1 Spe
for operatio

5.8.2 The
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A workover
riser analys|
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field develo

5.8.4 Thg
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5.9 Mud

5.9.1 Sys

The genera
same as fo

5.9.2 Spegific design_considerations

The followi
suspension

epth and weather conditions,

Station-keeping capability, etc.

cific design requirements for completion and workover risers, including workover control syst
N in open sea and inside marine drilling risers shall be in accordance with(ISO 13628-7.

completion/workover riser design is analogous to downhole tubing‘design if it is to be used
up conductor pipe.

or completion riser to be used in open sea or inside a marine drilling riser shall be designe
s (including fatigue analysis) as specified in ISO 13628-7:

completion/workover riser should be designed to-suit the subsea tree with respect to
bore spacing, etc. In addition, operating conditions, including environmental loads for the spe
bment, should be reflected in the design of the riser system.

maximum permissible service life underispecified operating conditions should be defined,
7.

ine casing suspension system

fem design considerations

design requirements for completing a subsea mudline casing suspension well are essentially
a subsea wellhead\(see 5.6). Specific design requirements are given in ISO 13628-4.

ng items “outline specific design considerations for subsea completion on mudline ca
systems:

only

i by

drift
cific

see

the

5ing

the sy

em shoutdbe compatibie with jack-up or other bottorm-supported Tigs;

disconnect/reconnect point;

casing loads should be suspended near the seabed to reduce loads on the rig and provide a

the tension capacity, pressure rating and drift requirements should be selected to meet the requirements

of the particular wells. Care should be exercised when selecting reduced-bore hangers to ensure that
they are compatible with the drilling programme;

landed
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conditions. The combined total area and the quality of the flowpaths shall be evaluated;

adequate annulus flowby areas should be incorporated in mudline components, both in the running and
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the casing annuli should be accessible at the surface wellhead during drilling operations, but may be

isolated when a subsea tree is to be installed;

applied external loads which affect the mudline drilling system should be considered, i.e
current forces, riser/BOP weight, etc.;

. wave and

direction of rotation and required downhole torque of mudline components should be compatible with the

rest of the drilling system for installation and retrieval;

accessibility and adaptability should be incorporated for abandonment;

5.1

5.1(
des

5.1(

5.1(

maximum allowable misalignment and lateral offset between the running/tieback strings-a
should be defined;

upon temporary abandonment, individual casing risers should be removed, {0 mee
requirements at the ocean floor;

a protective cap (or caps) should be installed on the well, as required for the.well programme;

an annulus seal assembly should be installed between the productiofy casing and intermeq
strings at the tie-back/adaptation point. Seal selection for component. interfaces should be give
attention.

) Production controls

gn (specific design requirements shall be in accordance with ISO 13628-6).
.2 Control system availability can be maximized by

selecting highly reliable assemblies and components,

selecting components that have a‘high resistance to wear and corrosion,
providing component and system redundancy,

providing diver/ROV/ROT-intervention capability,

providing system-bypasses,

providing spare units (modules) for replacement,

establishirig control-fluid properties and cleanliness standards.

.3.-Maintenance should be considered early in system design. Maintainability of surface

nd hangers

t elevation

iate casing
n particular

.1 The general factors given in 5.10.2 to 5.10.4 shquld be considered during production control system

and subsea

equ

araani-aan-b ahan -
prcT T CaT o T TarTcTU— oy

designing equipment and system assemblies for easy accessibility for retrieval and maintenance,

designing control system assembilies to be retrieved independently from subsea completion hardware.

5.10.4 Specific design requirements for the PCS and its components shall be in accordance with

ISO

13628-6.
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5.11 Flowlines and end connections

5.11.1 General

This subclause presents guidelines intended for the design, construction, testing and installation of subsea
flowlines and end connectors used in a subsea production system. The guidelines cover the unique factors of
subsea systems, i.e. high pressure, multiphase flow, multiple lines, subsea connections and TFL systems.

This document does not replace design specifications for pipelines and flowlines. Their detailed design should
be in accordance with design codes specified by the end user and recognized by regional regulations for

transportati

on—of hvudrocarbons to other destinations  lnterfaces and spnec-breaks between snecifica
J Lad Lud

tion

regimes ne

5.11.2 Sys

The delines
halves of th

a) both ha

b) the flov

c) the poi

ariser

The various

5.11.3 Desjign considerations

5.11.3.1 R
The followin
a) Theins

numbe

control
b) The log
c) Selecti

pipeling diameter ahd-submerged weight, water depths, burial requirements, flowline length, dist3

bd to be adequately considered during system design.

fem description

tion of a flowline system as covered by this part of ISO 13628 (see Figure 1) begins with
e connector used at the subsea facility and ends with one of the following:

Ives of a connector used at another subsea facility,
Vline side of a surface connection or weld at the top of a platform riser, or

nt at which riser design begins (in case of a flexible or catenary production riser that does not K
base).

components and installation methods for flowlines are. described in A.9.

lowline design considerations

g flowline basic design considerations.should be addressed.

talled configuration of the flowline. should be considered. Flowline systems may be configured
I of ways, e.g. individual lines;:bundle, cased bundle, piggyback, pipe-in-pipe or integrated intd

umbilical.

ds imposed on the flowline during installation can be larger than subsequent loads.

host facility,\availability of suitable equipment, end connection method, and economics.

perating factors, including the following, should be considered in flowline design:

both

ave

ina
the

bn of a method for a particular application depends on the number of lines to be laid together,

nce

ading fliid- tha lina mav canvav nradiicad hvdrocarbons watar caolide iniaction chamicale ca
YHAEO-HtHa—Re R e-Hha -8 y-pProatceaTyaro6ao RS WatBH—SoHasHHecHoR-eReHEaHS

bon

oo

dioxide, hydrogen sulfide, etc.;

multiphase flow;

id flow rate;

id properties: pressure, temperature, viscosity, density, and corrosion potential are important;

TFL applications: TFL flowlines should be designed for free passage of TFL tools. 1ISO 13628-3 [6]

should be referenced regarding flowline diameters, minimum radius of curvature, and other
requirements;

from a
d) Many g

— flo

— flu

— flu
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h)
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pipe inside diameters, and pipe bend radii;
location of pipeline ends;

location of nearby flowlines: adjacent or
operations as well as installation;

flow assurance issues;

piaginga reguirements:
r'IJ J bt T

pigging: as with TFL tools, the use of pigs can restrict the permissible valves, fittings, connections,

crossing lines may interfere with one another during

produced fluids temperature;

insulation requirements;

coating weight requirements.

Upheaval buckling: this can be a key issue in conceptual development of ‘a production scena
have very significant influence on cost of flowline projects, type and<cost of expansion loo
flowlines and template manifolds, cost of repair of flowlines and any crossings required in &

area.

Seafloor topography: hills and valleys can induce slug fluidflow and liquid hold-up in the ling

rio, and can
ps between
congested

or trapped

gas pockets which in turn encourage hydrate plug formation; boulders, outcroppings and mudslides can
induce excessive external pipe stresses; and unsupported span can cause vortex-inducgd vibration

fatigue or sag-bend-induced stresses.

Seafloor environment: currents and hydrostatic'pressure apply forces to the flowline. Seafloo
can support the line, while sea water temperature and oxygen content affect the line’s extern
rate. Seafloor sediment transfer (scouring) can either bury the flowline, move its physical

r sediments
al corrosion
location, or

leave it unsupported, further affecting\the line's external loading conditions and external corrpsion rates.
Seafloor topography and characteristics also determine where the flowline encounters “virjual anchor”

points at which the line-soil interaction prevents any lateral or axial movement. Knowledge of

vhere these

points are helps in dealing with flowline expansion and contraction due to temperature changes, with the

assistance of loops or bends-in the line. Other uses of the seafloor, such as fishing and shig
can affect the safety of the flowline.

Anticipated line lifeihe corrosion protection requirements are a function of the design life of
The design of adlowline and its end connections should consider intervention requirements
the life of the flowline. Intervention is required for

initial"ehd connection procedures,

routine in-service inspections,

anchoring,

he flowline.
throughout

maintenance,

repairs.

Route selection: although the location of the flowline ends may be specified, a straight line between them
might not be the best. The flowline should, if possible, avoid mudslide areas, seafloor canyons, rock

outcroppings and established anchor patterns. The route should avoid
developments and operations. The approach to a connection point is important for correctly

restricting future field

aligning the

connectors and accommodating other equipment or structures. Flowline expansion and contraction may

also be accommodated by adding predetermined curved sections in the route.
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i)  Weather: anticipated weather conditions during the installation phase of the project should be thoroughly
evaluated. Seasonal directions and magnitude of waves/winds, combined with the average frequency of
excessive sea states, should be considered to determine the optimum timing for the project.

The intervention method chosen (for example divers, manned submersibles, ROVs or ROTs) affects the
design of various components, the overall installation technique, and the operational procedures for the
flowline system. ROV and ROT interfaces and general design shall be in accordance with 1ISO 13628-8 and
ISO 13628-9 respectively.

5.11.3.2 Design of rigid and flexible pipe

The following factors should be considered in the design of rigid and flexible pipe.
a) Selectipn of pipe diameter and wall thickness is determined by the following factors:
— applicable design codes, which shall be consulted along with other applicableCdocuments to
determine stress allowances, wall thickness allowances, allowable geometries(cconditions (bepds,
tegs, etc.), pressure and combined load conditions in every section of the. pipeline and its [end
copnections;
— floj rates;
— maximum working pressure;
— ex}ernal pressure;
— préssure drops;
— variations in pipeline elevation;
— flu|d density and viscosity;
— ling length;
— usk of TFL or pigging tools;
— requirements for installation\and intervention equipment;
— parallel lines for TFL/pigging, service, injection or redundancy;
— avhilability of suitable pipe;
— cofrosion/erosion wall thickness allowance;

— laying.method (S-lay, J-lay or reeling);

— laying vessel type and limitations;
— fluid characteristics;

— material grade;

— corrosion allowance (for CS pipe);
— CRA cladding requirements;

— manufacturability;
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water depth;

arrival fluid temperature.

Materials of rigid pipe construction: 1ISO 3183 should be referenced for various grades and standard sizes
of rigid pipe. It is important to consider that allowable mill tolerance variations in wall thickness and ovality
can limit the intended use of the pipe in certain applications where external loads, external pressure and
cold temperatures can exceed the pipe’s material strength at the extremes of the dimensioned tolerance
bands. Tighter mill-run arrangements, specifying smaller minimum wall thickness or minimum ovality
dimensions, can improve the pipe’s structural performance, but shall be agreed by manufacturer and end
user. High-strength pipe grades (above X-60) or CRA materials _can_require special welding or

mechanical joining techniques to achieve mechanical strength and fatigue resistance at the |

into account in stress calculations where excessive installation loads and test pressures could
limits of nominally dimensioned pipe. However, the corrosion/erosion wall thicknessrallowanc

internal working pressure, external pressure or other in situ operating conditions.
Materials of flexible pipe construction: 1ISO 13628-2 ], ISO 13628-10 ["Land ISO 13628-11 |

manufactured multilayered product with several cross-layered strength members. Allowab
tension capacity, bend radii, etc., depend on the construction design*and manufacture of the

planned and specified with individual and combined loading,parameters in mind;

Pipe designs should consider the effects of overbend-and sag-bend strains, pipe tension,
pressure, and lay vessel motions in conjunction with>the seafloor environment and topograq

bints or end

connections equal to that of the base material. Corrosion/erosion wall thickness allowancésymiay be taken

exceed the
e cannot be

taken into account when dealing with in situ environmental loads, expansion/contraction loads$, maximum

1 should be

used for the design and use of flexible pipe. It is important to understand that flexible pipe is a

e stresses,
broduct and

are outlined in the referenced specifications. Make sure that_design and manufacturing parameters are

hydrostatic
hy. Special

consideration should be given to the combinedxloading of these situations. For examplg, very high

installation tensions could lead to various degrees of ovality (flattening) in the pipe, which in turn could
lead to structural collapse due to high external‘pressure in deep water.

In-service factors should consider the effects of
residual load left over from installation,

environmental forces composed of gravity loads, hydrostatic loads, hydrodynamic loads gnd pipe-soil
interaction. Figure 3 identifies these loads in more detail,

trenching, burial ‘'or’ anchoring. These methods are used to improve on-bottom stability, [mechanical
protection or-insulating properties. However, these effects of restraint can cause unwanfed buckling
conditionscsor-eorrosion environments,

upheaval buckling, expansion and contraction due to effects of pressure and temperature

A rigid-pipe buckles when it is bent in too small a radius of curvature or when it is severely compressed.

Fer'subsea pipelines, a buckle occurs most often when the pipe is installed under external pfessure with
WW@JWM ici i i = i it | ' | structural

compression, such as when thermal expansion occurs at a restrained location. Once a buckle initiates
locally subsea, it will propagate at a lower external pressure than at its initiation. The buckle will continue
to propagate until the pipe moment of inertia increases and/or the external pressure decreases sufficiently
to arrest the buckle. Buckle arrestors are used to mitigate extensive buckle propagation. Buckle arresters
are usually pup pieces or sleeves of thicker pipewall welded into the linepipe.

Increasing the pipewall thickness above the structural and pressure-containment requirements can add
on-bottom stability weight or add a corrosion/erosion allowance.
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additiongl axial movement for alignment
angle relative to bottom

height off bottom

pipe weight

unsuppdrted span length
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pull-in fofces

soil frictipn
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M, vertical bending moment applied to pipe for end alignment
M, horizontal bending moment applied to pipe for end alignment
a angular movement of end for repositioning connector

T torque applied to bundled pipe for proper port orientation

Figure 3 — Factors that influence alignment loads and stresses
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5.11.3.3 Coating of pipelines

Pipelines may be coated externally in order to

a) provide improved on-bottom stability by increasing the pipe-soil forces against hydrodynamic forces in
regions of heavy wave action or high seafloor currents, and by adding weighting material, such as

concrete;

b) provide insulation to help maintain internal fluid temperature high enough to minimize the effects of
increased viscosity, hydrate formation and paraffin formation;

c) [provide mechanical protection from boat traffic and bottom-fishing activities, via pipe-in-pipe (tarrier pipe)
designs, concrete coatings, burial or trenching;

d) |provide external corrosion protection. Examples of such coatings include coal tar,,mastics and various
organic/inorganic compounds or insulation coverings. However, external coatings/can also|reduce the
amount of exposed surface area, which in turn can reduce the amount |of cathodic| protection.
ISO 15589-2 [11] and DNV RPB 401 [31] should be referenced for pipeline cathddic protection glesign.

— | Pipelines may be coated internally in order to reduce debris from manufacturing/construction dctivities,
— |enhance corrosion protection,

— | provide faster commissioning (drying) times,
— |improve pig performance,

— |improve hydraulic performance.

5.11.3.4 Design codes for rigid pipe

Several internationally accepted design codes are used for designing subsea pipelines. These include, but are
not |imited to

— |1S0O 13623 [4 for petroleum and .natural gas pipeline transportation systems,
— |ASME B31.4 [23] for liquid petroleum pipelines and ASME B31.8 [24] for gas and multiphase pipelines,
— |API RP 1111 [21] for offshore hydrocarbon pipelines,
— |DNV 0S F-101 29 for submarine pipeline systems.

Thelse and other<design codes for rigid pipe are based around four types of piping and presgure vessel
thegries: load; ‘elastic, elastic-plastic, and plastic limit-states. Load limit-state design codes Jook at the
individual heep, radial and axial stresses and provide safe operating limits for each condition. These codes
are the.mgost widely used and are based on universally accepted pressure-vessel theory, with many of the
ty factors built in. They are the most conservative of the pipeline design| codes and
Y vreRmen —Elastie—elastie-plastie—and-plastie limit-state-desigreedes—are—derived from
pipe burst and gross (excessive) plastic deformation formulations. Design algorithms based on these
formulations provide the designer with a clear picture of load and stress interactions on ductile rigid pipe
common in many offshore and subsea pipeline systems, where combined external structural and
environmental loads are on the same level as internal pressure-containment loads. Pipe designs using plastic
deformation theories can result in wall thicknesses which are 50 % to 80 % of the load limit designs for certain
extreme conditions. Although appearing less robust, pipe designs derived from these codes provide designs
with similar allowable safety factors.

It should be emphasized that this part of ISO 13628 does not recommend one design theory or code over
another; all have their practical applications. Rather, the intent is to show that there are several methods
available to address pipe design, given specific unique design requirements. Some design exercises may
involve the use of multiple codes/theories to develop the best piping design.
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5.11.3.5 Flexible pipe standards

International Standards used for flexible subsea flowlines are as follows:

ISO 13628-2 [5] for the design, installation and operation of unbonded flexible pipe;
ISO 13628-10 [7] for bonded flexible pipe;

ISO 13628-11 [8] for unbonded flexible pipe for riser applications.

Although flexible pipe is a complex multi-layered composite, these International Standards provide a means to
empirically dentify many of the same structural constants and performance characteristics as used in. figid
pipe calculations so that many rigid pipe installation and analysis programmes can be applied to flexible pipe

constructions as well.

Specific degign requirements for control system umbilicals and their components shall be in@scordance with

ISO 13628-p.

5.11.3.6 End connection design

After placing a pipeline on the seabed, it may be necessary to reposition the ends, modify them (e.g. by
adding tie-in spools), or both, so that a connection can be made without further-gross adjustment. The chpice
of a pipeline alignment and connection method and its subsequent~design is influenced by seyeral

consideratigns, including the following:

a)

b)

d)

e)

)]

32

target area: the location and accuracy with which the pipeline*end is placed, and its effect on the lateral
and anfular alignments and related stresses;

pipeling installation method: the procedures and equjpment of the chosen alignment method should be
compatible with the procedures and equipment choesen to install the rest of the pipeline. Alignment
equipment should also be designed for any residual pipeline reaction loads caused by the pipgline
installation method and/or thermal expansion loads;

pipeling end configuration: the type and_amount of alignment forces required of the chosen pipgline
alignment method can be influenced by the pipe design being single, bundled or cased bundled, an¢l by
pipe size, mass, strength, stiffness.and TFL requirements;

local spabed conditions: soil-friction forces and load-bearing capacity, local obstructions and segbed
topography can affect the alignment procedure;

connedtion point. aligoiment design is influenced by whether the connection point is another suhbsea
facility pr an offshorésplatform. An offshore platform can offer additional pipeline alignment methods, guch
as conventionaliser installation or J-tube installation. Connection points can also require expangion
loops, preakaway-features or valves to complement the overall design. Spool pieces can be required to
incorpqrate these added features;

end connection-method—it-is-essential-to-the. |nfngrlfy of the end connection that the plpnlmn nllgn hent

method positions the end of the pipe within the appropriate axial, lateral and angular make-up tolerances
of the pipeline connector. Rotational alignment should also be accommodated for bundled pipelines to
guarantee proper port orientation. It is also important to understand when the end connections take place
in the installation process. Some end connection techniques favor “first-end” connection, either as the
start of the pipe lay operation, or the first end to be connected immediately after the pipe is laid. “Second-
end” connections favor platform or riser connections, but are accommodated by almost all subsea end
connection techniques;

alignment loads and stresses: the design of the pipeline near the end connection and its alignment
hardware are influenced by the strength and stiffness of the pipeline, and the amount of movement
required to align the pipeline end with its connection point. Pull-in and lay-away methods require
repositioning the pipeline, which imparts axial loads and bending moments which should be accounted for
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as-installed

configuration. The connector should be able to generate enough preload force during attachment and
seal make-up to offset the residual installation, end connection alignment forces and operating stresses
that could otherwise break the gasket seal. Factors (see Figure 3) which influence these design loads and

resultant pipeline stresses during alignment operations include
connection-point height and relative angle off bottom,
pipeline weight (and buoyancy),

pipeline axial and torsional stiffnesses

unsupported span length,

lateral and angular movements to align the pipeline,

pull-in forces vs. residual pipeline installation forces and soil friction,
torque required (to orient ports).

pipeline connectors: the connection between the pipeline and the connection point is generally
pipeline end alignment is complete. The primary purpose of the connection methods describeq

create a pressure-tight seal that resists the loads associated with subsea environments.

specified, then the connectors should comply with 1SO13628-3 6] as well. All seals g
hydrostatic pressure should have bidirectional capability: Pipeline connectors should be
provide some verification means to assure the gasket has been formed and the connector ha
actuated or clamped together after it has been installed subsea.

.3.7 Pipeline connectors
following lists several pipeline connectors which typify the numerous options available:
bolted flange;

10423 [69,0 MPa (10 000 psi)sworking pressure and greater only], and 1SO 13628-4 and 1
.5 [25] should be referenced for their design and make-up requirements. Subsea bolted flar]

made after
below is to

If TFL is
xperiencing
lesigned to
s been fully

ASME/ANSI
ge designs

e use of metal ring joint gaskets which compress when the bolts are tightened. Special consideration

bld be given to these @askets for subsea applications. Some gaskets (e.g. APl BX gaskets)
br behind the gasket)when made up subsea, resulting in improper sealing of the gasket
hection. APl SBX{-API SRX or proprietary gaskets offer weep holes and/or tapered seals/seal

Se
cor
su

ent trapping of‘'water during make-up subsea. The designer should note that APl SBX gaskets

| botes and gasket ring grooves should be specified with CRA weld inlays or insert sleeves f

tend to trap
and flange
surfaces to
allow face-

ace contactofthe two flange faces whereas APl SRX gaskets do not. Consideration should therefore be
n to bending moment capacities required of the flange connection prior to selecting gasket typg.

0 provide a
the sealing

psSion-resistant surface finish and minimize galvanic corrosion between a CRA gasket and
i i i T CRA mater Fe used Tor Da material or the frange boday.

2. nav e No a

Bolted flange connections can permit and correct for some degree of initial misalignment during flange make-
up. However, rotational alignment is restricted because of bolt-hole orientation. Swivel flanges may be used to
facilitate bolt-hole alignment. Typically swivel flanges are located on the subsea facility or offshore platform
side of the connection, leaving fixed flanges for the outboard side.

Non-standard flange designs, such as compact flanges, may be considered to deal with restricted access,
angular misalignment or high-load interface conditions.

Bolted flange types can require divers to make up the flange.
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NOTE Examples of mechanical capacity charts can be found in APIBull 6AF ['6]  API TR 6AF1 "9 and
API TR 6AF2 [20] for static loading conditions. These charts should be used with care, as the analysis models do not fully
address the forces needed for a gasket or seal to maintain sealing integrity in a realistic manner. The number of bolts,
their size and material strength in a flange design typically govern the force required to make up the gasket seal and
maintain pressure integrity. The flange design is based on half the bolt’s yield stress and below-yield strength at test
pressure; with no external forces involved. APl TR 6AF1 [9 and API TR 6AF2 [20] are intended to lend insight into how
much “reserve” mechanical strength the flange can have when both flange material and bolting material are taken to yield
strength at various internal pressures; up to design pressure. It does not provide any perspective as to whether seal
integrity is maintained, since the flange faces can begin to separate at listed external loads. Flanged joints subjected to
cyclic (dynamic) loading should in general have face-to-face contact during operation to reduce the risk of bolt-fatigue

failure and leakage due to damage on the gasket.

b) clamp
This conne
metal ring g
the mating
to make u
unnecessal
most clamyg
provide.

C) proprie

hub;

ctor is similar in principle to a bolted flange connection. Clamp hub connectors may use the s
askets as bolted flange connectors, or use proprietary gasket designs. The clampingidevice fo
hubs together as the clamping device is tightened. Clamped hub connections arecgéenerally fg
b than bolted flange connections, because fewer bolts are required. Rotational alignmer
y since the mating hubs do not have bolt holes, except for multibore hubs’*On the other h
ed hubs do not permit the amount of initial misalignment that bolted_flange connections

tary connectors.

These conmectors are subsea connectors specially designed to perform, final alignment, locking and

energizing
expanding
short distan

Proprietary
or remotely
mechanical
devices. Hy
actuation d

asks. Proprietary connectors latch the pipeline to the connection point by various means, suc
ice of axial travel for one or both ends being connected:

connectors can be either mechanical or hydraulie, Mechanical connectors are activated by di
through special tools (ROT). These tools are’retrieved after connection, leaving only pas|

hardware subsea. Hydraulic connectors_are mechanical connectors with hydraulic actug

evices subsea after connection. Proprietary connectors typically use specially designed n

ame
rces
ster
t is
and,
can

eal-
h as

Collets, locking dogs or other mechanical devices. The latching procedure generally includes a

vers
Sive
tion

draulic connectors are generally operated.via hydraulic control lines, and may leave the hydraulic

etal

gaskets which are deformed when the connector.s locked.

5.12 Template and manifold systems

5.12.1 Genleral

The template is the framewerk that supports other equipment such as manifolds, risers, drilling |and
completion [equipment, pipeline pull-in and connection equipment and protective framing (template [and
protective faming is ofteq built as one integrated structure, however if early drilling is required then a [pre-
drilling template is «usutally installed to permit drilling activities to commence, followed by subseqgent
installation |of a preteCtive structure with integrated manifold onto the pre-drilling template). The template
should proviide foundation to sufficiently transfer design loads into the seabed. Various template configuratjons

are describ

pd’in ‘A.6.

5.12.2 Drilling and completion interface

The integrated template or pre-drilling template should provide a guide for drilling, landing and latching of the
conductor and conductor housing, and provide sufficient space for running and landing of the BOP stack. The
conductor may be permanently latched to the template or released subsequent to conductor cementing. The
template slots are normally capable of supporting the weight of the conductor and conductor housing until
cementing operations are complete. If subsea trees are to be installed, the template should provide proper
mechanical positioning and alignment for the trees and sufficient clearance for running operations.
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5.12.3 Alignment

The template should provide alignment capability for proper physical interfaces among subsystems, such as
wellhead/tree, tree/ manifold and manifold/flowlines.

5.12.4 Guidance

The template should provide for a guidance system to support operations through the life of the installation. If
guidelines are used, the template should provide proper spacing and installation/maintenance capability for
the guide posts. If guidelineless methods are used, the template should provide sufficient space and passive
guiranrp (‘apahilify to qu(‘(‘pqefully install kpy equipment items

5.12.5 Abandonment provisions

If tHe template is to be recovered at the end of the project, its design should include provisipns for this
requirement.

5.12.6 Template installation requirements
The ten_1p|ate should provide .sgffici_ent capability to allow for all installation requiremerjts. Diffeant types of
installation vessel, such as drilling rigs or crane barges, should be evaluated. The requirements may include
sonje or all of the following items:
— |load-out;

— |transportation to site;

— |launch capability;

— | crane capacity;

— | buoyancy capability;

— | ballast/flooding system;

— | system for lowering to seabed;
— | positioning capability;

— |levelling system;

— |foundationyinterface.

5.12.7 /Structures

5.12.71 Subsea structures shall be designed according to internationally recognized standards such as
ISO 19900 ['2]. The following apply:

— the structure should ensure sufficient alignment capability for physical interfaces between subsystems
such as wellhead/production guidebase, subsea tree/manifold and piping system, manifold/flowline
termination and installation aids, protective structure (if relevant) and other relevant interfaces;

— the subsea structures may be either fixed/locked to the wellhead system or separate with no direct fixed
connection to the wellhead. In the latter case, the piping should provide flexibility for connection to the
wellhead modules and/or manifold module;
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overtrawlable structures should provide snag-free protection from trawling operations. The structure's
concept should be verified through model tests and/or a geometrical evaluation combined with data from
model tests. The test procedure and criteria should be verified by local fishing autorities and/or
fishing/trawling experts with experience from the particular area;

hollow sections should be equipped with pressure-equalizing facilities in order to prevent collapse. Need

for internal protection should be evaluated;

the subsea structure shall be sized congruent with the intervention method (e.g. ROV, ROT or divers);

— dropped-abject protection may be provided over each wellbay and critical equipment with hinged or
removable panels;

— structufe corners shall penetrate into the seabed to mitigate snagging hazard.

5.12.7.2 Loads induced on the guide frame/bottom frame from the well system depend upotithe following:

— soil conditions and axial stiffness of well system;

— structufal design and stiffness of bottom frame against vertical deflection;

— structufe/well interface design and flexibility tolerances (if any);

— casing thermal expansion.

Well-suppofting structures should provide guiding/landing/latch._capability for the conductor housing |and

sufficient space for running and landing a BOP stack on thecorresponding wellhead and adjacent {o a

neighbouring subsea tree.

The well-sypporting structure/production guidebase design should allow for individual thermal expansiop of

the conductor/wellhead housings.

A drill-cuttirjgs disposal system may be considered. Alternatively, accumulation of cuttings within the strudture

is allowed, provided this does not interfere with-planned operations.

The design|of the structure should consider on-shore assembly and testing of equipment which is suppdrted

by the strugture.

The structyre should transfer, @lly design loads from interfacing systems and equipment to the foundation

system.

Consistent |with the drepped-object philosophy, protective structures and/or operational procedures shpuld

protect the| subsea<{eguipment against damage from dropped objects, fishing gear and other releyant

accidental Ipads. Structural design should also avoid snagging of ROV umbilicals and guide wires.

Datasheet k4-in Annex F can be used to record applicable fabrication, installation and operational loads.

5.12.7.3 In order to facilitate efficient intervention, the subsea template, structure and its equipment should

be designed as follows:

means

hinged

of a locking mechanism operated according to the selected intervention strategy;

protective structures should be designed for replacement;

all retrievable modules and structures should, if not otherwise secured, be properly locked down by

the landing area and surrounding areas should be designed to withstand loads imposed by the respective

intervention system during landing and operation. For wire-deployed running tools, a maximum landing
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speed of the unit equal to 1,6 m/s should apply. For drillpipe-deployed running tools, the maximum

landing speed should be 0,8 m/s;

suitable viewing positions should be provided for observation during running, connection and operation of

tools, modules and equipment;

suitable landing area and/or attachment points should be provided where manipulative tasks are required

to be carried out;

sensitive components/items on the subsea structure which can be damaged by the interven
should be protected;

tion system

L

bucket(s) designed for easy replacement of acoustic transponder(s) may be provided. Acous
and potential snagging should be avoided;

all locking mechanisms on protection hatches and lifting frames should be easily, operated in
with the defined intervention strategy;

replaceable guideposts should utilize locking mechanisms operated by theyselected interventiqg

all permanently installed guideposts which require guidewire attachment should be designed
new guidewire can be re-established upon broken wire or anchor overpull;

equipment installed on the subsea structure which requires torque or stroking to be apj
operation can require a dedicated tool and interface;

the design should be such that location of anodes~and other construction details do not re
obstruction or snagging point for the selected intervention system;

landing velocity and the need for soft landing'systems should be evaluated;

operational requirements for running-intervention systems from vessels, necessitating offse
the guidelines, should not restrict ROT access, reduce running clearances or otherwise be de
operational safety and reliability;

marking shall be provided to'permit easy identification of equipment by divers and/ROV;
part of the structure;)adjacent module or equipment, etc. to avoid any unintended impacts
during installation”and retrieval. There should be no physical contact between modules being

surrounding structure, even at worst-tolerance stack-up;

for guidéelineless operations, physical restrictions, such as guide funnels or bumper beams
provided to avoid impact between adjacent equipment.

4

ic shielding

accordance

n system;

such that a

blied during

bresent any

t angles on
trimental to

tools, BOP, modules(and all retrievable equipment should have an adequate running clearance to any

or clashes
run and the

should be

.8-Foundation and levelling

Generally, subsea systems require the template to be reasonably level in its final position for proper interface
and mating of the various components and subsystems. Typical levelling methods include one- and two-way
slips between piles and pile guides, jacking systems at the template corners and the active suction method. A
means for level indication should also be included.

Piled template systems shall be provided with a means to mechanically fix the template to the piles (i.e.
grouting or swaging).

In order to design the foundation and levelling system, the following should be considered:

seabed slope, installation tolerances and effects from possible scouring;
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— suction loads due to repositioning or levelling;
— intrusion of soil into pile sleeves should be prevented;

— use of a foundation system for well-supporting structures, based on support/anchoring on the well
conductor housings. The integrity of the foundation system should be verified;

— for foundation and skirt systems, arrangements made for air escape during splash-zone transfer and
water escape during seabed penetration. Lift stability and wash-out of soil should be taken into account;

final
be

operated in accordance with the selected intervention strategy;
— settlenent of the structures (installation and lifetime) should be accounted for;

— thermal expansion from produced hydrocarbons should be considered, particularly) if seabed gas hydrates
are present;

— new dgcommissioning requirements.
5.12.9 Manifold and piping

5.12.9.1 HRunctional requirements
Manifold syptems may provide some of the following functional requirements:
NOTE $ome or all of these capabilities are required for-every manifold system.

— sufficight piping, valves and flow controls to safely gather produced fluids or distribute injected fluids guch
as gas| water or chemicals;

— facilitiep for flow-testing of individualiwells;

— (where| pigging is anticipated);~appropriate pigging loops (for round trip pigging) or pig launcher/recgiver
interfage flange or hub andaappfropriate valving and line-bore dimensions;

— (if the pystem is designed for TFL capability), piping and valve diverters to support that capability, |[see
ISO 13628-3 [6;

— mountihg and<protecting equipment needed to control and monitor production/injection operations. [The
manifold system may include a distribution system for hydraulic and/or electrical supplies for the control
system,

— connection of flowlines. The manifold typically provides sufficient flexibility to make and break these
connections; for large-bore manifolds, dedicated flexloops typically provide this facility.
Connection/disconnection of flowlines should not affect other connections;

In addition, the design of the manifold system should

— allow completion of installation and retrieval of trees on well supporting structures without affecting
manifold connections and other trees. This is usually accomplished via a flowbase which permits XT
recovery without breaking manifold piping,

— consider installation of back-up jumpers/lines according to the selected intervention strategy,
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— include all applicable loads that can affect the subsea structure and piping during all phases,
— accommodate requirements set by the defined barrier philosophy,

— accommodate all requirements set by the installation and testing strategy.

5.12.9.2 Design characteristics

Design of manifolds and piping systems should take into account the characteristics of the fluids they will
encounter. These fluids include produced hydrocarbons (liquids and gases), formation water, and injected

Wat nnnnnnnnn dechamicala
P gastoara oo oarsT

The| general design characteristics for these fluids take into account the following parameters:
— | pour point;

— |pressure;

— |temperature;

— | chemical composition;

— | viscosity;

— | gas/oil/water ratio;

— | sand/paraffins/hydrates;

— | corrosivity.

5.12.9.3 Manifold piping

They size (diameter, wall thickness, etc.) of production piping is determined from anticipated well flowrates and
welll pressures (including well kilkkand shut-down pressure) for individual lines and/or combingd streams.
Conjsideration should be givent0:water/gas injection, gas lift and TFL operation, see ISO 1362§-3 [6]. Fluid
veldcities should be considered-in sizing of pipes to reduce pressure drops and control flow-induged erosion.
An |nternal corrosion allowancé should be considered in determining required wall thickness. Ovgrall design
and|clamping of piping/valves should consider load-effects from anticipated slug flow. Any acid trgatment and
backflow of acids through the manifold piping can severely influence material standards and cast. External
hydfostatic pressuréycan be taken into account when determining pressure ratings. Special consideration
shopld be given<to-piping downstream of chokes, due to possible high fluid velocities. If manifgld piping is
weldled, the piping shall be butt-welded. Manifold piping shall be designed to naturally drain any liquid
accpmulation.\towards the flowline connection end. Offtake piping should drain any liquids info the main
heafer if at-all possible.

Applicable parts of ASME B 22 may be used

for subse manifold piping systems.

It should be emphasized that this part of ISO 13628 does not recommend one design theory or code over
another; all have their practical applications. Rather, the intent is to show that several methods are available to
address manifold pipe design, given specific unique design requirements. However none of the above
referenced standards is specifically written for subsea manifold piping systems. Some design exercises may
involve the use of multiple codes/theories to develop the best manifold piping design, taking into account
unique challenges related to optimization of weight, pipe flexibility and tie-in loads.
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5.12.9.4 Maintenance

Maintenance is a key factor in system design, and the maintenance philosophy should be determined early in
the design of a template/manifold system. Some factors to consider are the following:

diver-assisted or remote maintenance methods;
the need for components to be made retrievable;

clear access space for divers, ROVs or other maintenance equipment;

— clear markings to allow similar components to be distinguished;

— height fequired above seabed for adequate visibility;

— system safety and operatability with components removed;

— fault arjalysis capability to identify failed components (typical FMEA activity).

5.12.9.5 Number of wells

If wells are |incorporated into the template and manifold, their number will vary depending on the site-spe
application [and thus greatly influence template size and manifold design) The addition of spare well s
should be [considered for contingencies such as changes in reservoir depletion plan, dry holes, dri
problems and other unforeseen production requirements.

5.12.9.6 Well spacing

Well spacing may be governed by the type and size of drilling and production equipment used, the functi
requiremenfs of the manifold, thermal expansion allewance and subsequent maintenance and inspeg
requirements.

Consideratipn should be given to providing space for such items as flowline and wellhead connections
their running tools and adjacent BOP and production tree clearances. Access should also be provided
inspection and maintenance tools.

5.13 Production risers

5.13.1 Gernleral

Specific refjuirements «for production risers and their components are given in recognized codes

standards. ee for example 1ISO 13628-2 [51 ISO 13628-11 [8], API RP 2RD ['71and DNV OS F-201 [30],

5.13.2 Desrgn considerations

cific
lots
lling

bnal
tion

and
for

and

Design of the production riser system requires definition of the production functions (flow paths), properties of
fluids in the lines, environmental loadings that will be imposed on the riser, and motions of the equipment to
which the riser will be connected. Resulting loads, forces, moments and displacements can then be
investigated and analysed for a given production riser system design and its components.

Similarities exist between the methods of analysis for drilling risers and rigid-pipe production risers. However,
functional differences do exist and should be accounted for in the design and analysis of production risers.
These differences include service life, fluid types, high pressure and opportunity for frequent inspection.
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5.13.3 Functional and operational considerations

Each line should be designed to satisfy requirements for throughput, pressure, corrosion, erosion and
temperature while maintaining structural integrity. Operational considerations include provision for riser-
system handling during extreme storm conditions, mooring failures, marine fouling, interface loads between
lines and riser protection against external loading. Long-term plans for inspection, maintenance and repair can
influence the riser system design. Operational activities, such as pigging through the various flowlines and
provisions for displacing hydrocarbons prior to riser disconnect, can also influence production riser design.

To achieve satisfactory operating performance, the riser design should be coordinated with the design of the
equipment to which it is connected, both at the hang-off of the FPU and at the seabed. Also, operating choices

sho
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5.13

Deg
defi
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Ild be made about whether the riser is to be designed to remain connected at extreme R
onnected and hung off, or disconnected and fully recovered. The riser size and complexity(can
ommingling production at the seabed, but this can result in added subsea equipment complexi

.4 Production aspects

ign of the production riser requires not only definition of the loads that can ogcur on the system
hition of the number, size and service for each of the lines needed to meet.the initial and proje

er, gas, chemicals), well test, annulus monitor/control functions and¢TFL tools. Expected requ
over can be a major factor in design selection. Each riser design is also influenced by
ream and downstream choices. For example, the riser flow path{can be designed for full shut

PU offsets,
be reduced

y.

L but a clear
cted system

uction requirements. Service requirements can include produced fluids;”product export, inj¢ction fluids

rements for
the various
in pressure

of the wells. Alternatively, a HIPPS system can be used to protectflowlines, or other equipment gownstream
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The]
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rated for full shut-in wellhead pressure, from being overpressurized. The HIPPS solutio
cribed in A.8.8.

h is further

ability of extreme load occurrences. Early decision on these matters can simplify the interac
ired to arrive at a satisfactory production riser design.

.5 Inspection and maintenance

level of inspection and maintenance required in the operation of a production riser should bg
e preliminary design specification stage of the design process. Inspection method(s) can
Act the size and configuratien of the riser. Inspection philosophy should be coordinated with
ection and regulatory~, tequirements. Maintenance requirements can influence the rig
iguration and fastening-assemblies, thereby influencing the riser system design.

.6 Installation.and retrieval

riser systém should be analysed taking into consideration the loads due to installation and
as operational loads.

functional life of the production riser is an impertant consideration, not only from the S’T

ndpoint of

pssing wear and fatigue, but also from the starndpoint of corrosion (both internal and exterrjal) and the

1

ive process

addressed
significantly
service life
er spacing

retrieval, as

1 “ROV/ROT intervention systems

Intervention systems may be operated by diver, ROV or specific ROT. Specific design requirements for
ROV/ROT interfaces with the subsea production system and its components are given in ISO 13628-8 and

ISO

13628-9.

5.15 Colours and marking

Requirements for colours and marking of subsea equipment are given in Annex B.
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6 Materials and corrosion protection

6.1 Material evaluation

6.1.1 This subclause applies to the materials used in the subsea structures, manifolds, piping and other
components which are important for the safety and operability of the subsea production system.

6.1.2 The following key factors apply to materials selection:

— primary consideration of materials with good market availability and documented fabrication and service
performanw,

—  minimi3
availab

— design
— operati
— experig
— system
— philosg

— Mmass

ration of the number of different material types, considering costs, interchangeability
ility of relevant spare parts;

life;

ng conditions;

nce with materials and corrosion protection methods under conditions*with similar corrosivity;
availability requirements;

phy applied for maintenance and degree of system redundancy;

bduction;

— inspecfion and corrosion-monitoring possibilities;

— effect g

f external and internal environment, including compatibility of different materials;

— evaluation of failure probabilities, failure maodes, criticalities and consequences, including attention to

advers
assets

— enviror

6.1.3 The

— be liste

— be star

— have a

b effects the material selected could have on human health, environment, safety and mat

mental issues related to corrosion inhibition and other chemical treatments.
materials to be used-should normally

d by the relevant design code for use within the stated design requirements,
dardizeddby'recognized national and international standardization bodies,

past tecord for use in the particular application, e.g. same type of component and dimensi

and

any
erial

bnal

range.

6.1.4 The material shall be readily weldable, if welding is relevant.

6.2 Metallic materials

6.2.1 Corrosivity evaluation in hydrocarbon systems

6.2.1.1

Evaluation of corrosivity should as a minimum include

— CO, content,

— H,S content,
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— content of oxygen and other oxidizing agents,
— operating temperature and pressure,

— acidity and pH,

— halide concentration/water chemistry,

— velocity flow regime.

6.2.1.2 A-gas-svystem-is-defined-as-wet-if nartof the-svstem-operates-below the water dew point
. S Y 1 4 1 Lig .

6.2.01.3 The evaluation of CO, corrosion should be based on an agreed corrosion-predictign model or
preyious experience from the same field.

6.2/1.4 For flowlines, a corrosion inhibitor efficiency of 85 % should be used fordesign, including effect of
glydol and/or methanol injections, unless a higher efficiency is documented.

6.2./1.5 The actual inhibitor efficiency should be qualified and documgnted by corrosion tgsts, unless
relejant field or test data are available.

Such assessment of inhibitor performance should fully reflect the intended operating environment with respect
to product composition, corrosivity and flow regime.

6.2.1.6 In flowline systems carrying hydrocarbons with condensed water, the corrosivity can [be reduced
by fpplication of inhibitors in combination with pH stabilizers as an alternative to inhibitors |alone. The
comlbined effect of inhibitors and pH stabilizers should be'qualified and documented by corrosion tests, unless
relejant documentation exists.

6.2/1.7 Risk for “sour” conditions during the\lifetime should be evaluated, especially if water injection is
forelseen.
6.2.11.8 Carbon, low alloy and corresion-resistant alloys in sour service (H,S) should gqomply with

1SO|15156-1 [10],

6.2./1.9 Drying or use of gorrosion inhibitors should not relax the requirement to use “sdur’-service-
resigtant materials if the conditions otherwise are categorized as “sour” by the above document.

6.2.2 Corrosivity evaluation in water injection systems

6.2.2.1 Water injection covers systems for injection of de-aerated seawater, raw untreated sgawater and
produced watergihcluding aquifer water.

6.2..2 Corrosivity evaluations for de-aerated injection seawater should, for conventional [de-aeration
pro¢esses, be based on a maximum operating temperature that is appropriate for the geographical area, and
the following oxygen equivalent levels:

(Oxygen equivalent = 1012 oxygen + 0,3 x 10~12 free chlorine)

Permissible levels of oxygen are 50 x 10~12 for 90 % of operation time and 200 x 10-12 for 10 % of operation
time, non-continuous. Even if the specification for the de-aeration equipment gives more strict requirements,
the above should be the basis for the material selection. If the specified oxygen equivalent or temperature is
above 50 x 1012 or 30 °C (86 °F), respectively, for normal operation, the basis for material selection should
be subject to special evaluation.

6.2.2.3 For carbon steel submarine injection flowlines used for low corrosive services, the minimum

corrosion allowance should be 3 mm (0,118 in). The design should consider solid CRAs or clad pipe if the
corrosion allowance is greater than 3 mm to 4 mm.
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6.2.2.4 In injection water systems, where de-aerated seawater and produced water and/or gas could flow
alternately through the systems, the material selection should take this into account. All components which
could contact injection water should be resistant to well-treatment chemicals or well-stimulation chemicals if
back-flow situations can occur. For carbon steel piping, maximum flow velocity should be evaluated
considering the corrosivity and erosivity of the system.

6.2.3 Design considerations

6.2.3.1 Galvanic corrosion prevention

Wh H H H ol laclt +lo HWPH 3 [ 41 L PN Al
erever LS9lTTar 1o taro dic CUUPICU TUYTUITT, A CUTTUOIVILY TvVvarluativlT olffuUuiu vo TTTauc.

6.2.3.2 Carbon steel welds

—

For pipe syptems intended for corrosive service and injection water, the welds should be compatible with the

base materjal in order to avoid local corrosion of weldment and heat-affected zones.

6.2.3.3 Nletal-to-metal seals
Metal-to-mgtal seals that could be exposed to seawater without cathodic protéction should be madg in

corrosion-rgsistant alloys such as UNS R30035, R30003, N06625 and N10276. Generally, metal-to-metal
sealing materials should be more noble than surrounding surfaces.

6.3 Nonqmetallic materials
6.3.1 The selection of polymeric materials, including seals made of either thermoplastic or elastonjeric
materials, should be based on a thorough evaluation of the functional requirements for the specific application.
Depending upon application, properties to be documented and included in the evaluation include
— therma| stability and ageing resistance at the specified service temperature and environment,
— physical and mechanical properties,

— therma| expansion, cycling and dynamic movement,

— swelling and shrinking by gas and by liquid absorption,

— resistance against high-presSure extension or creep,

— gas ang liquid diffusion;

— decompressionresistance in high-pressure oil/gas systems,

— chemidal.resistance,

— control of manufacturing process,
— injected chemicals.

6.3.2 Polymeric sealing materials used for pressure-containing applications should be thoroughly
documented. The documentation should include the relevant materials from all suppliers used.

6.3.3 The documentation should provide all important properties relevant for the design, area/type of
application and design life. The documentation should include results from relevant and independently verified
tests and/or confirmed successful experience in similar design, operational and environmental situations. The
results from qualification testing should provide the basis for service-life extrapolation using methods such as
Arrhenius plots.
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6.3.4 The polymers used should be from the same material manufacturers as the polymers used for
material qualification or in confirmed successful experience, using the same manufacturing route and
procedures. The testing should be performed on products from regular production or from test production
made according to the normal production route and with regular production equipment. The materials should
be tested in a stressed condition, i.e. compression or tension, whichever is relevant for the application.

6.4 Bolting materials for subsea applications

6.4.1 The bolting material used for piping systems and equipment should generally be carbon or low-alloy

steel selected in accordance with Table 1. Bolts with a diameter less than 10 mm (0,394 in) may be stainless
steel type 316 for metal temperatures below 60 °C (140 °F)

Cathodic protection is necessary for these bolting materials.

Table 1 — Bolting materials

Temperature range Bolt Nut Size range
°C (°F) mm (|n)

— 100 (212) to + 400 (752) | ASTM A320 [28] Grade L7 ASTM A194 [27] Grade4/S4 < 65 (1)969)
ASTM A320 [28] Grade L43 ASTM A194 27X Grade 7 <100 (3,937)

— 46 (115) to + 400 (752) ASTM A193 [26] Grade B7 ASTM A194427] Grade 2H All

—196to + 60 ASTM A193 [26] Grade B8M, ASTM A194 127] All

(= 320 to + 140) Class 1 Grade 8MA/8BMA
Use 8MA with Class 1 bolts

6.4.2 Bolting for structural applications should_generally be of carbon or low-alloy steels, where {he strength

clas
nutg
The
use

Car
steq
are

6.4.
env

Allo
whi
veri
allo

s should not exceed property class 8.8 for-holts in accordance with 1ISO 898-1 [l and property
in accordance with 1SO 898-2 [2], with; a*maximum actual allowable hardness of 300 HBW
hardness shall be positively verified by spot hardness testing for each delivery, batch and {
.

bon of low-alloyed bolting materials shall be used. Bolts with a diameter 10 mm or less shall
| according to 1ISO 3506-4,"Type A4 (Type 316), for metal temperatures below 60 °C if the str
exposed to humid saliferous environmental conditions. For nuts, see 1ISO 3506-2.

B Bolts that are-subject to cyclic loading other than pressure should be impact-tested. In hig
ronments and/erwhere CRA materials are used, corrosion-resistant bolting is recommended.

y 625 should be used if corrosion-resistant bolts are required at ambient temperature, i.e. for g
th the bolts are exposed to aerated seawater and cathodic protection cannot be ensured.
ied that'the materials have acceptable mechanical properties at the actual design tempera
s-can be used if properly documented.

Class 8 for
or 32 HRC.
ize of bolts

be stainless
essed parts

h corrosion

onditions in
should be

|
Irures. Other

6.4.4 Carbon steel or low-alloy bolting material should be galvanized or have similar corrosion protection. If
there is a risk that dissolution of a thick zinc layer, such as obtained with hot-dip galvanizing, can cause loss of
bolt pre-tension, electrolytic galvanizing or phosphating should be used. Electrolytic galvanizing should be
followed by post-baking. Polytetrafluoroethylene-based coatings can be used as one alternative, provided
electrical continuity is verified by measurements. Cadmium plating should not be used.

6.4.5 Bolts screwed into component bodies should be of a material that is compatible with the body with
respect to galling and ability to disassemble the component for maintenance, if relevant. Risk of galvanic
corrosion, the thermal coefficient (if relevant) and the effect of cathodic protection should be considered.
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6.5 External corrosion protection

6.5.1 A corrosion protection system based on a combination of surface coating and cathodic protection

should be included in the design of subsea structures, manifolds and modules.

6.5.2 The design should ensure reliable electrical continuity to each individual element for the defined
design life, including continuity through the flowline termination (if relevant). Duplicate paths should be
considered for electrical continuity depending on specified design life, and if risk for failure of continuity path is
present. Cathodic design should be carried out in accordance with DNV RPB 401 [31] NACE RP 0176 [34] or

ISO 15589-2 [11],

6.5.3 W :

connectiong should be avoided where possible. The electrical continuity to the cathodic protection-sy4
shall be vefified by actual measurements for all components and parts not having a welded conhectio
designated fanodes.

6.5.4 Any submerged components for which efficient cathodic protection cannot be ensured shoulg
fabricated from seawater-resistant materials. Exceptions are components whose corrosion)can be tolerg
i.e. pressurg¢ containment or structural integrity will not be compromised by corrosion.

6.5.5 Maierial selection should take into account probability for, and consequenc¢es of, component failurg

6.5.6 The following materials are regarded as corrosion-resistant when submlerged in seawater at am|
temperature:

— alloy 625 and other nickel alloys with equal or higher PRE value [PRE= % Cr + (3,3 x % Mo) + (16 x %

— titanium alloys. Suitable performance under cathodic protection shall be documented for the rele
operating conditions. Titanium shall not be used for exposure to hydrofluoric acid or pure meth
(> 95 %) or exposure to mercury or mercury-based chemicals. Titanium shall not be used for subme
applications involving exposure to seawater with cathodic protection unless suitable performance in
servicg is documented for the relevant operating temperature range;

— (glass-flpre-reinforced plastic;

— other materials, provided adequately documented.

6.5.7 Stajnless steels of type 6 Mo and‘type 25 Cr duplex are borderline cases and not considered as

seawater-rgsistant in this respect for. temperatures above 15 °C (59 °F). These materials should not be {

for threaded connectors without cathodic protection.

6.5.8 Lodation and number-of cathodic-protection inspection points for intervention should be defined
prepared.

6.6 Design limitations for materials

6.6.1 General

vant
anol
ged
this

fully
sed

and

The following general recommendations apply to all steel types (including bolts):

— for carbon and low-alloy steels: the ratio of yield to tensile strength (actual values) should not exceed 0,9;

— for materials intended for welding: cathodic protection (CP) will cause formation of atomic hydrogen at the
metal surface. Hydrogen atoms so formed can either combine to hydrogen molecules or become
adsorbed in the metal matrix. In the latter case, hydrogen atoms can interact with the microstructure of

components subject to high stresses, causing initiation and growth of hydrogen-related cracks,
“hydrogen-induced stress cracking” (HISC). For high-strength martensitic carbon, low-alloy and stain

i.e.
less

steels, failures by CP-induced HISC have been encountered. Ferritic-austenitic (“duplex”) stainless steels
should also be regarded as potentially susceptible to HISC. The compatibility of CP with metallic

materials and coatings should be qualified and documented. Cracking due to hydrogen from CP

can

occur in ferritic/martensitic and duplex stainless steels with acceptable properties in case of very high
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local stresses. Attention should always be paid to local design to avoid large stress concentration factors
for borderline materials. For submerged parts that can be exposed to cathodic protection, the following

shall apply: For carbon and low alloy steels, specified minimum yield strength (SMYS) shall
700 MPa (725 MPa for bolts). The actual yield strength shall not exceed 900 MPa. Alternativel

not exceed
y, it may be

verified that the actual hardness in base materials does not exceed 300 HBW. For carbon steel welds, a

maximum limit of 325 HV10 applies. For stainless steels and non-ferrous materials, resista

nce against

hydrogen embrittliement should be controlled by specifying that the actual hardness of the material is less

than 300 HV10 for base material and 320 HV10 for welds;

subsystem materials may be of different qualities due to different requirements.

6.6.

6.6.2.1

Flexible pipe materials

Due consideration should be given to evaluate the possibility of failure due te\corrg

corrpsion-fatigue of the steel reinforcement caused by the internal and/or the external envifonme
conflitions apply, the effect of H,S on steel reinforcement should be considered. The gas diffusing
polymeric sheets should be considered wet. If welding is performed on reinforcement wires, t

red

6.6.

ction in strength should be taken into consideration in the design.

R.2 Measures to avoid internal galvanic corrosion by proper material selection and/

isolation should be taken at all interfaces to neighbouring systems, such”as at subsea producti

sion and/or
nt. If “sour”
through the
he resulting

br electrical
bn manifold

piping and flowlines.
6.6.2.3 The material for the inner metallic layer of unbonded{pipe can be stainless steel typel 316 (not to
be lised for raw seawater), provided pitting corrosion and local erosion which penetrate the liner do not

detd
takq

6.6.

into account the possibility of exposure to seawater during installation and commissioning.

.4 The following should be documented:

material properties: verifying consistency between the design requirements and the fabricated
design life: in accordance with 6.3, demonstrating that polymeric materials will remain resi

internal and external environments and maintain adequate mechanical and physical properties
the design life of the system.

riorate the functional performance and reliability of the flexible pipes. The choice of inner material should

quality;

stant to the
throughout

6.6.3 Distribution systems
6.6.p.1 For polymer-based hoses, material selection should be based upon a detailed evallation of all
fluigs to be handled, but'such hoses should not be used for pure methanol (i.e. less than 5 % wajer) service,

see

6.6.
that

ISO 13628-5.

3.2 Material'selection for the annulus-bleed system should consider exposure to a mixturg
interface~to the annulus-bleed system. Polymer-based hoses should be protected agains

of all fluids
t ultraviolet

exppsure during periods of storage and transport.
6.6.5.3 A hose qualification programme should be carried out, including testing of candidate materials in
stregsed condition representative of actual working pressure, unless relevant documentation [exists. The

results from qualification testing should provide the basis for service-life extrapolation using methods such as
Arrhenius plots.

6.6.3.4 For umbilicals, the electrical cable insulation material should also be qualified for all relevant fluids.
The materials selected for the electrical termination should be of similar type, in order to ensure good bonding
between different layers. The material selection for metals and polymers in electrical cables in the outer
protection (distribution harness) and in connectors in distribution systems should have qualified compatibility
with respect to dielectric fluid/pressure-compensation fluid and seawater. The functionality in seawater of the
individual barriers (to prevent seawater ingress) relative to the service life should be documented.

6.6.3.5 The different parts of the components in hydraulic and chemical distribution systems should have
documented compatibility with relevant process fluids, dielectric fluid and seawater.
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7 Manu

71

711
by FAT and

facturing and testing

General requirements and recommendations

systems integration testing. The subsea production system

shall be manufactured and tested in accordance with predefined quality procedures and quality plans,

Individual components and items of equipment shall meet the specified requirements and be verified

should, where practicable, be manufactured using field-proven and qualified materials, components and

proces

should
deviati

should
should
should
71.2 An
have been
failure occ

the calculat

The testing
transportati

Modificatior

bES,

be subject to dimensional control to verify conformance with design drawings. Acgcept
bns should be recorded,

be subjected to testing which simulates actual field conditions where practical,

be subject to FAT prior to delivery,

be preserved and packed as required prior to delivery.

acceptance test programme shall be undertaken at the fabricatioh site to ensure that compon
manufactured in accordance with specified requirements and-that system performance is met.
rring shall be repaired and analysed to find the reason for_the failure and/or result in a revie

ed reliability of the system to determine if the deviation can'be accepted.

should cover the range from subsystems to t€sting of the completed assemblies prio
bn out of the fabrication site.

s and changes to the equipment during manufacture shall be documented.

able

bnts
Any
v of

r to

The cleanlipess of hydraulic systems should be.achieved through clean assembly and flushing. The hydraulic

system should include flushing/vent ports at convenient locations. Cleanliness requirements shall be defjned
during the design phase.

Electronic fomponents should be subjected to stress-screening testing to detect early-infancy fa|lure
components.

All hydrauli¢ subsystems should-be verified to meet the overall system cleanliness requirements and verffied
prior to deliyery and prior to-their connection to interfacing systems.

7.2 Test|procedures

7.21 Test procedure format

7211 Atypical format fora subsea equipment integration testing procedure courd nciude the foitowing:

Purpose/objective, scope, requirements for fixtures/set-ups, facilities, equipment, environment and personnel,
performance data, changes, acceptance criteria, and certification and reference information.

7.21.2

The procedures for the different test activities should be structured in a manner similar to

applicable integration test and commissioning procedures. Outline commissioning procedures should be
developed prior to establishment of the test procedures. Hence the end-user requirements should be defined
prior to developing the actual test procedures. The idea behind this requirement is to maximize applicable
experience from one phase to the next. Hence experience gained during FAT is applicable for test activities
during integration testing and commissioning.

7.21.3 Key parameters requiring consideration are the simulation of all loads, pressures, environmental
and operating conditions to which the system will be subjected during all phases of installation and operation.
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7214 A dedicated qualification/test procedure should be developed for components or equipment
requiring qualification due to functional requirements, material configuration or design. The DNV RP A203 [32]
provides suitable guidelines.

7.2.2 Types of test

7.2.21 General

Depending on the production system, many types of check can be performed. If possible, it is best to perform
the tests utilizing the actual subsea equipment and tools. If it is not possible to perform full-scale testing,
sys ; ecHoy-rerifieation-anatysts

7.22.2 Assembly, fit and function

All gomponents, including spares, should be tested for ease of assembly, handlinghand interchangeability.
Intefface checks should be made under static and dynamic conditions.

Jigg and dummies may be used where testing of actual interface components is-not practical. It is, however,
recommended that the actual equipment be used where feasible. For large_orders with identica| equipment
items, testing should be carried out on the initially produced equipment as*a-minimum.

Fit tests should be performed in such a way as to prove the guidance and orientation features of the system.
In dertain cases it is necessary to perform wet-simulation testing in order to prove correct fupctioning of
conjponents and systems underwater.

Cerjain areas can require cycle testing and make-break Aesting to prove repeatability of functior] for new or
unqpalified designs. Prime-targets for this type of testing are valve functions, data transfer functions, hydraulic
and|chemical connector interfaces and tooling functions.

Misalignment checks should consider stack-up tolerance, stack-up elevation, horizontal plane origntation and
angplar alignment. Equipment with self-alignment features should intentionally be misaligned o verify its
alighment capability.

Fungctional checks should include . make-up, normal emergency release, reversibility, repeatability and
pregsure integrity. The sequence_and items to be tested are normally individual components, rupning tools,
subgystems and the total system assembly.

7.2..3 Simulations

Tests should include~simulations of actual field and environmental conditions for all phases or operations, from
installation through-maintenance. Special tests may be needed for handling and transport, dynamic loading,
and| backup _systems. Performance tests may be appropriate and can supply data on regponse-time
measurements,/ operating pressures, fluid volumes, and fault-finding and operation of shut-down systems.

7.3| (ntegration testing

7.3.1 The different tests performed during integration testing should be used to check repeatability, and to
demonstrate that interface requirements are met and the correct functioning of the complete system. Detailed
procedures for the integration tests should be prepared prior to starting the tests.

Integration testing of the subsea production system should include the following activities:

— adocumented integrated-function test of components and subsystems prior to loadout;

— afinal documented function test, including bore testing and leak testing;

— afinal documented function test of all electrical and hydraulic control interfaces;
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— documented orientation and guidance fit tests of all interfacing components and modules;

— simulated installation, intervention and production mode operations, as practical, in order to verify and
optimize relevant procedures and specifications;

— operation under specified conditions, including extreme tolerance conditions, as practical, in order to
reveal any deficiencies in system, tools and procedures;

— operation under relevant conditions, as practical, to obtain system data such as response times for shut-
down actions etc.;

— testing|to demonstrate that equipment can be assembled as planned (wet conditions as necessary)land
satisfagtorily perform its functions as an integrated system;

— filling with correct fluids and lubricated, cleaned, preserved and packed as specified;
— afinal Inspection in order to verify correctness of the as-built documentation.

7.3.2 The scope for integration testing should be determined at an early stage(A typical example of an
integration fest programme is provided in Annex C.

7.3.3 Trajning of personnel, including familiarization with equipment and proeedures, is an important fgctor
during all iptegration test activities. This aspect is particularly important™in order to promote competepce,
safety and ¢fficiency during installation and operation activities.

7.3.4 A reduction of the scope for testing may be considered for'repetitive deliveries of an earlier qualjfied
design.

8 Operations

8.1 General

The purposg of this clause is to provide general requirements and recommendations for operation of suljsea
production $ystems.

The following operations are outlined:

— transpgrtation and handling;

— installation;
— drillingfand complétion;

— hook-up@nd commissioning;

— intervention;
— maintenance;

— decommissioning.

8.2 Transportation and handling
The subsea production system components should

— allow lifting with rig crane (when relevant);
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require a minimum of special transportation arrangements;

be marked with a unique number, dry mass and lifting-point capacities.

Due consideration should be given to offshore vessel-lifting capabilites when designing equipment for
offshore handling. Lifting operations should be conducted using dedicated lifting slings.

8.3

Installation

8.3.1 Requirements during installation

Dur

8.3.

8.3.

ng installation, the subsea production system components should

not rely on hydraulic pressure to retain the necessary locking force in (module-to-modul€) con
allow cessation of operations without compromising safety;

allow testing/verification of interface connections subsequent to connection;

allow for quick, easy and reliable make-up of modules;

have facilities for testing prior to deployment by the use of test-sKids, if applicable;

minimize entry of water or contamination into hydraulic citeuits during connections (which car
system functionality);

facilitate orientation and guidance during installation;

provide means (temporary or otherwise) of gauge-pigging of flowlines;

hectors;

jeopardize

hing prior to

ing system
The subsea

sho

be tolerant of small amounts of seabed(debris between the interface connections or allow flus
the make-up action;

be tolerant to wave-induced loads;

avoid loss of harmful fluids,during installation and operation;

minimize impact of equipment malfunction leading to discharge of hydrocarbons;

facilitate periedic'testing to verify that the system is fully functional.

R Installation method and equipment

.1 The installation method and equipment selected for the subsea structure and pig
hld-ensure safe and reliable operation in accordance with the selected intervention strateqy.

production system should fulfil the following requirements:

the installation equipment (temporary and permanent) should not cause obstructions and restrict

intervention access;

disconnection of lifting slings, lifing beams/frames/arrangements used during installation
according to the selected intervention strategy. A back-up system may be provided;

should be

the installation system should not present any hazard to the permanent works during installation, release,

reconnection and removal;

lifting/installation arrangements should be designed to minimize lifting height;
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an installation lifting frame (optional) should include a sling laydown area and attachment for tugger lines

and, if required, platforms and support for installation instrumentation, temporary access ladders and
inspection platforms;

and preparation requirements.

8.3.2.2

use in

retriev

where

be inst

be des

of insta

be inst

have s

8.3.3 Ves|

A benefit 4
such as su

should be ¢

Installation

should be d

have been

In particula

The subsea system should

be video-recorded during installation operations,

installation method and operations should reflect environmental conditions, including seabed properties

Stallation tools based on a design failure mode philosophy that prioritizes well-control
bility,

possible, not be dependent on unique installation vessels,
pllable utilizing a minimum number of installation vessels,

gned to be used within a defined practical weather-window that is consistent with the specific
llation equipment and vessel,

blled using the correct installation tools and corresponding documented procedures,

facilitate fully reversible sequential installation techniques/operations;

andardized interfaces toward well-intervention systems,

facilitate injection of chemicals, if required for hydrate/wax/compensation control etc. during start-up
well tes

ting/clean-up.

sel considerations

rvey, installation of structures_and subsea tie-in against the use of several specialized vess
pnsidered.

analysis should be performed and all equipment handling, testing and running/retrieval proced
utlined in the engineering phase. Final procedures should be established when installation ves

belected.

, consider emergency disconnect facilities for all activities including accidental drift-off situation

8.4 Drilling and:completion

8.41

Itig

important for operational and safety reasons that the subsea system meet the requirements o

and

ype

for

halysis, comparing the use of ongé multipurpose vessel for performing several installation tasks

els,
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These rig related requirements should be defined early in the project in order to ensure that they are properly
implemented during the design of the subsea system.

8.4.2 The subsea drilling and completion system should

stationkeeping. Response time based on hazard analysis should be given;

stationkeeping. The required response time should be established by risk analysis.

52

in workover mode, enable closure to isolate the well and safely disconnect in the event of loss of

in drilling mode, enable closure of BOP rams and disconnect of LMRP in the event of loss of
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8.4.3 In addition, the subsea system may

— facilitate simultaneous operations, e.g. drilling/completion/flowline tie-in/module replacement,
— facilitate the removal or disposal of drill cuttings.

8.5 Hook-up and commissioning

8.5.1 General

Thi§ subclause defines recommendations for precommissioning/commissioning of subsea productlon systems.
It cqvers the activities taking place from the platform/topside vessel.

Thel main purpose of precommissioning/commissioning is to

— | verify that the total subsea production system is working satisfactory as an integrated system,
— | verify all interfaces with platform systems,

— | demonstrate that the subsea production system is ready for start-up.
Pregcommissioning/commissioning can be subdivided in the following@activities:

— | verification of topside-located subsea production control equipment;

— |verification of topside-located equipment which can be defined as utility systems for the subsea
production system;

— | verification of flowlines and flowline isolation valves;

— | verification of subsea production system.

8.5.2 Detailed requirements

Prigr to installation, all equipment;should have been subjected to a comprehensive integration test|programme.
The| precommissioning/comniisSioning procedures should be based on the integration test progedures and
opefating procedures. The, precommissioning/commissioning activities described in this claupe may be
relepant.

8.5. Verification of topside-located subsea production control equipment

The| purpose‘ofithe test is to verify proper functioning of topside-located subsea production control{equipment,
and|to verify. the interface to other topside systems. Verification of the ESD functions, including regponse-time
monitoring, should be part of the test.

Topside-located subsea production control equipment can be subdivided into the following components:

— topside-located subsea control unit. This unit contains the application programme for subsea control. It
may contain topside modems and supplies electrical power to subsea electronic modules;

— HPU;
NOTE This unit supplies hydraulic power to the subsea production system.
— UPS.

NOTE This unit supplies critical components with electrical power. The UPS may be part of the platform-common
UPS.
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The test sequence is successfully completed when the following verifications have been made:
— functional test of UPS;

— the platform-installed control unit can direct commands from the SAS system to the subsea control
module(s) and direct proper responses to the SAS system visual display unit;

— functional test of shutdown sequences;

— functional test of HPU;

— proper|commands are initiated from the platform-installed control unit due to input from the platform
PSD/EED system.

During thesk tests, a subsea control module and a control module test stand may be required on thé platfgrm.

8.5.4 \Verification of topside-located equipment which can be defined as utility systems for the
subsea prqduction system

The purposg of the test is to verify proper functioning of equipment which can be+défined as utility systems for
the subsea|production system. Typical systems are

— methanol injection system,

— annulug bleed system,

— corrosipn inhibitor system,

— scale iphibitor system.

The test sequence is successfully completed when thie-following verifications have been made:
— pressufe test/leak test;

— operatipn of all valves;

— system function test, which should include verification of the capability of pressure control and/or flow
control|if applicable.

Performande of these tests should take place prior to “subsea tests” which require these systems to be rgady
for operatioh.

8.5.5 Commissioning flowlines and flowline isolation valves

8.5.5.1 Verification activities

The precommissioning/commissioning activities related to flowlines and flowline isolation valves can be
subdivided into the following activities:

— pressure test of flowline;
— dewatering of flowline;
— leak test of subsea manifold valves;

— leak test of topside isolation valves;
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Acceptance criteria should be developed for the test. A test pressure of 1,25%imes maximur
pregsure is typically defined. Selected standards for design will determine test pressure to be used

8.5.

The| purpose of dewatering the flowline is to prepare for start-up. The flowline can be filled with di
nitrggen or natural gas.

8.5.

Thel| purpose of the test is to verify that the leakage rate of the applicable valves is within the

equ

critgria. In the case of a gas-field development,initrogen leak tests should be considered
pment.
5.5  Function test of subsea manifold valves

8.5.

Thel| purpose of the test is to verify proper operation of subsea manifold valves. These valves can

con

Thig test sequence is successfully completed when the following verifications have been made:

8.5.

ISO 13628

function test of subsea manifold valves;

function test of topside isolation valves;

function test of platform choke;

verification of shutdown system related to platform isolation valves;

drying of flowline (if required for flow assurance reasons).

-1:2005(E)

purpose of the test is to verify the integrity of the flowline. This test sequence is successfully
n no leak is detected for the required test period (normally between 8 h and 24 h) or,-depend
lations, after a proper stabilizing time.

5.3 Dewatering of flowline

5.4 Leak test of system valves

rolled or ROV operated.

operation of the remetely controlled valves using the PCS. Verification of correct operation of
indication systeni_should be part of the test;

operation ef‘the ROV-operated valves. Verification of interface between torque tool and
operation of the valve and indication system, are performed during the integration test.

b.6\_‘Function test of topside isolation valves

completed
ng on local

n operating
see 5.11.3).

esel, crude,

acceptance
for topside

be remotely

the position

valve, and

The purpose of the test is to verify proper operation of the topside isolation valves.

This test sequence is successfully completed when the following verifications have been made:

©IS

operation of the valves locally, and remotely if applicable;
correct system for local position indication;

correct indication of valve position from the SAS system (if applicable).
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8.5.5.7  Function test of topside-located choke

The purpose of the test is to verify proper operation of the choke valve. This test sequence is successfully
completed when the following verifications have been made:

— operation of the choke (0 % to 100 %) from the SAS system (field verification is required);
— correct indication of choke position from SAS system;

— time required from fully open to closed.

8.5.5.8 erification of shutdown system related to platform isolation valves

The purpode of the test is to verify that all applicable isolation valves are shut when a relevant PSD/ESD
situation ocpurs.

This test sgquence is successfully completed when the applicable isolation valves shut dpon activation qgf all
situations defined to cause such an action. The actions are defined in the PSD/ESD cause=and-effect matijix.

8.5.6 Commissioning of subsea production system

8.5.6.1 erification activities

The precommissioning/commissioning activities related to the subsea, production system can be subdiv|ded
into the following:

— test of |[nsulation resistance and continuity of electrical distfibution system;
— verificgtion of communication with control module;

— functiopal test of external sensor systems;

— leak test of hydraulic distribution system;

— leak test of distribution system for ehemical injection and annulus bleed;
— functiopal test of subsea tree@and manifold valves;

— leak test of subsea tree valves;

— verificgtion test of annulus, production-bore manifold and downhole monitoring sensors.

8.5.6.2 Test of.insulation resistance and continuity of electrical distribution system

The purposg of'the test is to verify the integrity of the electrical distribution system. The test sequences shpuld
follow a strategy of verifying any subsystem prior to a subsea connection operation. The final test then verifies
full integrity, from platform to control module.

8.5.6.3  Verification of communication with control module

The purpose of the test is to establish and verify communication between the platform-installed control unit (or
a test PC) and the applicable subsea control module. Verification of correct internal status of the control
module should be part of the test.

To perform this test, the following systems should be verified:

— electrical and/or optical distribution system;
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platform-installed subsea control unit or test topside controller.

This test sequence is successfully completed when the following verifications have been made:

8.5.

The
givg

Thig
tops
8.5.

The)
seq
fina

To perform this test, the HPU or test unit should be verified.

This
hold

The
acc

8.5.

The
ann
con

To perform this test, the.chemical injection systems or test units should be verified.

This
hold

communication established in accordance with specifications between topside controller and SEM,;

internal data (housekeeping) from SEM displayed topside and within acceptance criteria;

verification of reasonable data values from internal control module sensors.

f4—Functionat-test-of-subseaextermal-sensor(s)

purpose of the test is to verify that external sensors (pressure/temperature sensor, gas_leéak’dg
proper values to the topside controller.

test sequence is successfully completed when all applicable sensors give aceeptable v3
ide controller.

.5 Leak test of hydraulic distribution system
purpose of the test is to verify that there is no leakage in the hydraulic distribution syste

test then verifies full integrity from platform to control module-

period. Acceptance criteria should be developed-for each test.

control valves in the subsea control module*have a certain leak rate. This should be consi
bptance criteria are developed.

.6 Leak test of distribution system for chemical injection and annulus bleed
purpose of the test is to verify-that there is no leakage in the distribution system for chemical i

Llus bleed. The test sequence should follow a strategy of verifying any subsystem prior t
hection operation. The finaltest then verifies full integrity from platform to subsea tree.

period. Acceptance criteria should be developed for each test.

tector, etc.)

lues to the

M. The test

lence should follow a strategy of verifying any subsystem pridrto a subsea connection opgration. The

test sequence is successfully completed when n@‘significant pressure drop occurs during the specified

Hered when

hjection and
b a subsea

test sequence-is successfully completed when no significant pressure drop occurs during the specified

8.5.p.7 » \Functional test of subsea tree valves
The-ptirpose—of-the-test-is-to-demonstrate-the-operationof- the-subsea-tree—vatvefunctions—in—the production
mode.

To perform the test, the following systems should be verified:

— subsea tree, verified from rig;

— distribution system;

— control module (communication verification);

— HPU or test unit;
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topside-installed subsea control unit;
methanol injection system or adequate test system;

annulus bleed system.

This test sequence is successfully completed when the following verifications have been made:

valves controlled from the PCS;

open and close commands have been executed from the platform-installed control unit for all subsea tree

the pla

positiop-indication system.

In case of
paths sepa

Pressure ¢
performing

8.5.6.8 L

The purpos|
acceptance
left for a pe
To perform
subses
control
control
HPU;

platforn
chemig
annulu
This test s

approximat
ISO 13628-

form-installed control unit has verified that the actual valves have opened and closed by thé-v
b redundant system, operation of the subsea tree valves should be carried out for*both co
ately.

qualization over the valves should be considered when writing the detailed procedure
his test.

eak test of subsea tree valves

e of the test is to verify that the leakage rates of the applicable)subsea tree valves are within
criteria. It is only required if a leak test has not been performed from the rig, or the well has b
riod after completion.

this test, the following systems should be verified:
tree, verified from rig;

distribution system;

pod (communication verification);

h-installed control unit;
al injection system,
5 bleed systefm:

equencevis successfully completed when the pressure has been recorded over a perio
bly 4min for the valves to be tested. Acceptance criteria should be developed based

9 MPa (1 305-psi)

4 ~Differential pressure across a valve during test is typically between 5 MPa (725 psi)

alve

htrol

for

the
een

i of
on
and

Care should be taken to operate valves with minimum differential pressure.

When operating tree valves, maximum differential pressure is typically 3 MPa (435 psi).

Some typical commissioning activities are described in Annex D.

8.6 Well

8.6.1
pumpdown

58

intervention

methods via flowlines connected to a production station.

Well maintenance may be conducted by entering the well vertically or by through-flowline hydraulic
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8.6.2 Vertical access may be gained through the subsea tree or through a BOP installed after the tree has
been removed. For horizontal tree application, well intervention is normally performed through the tree. A riser
system with pressure-containing flow conduits and control circuits is required to link the subsea tree or BOP to
the surface vessel. Appropriate subsea or surface BOP equipment should be employed that satisfies the
required service conditions and conforms with accepted industry practices and applicable regulations.

8.6.3 Subsea wells should be safely secured prior to commencing any well intervention involving potential
exposure to live well fluids. At least two upstream pressure-containing barriers (pressure-tested if practical)
should be established before breaking any pressure connection. The barriers could be created by closing a
tree valve or SCSSV, installing tubing plugs, permitting an annulus sleeve check valve to close, or displacing
the well with Kill fluid. The best procedure is situation-dependent and should be left to the operator’s discretion.

|4 Extreme care should be taken when lowering and landing tools which connect to_the

8.6. subsea tree
andfor wellhead, to minimize potential damage to installed components. If possible, the rigyer sufface vessel
shollld be displaced to a position offset from the centre of the well when handling and running packages, in
ordeLr to reduce the risk of dropping objects or debris onto the well or adjacent components.

8.6. After completion of the well intervention, downhole and tree components,should be reirnstalled and
tested in accordance with original installation procedures.

TFL methods can be used to carry out downhole remedial operations, from a remote productiof station by
pumping TFL tools into the well through the flowlines. Typical TFL maintenance tasks can include|change-out
of instruments and replacement of e.g. the SCSSV.

8.6.p The well control during a well intervention shall only be‘possible via the workover contrgl system. It
shal|l be possible to initiate a shutdown of associated neighbouring wells from the well intervention vessel by
e.g.|reliable communication with the host facility.

8.6.f It should be possible to operate the intervention system from a range of suitable interventign vessels.
8.6.B All valves that can prevent downhole access in the event of hydraulic failure should be equipped with
a mechanical override feature.

8.6.p Component/module ease of retrievability should be evaluated against reliability.

8.6./10 Operational limitations ofiequipment during installation and retrieval should be defined.

8.6.11 Requirement for a safe’handling area shall be assessed.

8.7| Maintenance

8.7 General

There are two general categories of maintenance for permanently installed subsea equipment, [viz. subsea
equjpment maintenance, and surface equipment maintenance including subsea tool packages and|risers.
8.7.2 Planning

8.7.21 Planning for maintenance should begin during the design of subsea systems and hardware.

Potential maintenance tasks should be identified, optional approaches evaluated, and selections made for
maintenance provisions to be incorporated into subsea systems and hardware. In some cases, simple and
basic maintenance methods (i.e. wet divers with hand tools) are warranted, while in other applications remote
diverless tools are necessary.

8.7.2.2 Special maintenance tools and procedures should be thoroughly tested and evaluated during
onshore testing programmes. Outline procedures should be developed and, if practical, full-scale tests
performed. Detailed photo and/or video documentation of subsea hardware and maintenance tools is
recommended.
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8.7.2.3

8.7.2.4

8.7.2.5

Detailed procedures should be prepared prior to initiating any subsea maintenance operation.
The procedure should indicate planned work and define how the maintenance operation is to be coordinated
with other concurrent field activities. The procedure should list materials, equipment and services required for
the particular maintenance operation.

The organization responsible for operating the subsea installation should assist with coordination
of maintenance work. This will help ensure that all maintenance work and other activities are carried out in a
safe and efficient manner.

Completed maintenance work should be documented, where appropriate, to the level required to
maintain necessary certification.

8.7.2.6
and system

8.7.3 Sea

8.7.31

valves, ma
modular re
repair/main
repair. Mod
or using mg

8.7.3.2
accomplish

8.7.3.3

operation. 1
removal/req
the affecteq

Maintenance planning should include periodic inspection of both subsea and surface eduipf
S,

pbed equipment maintenance

Maintenance of equipment located on or near the seabed (i.e. wellheads, trees, control mody
hifold, templates, flowlines, flowline connectors, riser bases and risers)\can be carried ou
placement or in-situ repairs. Modular or component replacement_dnyolves the packagin
enance-prone items into composite units that can be removed to the“surface for replacemer
Lles may be removed and replaced using tools deployed on pipework strings, wirelines and R

In-situ repairs are those made without recovery of thexequipment to the surface and may
bd by ROTs, ROVs or by mono- or hyperbaric diving.

Efforts should be made to diagnose and definé.a problem prior to initiating a mainteng
he affected well(s) should be shut in and the subsea system should be put into a safe conditio
air of the component requiring maintenance, For manifolded systems, it may be possible to isg
well(s) and continue normal operations. Steps should then be taken, such as a permit-to-y

nned intervention methods involving wet divers, one-atmospherethabitats and manned vehicle$

hent

les,
I by
j of
t or
oV,

D.

be

nce
n for
late
vork

system, to preclude the possibility of personnel inadvertently operating the subject or related equipment affer it

has been p

8.7.3.4

It into a safe condition.

Pressure-containing conduits should be bled down to ambient pressure. If possible, hydrocary

ons

and other pptentially contaminating fluidstshould be displaced from flow circuits.

8.7.3.5 Electrical circuits should‘be de-energized if they pose a hazard for divers and other maintengnce
systems.

8.7.3.6 Lowering and qecovering of tools and modules on drillstrings or cables should be executed with
care to min|mize risks of{damage to seafloor equipment by dropped objects or by impact during positioning or
landing.

8.7.3.7 Afterymaintenance operations on subsea equipment are completed, the subsea system should be
thoroughly tested’ before being put back into service. Comprehensive records of all maintenance and |test
activities shauld be maintained

8.7.4 Surface equipment maintenance

Maintenance of surface equipment (i.e. upper riser equipment, production control and handling facilities,
utilities, TFL equipment, etc.) is similar to that required for other typical surface facilities, although special
requirements may be necessary to meet unique subsea system needs, e.g. adhering to strict hydraulic-fluid
cleanliness specifications. Preventive maintenance as well as necessary repairs should be performed.
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8.8 Decommissioning

8.8.1 General

The variable-cost elements related to decommissioning are the plugging and abandonment of wells, any
necessary removal of seabed equipment, seabed clean-up and final survey. The effect on the operating
environment, e.g. discharge of hydrocarbons during abandonment/decommissioning, should be minimized.

The subsea production system should include elements/features that ease decommissioning, such as
attachment points for lifting equipment.

The] subsea production system should, at decommissioning,
— |allow abortion of operations without compromising safety,
— |allow production products to be flushed from flowlines, storage tanks, manifoldssete.,

— |allow any hydrocarbon-containing equipment to be removed or, if left in'place, be flushed|clean. The
flushed fluid should be recovered at the surface to avoid pollution.

8.8.2 Design for decommissioning
The] subsea production system should be designed to
— |facilitate easy abandonment,

— | allow refurbishment and reuse of equipment (if applicable).

8.8.3 Post-abandonment operation

Aftdr the abandonment operation, the site shotild be surveyed and mapped for remaining equipment, if any.
8.8.4 Template/manifold

8.8.4.1 General

When the decision has been made to abandon a subsea template, the method of abandonment should be
reviewed in light ofschanges to the template and removal technology. In certain situations, the
template/manifold maybe left in place. If it is to be removed, it is recommended that a subsea survey be
conflucted to ascertain the template/manifold physical condition.

Thel integritysof the lifting points and ballasting system, if fitted, is critical. After collecting the desired
infofmation;a detailed plan of removal should be developed.

8.8.4.2° Templates

General guidelines for template removal are as follows.

Disconnect all risers, pipelines, flowlines, control and power lines. Piles, like well casing, should be cut off at
the required distance below mudline. The cut-off pile sections can require pulling to reduce suction effects and
lift loads when the template is removed. If so, the template/pile connection should be broken so as to not
damage the template structural integrity.

Removing the template requires a well-planned approach. Activities that may need detailed planning are

— lifting analysis,
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removal of cuttings and cement,
jetting to reduce bottom suction,
addition of flotation devices, and

lifting equipment.

The crane barge or lifting vessel should have adequate capacity to handle higher-than-expected loads. It is
recommended that visual surface monitoring of the rigging-up and lifting be carried out using diver-held or

ROV-moun

ed subsea videa cameras After the fpmplnfp is lifted and secured to a carga hnrgp it ca

be

transported

8.8.4.3

Manifolds that are integrated into the template are abandoned with the template. Packaged manif

designed t
abandonme
analysis.

8.8.5 Flowlines

Abandonmeént of subsea flowlines is accomplished by either abandonmeant.in place or complete removal.

Flowlines a

and, if left in place, abandoned according to local regulations, e.g.capped.

The ends o

Preparation

Abandonmént of control umbilicals, either attachedto or separate from the flowline, should follow the s

general pro

9 Docu

9.1

Documenta

9.2 Engi

The engine

Manifolds

General

heering‘and manufacturing

to the chosen disposal site.

b be installed and removed by a drilling rig could be abandoned in cenjunction with
nt. A separate manifold system, such as part of a riser base, requires /its“own abandonn

hd manifolds should be cleaned, flushed and flooded withinhibited seawater or other inert mat

the flowlines should not extend above the mudling in a snagging position.

s/activities for physical removal should follow-the same principles described for template/manif

cedure as described above.

mentation

tion should be_provided for design, safety, operation, maintenance and other relevant needs.

bring and manufacturing documentation should include (as applicable) the following:

plds
well
hent

Brial

plds.

pme

assem

operati

A guideline

62

bly drawings, diagrams and schematics (Including for as-bullt equipment);

application software design documentation;
HAZOP and safety-in-operation analysis reports;
test procedures and records;

specifications and datasheets, as relevant;

ng and maintenance manuals.

for documentation is given in Annex E.
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Operating and maintenance

The operating/maintenance manuals should include (as applicable) the following:

9.4

As

operating envelopes;
storing and preservation procedures;

planned normal operating modes;

ISO 13628-1:2005(E)

proceddres :
spare part lists;
drawings and illustrations;
load-out procedures;
weight-control reports, as relevant;
commissioning/hook-up procedures, as relevant;

decommissioning procedures, as relevant;

a format for recording any changes made to the system.during its operating life.

As-built/as-installed documentation

puilt and as-installed documentation should include (as applicable) the following:

reports on as-installed flowlines, including 'umbilicals;
testing reports and records;

survey reports on as-built or-as-installed equipment.
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Annex A
(informative)

Description of subsea production systems

A.1 General

Subsea pro
platform, to
or floating f

The objecti

duction systems can range in complexity from a single satellite well with a flowline linked to a-f
several wells on a template producing and transferring via subsea processing facilities,to a f
heility, or directly to an onshore installation.

es of this annex are

xed
xed

tribe typical examples of the various subsystems and components that.canh be combined,
of ways, to form complete subsea production systems,

to des na

variety
to des sea
produc

Cribe the interfaces with typical downhole and topsides equipmeft that are relevant to sul
ion systems,

to provjde some basic design guidance on various aspects of subsea production systems.

A.2 Overall system description

A.2.1 General

A211 A subsea production or injection system-can include one or more of the following elements:

— a wellhead with associated casing strings to provide a basic foundation structure and pressure-
containment system for the well;

— asubsea tree incorporating flow'and pressure-control valves;

— a strucjural foundation/template for positioning and support of various equipment;

— a manifold system fer‘controlled gathering/distributing of various fluid streams;

— subseg processing equipment, including fluid separation devices and/or pumps/compressors |and
associated electrical power distribution equipment;

HHsea

a production—cc
sibly including multiphase flowmeters, sand detection meters, leak detection devices;

equipment, pos

a chemical injection system;

an umbilical with electrical power and signal cables, as well as conduits for hydraulic control fluid and
various chemicals to be injected subsea into the produced fluid streams;

one or more flowlines to convey produced and/or injected fluids between the subsea completions and the
seabed location of the host facility;

one or more risers to convey produced and/or injected fluids to/from the various flowlines located on the
seafloor to the host processing facilities;
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— well entry and intervention system equipment, used for initial installation and abandonment of the subsea
equipment, as well as for various maintenance activities on the subsea wells.

A schematic drawing illustrating these elements of a typical subsea production system is shown in Figure A.1.
Each of the above items is described in more detail in the following subclauses.

A.21.2 The subsea production system components are required to physically and functionally interface to
each other, as well as to

— the downhole completion equipment, such as the subsurface safety valve(s), chemical injection system,
downhole sensors such as pressure/temperature gauges, and any other interactive components such as

riser base or =

remotely operable flow control devices,
— |the host processing facilities, including the topsides control and communication systems’and any active
slug suppression/control devices.
Main process facility on offshore platform Intervention or Drifing/ letion ri
(flxed or floating) or on land installation vessel riing/completion rig
| | E Ty
I
aster Power/ Hydraulic Intervention surface eq. -1 ROV Surface tree Workover
onFroI < comms. poyver - Control container topside (Upper safety control sy$tem
tation unit unit - Umbilical winch eq. block) _HPU
A A - Lift wire winch | - Master contf. unit
\ ] - Heave comp. eq. Surface tree - Umbilical regls,
Ewmicals adapter joint - Surface tred shut
| down panelg
CHoke/sep. ——|  Pipelines or umbilical Riser - ESD panels
mdtering [  hangoff/term. tension joint - Local contrd| panel
Toolrearrier(s) | W.O. riser joints |
I
| ROT | Stress joint |
Misc! tools for sea lines ROV I
pull in/connections, running of | | Em. quick disc. pack. | EDP
Risers | | Umbilical | contr. module, pig launcher etc. I
| | Lower riser pack | LRP
I
I | Tree prot. str. | Tools for running
| I of tubing hdnger,
| Manifold. prot. str. :— Control | Tree cap I | tree cap, etp.
1 module | |
|
| Tree
\ || Choke H
Manifold/
&?: Import 1| distribution module Produc. .
Mﬁ; riser base or | (could encl. press. boost. lac.) [gp|guide base Tubing hander
tie-in spool Downhole pfessure
Eoundation structure (could be boosting may be incl.
\ _| Export common for trees and manifold) Downhole safety valve

tie-in spool Downhole pressure
and temperature monitoring
Packer
Reservoir
NOTE For satellite wells directly tied back to the platform, several of the above-mentioned elements are eliminated.

Figure A.1 — Typical elements in a subsea production system
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A.2.2 System configuration

A.2.2.1 General

The elements of the subsea production or injection system may be configured in numerous ways, as dictated
by the specific field requirements and the operator strategy.

The most common configurations are

— single satellite wells tied back with individual dedicated flowlines to the host facility,

— two or more wells daisy-chained together into a common flowline tied back to the host facility,

— two or|more (clustered) wells tied back individually to a free-standing subsea manifold, wherethe fluids
are gathered prior to being conveyed through common flowlines tied back to the host facility;

— multipl¢ wells located directly on a template incorporating a manifold, where the fluids-are gathered prior
to being conveyed through common flowlines back to the host facility.

The main dharacteristics of each of these configurations are described below, together with information on
other genetfal subsea production system characteristics such as well-testing facilities, equipment-deployment
guidance systems and equipment protection techniques.

It should Be noted that the configurations described herein are by no means exhaustive, and gach
arrangement can potentially be combined with each of the others in~a wide variety of ways, e.g. indivigual
single satellite wells and/or well clusters can be tied back to a subsea drilling and production template.

A.2.2.2 Sjngle satellites

This configdiration is typically characterized by offsets which are beyond the drilling reach of the host facility (if
this is a cgmbined drilling and production facility) ‘where infrastructure with an adequate surplus of tle-in
capacity exists. In terms of required permanent-works, this configuration is basically a single satgllite
development copied a number of times over. @ften the flowline and umbilical are installed by first-end tie-|n at
the host fagility and second-end pull-in at the”subsea satellite, in order to limit congestion on the sedbed
around the|host facility. The flowline andumbilical may be connected directly to the appropriate interface
components on the tree, as this approdch offers some rationalization in hardware.

A.2.2.3 Dpisy chains

Several satgllite wells may/be-daisy-chained together such that they all produce into a common flowline. [This
arrangemetit can save considerable cost, but it could introduce flow assurance issues for the wells at the [end
of the chain, as these wells could be producing into an oversized flowline. Also, it is common in this type of
arrangement for the.cemmon flowline to physically pass over the production guidebase of each subsea f{ree,
thus requiripng additional isolation equipment to be installed if one or more of the subsea trees are not currgntly
installed.

A.2.2.4 Clusters

This configuration is based on tie-in of a number of single satellite wells to a centrally located free-standing
manifold, using either flexible or rigid pipe. The manifold in turn is tied to the host facility by means of one or
more flowlines. An arrangement including two production flowlines of the same size and service is quite
common. This arrangement facilitates an effective hydrate strategy and operation of the various wells at two
different pressure levels simultaneously, as well as convenient round-trip pigging and the possibility for use of
one line as a well test line.

This system has flexibility with respect to simultaneous drilling and production, which can save some drilling

time, and also has flexibility with respect to installing wells in optimal drilling locations, rather than in a
common central location as in the case of template development, as described below.
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Individual well clusters tend to be limited to a relatively small number of wells, e.g. four to six typically, so that
the central manifold can be deployed through the moonpool of a suitable vessel. Given the small number of
wells on each cluster, several clusters may be daisy-chained together, or alternatively each cluster may be
tied back to the host facility via dedicated flowline(s).

The satellite cluster approach can alleviate the critical well/manifold interface of a template design. In areas in
which protection against trawling is required, the cluster/satellite alternative requires costly
installation/trenching and/or matress protection.

Further information on clusters is provided in A.6.

A.2]12.5 Templates

Templates come in a wide variety of designs (as described in A.6) and generally include r;rany of the
fungtional features of a cluster as described in the previous subclause, but with some notable diffefences.

On fa multi-well/manifold template, the wells and the manifold are located on the(;same structurg. While the
headers and individual well flowlines often have much the same configuration’as the cluster|option, the
conpection lengths are very short and are always made using rigid pipe. Ffemplates have somg additional
meghanical tolerance issues to be considered relative to clusters, and largédemplates can requirel a heavy lift
vessel for the installation of the template.

The|l manifold on the template is tied to the host facility by means-of. one or more flowlines. An grrangement
inclliding two production flowlines of the same size and service4s quite common. This arrangemenpt facilitates
opefation of the various wells at two different pressure levels simultaneously, as well as convenieft round-trip
pigging and the possibility for use of one line as a well test’line, however this may create flow assurance
issues.

A number of small templates (e.g. each consistinglof three or four wells) may be daisy-chaingd together,
whdreas larger templates tend to have dedicated flowline(s) back to the host facility.

A.2[2.6 Well-testing facilities

Well-testing facilities may be required.for multiwell subsea production systems for the purposes [of reservoir
management, production allocation.and/or fiscal metering.

Althbugh no formal guidelines exist, the generally accepted accuracies required for each of these [purposes is
congidered to be

— |£ (5 % to 10 %) fOrreservoir management,
— |£ (2 to 5 %) for production allocation,

— £ (0,25:%t0 1 %) for fiscal metering.
Subséa, well-testing facilities can range from a dedicated additional flowline (through which single wells can be

flowed—back—to—the—host—facitity for separate—metering);,to—mdividuat—or mmanifotded—subsea multiphase
flowmeters.

Proprietary systems also exist which can provide estimates of the flowrates of oil, gas and water through the
use of complex flow-modelling programmes. Such systems require highly accurate pressure and temperature
measurements from a variety of locations throughout the subsea production system.

Alternatively, testing wells by difference into the main production flowline can provide adequate data for

reservoir management purposes, but it would probably not be suitable for production allocation and certainly
not for fiscal metering purposes.
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A227 G

uidance systems for equipment deployment

The guidance of equipment to the seabed from a floating vessel can be accomplished by either of the two
methods below, i.e. the use of wire-rope guidelines or guidelineless re-entry techniques.

the equipment from the vessel to its final position on the seafloor.

The guideline method uses tensioned wires and equipment-mounted guide sleeves to orient and guide

The guidelineless method typically uses a dynamic position reference system to indicate the relative

position between the landing point and the subsea equipment. The subsea equipment is manoeuvred,

normal

y by moving the surface vessel, until the equipment is positioned over the landing point.

The
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ent is then lowered to the landing point and brought into final position by mechanical guidance

ubsea equipment protection

tructures/devices for subsea production systems appear in a wide variety of forms, depen
the risk to the facilities from impacts by fishing gear, dropped objects, dragged anchors an
mbined with any requirements for overtrawlability.

tructures/devices may include

e blocks, to impede the approach of trawl gear into the area of the subsea production facilities,

to extend the frame of each tree down to the seabed at an overtrawlable angle, e.g. 55° to 60°

“cocoons” for trees and manifolds, designed for partial*overtrawlability and easy snag releag
gear,

ve covers, designed to be fully overtrawlable;, on either individual trees and/or manifolds
es,

rged caissons (“glory holes”) for protection of individual trees, primarily in ice-infested waters.

tructures/devices for subsea produetion systems should be designed to be compatible with the

range of planned inspection and maintenance techniques, including light well intervention equipment, R

and ROV-d

For flowline
provide pro

bployed tooling, etc.

s and/or umbilicals, a(combination of trenching, rock dumping and/or mattresses may be use
ection from impact.damage and/or scouring.

A.3 Subgea wellhead systems
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structural and pressure-containing anchoring point on the seabed for the drilling and completion systems and
for the casing strings in the well. The wellhead system incorporates internal profiles for support of the casing
strings and isolation of the annuli. In addition, the system incorporates facilities for guidance, mechanical
support and connection of the systems used to drill and complete the well.

Further info

A.3.2 Wel

A typical su

68

rmation on subsea wellhead systems can be found in ISO 13628-4.

lhead system elements

bsea wellhead system consists of the following major components (see Figure A.2):
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4 rasing hanger running tool (drillpipe or fullbore) 15 housing bore protector
5 =sttoot 16 high pressute. wellhead hnllcing
6 177,8 mm (7 in) wear bushing 17 casing [normally 508,0 mm (20 in)]
7 244,5mm x 177,8 mm (9 5/8 in x 7 in) annulus 18 low-pressure conductor housing
seal assembly [normally 762,0 mm (30 in)]
8 177,8 mm (7 in) casing hanger 19 PGB
9 244,5mm (9 5/8 in) wear bushing 20 TGB
10 339,7 mm x 244,5mm (13 3/8in x 9 58 in)annulus 21 762,0 mm (30 in) conductor casing

seal assembly
11 244,5 mm (9 5/8 in) casing hanger
12 339,7 mm (13 3/8 in) wear bushing

22
23

sea floor
guidelines

Figure A.2 — Subsea wellhead system
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— atemporary guidebase (TGB), also known as a drilling guidebase, with a central opening for drilling of the
first section of the well and facilities for attachment of guidelines. The TGB acts as a support for the
permanent guidebase, providing a controlled reference point for wellhead elevation. Note that on single
satellite wells the TGB may be omitted if there are no requirements for accurately controlled elevation of
the wellhead. On multiple well templates, the TGB forms an integral part of the template;

— a permanent guidebase (PGB), also known as a flowbase, with facilities for attachment to the conductor
housing and guidance of the drilling and completion equipment (universal guide frame, BOP, production
tree). If used together with a TGB, the PGB incorporates a gimbal arrangement on the underside (curved
profile that interfaces with a cone landing area on the TGB) to compensate for any angular misalignment
between the TGB and the PGB due to the seabed topography and the verticality of the well. PGBs are
frequently installed such that the top of the wellhead is up to 2 m (6,56 ft) to 3 m (9,84 ft) above the.odean
bottom| This height allows drilling spoil and cement returns to be disposed onto the ocean floof. without
interfening with the guidance and installation of subsea equipment;

NOTE On satellite wells, depending on the overall tree configuration, the PGB can be replaced.by a produgtion
guidebdse prior to installation of the tree, incorporating facilities for pull-in and connection of the flowlines to the free.
This allpws XT recovery without disturbing the flowline connections. Alternatively, a production guidebase cah be
designed to serve as both the temporary/drilling guidebase and the production guidebase. It can be either permgnent
or retrigvable. The flowlines can also be connected directly to the tree, but this requires the flowline connectiops to
the tree|to be broken prior to recovering the tree.

— a (lowqpressure) conductor housing welded to the conductor casingy which forms the initial point for
anchor|ng to the seabed. The conductor housing incorporates an “internal landing shoulder for| the
wellhead housing, and facilities on the outside for attachment of the PGB. The conductor housing may be
installed together with the PGB or, as the case may be, a production guidebase;

— a (hightpressure) wellhead housing with internal profiles fer-support of all subsequent casing strings|and
the tubling hanger, and external profiles for attachment of-the drilling and completion equipment (BOP,
tree) and landing in the conductor housing;

— variouq casing hangers with associated annulusxseal assemblies for suspension of the casing strings|and
isolation of the annuli. A lockdown mechanism is recommended to prevent movement of the caping
hangers due to thermal expansion or annuius pressure when the well is put on production. Caging
hangers can feature burst disks to coverfor any possible casing collapse due to excessive presgure
build-up in the B-annulus.

A.3.3 Running tools

Dedicated tools are used to install, test and retrieve the various elements of the wellhead system. The tpols
are activatgd either by meehanical manipulation of the drill string (push, pull, rotation) or in some case$ by
hydraulic fynctions through-the drill string or dedicated hydraulic lines. These tools interface with dedicated
handling prefiles in the @ssociated equipment.

A.3.4 Misgellaneous equipment

A set of wea S C G =F-Ta the
various stages of the dr|II|ng and completlon operatlons A subsea BOP test tooI is reqwred for use in tests to
periodically verify the pressure integrity of the BOP stack. A protective cap is required if the well is temporarily
abandoned at any time, to prevent damage by debris, marine growth and corrosion.

A.4 Subsea tree systems

A.4.1 General

A41.1 The equipment required to complete a subsea well for production or injection purposes includes a
tubing hanger and a tree, often referred to in combination as the “subsea tree system”. Together with the
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wellhead system, the subsea tree and the tubing hanger provide the barriers between the reservoir and the
environment in the production mode. In the installation/workover mode, the barrier functions are transferred to
an LRP for vertical tree (VXT) systems and the BOP and landing string for horizontal tree (HXT) systems.

A41.2 Basically, the tubing hanger supports the tubing string and seals off the tubing/production casing
annulus. The tree consists of an arrangement of remotely controlled valves to interrupt or direct flow if
necessary for operational or safety reasons. The subsea tree performs much the same functions as a surface
tree, but is designed for remote control and underwater service. In multiwell developments, where there are
more trees than there are individual flowlines, it is typical for each tree to be fitted with an actuated production
choke so that the relative flow from each well into the common flowline(s) can be remotely controlled. Similarly,
if gaslift is required for a number of wells, the annulus side of each tree typically has an actuated choke fitted

sot

A4
thro}
asi
hori
the
The]

A4
con

hat a dedicated gaslift line is not required for each well.

1.3 There are two basic types of subsea trees: vertical trees (VXT) and horizontahtrees
Lgh type XT are being developed which permit the TH to be installed into the wellhead rather

XT, and likewise permits the XT to be recovered without disturbing the TH, by stripping the XT
defining differences between the two basic tree types are as follows:

in a VXT, the master valve is located directly above the tubing hanger-in the vertical run of
valves in the vertical portion of the flowpath, unless a ball valveis incorporated into the intern

in a VXT configuration, the tubing hanger and downhole tubing are run prior to installing the t
an HXT the tubing hanger is typically landed in the tree; and hence the tubing hanger an
tubing can be retrieved and replaced without requiring-rremoval of the tree. By the same token
an HXT normally requires prior removal of the tubing hanger and completion string;

VXT systems are run on a dual-bore completion riser (or a monobore riser with bore sele
above LRP and a means to circulate the annhulus; usually via a flex hose from surface). TH
run on casing tubular joints, thereby saving the cost of a dual-bore completion riser, howeve
landing string is required to run the ¥H. The landing string is equipped with isolation ball v
disconnect package made specially-'to suit the ram and annular BOP elevations of a part
Subsequent rig change requires certain components of the landing string to be changed ou
new BOP ram and annular BOR elevations.

1.4 The advantages.and disadvantages associated with the above features combined
Siderations (such as _bore size, complexity of downhole completion, riser requirements, etc.) ¢

to i

dicate that one tree-type or the other is more suitable for a particular field development.

N an HXT configuration. The TH bores extend up through the TH and into the XT, where they in
pontal bores that penetrate into the XT. The system allows the TH to be recovered without intgrfering with

t
while in an HXT the master valve is in the horizontal run adjacent to'the wing valve, i.e. ther?J'

HXT). Drill-
than the XT
tersect with
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are no tree
| tree cap;
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of HXT are
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with other
an combine
Therefore a

cargful assessment-0Of_the tree types with respect to the specific project requirements should be
priof to making aAinal selection for any given project.

completed

Furfher information on VXT and HXT can be found in ISO 13628-4.

A.4.2-Vertical tree (VXT) systems

A.4.21 Configuration

In VXT systems, the tubing hanger is typically installed inside the wellhead and the tree is then installed on top
of the wellhead. The tubing hanger forms the connection between the production/injection tubing and the tree
via extension subs which seal between the base of the tree and the matching seal bores in the top of the
tubing hanger. The tree consists of a valve block with bores and valves configured in such a manner that fluid
flow and pressure from the well can be controlled for both safety and operational purposes. The tree includes
a connector for attachment to the wellhead (or tubing hanger spool if used). The connector forms a pressure-
sealing connection to the wellhead, while bore extension subs from the tree to the tubing hanger form
pressure-sealing conduits from the main bore and annulus of the well to the tree.
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External piping provides fluid paths between the bores of the tree and the flowline connection points. The
flowline(s) may be connected either directly to the tree, or via piping on a production guidebase. The flowline
connection joins the tree with the subsea flowline, using a choice of connections described in A.9.3.

A tree cap is usually installed on the top of the tree to prevent marine growth on the upper tree connection
area and sealing bores, and may be either pressure-containing or non-pressure-containing. Pressure-
containing caps provide an additional environmental seal above the swab valves and/or wireline crown plugs,
and should contain a provision for monitoring and for relieving trapped pressure before removal. The tree cap
may also be combined with various control system components to form an integral part of the tree control
system, e.g. the tree cap may convert certain functions on the tree from workover control to/from production
control mode.

A4.22 V

A.4.2.21
vertically th
tools down
gate valves
bores intery
isolation g
communic

A4.2.2.2

ertical tree

Vertical trees (VXT) typically have one or two production bores and one annulusbore run
rough their entire length (as shown in Figure A.3). These bores permit the passage of plugs
through the XT and into the TH or completion string. The vertical bores pass(through a serig
(production valves) used to isolate the vertical bores at differing levels. Two)or more horizg
ect the vertical bores to permit the passage of fluids into or out of theswell, and each has
e valve (wing valves) to allow flow shut-off. Cross-over valves are usually incorporated to g
ion between the production and annulus bores.

The VXT stack-up in its simplest form comprises a top mandtel, solid master and wing v

blocks, re-¢ntry funnel or guideposts, protective structure, wellhead eonnector, wellhead and TH. The
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irectly with the wellhead, therefore it may be preferred to.source the XT and wellhead from
ier, in order to guarantee the interface. If this is not pessible, a tubing spool can be installe
he interface. A tubing spool can also be installedCif the existing wellhead is damaged

A tubing spool simplifies TH installation by~providing a known shoulder onto which the T
a helix to allow passive orientation of the TH. These features eliminate the requirement for
elevation check run prior to running the,TH (saves rig time),

ntation check run prior to XT runhing (saves rig time),

odifications,

rientation joint (saves:rig'time).

spool also perniits ‘annulus access below the TH for concentric type XT designs, see A.4.2.3.
A dual or triple bore completion/workover riser (see Figure A.5) is used to provide ver

m the<TH up to the surface while running and setting the TH, and similarly provides ver
m the\tree to the surface during XT running and wireline operations (see Figure A.6).
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with the BOP providing the necessary well barriers during the entire operation. There are usually no isolation
valves or disconnect package in the landing string above the TH, since the well is usually killed and TH
installation operation usually of a short duration.

A.4.2.2.6 Since the TH lands on the casing hanger inside the wellhead, it is necessary to check the
elevation of the last casing hanger to ensure correct spaceout of the TH locking mechanism. This is done by
running a lead impression block into the wellhead to obtain an imprint of the appropriate profiles. The TH
landing ring is then adjusted accordingly. The HXT and VXT designs with tubing spool do not require a lead
impression block run, since in these designs the TH is landed onto a known landing shoulder in the XT (or
spool) body.
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A.4.2.2.7 Since wellheads have no means to allow TH orientation, other means such as a guide pin or
orientation helix in the BOP are used. These devices pick up on a helix sleeve in the BOP or guide pin helix
on the TH orientation joint (THOJ). The BOP stack is in turn aligned with guideposts or an orientation re-entry
funnel on the flowbase. The inevitable stack-up tolerances necessitate an orientation check to be performed
on the TH once landed. This is done with an orientation check tool prior to pulling the BOP. An orientation
check is not required for the HXT and VXT designs with tubing spool, since in these cases TH orientation is
via an internal helix within the XT (or spool). BOP orientation is also not required in these cases.

A.4.2.2.8 It may be desirable to clean up and flow test the well immediately after TH landing. This can be
the case if kill fluids are likely to damage the reservoir if left for any significant time. In this instance a dual-
bore well control system, with two valves in each bore and an emergency disconnect package, would be

reqlired (see Figure A.7). This equipment allows well closure and emergency disconnec
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pletion/workover riser during clean-up and flow testing.

2.2.9 Figure A.7 shows a dual-bore completion/workover riser, however, a mone-bdre ris
 if a bore selector was incorporated above the dual-bore completion tree. Annulus’ access G
hose during XT running and workover mode, and via the BOP choke and kill lines-during TH
n-up.

2.2.10 The VXT can only be installed onto the wellhead after all-drilling and casing a
plete and the TH run and locked into the wellhead. This requires the, Tk-o be temporarily plug
pletion/workover riser and BOP retrieved to the surface prior to carrying out XT installation.
stalled onto the wellhead, the temporary plugs are pulled and the well perforated and cleaned
en ready for production.

H with an hydraulically retractable orientation pin (fitted;to a spare choke or kill outlet) or orient
ed into the BOP connector) in order to correctly origntate the TH with respect to the wellhead.

eposts on the template or PGB structure. For.@ guidelineless system, other means are used
BOP, such as a re-entry funnel and orientation key arrangement. A BOP pin and THOJ are ng
ubing spool is installed, since TH orientation is achieved via an internal helix within the tubing s

onnect package (EDP) in order to allow safe closure of the well and emergency disconne
pletion/workover riser.

2.2.13 Options are dvailable that allow the LRP to be omitted, but require the tree swab val
line and coiled-tubing)shearing capability. In this case cross-over valves are incorporated int
above the produetion and annulus master valves (PMV and AMV) to allow circulation of the
riser. The XJymandrel also needs to be arranged for high-angle release of the EDP. This d
mmended, due to the high probability of damaging the swab valve during any shearing operati
bssitatinglrétrieval of the XT and replacement of the swab valve.

2.244 The purchase cost of a multibore completion/WO riser is relatively small for shallow w
for-deeper water its cost becomes a dominant factor. The cost can be justified if absorbed ove

ion of the
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2.2.11 During TH running operation, the completion/workover riser is fitted with a THOJ and the BOP

ation sleeve
This in turn
chieved via
to orientate
t necessary
pool.

2.2.12 During XT installation and“workover operations, the completion/workover riser is fitted with a
lower riser package (LRP) complete“with isolation, shear and cross-over valves, and an

emergency
ction of the

ves to have
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ption is not
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ater depths
" a multiwell

development, but can be pronibitive In a one- or two-well development. In certain cases, the actual feasibility
of using a multibore riser in ultra-deep water has been shown to be doubtful, requiring development of other
systems.

A.4.2.2.15 One such system utilizes a monobore completion/workover riser together with a bore selector
mechanism to gain access to the TH or XT production and annulus bores, as shown in Figure A.8, Figure A.9
and Figure A.10. The cost of the completion/WO riser is reduced because standard tubing joints can be used
instead of a dual-bore completion/WO riser. TH and XT running times are also significantly reduced because
screwed joints are used. In this system, annulus circulation during XT installation is achieved via an
independent flexible line run alongside the tubing joints or, alternatively, via a large-bore hose in the WO
umbilical.
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A.4.2.3 Concentric designs

A4.2.3.1

A.4.2.3.2
pipe run alo

A.4.23.3

Concentric trees are configured with their valves very much like those of the VXT design, but with
the distinct difference being that the production bore is located concentrically within the tree and the annulus
located off-centre (see Figure A.11).

The inherent feature of the design allows access only through the centrally located production
bore for TH plug setting, and consequently other means are used for accessing the annulus, such as a flexible

ng the side of the completion/workover riser.

The advantage of the design is that the TH can be run on single standard-tubing joints. This

significantly| reduces costs because no special completion/workover riser is required. Since screwed jointg
used, TH anpd XT running times are also significantly reduced.

A.4.2.3.4
stab valve ¢
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A.4.2.3.5
sleeve and

situated in & tubing spool fitted with a gate valve for annulus isolation (see Figure A.12).

The major problem with the design is isolating the annulus. This can be achievedivia a po
r hydraulically operated sliding sleeve located in the TH, both of which provide acc¢ess when e
r XT is landed, and of course close when the THRT or XT is removed. These yalves have prg
jor point of failure in the design, since gas lift or circulation fluid debris tends to degrade
valve seals over time, resulting in their inability to close tightly after THRT.or XT removal.

Certain configurations are available that eliminate altogether the problems associated with sli
poppet annulus access valves by allowing annulus access below ¢he TH. In this case, the T
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ther
ven

the

ding
H is

A.4.2.3.6 [The tubing spool also simplifies TH installation by providing*an exact elevation into which thg TH
is landed, pnd an orientation helix to allow passive orientation <ofythe TH. These features eliminate| the
requirement for

— casing[elevation check run prior to running the TH (savestrig time),

— TH origntation check run prior to XT running (saves rig time),

— BOP modifications,

— a THOJ (saves rig time).

A.4.2.3.7 |As with dual bore conventional designs, the completion/workover riser (single string or monobjore)
is required |to be equipped with an ERP and EDP during XT installation and wireline workover operatipns,
however ip this case access:-to the annulus is usually via a flexible hose run alongside |the
completion/workover riser (see Figure A.13).

A.4.2.3.8 |The concentric”XT can only be installed onto the wellhead after the TH has been run. [This
requires thg TH to be-temporarily plugged and the completion/workover riser and BOP retrieved to the surface
prior to progressing*with XT installation. Once the XT is installed onto the wellhead, the temporary plugs| are

pulled and the well-perforated and cleaned up.

A.4.23.9

The sequence is quitp different if a fnhing Qpnnl is installed In this case the well is bhe tempaor

rily

abandoned after completion of drilling and casing activities, and the BOP retrieved to surface. The tubing
spool is then installed onto the wellhead and the BOP re-run onto the top of the spool. At this point the cement
plug is drilled out and the TH run into the tubing spool. Temporary plugs are run into the TH and the
completion/workover riser and BOP retrieved to the surface. The XT is then installed and the temporary plugs
pulled, followed by perforation and clean-up and retrieval of the completion/workover riser.

A.4.2.3.10 Installation of a tubing spool is quite common among certain operators, because it allows freedom
to choose what they consider to be the best wellhead and best XT system.

A.4.2.3.11 VXT may or may not be configured for TFL servicing to allow maintenance of selected downhole
components, such as SCSSVs, using tools pumped downhole via the flowlines between the well and the host
facility.
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The TH is installed and removed through the BOP stack and the marine riser, using a THRT. On wells
requiring immediate perforation and cleanup on landing of the TH (to limit reservoir damage from completion
fluid), a dual-bore test tree and emergency disconnect connector may be run above the THRT to offer
emergency shut-in and disconnect, whereas on a killed well this may not be deemed necessary.

A TRT is used to install or remove the tree using either a workover/completion riser system or a drillpipe
handling string. When run with the completion/workover riser, the TRT forms part of the LRP which typically
includes a wireline/coiled tubing BOP and an EDP as described in A.11.2.2. Usually the TRT includes a
means of hydraulic communication with various control functions on the tree, including the tree connector,

seld
Con
WO
disa

A4

Vari
han

cted valves, and the flowline connector(s).
trol of THRT, landing string and tree functions during installation and workover is usuatly-perf

umbilical and surface located HPU. Various ESD functions are built in to permit well is
onnect of the running string.

2.5 Miscellaneous equipment

ous miscellaneous equipment, including handling and protective equipment, test stumps, a du
her, etc., are also typically supplied as part of the subsea tree system.

brmed via a
olation and

mmy tubing
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Key

SCSSYV control line

tubing hanger (TH)

conductor housing

casing hangers and seal assemblies
guideposts (optional)

XT cap

Xmas tree (XT)

DHPTT monitoring line

9 lowline-connector

0N Ok WN -

10 KT connector

11 puidebase

12 flowline/tie-in spool connector

13 ellhead

14 (drilling guidebase or template slot

PSV and ASV may be substituted with plugs.

XT cap may be pressure-containing or non-pressure-containing.
¢ Flowline connection shown connected to Production guidebase, but may alse_be connected directly to XT]
Production guidebase shown (allows connection of flowlines).

Figure A.3 — Vertical Xmas tree (VXT)
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SCSSV control line

tubing hanger (TH)

orientation sleeve

conductor housing

casing hangers and seal assemblies
guideposts (optional)

XT cap

Xmas tree (XT)

9 HPTT maonitorinag ling
9

0N Ok WN -

10 Flowline connector

11 KT connector

12 puidebase

13 flowline/tie-in spool connector
14 fubing spool

15 KT guidebase

16 wellhead

17 (rilling guidebase or template slot

PSV and ASV may be substituted with plugs.

XT cap may be pressure-containing or non-pressure containing.
¢ Flowline connection shown connected to Production guidebase, but may also be connected directly to XT]|
Production guidebase shown (allows connection of flowlines).

Figure A.4 — Vertical Xmas tree (VXT) shown with tubing spool
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lubricator valve umbilical sheave
THRT umbilical sheave

flex joint

lubricator valve umbilical
lubricator valve

flex joint

LMRP

BOP

BOPRP connector

ISO 13628-1:2005(E)

fravelling block

fop drive

balls

Elevator

winch

S5trops

ifting frame (shown as example)
CT injector head (shown as example)
wireline/coiled tubing BOP
SXT top adapter

surface Xmas tree (SXT)
SXT bottom adapter

wear joint

completion riser spider
diverter

fensioners

felescopic joint

marine drilling riser
guideline (optional)

Upper annular preventer
ower annular preventer
THRT umbilical

THOJ orientation pin

fubing hanger orientation joint (THOJ)
fubing hanger running tool (THRT)
guideposts (eptional)

fubing hanger (TH)

guidebase

drilling guidebase or template slot
vallhaad

dual-bore completion/WQ riser joints (typ)

drill floor
moonpool

May be lifted directly from balls instead of lifting frame.

Figure A.5 — Running of TH on dual-bore completion-workover riser
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W/CT BOP

SXT + adapters

wear joint

spaceout joint

tension joint

dual-bore completion/WO riser joints
stress joint

lower WO riser package (LWRP)
9 XT

0N Ok WN -

10 fravelling block

11 fop drive

12 palls

13 Elevator

14 winch

15 ptrops

16 |ifting frame (shown as example)

17 [CT injector head (shown as example)
18 fkompletion riser spider

19 [ensioners

20 (diverter housing

21 WO umbilical sheave

22 WO controls umbilical

23 puidelines (optional)

24 pmergency-disconnect package (EDP)
25 |wireline/coiled tubing BOP (W/CT BOP)
26 free running tool (TRT)

27 puideposts (optional)

28 puidebase

29 (rillling guidebase or template slot

30 (drill floor

31 moonpool

Figure-A.6 — Running of VXT on dual-bore completion-workover riser
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lubricator valve umbilical sheave
THRT umbilical sheave

flex joint

lubricator valve umbilical
lubricator valve

flex joint

LMRP

BOP

9 BOPRP connector

0N Ok WN -

10 fravelling block

11 fop drive

12 palls

13 Elevator

14 winch

15 ptrops

16 |ifting frame (shown as example)
17 [CT injector head (shown as example)
18 wireline/coiled tubing BOP

19 [SXT top adapter

20 purface Xmas tree (SXT)

21 BXT bottom adapter

22 wear joint

23 rompletion riser spider

24 (diverter

25 fensioners

26 felescopic joint

27 marine drilling riser

28 puidelines (optional)

29 ppper annular preventer

30 Jower annular preventer

31 [THRT umbilical

32 dual-bore completion/WQ riser joints (typ)
33 retainer valve

34 Bhear sub

35 pmergency-disconnect connector
36 Hual-bore subsea safety tree

37 [THOJ origntation pin

38 fubingshanger orientation joint (THOJ)
39 fubing hanger running tool (THRT)
40 uidepests{optional)

41 tubing hanger (TH)

42 guidebase

43 drilling guidebase or template slot
44 wellhead

45 drill floor

46 moonpool

47 dual-bore landing string

@  May be lifted directly from balls instead of lifting frame.

Figure A.7 — Running of TH on dual-bore landing string and dual-bore completion/workover riser
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lubricator valve umbilical sheave
THRT umbilical sheave

flex joint

lubricator valve umbilical
lubricator valve

flex joint

LMRP

BOP

BOPRP connector

ISO 13628-1:2005(E)

fravelling block

fop drive

balls

Elevator

winch

S5trops

ifting frame (shown as example)
CT injctor head (shown as example)
wireline/coiled tubing BOP

SXT top adapter

surface Xmas tree (SXT)

SXT bottom adapter

wear joint

Fiser spider

diverter

fensioners

felescopic joint

marine drilling riser

guidelines (optional)

Upper annular preventer

ower annular preventer

THRT umbilical clamp (typ)

THRT umbilical

casing tubing joints (typ)

bore selector

THOJ orientatior\pin

fubing hanger-grientation joint (THOJ)
fubing hanger running tool (THRT)
guidepasts (optional)

fubing hanger (TH)

uidebase

drilling guidebase or template slot
wellhead

drill floor

moonpool

May be lifted directly from balls instead of lifting frame.

Figure A.8 — Running of TH on monobore completion/workover riser with bore selector
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lubricator valve umbilical sheave

THRT umbilical sheave

flex joint

lubricator valve umbilical

lubricator valve

flex joint

LMRP

BOP

BOP connector

fravelling block

fop drive

balls

Elevator

winch

s5trops

ifting frame (shown as example)

CT injector head (shown as example)

wireline/coiled tubing BOP

SXT top adapter

surface Xmas tree (SXT)

SXT bottom adapter

wear joint

completion riser spider

diverter

fensioners

felescopic joint

marine drilling riser

guidelines (optional)

Lpper annular preventer

ower annular preventer

THRT umbilical clamp (typ)

THRT umbilical

casing tubing joints (typ)

bore selector

retainer valve

Shear sub

Emergency disconnect connector

dual-bore subsea safety tree

THOJ origntation pin

fubing:hanger orientation joint (THOJ)

fubing hanger running tool (THRT)
uideposts (optional)

tubing hanger (TH)

guidebase

drilling guidebase or template slot

wellhead

drill floor

moonpool

dual-bore landing string
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May be lifted directly from balls instead of lifting frame.

Figure A.9 — Running of TH on monobore completion/workover riser
and dual-bore landing string with bore selector
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W/CT BOP

SXT + adapters

wear joint

spaceout joint

tension joint

casing tubing joints

stress joint

bore selector

9  JowerWO riserpackage(LWRP)
10 Kmas tree (XT)

11 fravelling block

12 fop drive

13 palls

14 Elevator

15 winch

16 ptrops

17 |ifting frame (shown as example)
18 [CT injector head (shown as example)
19 fompletion riser spider

20 pnnulus access line sheave

21 fensioners

22 [piverter housing

23 WO umbilical sheave

24 WO controls umbilical

25 pnnulus access line

26 puidelines (optional)

27 pmergency disconnect package (EDP)
28 |wireline/coiled tubing BOP (W/CT BOP)
29 free running tool (TRT)

30 puideposts (optional)

31 puidebase

32 (rilling guidebase or template-slot
33 (drill floor

34 moonpool

0N Ok WN -

Figure A.10— Running of VXT on monobore completion/workover riser with bore sel¢ctor
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annulus pccess shift valve control line
tubing hanger (TH)

annulus fpccess sliding sleeve
conductgr housing

casing hpngers and seal assemblies
guideposts (optional)

XT cap
Xmas trge (XT)
DHPTT onitoring.line
SCSSV tontrolline
flowline ¢annector

0 N O O b~ WN -

—_ -
- O

-
N

XT connettor

guidebase

flowline/tie-in spool connector
wellhead

drilling guidebase or template slot

- A A
o bW

PSV may be substituted with plug.

XT cap may be pressure-containing or non-pressure-containing.

¢ Flowline connection shown connected to production guidebase, but may also be connected directly to XT.
4 Production guidebase shown (allows connection of flowlines).

o o

Figure A.11 — Concentric-type VXT
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plternative position for XOV 11 DHPTT monitoring line

SCSSV control line 12 flowline connector

pnnulus conneetor 13 XT connector

fubing hanger (TH) 14 guidebase

prientation‘sleeve 15 flowline/tie-in spool connector
conductor housing 16 tubing spool

casing hangers and seal assemblies 17 _XT guidebase

guideposts (optional) 18 wellhead

XT cap 19 drilling guidebase or template slot
Xmas tree (XT)

PSV and ASV may be substituted with plugs.

XT cap may be pressure-containing or non-pressure-containing.
Flowline connection shown connected to production guidebase, but may also be connected directly to XT.
Production guidebase shown (allows connection of flowlines).

Figure A.12 — Concentric-type VXT shown with tubing spool
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W/CT BOP

SXT + adapters

wear joint

spaceout joint

tension joint

casing tubing joints

stress joint

lower WO riser package (LWRP)

9 Xmas-traa-(XT)
\ 7

0N Ok WN -

10 fravelling block

11 fop drive

12 palls

13 Elevator

14 winch

15 ptrops

16 |ifting frame (shown as example)

17 [CT injector head (shown as example)
18 fkompletion riser spider

19 Bnnulus access line sheave

20 fensioners

21 [piverter housing

22 WO umbilical sheave

23 WO controls umbilical

24 @nnulus access line (shown connected directly to XT)
25 puidelines (optional)

26 Eemergency disconnect package (EDP)
27 puidelines (optional)

28 free running tool (TRT)

29 puideposts (optional)

30 puidebase

31 (rilling guidebase or template slot

32 (rill floor

33 moonpool

Figure A.13 — Ranning of concentric XT on monobore completion/workover riser with borg¢ selector
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A.4.3 Horizontal tree (HXT) systems

A.4.3.1 Configuration

In horizontal subsea tree systems, the tree is installed on the wellhead and then the tubing hanger is installed
inside the tree. The tubing hanger forms the connection between the production/injection tubing and the tree.

Figure A.14 shows a typical configuration with a production guidebase as part of the stack-up. This is to allow
tree retrieval without disturbing the flowline and umbilical. Clearly, with the reduced likelihood of having to
retrieve the tree, there is less need for a base and, in certain circumstances, the production guidebase may be

|ntegrated with-the XT epr\r\l This sgves a Funning npnrnhnn, but at the expense of rndllmng Q\Jlefnm flexi |||ty’

i.e.:

— restrictp installation of the flowline and umbilical until after the XT is installed;

— disturbp the flowline and umbilicals if the XT ever has to be recovered.

A.4.3.2 Tubing hanger (TH)

The TH proyides support for the tubing string and isolates the annulus between the tubing and the casing.[The
TH is locke@l down inside the tree.

In HXT, thg TH is typically monobore, with access to the annulus beingprovided via side entry ports ahove
and below the hanger. The TH needs to be oriented within the tree such that the side port for the prodyced
fluids on thg hanger is aligned with the corresponding entry port in the\tree mandrel.

A.4.3.3 Horizontal subsea tree

A.4.3.3.1 | The HXT consists of a valve block with bores<and valves configured in such a manner that fluid
flow and prgssure from the well can be controlled for both safety and operational purposes. The tree inclydes
a connector for attachment to the wellhead. The "eonnector forms a pressure-sealing connection to| the
wellhead, while annular seals on the TH seal between the main bore and annulus of the well to the treg. A
completion [stab seal extending from the bottom of the XT penetrates and seals into the upper casing hanger.
The compldtion stab seal features a helix to passively orientate the TH during landing.

11

A.4.3.3.2 |External piping provides_fluid paths between the bores of the tree and the flowline connegtion
points. The|flowline(s) may be connected either directly to the tree, or via piping on a production guidebgse.
The flowling connection joins the. tree with the subsea flowline, using a choice of connections described in
A.9.3.

A.4.3.3.3 | A plug is usudally installed inside the top of the TH to seal the vertical bore through the TH, |and
then an intgrnal tree cap-is installed inside the top of the tree to provide a second pressure-retaining barier.
The internal tree-cap may be blind or feature a plug nipple or ball valve to permit easier wireline/coiled tuping
intervention. A debnis cap is then installed on top of the tree to prevent marine growth inside the top of the|tree.
The main djffefence between the HXT and VXT is that for HXT the TH is installed into the XT rather than the
wellhead. This_allows replacement of the downhole completion without disturbing the tree.

A.4.3.3.4 Use of HXT was initially aimed at ESP applications where frequent fullbore workovers were
expected, but has now gained acceptance for use even in natural drive wells. They were also of interest due
to the ability to run the TH on standard tubing joints rather than a dual-bore completion riser, but similar
systems are now available for VXT systems.

A.4.3.3.5 The full-bore aspect of the HXT design obviously does not allow vertical bore valves in the XT, so
HXTs are configured with the valve bores located horizontally within the tree body. This allows the XT to be
equipped with a production bore larger than that normally allowed in a VXT. Obviously the quality of seal
between the TH and XT is of utmost importance, since this essentially replaces the seats and gates of valves
in VXT configurations.
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A.4.3.3.6 The fact that the TH can be retrieved without disturbing the XT makes this type of tree of
considerable interest for installations using downhole equipment deemed to require frequent retrieval (i.e.
submersible pumps, intelligent completions, etc.). The use of VXTs with ESP in a deepwater marginal
development, for instance, can prove to be uneconomical purely on account of the frequent costly workover
operations. For an HXT design this may not be the case, due to the “relative simplicity” of completion retrieval.

A.4.3.3.7 HXT designs are also of interest for use on high production-rate wells or water injection wells,
particularly in template or clustered configurations. In these cases, only one HXT might be needed, instead of

perhaps two VXT types.
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the lower part of the XT. This eliminates the need to perform casing elevation and TH orien
, and by default eliminates the need for an orientation pin or sleeve in the BOP.

3.3.9 The HXT can only be installed onto the wellhead after all drilling and/casing a
plete. This requires the well to be temporarily plugged and the BOP retrieyved, to the surf
ressing with the completion. Once the XT is installed onto the wellhead, the ' BOP is run onc
time locked onto the top of the XT. Once the BOP is locked onto the XT, the‘temporary ceme

nal tree cap (ITC) and retrieval of the BOP. The HXT is now ready forproduction.
3.3.10 The fact that the BOP has to be retrieved between drilling and completion phases cert|
dvantages for a single-well development, but for a batch-drilled multi-well development BOR

bcted, consequently putting VXT and HXT systems on equal par.

3.3.11 More equipment than the VXT system is required prior to completion operationg
mitment has to be quite high in order to justify the additional up-front capital expenditure.

3.3.12 Figure A.15 shows a typical XT running configuration for HXT designs. During TH
over operations, well barriers are provided~by the BOP rams, kill and choke lines and fai
es located in the TH landing string package“(see Figure A.16).

3.3.13 It should be stressed that-failure of any HXT component requires a full workover an
tree can be retrieved to the surface for repair. Statistical analysis has however shown the p
nhole equipment failures, espeeially SCSSVs and submersible pumps, to be several orders o
[ configuration.

3.3.14 A variant onthe HXT design, utilizing a split TH, allows XT retrieval without first havin

completion string; but unfortunately requires a complicated annulus isolation system. Suc
Lld be avoidedyinfavour of a VXT configuration

3.4 Drill-through designs

3.4.1." A variant of the standard HXT design, termed drill-through tree (DXT), has the same

ast

The TH stack-up and orientation problems usually associated with conventional dual-bore XT
gns are eliminated in the HXT design by landing the TH in the XT and incorporating a TH orieptation helix
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ainly has its
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, thus well

unning and
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d Kill before
robability of
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) to recover
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advantages

he-HXT design but in addition allows drill-through mode (see Figure A.17)

A.A4.

3.4.2 The system reduces the number of BOP deployment operations to one, since all

drilling and

completion operations are performed through the tree sequentially without having to retrieve the BOP.

A.A4.

3.43

The wellhead system needs to be of a slim-bore design, with a standard 16 3/4 in (or 13 5/8 in)

internal profile and standard 18 3/4 in external profile. This is to allow the use of a standard 18 3/4 in wellhead
profile on top of the XT for casing drifting through the tree but also allow a positive landing shoulder for landing
of the TH inside the XT.
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A.4.3.4.4 As drilling operations go into ultra-deep water, the ever-increasing riser tensions required, mud
volumes and casing storage make the practicalities of using conventional 21 in drilling risers and 18 3/4 in
BOPs so difficult that other systems have needed to be developed. One of these uses a 16 3/4 in (or 13 5/8 in)
BOP, 14 in slimbore drilling risers and slimwell casing string designs.

A.4.3.4.5

One of the disadvantages of the drill-through design is that, even though the tree is run with a
bore protector in place, the sensitive sealing areas can still be subject to damage during drilling operations.
This is because all drilling bits, casing hangers, wear bushings and seal assemblies have to pass through the
XT. Correct design of the bore protector, with positive lockdown and generous lead-ins and lead-outs, will
obviously mitigate this problem.

A.4.3.4.6
cement if th
correct des

A.4.3.4.7
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A.4.3.4.8
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disadvantag
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A.4.3.49
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A435 R
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The TH is

subsea test
the THRT.

A436 M

Various mis
hanger, etc

Additionally, there is the possibility of clogging side penetrations with drilling mud and ca
e bore protector seals fail, especially those used for SCSSV control and DHPT monitoring.“Ag
gn of the bore protector will mitigate this problem.

A further disadvantage is the limitation of bit size to 16 in when drilling out for the713 3/8 in ca
dvances in expandable bits, under-reamers and abrasive jet bits will again mitigate-this probler

The fact that the XT has to be available during drilling operations makes the capital expenditu
stem the highest of the three XT types, so that well committment must-be extremely high.
e this implies, however, could be more than balanced out when taking-into account the redug
d completion costs.

During TH running and workover operations, well barriers are\provided by the BOP rams, kill
and fail-safe close valves located in the TH landing string package.

unning tools

N be installed via a drillpipe handling string or bytbeing picked up from a position in which it
arked on the seafloor and landed on the wellhead using the drilling BOP stack and marine rise

nstalled and removed through the BOP stack and the marine riser, using a THRT. Typical
tree and various other in-line valves(and emergency-disconnect packages (EDP) are run al

iscellaneous equipment

cellaneous equipment;-including handling and protective equipment, test stumps, a dummy tu
, are typically supplied as part of the subsea HXT system.
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horizontal stroking couplers/eonnectors 11 internal tree cap (ITC)

SCSSV and DHPTT lines 12 ITC plug

wellhead 13 tubing hanger (TH)

XT connector 14 TH plug

TH orientatiop.helix 15 Xmas tree (XT)

completiof, stab sleeve 16 flowline connector

conduetor housing 17 guidebase

casing hangers and seal assemblies 18 flowline/tie-in spool connector
XT-Cap 19 wellhead

guideposts (optional) 20 drilling guidebase or template slot

Permits annulus access without having to remove ITC.
Hydraulic/CL lines may be made up with static seal mechanisms.

XT cap may be pressure-containing or non-pressure-containing.

ITC shown with plug. ITC may also be blind or fitted with ball valve.

Flowline connection shown connected to Production guidebase, but may also be connected directly to XT.
Production guidebase shown (allows connection of flowlines).

Figure A.14 — Horizontal Xmas tree (HXT)
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Key

1 travelling block

2 top drive

3 balls

4  elevator

5 WO umbilical sheave

6 drill pipe

7 guidelines (optional)

8 WO stabplate parking plate

9 AN O umbilical

10 WO controls stabplate

11 WO umbilical clamp (typ)

12 free running tool (TRT)

13 puideposts (optional)

14 rompletion stab seal test sub

15 puidebase

16 Wrilling guidebase or template slot
17 ellhead

18 (rill floor

19 moonpool

a8 WO interface may also be via XT top.
Test may also be performed by other means.

Figure A.15 — Horizontal Xmas tree running on drill pipe
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Key

1 lubricator valve umbilical sheave 29 guidelines (optional)

2 THRT umbilical sheave 30 upper annular preventer

3 WO umbilical sheave 31 lower annular preventer
4 flex joint 32 THRT umbilical clamp (typ)
5 lubricator valve umbilical 33 WO umbilical clamp (typ)

6 lubricator valve 34 THRT umbilical

7 flexjoint 35 WO umbilical

8 LMRP 36 breakaway stabplate

9 BOPRP 37 parking-plate

10 BOP connector 38 guideposts (optional)

11 fravellling block 39 WO controls stabplate

12 fop drive 40 casing tubing joints (typ)
13 palls 41 retainer valve (RV)

14 Elevator 42 shear sub

15 winch 43 emergency disconnect connector (EDC)
16 ptrops 44 subsea safety tree (SST)
17 |ifting frame (shown as example) 45 stick joint

18 [CT injector head (shown as example) 46 adapter sub

19 wireline/coiled tubing BOP 47 TH running/tool (THRT)

20 BXT top adapter 48 tubing’hanger (TH)

21 purface Xmas tree (SXT) 49 THysolation sleeve

22 [SXT bottom adapter 50 guidebase

23 |wear joint 5\ -drilling guidebase or template slot
24 fiser spider 52 wellhead

25 [iverter 53 drill floor

26 fensioners 54 moonpool

27 felescopic joint 55 landing string

28 marine drillling riser

a8 May be lifted directly from balls instead of lifting frame.

b WO interface may also be via XT.op.

Figure A.16 — Running of tubing hanger on HXT
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Key
1 tree cap 12 internal tree cap (ITC)
2 optional foute for annulus access’line 13 ITC plug
3 cross-ovgr spool plug 14 horizontal stroking couplers/connectors
4  annulus stab 15 production stab
5 cross-over spool (shown with orientation helix) 16 SCSSV and DHPTT lines
6 wellhead 17 Xmas tree (XT)
7  XT conngcctor 18 flowline connector
8 tubing hanger (TH) 19 guidebase
9 conductor housing 20 flowline/tie-in spool connector
10 casing hangers and seal assemblies 21 wellhead
11 guideposts (optional) 22 drilling guidebase or template slot
a8  XT cap may be pressure-containing or non-pressure-containing.
b Permits annulus access without having to remove ITC.
¢ ITC shown with plug. ITC may also be blind or fitted with ball valve.
4 Flowline connection shown connected to production guidebase, but may also be connected directly to XT.
€ Production guidebase shown (allows connection of flowlines).
Figure A.17 — Drill-through XT
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A.5 Mudline casing suspension systems

A.5.1 General

Mudline casing suspension systems were originally designed to be installed by bottom-supported drilling rigs
(jack-ups) in shallow water applications with surface wellheads, although they are now also often used in
deepwater applications with tension leg platforms. These systems provide a suspension point near the
mudline to support the mass of casing strings within the wellbore. Typically the conductor and casing strings
with their respective annuli are tied back to the surface, where they are terminated using conventional surface
wellhead equipment.

However, wells drilled with conventional mudline casing suspension systems can also be commpleted with a
subgea tree, provided proper adaptation for the subsea completion is made. In general, subsea ¢gompletions
based on conventional mudline suspension equipment are best suited to shallow-water applicatjons, where
strutural strength/robustness is not a major issue.

An glternative to conventional mudline suspension equipment is drill-through mudliie” suspension|equipment.
Thig style of equipment is also installed using a bottom-supported drilling rig (jack-up) and shodlld be used
whgn it is anticipated that the well will probably be completed as a subsea well'rather than as a surface well.

Furfher information on both of these types of equipment can be found in41SO 13628-4.

A.52 Conventional mudline suspension and conversion equipment
A.5]2.1 Conventional mudline suspension equipment (see'Figure A.18) is used to suspend cdsing weight
at of near the mudline, to provide pressure control and toprovide annulus access when tied back fo a surface
wellhead.
A.5)2.2 The maijor installed items of equipmentfor a typical conventional mudline suspension $ystem are
— |a landing joint [typically 762 mm (30 in)] and elevation ring,
— | casing hangers.

A.512.3 During jack-up drilling.operations, the BOP stack is located at the surface. The casing annuli are
not jsealed at the mudline suspension; therefore, prior to installing the subsea completion, it is necessary to
install conversion equipment to/isolate the annuli and to provide landing interfaces for the TH and subsea tree.
The|equipment that is typically installed to complete this conversion includes

— |a tieback tool (tieback sub) and additional casing for the 339,7 mm (13 3/8 in) casing string,

— | a subsea-welthead adapter [typically 346 mm (13 5/8 in)] connected to the top of the 339,7 mm (13 3/8 in)
tieback ‘string,

— |a~four-post guidebase, for alignment and orientation of the subsea tree, running tools gnd re-entry
eqiipment

Ab5.2.4 After the wellhead adapter is installed on the mudline suspension system, wellbore re-entry is
generally established using a high-pressure riser to the surface BOP system on the jack-up. Casing hanger
tieback adapters are installed and annulus seal assemblies are run and tested. The TH can then be installed
in the subsea wellhead adapter (or in an additional TH spool). Plugs are then set in the TH, the BOP stack
and riser are removed, and the subsea tree is installed on the wellhead adapter (or TH spool).

A.5.2.5 Running tools and miscellaneous equipment for testing and installation of the subsea completion
equipment is also required, similar to that required for VXTs installed on subsea wellheads.
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Figure A.18 — Typical mudline system with wellhead adaptor for casing adaptors installed
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A.5.3 Drill-through mudline suspension equipment

A.5.3.1 Drill-through mudline suspension equipment is used to suspend casing mass at or near the
mudline and to provide pressure control. Drill-through mudline suspension equipment is used when it is
anticipated in advance that the well may be completed subsea.

A.5.3.2 Drill-through equipment differs from conventional mudline equipment in that the surface casing is
suspended from a wellhead housing and subsequent casing strings use subsea wellhead-like hangers and
annulus seal assemblies. The hangers have positive landing shoulders, therefore their OD is normally too
large to allow them to be run through casing tieback strings. It is usual to use risers having a pressure rating
and bore equivalent to the surface BOP stack for installation of casing hangers, seal assemblies, internal
abahdonment caps and the TH. The wellhead housing contains the necessary profile for locking.down the TH
and|has an external profile which the subsea tree can be locked onto.

A.5{3.3 Maijor installed items of equipment of a drill-through mudline suspension system’includ

[¢]

— |a conductor housing,

— |a surface casing hanger,

— |a wellhead housing [typically 346 mm (13 5/8 in)],
— |casing hangers,

— |annulus seal assemblies.

A.5)3.4 Running tools and miscellaneous equipment.for testing and installation of the subsea completion
equjpment are also required, similar to that required-for subsea trees installed on conventignal subsea
wellheads.

A.§ Subsea manifold and template-systems

A.6l1 General

A.6/1.1 A manifold is a system of headers and branched piping that can be used to gather or distribute
fluids, as desired. Typically manifolds include valves for controlling the on/off flow of fluids, and may also
incllide other flow control.devices (e.g. chokes) if these are not mounted on the individual subsea trees.
Manifolds can be used\te’ gather produced fluids and direct selected wells to a well test line, as well as to
distribute injected fluids (gas or water) or gaslift gas to individual wells. An alternative to the use of individual
valMes on each brarich line is the use of a multiport selector which can be remotely switched| to direct a
des|red well into/atest line for instance, while leaving all other wells flowing into the main production line.

A.6]1.2 TFL service lines, annulus monitoring/bleed lines, chemical injection lines and corjtrol system
fungtions, (hydraulic and electric) can also be manifolded, either on the same supporting strugture as the
production/injection manifold(s). or on an independent subsea umbilical distribution unit.

A.6.1.3 Manifold(s) include connection points for tie-in of the flowline(s) and/or umbilical back to the host
facility, as well as connection points for the individual production wells. Manifolds require some type of
framework to provide structural support of the various piping and valves, etc. Sometimes this framework and
the manifold are incorporated into the towhead of a pipeline bundle, in which case this is commonly referred to
as a PLEM. Alternatively, a separately installed template may be provided to support the manifold as
described below.
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A template is a seabed-founded structure that consists of a structural framework and a foundation
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Figure A.19 — Well spacer/support template
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Figure A.20 — Riser-support template

A.6.4 Manifold template

A.6.41 A manifold template is @ témplate used to support a centrally located manifold for gatherin

g of

produced flpids and/or distribution ofinjected fluids (see Figure A.21). In this arrangement, individual sat¢llite

wells are clistered around the, fmanifold and tied back (to the manifold) using either flexible or rigid pipe.
type of template also includes' connection point(s) for tie-in of flowlines or production risers to/from
manifold to fthe host facility:

A.6.4.2 The main umbilical can also be terminated at the template so that chemical distribution pig
hydraulic piping and/or electrical cabling can be installed on the template. Individual umbilical jumpers
then be used toXlink each well back to the chemical/hydraulic/electrical systems on the manifold/clu
template. Alternatively, the main umbilical can be terminated at a separate subsea umbilical distribution

This
the

ing,
can
ster
Linit,

to which e
complexity on the manifold/cluster template.

and

A.6.4.3 Manifold templates, together with the associated manifold, are typically installed as a single-piece
unit and are often small enough to be run through the moonpool of a suitable MODU, thus saving
considerable cost versus the use of a heavy lift vessel. Typically, the manifold and various other functional
components can be retrieved and reinstalled independently of the template structure itself, for maintenance

purposes.
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Figure A.21 —'Schematic of typical manifold

A.6.5 Multiwell/manifold template

A.6/5.1 A multiwell/manifold template (also often referred to as a drilling and production template) is a
template with multiple wells drilled and completed through it, and incorporating a manifold [system for
gathering of produced-fluids and/or distribution of injected fluids, as well as a production risef support is
illustrated in Figure-A222. This type of template also includes connection point(s) for tie-in of flowlines or
prodluction risersto/from the manifold to the host facility.

A.6/5.2 Multiwell/manifold templates can range from simple two-well templates that can be installed by a
seryice vessel, through to templates incorporating scores of wells and weighing hundreds of tonnes which
reqxrire a heavy lift vessel to install.

A.6.5.3 For this type of template, the main umbilical is usually terminated at the template, so that
chemical distribution piping, hydraulic piping, electrical cabling and/or SCMs for individual wells can also be
installed on the template. Individual control lines, etc., can then be connected to each well via multibore
connectors pre-installed on the template.

A.6.5.4 Typically, the manifold and other functional components are installed together with the template,

and (depending on the equipment size and complexity) can be wholly or partially retrieved and reinstalled
independently of the template, for maintenance purposes.
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Figure A.22 — Multiwell/manifold template with production riser

A.6.6 Well spacer and multiwell template construction

A.6.6.1
units, well-
subsea eith

Whereas riser support templates and manifold templates are usually installed as single-p
spacer/tie-back templates and multiwell/manifold templates can be constructed and insta
er as single-piece units or as a series of modules.

ece
lled

A.6.6.2 Depending ont the size of a single-piece template, it may be possible to install the template

through the
lift vessel. |
template c3
guides aroy
template dg

moonpool of\asuitable monohull vessel, thus saving considerable cost versus the use of a hg
more wells'than can be accomodated on a small template are required, then the use of a mod
n be attractive. Modular templates can be constructed subsea by installing a series of well-dri
nd a base structure (often the first well), and may or may not be of a cantilevered design. Mog
signs present significant tolerance-stackup issues, if it is planned to also subsequently inst
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manifold o

A.6.6.3 Another type of single-piece template uses a hinged design, where the outlying parts of the
template are hinged to fold into a vertical position during running operations (thus allowing it to be run through
a MODU moonpool) and then folded out into their permanent horizontal position after the unit has been landed
on the seabed/pile (often the first well, typically with a conductor sleeve as a foundation pile). The hinged
components are typically the well-drilling guides, flowline porches and/or pigging assembly porch, thus leaving
space for the subsequent deployment of a manifold in the centre of the template. Because the hinged
components are always connected to the rest of the template at all times, the tolerance-stackup issues
associated with standard modular designs do not arise.

A.6.6.4 The term “modular” can also be applied to the method of constructing the other components of a
template system. For example, a multiwell/manifold template can be described as being modular (even if the
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well-spacer template was run as a single piece, as the hinged design described above) if the manifold, pigging
valve assembly, etc., are installed after the template. The alternative to this type of modularization is
installation of a multiwell/manifold template all-in-one-piece/unit. This type of template is often referred to as a
unitized template, and a heavy-lift vessel is typically required to install it.

A.7 Subsea processing (SSP) systems

A.7.1 General

AT711 In general, SSP encompasses all separation and pressure-boosting operations that are
perthormed subsea, whether downhole or on the seabed. The primary SSP_technologies addressed here
incliide

— |two-phase and three-phase separation,
— | pressure-boosting using multiphase pumps and wet gas compressors,
— | water disposal.

A.7{1.2 Since most of the SSP equipment currently available requires 'significant quantities |of electrical
power, a discussion of power management is also included here.

A71.3 Optimization of the performance of SSP equipment 4€equires the monitoring of bgth process
varigbles and equipment condition on a continuous basis, as descfibed in A.7.7.

A.7l2 Design considerations

AT7)21 When an SSP scheme is considered for a.particular development, the following questipns need to
be 3ddressed.

— | Will SSP reduce costs, increase revenue, or-serve as enabling technology?

— | What are the most appropriate processtand technology for the particular application?
— | Where is the optimum location forthe processing to be performed?

A.7{2.2 A number of SSP~technologies are available for achieving various objectives. F¢r example,
prodluction-boosting can be @chieved by downhole pumping, multiphase pumping at the wellhgad, or gas-
liquid separation with liquidpumping at the wellhead. Selection of the optimum process requires af evaluation
of the technical issues,(ihrough-life cost implications, and operational issues associated with egach system.
Evaluating the potentiah benefit of SSP for a particular development should include, but not bg limited to,
consideration of the following factors:

— |improved-production rates and increased total recovery;

— | the,capital cost of the SSP equipment itself;

any associated reduction in fisld r\gnlfgl cost due to use of SSP +nr~hnn|ngy e-g reduged flowline

S|ze/|nsulat|on or topside facility requwements reduced well count, etc.;

— the operating cost outlook for the system, including subsea intervention costs, chemical injection costs
and additional power requirements.

A.7.2.3 A number of important factors influence the performance and optimum location of SSP systems,
including
— well depth,

— reservoir pressure,

© 1SO 2005 — All rights reserved 113


https://standardsiso.com/api/?name=235d64d00100f95fefdf33cc6166b27a

ISO 13628-1:2005(E)

fluid properties and their variation throughout field life (density, GOR, watercut, viscosity, etc.),

tie-back distance,

water depth.

A7.24 The well depth (true vertical depth from seabed) has a significant influence on the best location of
pumping equipment. In shallow wells, the performance difference between downhole and wellhead-located
pumps tends to be small, and the increased intervention cost and complexity of downhole equipment means
that mudline-located pumps are generally favored. On the other hand, deep or under-pressured reservoirs can

require downhole pumps to be technically viable.

A7.25

have a sign|
require the
attractive m
field life-cyg
currently de

A.7.2.6

preferred option because of the following:
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improvi
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A7.2.7
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A.7.2.8
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engineering
conflicting 1
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A.7.29

performanc;
at the riser
host facility

Produced fluids and solids properties, and their variations throughout the life of a developn]
ficant impact on the design and performance of SSP equipment. Often, it is late-life conditions
use of processing to boost production. Increasing watercut and GOR make seabed separatio
ethod for increasing production. A single, fixed-system design might not be appropriate for the
le. Modular, flexible processing designs might be the preferred solution. A number,of supplierg
veloping modular SSP systems.

In general, locating the processing equipment as close as possible_to the reservoir is

ed hydraulic efficiency for pumping, due to lower GVF;
separation, due to lower phase viscosities;

 system back pressure if water is removed;

bd inflow performance;

ed flow assurance.

For example, an under-pressured reservoir might not have sufficient energy to produce fluid
where they can be boosted by a“multiphase pump. In this situation, downhole pumpin
p produce the well.

In most cases, consideration of fluid properties, thermodynamic and mechanical efficien
ng pressure-boosting and-separation as close to the reservoir as possible, while consideratio
factors and maintenance favour equipment placed as far downstream as possible. These
equirements need-to-be balanced to arrive at a field development solution that is both techni
ives optimum economic benefit.

e betweenwellhead and riser base locations for SSP systems. In this situation, locating equipn
base can be beneficial if it allows intervention for repair and maintenance to be performed from
rather than requiring the use of a separate intervention vessel.

ent,
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In deepwater developments and at short tie-back distances, there is little difference in hydraulic

hent
the

A.7.3 Separation

A7.31

A73.1.1

General

Subsea separation can be performed for a variety of reasons that are frequently different from the

reasons for topside separation. Subsea separation is typically used as a method to increase production rates,
maximize total recovery and overcome limitations of topside facilities. This can be achieved by removal and
disposal of unwanted products (such as water) near the reservoir or at the mudline, hence reducing back-
pressure on the production system. Separation can also allow the use of more efficient single-phase pressure-
boosting methods, and compensate for limitations of topside facilities, e.g. water-handling capacity. Another
important purpose of subsea separation is to overcome flow assurance problems (e.g hydrate formation,
corrosion and slugging) arising from the transport of untreated multiphase well fluids.
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A.7.3.1.2 Depending on the requirements for separation, the efficiency of subsea separation techniques
might not have to be as stringent as that normally expected in topside separators. For example, if the purpose
of separation is to allow efficient pressure-boosting for a long-distance tie-back, then high efficiency gas-liquid
separation might not be required or provide any significant benefit over a design giving moderate efficiency.
This is because pressure and temperature losses in the export pipelines can cause phase changes, leading to
gas evolution in the liquid line and liquid dropout in the gas line. The quantities of liquid and gas generated by
the phase change are frequently significantly higher than those carried into the lines due to moderately
efficient separation. However, the performance of any separation system needs to be specified as accurately
as possible, in order to allow efficient design of the downstream processing facilities.

A.7.3.1.3 Management of produced solids (e.g. sand) in an SSP system is a significant issue, and can drive
the design towards the use of downhole sand-control techniques. Use of devices to monitor sand production
subgea should be seriously considered.

A.713.2 Hydrocarbon/water separation

A.7{3.2.1 Hydrocarbon/water separation involves removing most or all of the produced water from the well
fluigs. The produced water can then either be discharged subsea or re-injegted into a suitabl¢ formation.
Watfer separation subsea at/near the wellsite can provide significant economic benefits to ¢ertain field
developments by

— | reducing well back-pressure, thus increasing production rates and/er total recovery,

— |reducing the volume of fluid that needs to be transported<{o topsides, thus allowing the us¢ of smaller
diameter flowlines,

— | de-bottlenecking existing topside facilities, thus freeing’up additional production capacity,
— | eliminating or minimizing the need for topside water separation, clean-up and disposal.

A.7{3.2.2 Removal of the bulk of the water from the produced fluids can also help in the mitigation of a
number of flow assurance problems, especially corrosion and hydrate formation. This can also|reduce the
reqdirement for chemical injection and/otflowline insulation.

A.7[3.2.3 Subsea seabed separation can be achieved either via a conventional gravity separafor, with the
sepprated oil and gas phases-fecombined and transported in a single pipeline, or by usifg compact
separation, usually in two stages, with the first stage involving gas-liquid separation and the sgcond stage
sepgrating the water from-the oil. Compact separators are usually based on cyclonic or centrifugal designs.
Some hydrocyclone designs are limited to operation with water-continuous feeds, which require [a produced
fluid with a high waterctit or a pre-separation stage to remove the bulk of the oil.

A.7{3.2.4 An_alternative to seabed separation of water is the use of a downhole hydrogyclone-type
sepgrator in gombination with a submersible pump.

A.7{3.2,5\7~In general, it is the oil-in-water content of the separated water that is the critical gerformance

spetification. The water-in-oil content of the separated hydrocarbons is typically less importgnt, and an
acc bntabhla o Wicatinm maav Iha A hinh ~c 9N 0/ 1~ A~~~ rs I _thic laval of vt in Al A o nnt Aﬁr]erate hlgh

CPTOoTCSPTTmcaotorT ay ot oo ThgTT aS- ZU— 70, i goreran oo TCveTOT WaterH-oh-aee5Hoet 9cl

viscosity emulsions and remains as an oil-continuous system, reducing water-pipewall contact and hence
corrosion inhibitor requirements. However, if the goal of subsea separation is to reduce the cost of hydrate
inhibition, then the requirement to reduce the water content in the separated hydrocarbons to a significantly
lower level will be a more critical design parameter.

A.7.3.3 Gasl/liquid separation

A.7.3.3.1 Gas-liquid separation can be achieved by either conventional (gravity) or compact (usually
cyclonic) separator designs. Gas-liquid separation allows efficient single-phase pumping of the separated
liquids and can also assist in overcoming flow assurance problems, especially hydrate formation and
corrosion, by separating the acid gas and hydrate-forming hydrocarbons from the water. Slugging can also be
reduced or eliminated by gas/liquid separation at/near the wellsite.
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The primary aim of gas-liquid separation is to increase production rates and recoverable reserves
by reducing back-pressure on the reservoir and allowing a lower field-abandonment pressure. Subsea gas-
liquid separation systems have commonly been developed in conjunction with a liquid pumping system.
Control of the liquid pump speed is used as the primary method of separator liquid level control. The two types
of gas-liquid separation systems are

— gravity separation systems, which can be of either vertical or horizontal design, and may incorporate inlet
devices to augment the separation. Separator design is generally based on existing codes for topside

units fo

r both separator residence time and pressure vessel design,

— cyclonic_separation_systems, which allow the use of vessels smaller than gravity separators by using

some (g
A.7.3.3.3

Optimal pe
placing the

characterisfics and the primary reason for performing the separation. The following are_typical considerat
that need tq be evaluated on a case-by-case basis:

— for lo

considgrations. This is because the bulk of the production system pressure loss is most likely in
multipHase pipeline, and reducing this significantly decreases the back-pressure on the reservoir;

— for deepwater applications, with small elevation changes betweenthe wellsite and the riser, and relati
short tle-back distances, separation at the riser base may beJthe preferred solution. This locatio
attractiye, as most of the system pressure-drop and problems’such as slugging and low temperatures

genera
can be

A734 T

Three-phas|
performanc;

— accura

separation vessel (for further information see A.7.7),

— provisi
emulsi
maxim

— provisi
the seq

— accura

f the fluid energy to generate high separation forces between the gas and the entrained liquids

It is possible to locate the separator either at/near the wellsite or at the riser base\Generally,
there is alWays a trade-off between optimizing the performance and minimizing the cost of\the system.

formance favours placing the processing system closer to the reservoir, but minimal cost fav
system closer to the host facility. The optimum location depends on thecpreduction sys

DUrs
tem
ons

distance tie-backs, wellsite separation may be the preferred; option, based on hydraulic

the

vely
n is
are

ed in the riser. Additional operating cost benefits*can be gained if intervention on the separator

performed from the host facility without the needfor additional vessels.

hree-phase separation

e subsea separation is also possible; however, significant challenges to obtaining reli
e of such systems include

e and reliable measurement.af the water, emulsion, oil, foam and gas interface levels within

bn and foam in the-separator, thus making measurement of the interface levels easier while
zing the usefulvolume available for separation of the fluids,

arator,

eCon-line measurement of the oil-in-water content of the produced water stream,

able

the

bn of a reliable variable-dosage chemical injection system to be used to minimize the amount of

also

bn of high reliability subsea-level control valves to control the flowrates of the various fluids from

— methods for removing sand and other solids from the separation vessel.

A.7.4 Pressure-boosting

A.7.4.1 General

A7411

to the syste

Pressure-boosting (pumping) in subsea applications can be applied downhole or on the seabed.
Such multiphase pumps (MPPs) are used to boost production above natural flow conditions by adding energy

m, with the following potential benefits:

— accelerated production (reduce field life) and increased recovery;

116
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water);

increased flowline inlet pressure to enable long-distance tie-backs to an existing host or to shore;

increased pressure from the low pressure wells to balance the flowing wellhead pressures (“positive

choking”).

4.1.2 A typical subsea pumping unit consists of the following sub-systems:

pump, including impellers or screws, casing, radial/thrust bearings, shaft seals, valves and piping;

A7
and
potd
freq
preg
gen

A7

A7
yea

A7
an g

A7
the
preg
prog
con

driver, i.e. an electric motor or hydraulic turbine;

mechanical coupling between the pump and the driver;

power transmission (electric or hydraulic);

control and monitoring, including a control unit with power supply, instrumentation and valves;
lubrication and motor cooling systems, including a reservoir, pumps, filters, valves, cooler, sed
4.1.3 In general, the service of subsea pumps is more demanding than it is for topside li
gas compressors. The feed composition in subsea applications jis likely to be less well control
ntial for significant gas in the liquid stream and liquid carryover into the gas phase. The
uently contain small amounts of abrasive solids. These considerations lead to the design

sure-boosting systems that are tolerant to varying multiphase flow conditions and solids-laden
brally results in machines with lower efficiencies than~¢onventional topside pumps and compreg

4.2 Submersible pumps

4.2.1 Both downhole ESPs and hydratlic subsea pumps (HSPs) have been extensively us
'S in onshore applications and more recently have been deployed in subsea wells.

4.2.2 Downhole submersible pumps are basically multistage progressing cavity pumps driv
lectric motor or a hydraulic turbine.

4.2.3 In terms of hydraulic performance, pumping is generally more effective the closer it
reservoir. This is because pumping becomes less efficient as the gas fraction increases a
sure drops. Thusy downhole pumping is the preferred solution from the perspective o
uction and system efficiency. However, a number of factors need to be taken into ac
sidering the use“of downhole pumping, including

the costiefproviding one pump per well,

thé potential requirement for a fluid and/or downhole tool bypass around the pump,

s and oil.

Huid pumps
ed, with the
fluids also
of subsea
fluids. This
sors.

ed for many

bn either by

s placed to
nd the inlet
[ increased
count when

the impact of the pump dimensions and fluid bypass on the casing size selected,

the impact of the use of a downhole pump on the subsea tree design (e.g. the need for wet mateable
electrical power connectors to provide power to an ESP, the requirement for additional hydraulic lines

downhole to control flow through the fluid bypass, and the tradeoffs between vertical and hori
with respect to the ease of access for maintenance and replacement of the pump),

the cost of the power generation, distribution and control system for the pumps,

the predicted reliability and cost of intervention for pump maintenance and replacement.
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A.7.4.2.4 While many of these factors can weigh against the use of downhole submersible pumps in
subsea wells, there are certainly particular scenarios where downhole submersible pumps are a more
attractive alternative than seabed-based pumps. Consideration of the above factors should form part of a
balanced assessment of the equipment alternatives, to assist in identifying the optimum equipment

configuration for any given development.

A.7.4.25

Submersible pumps can also be deployed at the wellsite at seabed level in a can or at the base of
the production riser adjacent to the host facility, depending on the exact nature of the field requirements.

A.7.4.3 Seabed multiphase pumps (MPP)

A.7.4.31

hydrod
e.g. he

positivg displacement pumps, which simply enclose a defined volume from the low-pressure

Seabed MPPs are generally classified into the following two categories:

ynamic pumps, which work on the principle of transforming kinetic energy into static energy (he
ico-axial pumps;

q

b

ad),

ide,

comprgss it, and release it to the high-pressure side, e.g. twin-screw, piston and’progressive cavity
pumps
A.7.4.3.2 |Both types of pump have their own inherent advantages and disadvantages, and these should be
clearly understood prior to selecting a pump for a given application.
A.7.4.3.3 |For deepwater developments with short tie-back distances,/an acceptable alternative to locgting
the seabed| MPP at/near the wellsite can be to locate them at the riser base adjacent to the host facility, so
that intervenption for repair and maintenance can be performed from*the host facility.

A.7.4.4 Wet gas compressors

A.7.4.4.1

volume fra
approximat
flowstreamg

A.7.4.4.2
the need fq
capital expq

Wet gas compressors are designed for the\same basic service as MPPs, but with higher
ctions (GVFs). The normal operating range for a wet gas compressor is expected to|
bly 95 % GVF to 100 % GVF. Particular-types of multiphase pump can in fact handle multiph
up to and including very high GVEs;:at least for short durations.

The volume decrease and préssure boost derived from compression of the wet gas can resu
r a smaller diameter flowline between the subsea facilities and the host, thus saving signifi
nditure.

A.7.5 Water disposal

A.7.51
formation, @

A.7.5.2

Produced water’is typically either disposed of to the environment or re-injected into a suit
onsistent with-local regulatory requirements and accepted local practices.

Dispesal of water directly to the environment requires an accurate on-line method of measy

the oil-in-w

ter"eontent of the water stream, to ensure that the oil content is within the pre-defined accept

gas
be
ase

It in

cant

able
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limit. Given|th@/practical difficulties of achieving this objective in a subsea environment and the desire for

discharge facilities, it is usually a better option to re-inject the produced water back into a suitable formation.

A.7.53

The requirements for successful produced water re-injection are

chemical compatibility between the injection water and the formation, such that scale does not form,

re-injection into the particular formation selected.

A7.5.4

118

monitoring and control of oil-in-water and solids content levels to ensure they are suitable for long-term

If water injection is needed for reservoir pressure maintenance, re-injection of the separated
water into the appropriate formation can reduce the water injection requirements on the host facility. However,
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re-injection of the separated produced water does not provide all of the water required for total voidage
replacement, as it will not replace the produced oil volume.

A.7.5.5 Re-injection of the produced water normally requires drilling and completion of additional wells
unless downhole separation technology is employed.

A.7.5.6 Injected water can cause reservoir souring. Originally sweet reservoirs can sour if subjected to
seawater injection (water flooding). The most plausible cause of reservoir souring is the growth of sulfate-
reducing bacteria (SRB) in the zone where seawater mixes with formation water. Fatty acids and sulfate both
need to be present in the mixing zone in order for SRB activity to exist. Treatment is not possible, so the only

remediation is to design for sour service.

A.7l6 Electrical power management

A.7)6.1 Many of the SSP systems that are currently in use require significant quantitiés of elecfrical power,
typically several megawatts. Electrical power is generally used for operating pumps’ either to| dispose of
prodluced water by re-injection or to boost the pressure of production fluids, allowing-an increase i) production
rates. Additional subsea electrical power consumers can also include electrostatic coalescers, wet gas
compressors and centrifugal separators.

A.7)6.2 Considerable ancillary equipment is required to distribute,~connect and control the electrical
power that is supplied to SSP systems, such as subsea electric motors, transformers, high Voltage wet-

mat

A7
long

A7
mai
curf
on g

A.7

pable connectors, frequency converters and VFDs.

6.3 DC power transmission systems have some advantages over AC power transmission
step-out distances, including

lower transmission losses in DC systems,

DC systems are inherently less complex and more flexible, particularly with respect to
configuration and load mode,

system harmonics and resonance are-likely to be significant issues for AC systems, whereas
for DC systems,

cable sizing for DC systems_is\straightforward and is based on power and voltage drop, whe
systems a compromize is required between a number of competing factors, including an accs
of harmonic distortion, the voltage profile and the transmission losses.

6.4 It should he-moted however, that DC motors are more likely to require regular inte
htenance of variéus' components than AC motors. High-voltage conversion of DC voltagg
ently not avajlable for subsea installations. Selection of a system for a given application is us
n assessment.of life-cycle costs.

L7 Monitoring of SSP systems

systems for

changes in

hey are not

reas for AC
ptable level

rvention for
s to AC is
ually based

A7

71 Optimization of systems involving SSP equipment requires monitoring of both {

he process

conditions and the condition of the processing equipment itself.

A.7.

7.2

In addition to conventional pressure- and temperature-monitoring that is routinely performed for

subsea production systems, additional process variables that may need to be monitored/measured in SSP
systems include

flow rates, either single-phase and/or multiphase,

the position of the oil, water, emulsion and foam interfaces in subsea separators (nucleoni
detectors are thought to provide the best solution for subsea separation systems),
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oil-in-water content of separated water (an accurate on-line monitor is required to confirm that the water
quality is consistently acceptable either for discharge to the environment or for reinjection into a suitable
downhole formation),

water cut of the separated oil.

A.7.7.3 While it may be possible to infer something about the condition of the SSP equipment indirectly
from monitoring the trends of the process variables, it is preferable to also directly monitor the condition of the
SSP equipment in order to be able to optimize performance and to establish reliability/wear trends accurately.
Such condition monitoring could include

pump guction and discharge, pressure and temperature,

pump/motor speed, shaft run-out and bearing temperature,
axial and radial vibration of rotating components,
electrigal power supply characteristics, e.g. driving current and its harmonics,

correct ater

monito

functioning of critical components, such as level detectors, level conirol valves, the oil-in-w
[, the chemical-dosing system, fluid barrier systems, etc.,

sand p d, a
sand re

roduction/buildup in process vessels (for fields where significant'sand production is anticipate]
moval mechanism is required).

A7.7.4 Methods for performing all the required process/performance/integrity monitoring need tq be
incorporatefl into the overall SSP system design from the outset. The high electrical noise environment in
which the sensors will operate should be taken into consideration, together with the communications sydqtem
bandwidth required for transmission of all data back to the host facility.

A.8 Production control systems (PCSs)

A.8.1 General

A.8.1.1
injection fad

A PCS provides the means to control and monitor the operation of a subsea production or

ility from a remote location-

A.8.1.2 The PCS consists‘of-both surface and subsea equipment, see Figure A.23.

A.8.1.3
can range
systems in
surface-pro
or via a sub

Depending an.system design and field-specific requirements, the design of the surface equipn
from simple~hydraulic power-packs with integrated control panels, through to more advar
Cluding_signal multiplexing, with the operator interface integral with the control system for

sea control module. The subsea control module(s) may be configured to operate/monitor funct

hent
ced
the

cessing.equipment. The control system may interface with the actuated subsea equipment dirg¢ctly

ons

on each or

several subsea XTs, downhole functions and/or manifold functions.

A.8.1.4 Several types of PCS are used for production operations. General characteristics of common
systems based on the use of an umbilical from the host facility to the subsea production system, through
which to provide power, communications and fluid conduits, are shown in Table A.1. Because of the large
number of variables and the high degree of operator preference in choosing control systems, only relative
comparisons of systems are possible. Important features of each system are described in the following
subclauses. Common to each is the requirement to provide high-pressure hydraulic fluid to subsea-controlled
functions. This is accomplished by an HPU normally located on the surface, but may alternatively be located
subsea.
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hydraulic control line(s)
electrical control line(s)

Sealevel

electrical and hydraulic controllines combined into a single umbilical (optional)
free cap

Electrical control line-termination
hydraulic controldinge termination
Subsea tree

control pod

control.pod baseplate

hydraulic power unit

aontrol panel
1

electrical control panel
data read-back system

Figure A.23 — Schematic diagram of typical satellite-well PCS
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Table A.1 — Characteristics of different types of control systems

Features
System Complexity Response rate Discrete Data Umbilical(s)
) ) control of | readback )
Signal |Actuation| ¢ psea Type Size Command
functions distance
Direct hydraulic Low Slow Slow Yes Separate if | Hydraulic Large Short
desired
Discrete piloted | Moderately Slow Fast Yes Separate if | Hydraulic | Moderately | Moderate
hydraulig low desired large
Sequentigl Moderate Slow Fast No Separate if | Hydraulic Small Moderate
piloted hydrpulic desired
Direct Moderate | Very fast Fast Yes Separate if | Hydraulic Moderate Long
electrohydrgaulic desired and electric
or composite
Multiplex¢d High Very fast Fast Yes Integral Hydraulic Small Long
electrohydrgulic and electric
or composite

A.8.1.5
these provi
number of g

A.8.1.6
consistent

The most common systems currently employed are multiplexed electrohydraulic systems
de very fast shutdown response times combined with anxintegral ability to monitor a signifi
ubsea parameters.

In order to reduce the complexity of the following descriptions of a typical PCS, only feat
vith @ multiplexed electrohydraulic control system are described, unless otherwise specifi

noted. Further details on the other types of subsea PCSsiean be found in ISO 13628-6.

A.8.1.7
dedicated ¢
power for th

Typical multiplexed electrohydraulic systems utilize a multicore electrohydraulic umbilical
r common copper conductors to trafismit control signals (usually multiplexed digital data)
e operation of various subsea functions. Electronic encoding and decoding logic is required af

surface angl subsea. This approach reduces electrical cable and subsea electrical connection comple]

Source filte]
transmitted

A.8.1.8

umbilical us
as required
corrosion-reg

A.8.1.9

ring of data at the individualtend devices can also be used to limit the amount of data routi

ually contains various fluid conduits to provide control fluid and chemicals to the subsea facil
Individual hoses -er tubes making up the fluid conduits may be manufactured from carbon s
sistant steels_or'thermoplastic materials. See A.9 for further details on umbilicals.

Some_electrohydraulic systems superimpose the control signals on the power circuit. Th

commonly

eferred-to as “comms on power”, and eliminates the need for a separate communications c

as
cant

ires
cally

with
and
the
Xity.
hely

In addition to the conductors to transmit control signals and power, the multicore electrohydraulic

ities
eel,

S is
able

thus reducirrg Umbilical cost.

A.8.1.10

A.8.1.11
they can ex

Alternatively, signals can be transmitted by fibre optic cable or acoustic methods, as described in
A.8.2 and A.8.3 respectively.

Given the high level of functionality available via multiplexed electrohydraulic control systems,

ecute all of the following:

open/close all downhole, tree, manifold and flowline valves during normal operations;

pressures;

122

shift the position of TFL tool diverters;

shut in production due to abnormal conditions, such as evidence of hydrocarbon leaks and high/low
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control the position of subsea and/or downhole chokes;
operate miscellaneous utility functions, such as the chemical injection system;

monitor subsea parameters such as valve positions, temperature, pressure, sand producti
condition of SSP equipment;

monitor control system variables and housekeeping parameters such as hydraulic fluid
communications status and system voltages;

transmit data from multiphase meters and downhole sensors to the control system on the host

A.8
sub

A.8

on the facility to be controlled, such as a subsea tree/manifold, on a base from which”it can be

mai
eleg
The]
the

data

A.8
and
i.e.

Eith
biod

Petoleum-based fluids should only be used in closed\systems in which exhausted fluid is returned

resg

A.8
acc

A.8
rein

A8
sea

A.8

A.8
the
preg

112 PCSs are seldom provided with means of controlling installation functions such™as|
5ea hydraulic connectors or operating vertical access valves and pressure test ports.

1.13 A subsea control module (colloquially referred to as a “control pod”) is nermally mou
htenance if necessary. The control pod is the interface between the control lines, supplying hy
tric power and signals from the host facility, and the subsea equipment_to be monitored ang
control pod contains pilot valves powered by hydraulic fluid, electric power or both, that is su

host facility. The pod also contains electronic components that are used for control, communi
-gathering.

1.14  Pressurized control fluids are used to actuate subséa)functions; they are designed
to provide corrosion protection to wetted parts. The hydraulie control circuit may be either ope
t may either vent to sea or return the fluid to the host facility when various subsea functions a
er biodegradable water-based, petroleum or synthetic, mineral fluids can be used as control
egradable water-based fluids may be used in open-systems in which spent fluid is exhaus

rvoir. Information on the required properties and,testing of control fluids is contained in ISO 13
115 Test stands, etc., are used to.ensure that the control system equipment is fu
brdance with all operational specificatiors prior to installation.

1.16 A dedicated running tool isJusually provided with the PCS, so that the pod can be re
stalled subsea for maintenance.if necessary.

1.17  Locally sited controlbuoys, as described in A.8.4, are also an alternative to tradition
ped umbilical control systems.

|2 Fibre optics

2.1
host facCility and the subsea equipment. For subsea production systems involving
sure/temperature gauges and/or multiphase flowmeters, large amounts of data need to be tra

the
offe

MCS ‘on the host facility. For these applications, the high data transmission rates and widg
red-by fibre optics provide a significant advantage over traditional copper wire communications

Te

1:2005(E)
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Fibre<optic cables are also an option for transmission of control and monitoring signals between

downhole
nsmitted to

bandwidth
cables.

A.8.

2.2 Other advantages of fibre optic communication systems are
freedom from electromagnetic interference and cross-talk,
low mass compared to copper cable,

elimination of electrical sparking and fire hazards,

lower transmission losses than in coaxial cables at high frequency, thus reducing the need for repeater

stations over long distances.

Further information on fibre optic cables is provided in A.9.1.3.
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A.8.3 Acoustic control systems

A.8.3.1

can be achi

A.8.3.2

the surface

Acoustic through-water control systems are currently only in limited use, due to limitations on their
effective range and their requirement for power generation at the wellsite. Relatively low power requirements

eved through the use of highly directive, narrow-beam systems.

The performance of acoustic systems is significantly influenced by the properties of the seawater,
including the salinity, temperature, depth and surface noise from waves. The water depth is a particularly
significant factor, as in relatively shallow water (e.g. the North Sea) the acoustic waves tend to bend toward

of the water, thus dramatically limiting the range of communication.

A.8.3.3
that signals|
check is req

A.8.34
are also po

A.8.4 Cor

A.8.4.1

facilities is the use of a locally sited control buoy.

A.8.4.2

used to pro
the control
facilities. TH
the subsea

A.8.4.3
umbilical frq

The speed of response of acoustic systems also needs to be taken into account, bearing in.n
can only be transmitted as fast as the speed of sound in seawater and that a cyclic redunda
uired for each message, as specified in ISO 13628-6.

Acoustic control systems that transmit and receive data via the pipewall of theflowline/pipe
Esible, but these are not currently in general use.

trol buoys

One alternative to the use of a multicore umbilical which runs between the host and the sul

vide a communications link with the subsea facilities, typically via radio telemetry from the ho
buoy and thence, via a relatively short dynamic umbilical, from the control buoy to the suk

facilities, as well as chemicals such as hydrate inhibitor, corrosion inhibitor, etc.

A number of factors should be taken into account when making a choice between a multi
m the host versus an onsite control buoy, including

health
emerg
workin
equipm

enviror
and sp

risks tq

overall
conditi

life-cyd

!

and safety considerations, including.the risks to personnel when transferring to/from the b
ncy escape from the buoy, hazards presented by storage of chemicals on the buoy and no

ent items inside the buoy and propensity for motion sickness,

mental considerations;tincluding the potential for leakage of chemicals from a dynamic umb
llage of chemicals dUring reloading operations,

shipping and,prevention of unauthorized access to the buoy,

bns for emergency maintenance,

e€-cost comparison, including operating costs for inspection and periodic maintenance of

hind
ncy

line

Sea

A control buoy can be anchored within the immediate vicinity of the subsea facilities and can be

5t to
sea

e control buoy can also be used as a site from whigh‘to provide electrical and hydraulic powegr to

core

Loy,
mal

conditions/constraints inside the-buoy, e.g. confined space entry-type hazards, handling of large

lical

system availability, including an assessment of the ability to access the buoy in various weather

the

control

buoy and Its associated anchoring system and the dynamic umbllical.

A.8.5 Multiphase flowmeters (MPFM)

A.8.5.1

MPFMs are in-line meters designed to measure the relative flows of gas, oil and water

in a

flowline, without requiring prior separation of the phases. However, some MPFMs do require some form of
flow conditioning upstream of the meter. Measurements of the flowstream are made by two or more sensors,
and the resultant data are processed to yield the individual phase flowrates.

A.8.5.2

124

The potential benefits of MPFMs in subsea field development applications can include

© I1SO 2005 — All rights reserved


https://standardsiso.com/api/?name=235d64d00100f95fefdf33cc6166b27a

ISO 13628-1:2005(E)

— significant capital expenditure savings, alleviating the need for a separate well-test system including the
associated subsea manifolding, the test line back to the host facility and the test separator on the host,

— faster gathering of more valid results by testing through the subsea on-line MPFM into the regular
production system, versus off-line testing via a test line and test separator due to

— not needing to wait for the flow to stabilise and flush through the test line in order to get a valid test
result. This may be especially significant in deepwater or long-offset applications,

— not changlng the back pressure on the well by putting it |nto a system with dlfferent hydraulic
. e flowing via
the MPFM into the normal production line is as realistic and S|mple atestasitis pOSSIb| to perform
with respect to the normal flowing conditions for the well.

— | ability to monitor the well during the initial cleanup period, which can provide key information about the
efficiency and effectiveness of the completion procedures,

— | more real-time continuous data (particularly if an MPFM is installed on each.individual well rather than on
the subsea manifold), which can lead to improved reservoir understandingyand management,

— | ability to allocate production back to different fields with different owners prior to commingling the fluids
into a common pipeline system,

— | ability to monitor the production characteristcs of each well/in"real time and hence react quickly to flow
problems such as slugging and poor gaslift performance. This allows production optimisation and
extension of field life,

— | operating-cost savings versus the total operating, costs to maintain and operate a complete test line and
separator system, including the pipeline and pressure vessel integrity-monitoring costs.

Thel accuracy of MPFM varies according to bath the type of meter and the particular application in which it is
employed. Measurement accuracies generally accepted within the industry as being required are

— |+ (5 % to 10 %) for reservoir management;
— |+ (2 % to 5 %) for productien;allocation;
— |+ (0,25 % to 1 %) for fiscal metering.
A.8)5.3 Hence while current MPFMs are not suitable for fiscal metering purposes, they can potentially
megt the needs of\ reservoir management and production allocation if the right meter is selegted for the
spegific applicatiof,"and hence can reduce costs significantly versus other systems for selected applications.
A.8/5.4 Most MPFMs work either by measuring parameters of the flow which are functions pf the three

phape flowrates or by measuring parameters of the phase velocities and the phase cross-sectionjl fractions.
The| basic instruments used to measure these parameters include

— differential pressure devices,

— dual-energy gamma densitometers,

— impedance and microwave devices.

A.8.5.5 To date, no instrument has been shown capable of accurately measuring the three phase
flowrates across the entire range of GVF, flowrate, pressure, water cut and flow regime. For instance, the

majority of MPFMs available show significantly larger errors when used in applications where the GVF
exceeds 90 %.
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A.8.5.6 Meters designed to measure flows where the GVF exceeds 95 %, and the liquid content is equal
to or less than 1 % volume fraction, are commonly referred to as wet gas meters. Such meters may be
required for gas condensate fields, wet gas fields and fields with a very high GOR. In order to select the
optimum MPFM for a particular application with respect to performance, cost, reliability, etc., it is essential to
take all of the following into account:

the level of confidence in a particular type of instrument based on past experience and in-house expertise,
including consideration of whether smaller scale versions of the same instrument can be scaled up
without the need for full qualification testing;

safety and environmental issues associated with the use of nuclear sources, etc.;

whethdr the instrument is intrusive and whether this is likely to cause a problem with wax, scale ‘and/or
asphallene deposition;

the suifability of the instrument versus the operating range to be covered in terms of the"GVF, flowrate,
pressufe, water cut and flow regime;

the level of calibration likely to be required over the life of the field as the fluid properties and flow regimes
changs;

the levgl of after-sales assistance likely to be available from the supplier te’train personnel, calibrate [and
serviceg the instrument, etc;

the siz¢ and mass of the total package, including any associated.flow homogenizer, and whether it ngeds
to be irfstalled in a particular configuration, e.g. horizontal or vertical;

the pegligree of the particular instrument in terms of it, having been deployed previously in a subsea
application, and how easy it will be to retrieve should the‘need arise;

whethdr the instrument is offered on a standfalone basis or as part of a larger overall resefvoir
managgment package including other monitoring and/or flow control equipment;

the capital costs and expected operating costs of the instrument over the life of the field.

A.8.5.7 Use of MPFM can be effectively combined with a range of other techniques, including downhole
pressure/temperature monitoring, flow control and/or separation, as well as seabed separation and/or
multiphase poosting, to provide aneconomically optimized field development scenario. In addition, softwafe is

now availaljle which can in some-applications replace MPFM technology or can be used as an alternative.

A.8.6 Sand detectors

Use of dev|ces to menitor sand production should be seriously considered for SSP systems. Generally|it is
better to ingtall sand detectors on individual wells, rather than on manifold piping downstream of commingled
flow, so thaf problem wells can be individually identified and managed. Subsea sand detectors are of two main

types:

a)

126

non-intrusive;

An acoustic collar can be installed on the subsea tree piping which detects the noise from the impacts of
sand grains hitting the interior pipewall. Acoustic detectors are very sensitive to external noise and hence
can be influenced by such factors as the flow regime, flowrate, GOR, WOR, etc. Field calibration is
required in order to obtain reliable results.

An ultrasonic gauge can be clamped to the subsea tree piping to measure the wall thickness of the pipe

and hence detect losses due to erosion by sand particles. Obviously the location of these detectors in the
piping at the points most susceptible to erosion is critical. Installation immediately downstream of the
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production choke is common, however if the choke valve becomes damaged (e.g. by sand erosion) it can

cause the flow to be directed to the non-monitored side of the pipe.
intrusive.

An electrical resistance probe can be installed in the subsea tree piping which measures
erosion as an increase in resistance of a known cross-section. These probes are susceptible

cumulative
to changes

in the temperature of the produced fluids, and field calibration is required to obtain reliable results.
Installation immediately downstream of the production choke is common, however if the choke valve

becomes damaged (e.g. by sand erosion) it can cause the flow to be directed away from the p

robe.

It sh

e.g.
alar

A.8

A.8
preg
incg
high

A.8
follg

Detector performance will vary from field to field as well as through time and in responseto
changes such as the introduction of gaslift, changes in the flowing wellhead pressure and ch3
gas-liquid ratio.

ould also be noted that in order for sand detectors to be effective they should béradequately
by regular analysis of trend data and by updating of procedures which define.the required
ms.

|7 Leak detection systems

7.1 A variety of leak detection techniques can be used tormenitor the integrity of the H
sure-retaining subsea equipment. For detection of leaks from/subsea trees and manifolds, so
rporate a “roof” into the dropped-object protective cover, with“a hydrocarbon detector positi
point of the roof.

7.2
wing:

For detection of leaks from flowlines a widet variety of techniques are available, i

This technique depends on changes inhe response characteristics of the optical fibre g
temperature variations caused by either the expansion and cooling of gas escaping from the
escape of warm liquids from the ling;

negative-pressure wave detection using pressure sensors at one or both ends of the flg
technique relies on detection:of the one-off rarefaction wave that is produced when a non
pipewall rupture occurs ina-pressurized flowline;

acoustic emission_detection using sound detectors mounted on the pipewall at set distance
flowline. This technique suffers from the difficulty of distinguishing between the normally occ
associated with tfurbulent flow and the incremental noise associated with the leak;

mass balance calculation and transient flow modelling. Both these techniques rely on measurg

and exit points;

operational
nges in the

supported,
esponse to

ydrocarbon
ne systems
bned at the

cluding the

temperature-profile monitoring using OTDR ‘Wwithin a fibre optic cable running the length of the flowline.

ue to local
line, or the

wline. This
catastrophic

s along the
Lirring noise

ment of the

mass inflows and outflows combined with measurements of pressure and temperature at the entrance

A.8.

Tmonitoringof theflowtimepressure—T s techmique s generatty onty of usefor tonggas fine
not be able to detect small leaks, especially if they are distant from the flowline outlet.

7.3 The performance characteristics of all the above techniques, with the exception of

S and might

OTDR, are

likely to degrade considerably when applied to flexible flowlines. The physical effects of various field
operations, such as rapid/large rate changes and pigging, also need to be considered and taken into account
in the design of the system, so that spurious alarms are minimized.
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A.8.8 High-integrity pressure-protection systems (HIPPSs)

A.8.8.1

A.8.8.2
new “high
developme

A.8.8.3
component
achieved,

the HIPPS
analyzed, f:Er example using a combination of failure-mode effect and criticality analysisyahd event-dr

simulation
be required
required for

A.8.8.4
thought thrg
for both sy
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— aquali
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faults,

A.8.8.7

component
two valves.
flushed with

A.8.8.8

a quantitative requirement, expressed as a maximum acceptable failure probability to perform

A HIPPS can be used to protect downstream equipment from full shut-in tubing head pressure
and hence can allow

use of flowlines which are not rated for the full shut-in pressure,

tie-in of new “high pressure” production systems into existing or new “low pressure” processing facilities.

Both of these uses can result in substantial initial investment cost reductions when developing

The main requirement of any HIPPS is to reliably act to isolate the lower-pressure-r
5 of the system from the SITHP in any and all situations. In order to ensure that this. objectiy
(equipment design, operating procedures and testing procedures) should) be thorou
chniques. Prior to installing a HIPPS, it should be determined for how long.thé system is like
to function as designed, as declining reservoir pressure might mean pressure protection is
the initial phase of field production.
The level of integration of the HIPPS control system with the, régular PCS should be care

stems, provided that the HIPPS will fail safe in an acceptable manner on loss of the com
draulic power supplies.

The reliability performance requirements for a HIPP&5should be defined in terms of the requ
ified in IEC 61508 [33],

The three main types of requirement that have‘to be fulfilled in order to achieve a given SIL ar

pd function on demand,

bty function, for example the-lise of inherently fail-safe components,

ments concerning whigh, teChniques and measures should be used to avoid and control systen
or example diversity’and redundancy in sensors and actuators.

A typical HIRPS employs two barrier valves to positively isolate the lower-pressure-r
5 from the SITHP, together with dual redundant pressure sensors either side of and between th
The pressufe-sensing ports are usually positioned and plumbed such that they can be routi
methanoly’both to keep the ports clear of hydrates and to allow testing of the system.

ative requirement, expressed in terms of architectural constraints on the subsystems constituti

field

ated
e is
ghly
ven
y to
only

fully

ugh at the design stage. It may be acceptable to use common-€lectrical and/or hydraulic supplies

non

ired

11

power to the
of the HIPP
signal output from the pressure sensors is arranged such that low pressure gives a high current signal output
while high pressure gives a low current signal output, thus allowing the sensors to be part of the voting system
to close the barrier valves, even when they are powered off. HIPPS systems should always be subject to
detailed reliability and maintainability (RAM) analysis.

-

A.8.8.9 Secondary valves are also required to allow excess pressure which is trapped upstream and/or
between the closed barrier valves to be bled off, so that the pressure sensors can be reset and the barrier
valves opened, prior to bringing the production system back on line.

A.8.8.10  Typically, the barrier valves are installed on the common production header just upstream of the
flowline. However, this may present difficulties in cases where the header size is such that it is difficult to
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procure large-bore valves which meet the required closing-time requirements. In this case, it can be
necessary to install the barrier valves on the branch lines into the main header, and in some cases the PMV
on each subsea tree can even be utilized as one of the barrier valves. However, this configuration has several
disadvantages, including

— increasingly lower reliability for each additional branch line, versus a system with the barrier valves on a
common header,

— the requirement for additional high-reliability components (barrier valves and HIPPS control systems) if
additional wells are subsequently added to the production system,

— | higher power consumption as additional dual redundant solenoid valves are required,
— | additional pressure sensors, methanol valves and secondary valves,

— | potentially large and tortuous distances between the various system components{for example the HIPPS
subsea control module and the individual barrier valves (especially if the PMV ©f the subsea trees is used
as a barrier valve and the system architecture involves satellite wells).

A.8]8.11 Special attention should be paid to developing and implementing the operating gnd testing
progedures for the HIPPS.

A.8/8.12  Regular testing should be employed to confirm the ondeing integrity of the HIPPS. S$uch testing
typigally involves

— | partial closure tests of the barrier valves, to confirm the ‘barrier valve response to commands as well as
the correct operation of the valve position indicators,

— |flushing of the pressure sensor ports with methanol, to confirm that they are not blocked,

— |full-function tests, to confirm the correct operation of the system as well as the sealing ability of the barrier
valves.

A.8{8.13  Definition of the frequency with which the above-mentioned function tests should bg performed
ovef the life of the system should be an’ outcome of the system failure analysis, combined with the operating
chafacteristics of the field. For example, at some point in the field life the SITHP could decline to a[point where
the [pressure rating of the flowline(s) and/or the process equipment is adequate to contain the [SITHP and
hente the HIPPS system is no lohger required per se.

A.8]8.14  The testingdrequency for the system can be expected to have a significant effect or| the overall
religbility of the system:-

A.89 Chemical injection systems

A.8{9.1 Chemical injection systems for subsea production systems typically consist of a chemigal injection
unit|(consisting of pumps and fluid reservoirs) located on the host facility, combined with a distribytion system
(consisting of fluid conduits and valving, etc.) to deliver the chemicals to the desired locations. The fluid
conduits for The various chemicals are usually mcorporated Into the control umbilical, and for this reason the
chemical injection system is often handled as part of the PCS. While this approach can provide a convenient
work split, it tends to detract from the focus that is really required on this critically important system.

A.8.9.2 A wide range of chemicals may be injected into the system for various reasons. The majority of
the chemicals typically injected are associated with prevention/mitigation of flow assurance problems as
described in Annex |I. Chemicals may also be injected for corrosion control and other reasons.

A.8.9.3 In simple systems, with few wells, dedicated chemical injection lines in the umbilical can be
connected directly to each well. In systems with more wells it may be necessary to manifold the chemical
injection system in order to reduce the total number of lines in the umbilical. In this case, subsea flow control
valves are usually required to ensure that the desired amount of chemical goes to each individual
well/manifold injection point.
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A.8.9.4 Confirmation of the compatibility of the chemicals to be used with all of the materials throughout
the chemical injection system and the production system (downstream of the injection point) is of paramount
importance. Some chemicals, such as methanol, are known to be able to permeate thermoplastic hoses, and
this has instigated the move towards the use of metal tubes in umbilicals.

A.8.9.5 Incompatible chemicals can also interact with each other to form blockages at various points
throughout the chemical injection system, which are exceedingly difficult and costly to locate and clear. This is
particularly true when chemicals are changed over during the life of the system. Even if the system is flushed
through with a mutually neutral fluid as part of the changeover process, the new chemical can still react with
old chemical that has leached into the walls of the hoses in the umbilical.

A.9 Flowlines and umbilicals

A.9.1 Flowline and umbilical components

A.9.1.1 General

For the purpose of describing the various flowline and umbilical components, it is-convenient to divide them
into lines thpat convey fluids, i.e. pressure containing lines, and lines that do not convey fluid, i.e. electrical|and
fibre optic cables.

As well as|the line itself, each flowline and umbilical also by necessitysinvolves some type of connegtion
device on hoth ends of the line, so that it can be connected to other subsea/surface equipment, in order to
fulfil its intepded function. Such connections may also include othereomponents, known as spools or jumpgers,
which are Ipcated between the end of the main flowline or umbilical and the subsea/surface equipment|and
which are designed to minimize the cost and effort of making the connections between the main lines and the
associated [subsea/surface equipment. The end connectors, selected for each line obviously need td be
compatible with the preferred end-connection technique, as§’described in A.9.3.2.

The main flowline components, including the various:types of end connectors, are described in A.9.1.2|and
A.9.1.3.

A.9.1.2 Pressure-containing lines

Pressure-containing lines used in subsea’ production systems may include

— flowlings (including gatheringlines and well-test lines) for transporting unprocessed reservoir fluids,
— injection lines for transporting fluids to be injected directly into a reservoir, e.g. gas or water,

— servicd lines, e.g~chemical injection lines, gaslift lines, annulus monitoring lines, kill lines, lines dedicated
to TFL joperations“and bundle heating lines,

— hydrauliclines for transporting hydraulic fluid to open and close various actuated devices,

— export lines for transporting processed oil and gas to facilities further downstream, i.e. post separation
and/or pressure-boosting.

Pressure containing lines may be constructed of rigid pipe/tube (typically carbon steel or stainless steel) or
flexible pipe. Small-bore lines, such as hydraulic lines, chemical injection lines and/or annulus monitoring lines,
can also be constructed from thermoplastic hose.

The end connectors on pressure-containing lines depend on the size and function of the line, as well as the
installation/connection technique to be employed. Typically, the end connectors are installed on the surface
prior to the line being installed on the seabed. The primary purpose of the example connector types described
below is to create a pressure-tight seal that resists the abuses associated with subsea environments.
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Bolted flange designs make use of metal ring joint gaskets that compress when the bolts are tightened.
Bolted flange connections may permit a limited degree of initial misalignment. However, rotational
alignment is restricted because of bolt hole orientation. Swivel flanges may be used to facilitate bolt-hole

alignment.

A clamped hub connector is similar in principle to a bolted flange connector. Clamped hub
may use the same metal ring gaskets as bolted flange connectors or they may be desig
proprietary gasket designs.

connectors
ned to use

Proprietary connectors are specially designed to perform final alignment, locking and seal-energizing
tasks underwater. Proprietary connectors latch the flowline to the connection point by various means such
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as expanding collets, locking dogs or other mechanical devices.

Hydraulic couplers are a special type of proprietary connector that is typically used to connec
lines, i.e. less than approximately 25 mm (0,984 in), underwater. The key feature of\these cq
that they prevent seawater ingress into the lines during make-up and break-out-operations
hence prevent contamination of the system with seawater. This feature is patticudlarly useful
system hydraulic lines and chemical injection lines.

Welding pipe under water is usually performed by one of two dry welding"’methods which invd
one-atmosphere chamber or a chamber filled with an inert gas at«ambient water pressure (
The higher pressures and gas mixtures involved with hyberbaric. welding can affect the quality
unless special qualified procedures are used. Wet-welding teechniques, to allow welding of
requiring the use of a habitat, are also available.

1.3 Electrical and fibre optic cables

trical power cables can be used in the subsea production system to provide power to an elec
uction control system and/or to provide power-for SSP equipment such as multiphase pump

trical cables can also be used to, (provide inductive heating of the flowlines to
ention/remediation of flow-assurance problems such as wax and hydrate formation.

arate electrical cables may also be_fequired for transmission of control signals/data in an elec
b. Alternatively, the control signals/data may be superimposed on the power output, commonly
signal on power”.

rnatively, fibre optic cable” can be used to transmit the control signals/data between the h
sea facilities.

electrical power and signal lines and for fibre optic lines, wet-mateable connectors are requ

nections can bereliably made up and broken subsea. Wet-mateable electrical connectors may
hductive erconductive type.

.2 Flowline and umbilical configurations and installation techniques
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A.9.

2.1 General

Many factors need to be taken into account in the design of the flowlines and umbilicals for a subsea
production system. The combination of through-life design requirements, installation options and life-cycle
costs will result in the selection of a preferred configuration and installation technique, the basic ones of which

are

outlined below.
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A.9.2.2 Individual flowlines

Individual flowlines can be installed using S-lay, J-lay, reel (including pipe-in-pipe) and/or tow techniques as
follows:

— S-lay;

The flowline is made up in a horizontal or near horizontal position on the lay vessel and lowered to the
seafloor in an elongated “S” shape as the vessel moves forward.

— J-lay;

The flowline is made up in a vertical or near-vertical position on the lay vessel and lowered to the seafloor
in a nefr-vertical orientation. This approach eliminates the overbend region of the S-lay pipe catenary

— reel;

The flgwline is made up onshore and spooled onto a reel. The line is then transported to the degired
locatiop and unreeled onto the seafloor. The axis of the reel may be vertical or horizontal.

—  tow.

The flgwline is made up onshore or in a mild offshore environmentsand then towed to its final location,
where the buoyancy is adjusted to lower the line to the seafloor and_provide adequate on-bottom stabjfility.
There are several versions of the tow method, including the near-surface tow, controlled-depth tow, near-
bottom| tow and bottom tow. The tow methods differ primarily<in” the requirements for buoyancy control
and in their sensitivity to environmental loadings during the towout.

All of thesg techniques have limits with respect to the largest diameter lines that can be fabricated |and
installed. Reeling and towing also have some restrictions with respect to the length of line that can be
fabricated gnd installed in a single run/unit.

Whereas thie host end of a reeled flowline can belpulled up a J-or I-tube, most of the other techniques rely on
the use of gpools/jumpers at the host end. In the case of a tieback to an FPS, the tail end of an individual figid
pipe or flexiple pipe may be suspended from'the FPS to form a riser, as described in A.10.3.

@

The variouq connection options for the ends of individually installed flowlines are described in detail in A.9.

A9.2.3 ndles

Small nummers of flowlineg's_and/or umbilicals can be strapped together during reeling operations to form a
strapped bdindle on the_seabed. While this configuration can have some advantages in terms of on-boftom
stability of the lines, €tg}, the benefits are somewhat limited as each line shall be at least partially designed on
a stand-alohe basis:

Steel-cased bundles can incorporate a large number of lines, including insulated production and service ljnes
as well as attofthehydrauticandetectric controtfimes—and-—chemicatmjection times whichwoutd mormmatty be
installed in a separate multicore umbilical. Fluid circulation lines can also be included in the bundle for
circulation of warm fluids to assist in the prevention/remediation of flow-assurance problems.

At either end of the bundle there will be a towhead, typically known as a PLET. In some cases a manifold may
be included in the towhead at the field end of the bundle (in which case the PLET becomes a PLEM), so that
individual wells can be tied back to the bundle in a manifold cluster configuration, without the need for a
separate manifold.

Steel-cased bundles can be deployed using near-surface, controlled depth, near-bottom or bottom tow
techniques.
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Fabrication of such bundles can be very complex, and the maximum length of the bundle is limited by the
dimensions of the fabrication site as well as the ability to move and manoeuvre the bundle off the beach and
through the water to the field site, as they are typically large, heavy and relatively inflexible.

Multiple bundles can be linked together using rigid/flexible spools/jumpers as described in A.9.3.

Spools/jumpers are often also used at the ends of the bundle(s) to join the individual lines to the host risers

and/or subsea facilities such as templates and manifolds.

A.9.

2.4 Multicore umbilicals (MCUs) and integrated pipeline umbilicals (IPUs)
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A.9

MCU is a combination of two or more lines (often of different functional types), including_Hyd
trical cables, fibre optic cables and sometimes small-bore service lines (e.g. chemical injectio
J is typically armoured with steel wire, but is still sufficiently flexible to be deployed| from
usel on an installation vessel. Depending on manufacturing and/or transport constraints, ar
b dry splices in it at various points along its length, which are typically made*prior to log
ilical onto the installation vessel.

ther form of umbilical is an IPU, consisting of a combination of one or/more production and
5 and/or various service lines, hydraulic lines, electrical and/or fibre optic-cables, etc. An IPU d

de variety of configurations are possible for such integrated pipéline umbilicals, and may invq
arious combinations of flexible pipe, thermoplastic hoses,métal pipe and/or metal tubes in
trical and/or fibre optic cables. An IPU is typically jacketed, but not armoured, as the large-b

iding adequate weight for on-bottom stability of the line. Similar to an MCU, an IPU is laid frg
usel on an installation vessel.

subsea end of an MCU or IPU is typically termiinated with a subsea umbilical termination (SU
evice incorporating connectors for all of the lines. The SUT may be connected directly t
uction facility, e.g. a subsea tree or manifold, or it may be connected to a subsea umbilical
(SUDU) in order to provide multiple connection points for a multiwell development. A
ending on size and handling constraints, the SUDU may be deployed already made up to th¢
avoiding a wet connection on the seafloor.

cally, the SUDU is supported/on the seabed by a mudmat or a pile foundation.
surface end of a MEU/IPU is usually pulled up via a J-tube/l-tube on a fixed host structure
bmic riser), thus-avoiding additional connections at the seafloor. Special care is required to ens

sure-containing-"components in the tail end of the MCU/IPU meet all of the necessary desig
case includifng any riser design factors as appropriate.

|3 Flowline and umbilical end connections

tional multicore umbilical in that it incorporates a relatively large-bore service or production ling.

raulic lines,
n lines). An
areel or a

MCU may
dout of the

or injection
ffers from a

Ive the use
addition to
bre line can

blly provide adequate tensile strength to resist the forces- involved in the installation operation as well as

m a reel or

T), which is
D a subsea
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e MCU/IPU,

or may be
J to form a
ure that the
n factors, in

A.9.

3.1 General

In order for a flowline or umbilical to fulfil its intended function, it is necessary to connect it to the associated
subsea/surface facility equipment. A wide variety of techniques are available to complete this task, ranging
from installation of flexible jumpers by divers at the subsea end of a flowline, through to pulling a multicore
umbilical up through a J-tube preinstalled on a production platform. For connection of flowlines and umbilicals
to subsea/surface equipment, the basic steps involved in the process are the following:

pull-in of the two halves of the connector so that the faces are aligned and in close proximity (alternatively,
the gap between the two halves of the connection may be spanned by an additional short length of
sealine known as a jumper or spool);
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connection of the two halves of the connector;

testing of the completed connection, to confirm that it has been successfully made up.

Before explaining the available end connection techniques it is useful to define some common terms,
including:

While many of the connection techniques described below are equally applicable to both first-end and second-
end connections (see 3.1.3 and 3.1.9), some are not, i.e. they can only be applied to either a first-end or a

second-end connection exclusively.

It should alg
the various
used to corj

0 be noted that, in some configurations, two or more different connection methods can be use
different types of connections, e.g. for the multiple lines in a bundle, flexible jumpers (3.1.6).ca
nect the various production lines from the PLET to the subsea manifold piping, while flying lg

i for
h be
ads

(3.1.5) can|be used to connect the control system lines to an SUDU and thence to the individual sullsea
control modules on the subsea trees.

A.9.3.2 Ephd-connection techniques

A.9.3.21 |[General

The requirement for cost-effective reliable connections, particularly in diverle€ss Water depths, has given rige to
a wide array of connection techniques, the basic ones of which are described below.

A.9.3.2.2 |[Spool/jumper method

The spool/jimper method (see Figure A.24) uses a spool/jumper. to bridge the distance (gap) between thelend
of the flowlihe and its connection point on the subsea facility;\e.g. a subsea tree, PGB, manifold or riser base.
This methofl is also often employed to link adjacent subsga facilities, e.g. a subsea tree to a nearby suljsea
manifold. Spools and jumpers can be used in both horizontal and vertical connection configurations, and may
be made up using either diver-assisted or diverless techniques.

Rigid spoolg are usually fabricated after the subsea equipment is installed, so that accurate measuremenis of
the relative [positions of the equipment can be taken. In this way it is possible to avoid the use of ball joints|and
telescoping|joints in the spool pieces, which represent potential leakpaths. Alternatively, a rigid spool may be
fitted with flexible pipe tails at either efid)to provide the required flexibility to make a vertical stab connegtion

prior to laying the rigid spool over inte_a horizontal configuration.

The spool/j

imper is typically lowered into place from a dedicated surface vessel, and may require tempg

buoyancy i

surface vessel typically manoeuvres the spool, with ROV assistance, such that it is landed in exactly the
position for|the end connections to be made up. Flexible jumpers are more often landed in approximately

right positi

The type of connector used on the ends of spools/jumpers depends mainly on whether the connectio

designed t

order to be light€nough to be easily manoeuvred into position. In the case of a rigid spool,

and then dragged/pulled into place using a surface/subsea winch or an ROV-mounted winch

b© diver-assisted or diverless. Diver-assisted connections are often made with bolted flan

rary
the
ight
the

n is
pes,

clamped hubs or mechanical proprietary connectors, while diverless connections are more typically made
using proprietary mechanical or hydraulic connectors, as described in A.9.1.2.

For unarmoured umbilical jumpers (i.e. flying leads) a special end-connection technique, called the “fly-to-
place method”, is often used. It involves deployment of the flying lead in a basket/frame to the seabed via a
surface-deployed lift line, followed by the use of an ROV to pick up each end of the jumper and connect them
to the appropriate subsea equipment, e.g. from the subsea umbilical distribution unit to the subsea control
module on a subsea tree.
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a) General arrangement

1

b) Rigid-pipe spool

1

Key

1 subsea facility

2 spool piece

3 pipeline

4 rigid-pipe spool

5 flexible-pipe spool
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c) Flexible-pipe spool

Figure A.24 — Spool-piece alignment method
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A.9.3.2.3 Pull-in method

This method (see Figure A.25) aligns the flowline or umbilical by pulling it toward its connection point using a
wire rope(s) fastened to the flowline end (pull-in head, see 3.1.8). Final alignment and positioning typically
requires special tools and/or alignment frames. Temporary buoyancy or flexible jumpers can be used to
reduce pull-in forces and moments. In diverless situations, the pull-in is conducted through the use of ROTs.
These tools are designed with enough power to pull, lift, bend and rotate the line into its final position at the
connection point. The same tool can also assist in locking the flowline or umbilical to the connection point and
testing the connection.
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b) Alignement frame assist
Key

1 additional come-alongs for pipe support and angular alignment
2 alignment frame
3 pull-in come-along

Figure A.25 — Pull-in methods

A.9.3.2.4 Stab-in and hinge-over method

This method (see Figure A.26) involves vertically lowering the flowline or umbilical end to the seabed and
locking it to a subsea structure. The lay vessel then moves off location, laying the line to its installed
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configuration. As the vessel moves away the line will hinge over and be stroked into its final position, prior to
the connection being made using a mechanical or hydraulic connector.

If installing rigid pipe, the lay vessel may need to be equipped with motion (heave) compensation devices to
reduce the chances for buckling or overtensioning the pipe once it is locked to the subsea structure.
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Figure A.26 — Stab-in and hinge-over method
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A.9.3.2.5 Direct lay-away method

With this method (see Figure A.27), the flowline or umbilical is keel-hauled from the installation vessel/reelship
into the moonpool of the vessel installing the subsea tree, and attached to the tree prior to its deployment.
Close coordination between the tree-installation vessel and the reelship is obviously required. As the subsea
tree is lowered to the seafloor, the reelship pays out the flowline and commences to move away from the tree
installation vessel so that the line is not subjected to overbending.
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2 flexible flowline

3 completion riser

4 tree

Figure A.27 — Lay-away method
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A.9.3.2.6 Deflect-to-connect method

This method (see Figure A.28) is normally used for a second-end tie-in, where the lay vessel pre-installs
buoyancy and chains at predefined locations along the flowline or umbilical. After the end of the flowline or
umbilical is installed inside a predefined target area, the tie-in vessel releases the line and surveys it to ensure
suitable positioning and buoyancy. The pull-in head on the end of the line is then connected by a wire, routed
via the subsea equipment to which the line is to be connected, to a pull-in winch. The line is then deflected so
that the pull-in head is positioned in front of the pull-in porch of the subsea structure. The pull-in and
connection tools are then used to complete the tie-in, along the same principles as for a normal pull-in. As the
line is normally deflected in an empty condition, water-flooding is performed prior to the make-up of the
connection.

PeTTYY ~
e e
Key|
1 femporary buoyancy and chain
2 pull-inline
a) Pull-in operations
A
1
]
1
7
II
&0 00 0O 0 0 0 Q.--7 =
O OO OO0 O0OO0O0
1
Key|
1 pullin head

b) Situation prior to pull-in

Figure A.28 — Deflect-to-connect method
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A.9.3.2.7 Direct vertical connection method

In this method (see Figure A.29), the flowline terminates in a hydraulically actuated connector that is landed
directly onto a vertical hub located on the subsea structure. All operations are conducted by the sealine
installation vessel itself. After being landed, the connector is locked to the hub by applying hydraulic pressure
via either an ROV tool or a hydraulic hot-line from the surface.

2\ 3\

\\

a) Firstzend connection b) Second-end connection

N

Key
1 lay vessg
2 flexible flowline
3 cable

Figure A.29 — Direct vertical connection method
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A range of specialized equipment exists for various purposes associated with flowline and umbilical
connections, including for example:

multi-bore pipeline connectors:

devices which allow make-up of multiple flowlines via a single connection point. Such connectors use

eccentric or concentric designs depending on the line pigging requirements, bore sizes, etc.

safety joints (weak links):

devices designed to fail at a predetermined structural load. Safety joints may be used.inc
damage to a subsea facility, production platform or other installation could result from an overl|
through the flowline or umbilical. In the case of the hydraulic control lines in an umbilical, a we
be provided to ensure that hydraulic pressure is not trapped in the system by theycheck val
typically installed at the termination plate on the subsea facility, in the event that the umbilical
a shag load.

pull-in tools:

devices used to pull in and align the end of a flowline or umbilical @r a bundle of lines at a suk
the base of a production platform or another point, in preparatioty.for the connection operation.

connection tools:

ases where
oad applied
ak link may
es that are
s parted by

sea facility,

devices used to make up the two mating halves.‘©©f a connector by actuating a clamp,| proprietary
connector or other device.
— |combination pull-in/connection tools.
devices designed to perform the function of both a pull-in tool and a connection tool.
Pulltin and connection tools may be cantrolled from the surface by the workover control system or ja dedicated
intefvention control system, or subsea via an ROV or a diver.
A.10 Risers
A.10.1 General
Thel| portion of.a pipeline extending from the seafloor to the surface is termed a riser. The function|of a riser is
to provide_eonduit(s) for the conveying of produced fluids and/or injection fluids between the seafloor
equjpment,..and the production host. Such risers are generally known as production risers [in order to

dist

nguish them from other types of risers such as marine drilling risers and completion/workover r|

Sers.

Production risers can be grouped according to the type of production host facility to which the subsea
production system is tied back, i.e. either a fixed, bottom-founded structure (e.g. a steel-piled jacket or a
concrete gravity structure) or a floating structure, i.e. either a tension-leg platform or a floating production
system (e.g. a ship, semisubmersible or spar).

Production risers tied back to floating structures are inherently more complex than those tied back to fixed
structures, since they need to be able to accommodate the motion of the floating structure. For this reason
such risers are commonly referred to as dynamic risers.

It should be noted that some of the design factors applicable to risers differ from those for flowlines and
umbilicals located on the seabed. This issue should be carefully considered in the design of the flowlines and
risers, particularly for configurations where the tail end of the flowline is used as the production riser.
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A.10.2 Risers for fixed structures

On fixed, bottom-founded host structures, the production risers are typically rigid steel pipes (see Figure A.30)

which are attached at various points/water depths to the structure. Alternatively, J-tubes and I-tubes

pre-

installed on fixed structures can provide a rigid conduit through which rigid or flexible pipes can be pulled up to
form the production riser(s), thus avoiding the need for retrofitting of underwater clamps/other devices to

attach a new riser to an existing structure, and also potentially avoiding the need for pipeline connection

s at

the base of the riser. For rigid lines a J-tube is required, whereas for flexible lines either a J-tube or an I-tube

can be used.

Various lines can also be combined into a single IPU, consisting of a combination of one or more rigid

steel/flexibl

ulticore control umbilicals connected from subsea equipment back to fixed structures are-also typically p
up through gn existing or retrofitted J-tube/l-tube attached to the structure, thus avoiding additionakconnections, a
base of the structure.

A.10.3 Risers for floating structures

A.10.3.1 Clonfiguration

Risers for sbsea production systems which are tied back to a floating strueture such as a tension-leg platf
or a floating production system (both referred to here simply as an FRS) can be broadly classified into on
the following four main types:

— flexible| pipe suspended from the FPS, in a free-hanging catenary, S- or wave-shape;
— metal gipe suspended from the FPS, in a free-hangingcatenary shape;

— multibdre hybrid risers, i.e. a combination of a buoyant free-standing rigid-pipe riser from a subsea
base, glus flexible pipes connecting from the top-of the rigid-pipe riser to the FPS;

— multibdre top-tensioned rigid risers, from a_subsea riser base to the FPS.
NOTE In some cases the riser components are also incorporated in, or connected via, the anchoring systen
floating production storage and off-loading,/e.g. rigid/flexible lines incorporated into a single anchor-leg mooring

flexible lines fconnected to a cantenary anchor-leg mooring.

Each of th¢ four basic types-ofriser may also incorporate or provide support for a variety of other |
including

— export |ines;
— servicq lines;

— chemidatinjection lines;

fibre
U is
the

Llled
the

e of

fiser

h for
and

nes

— hydraulic lines;

— electrical and/or fibre optic cables, etc.

Terms that are commonly used to describe the various types of risers containing more than one line include

— integral;
— non-integral;
— integrated and multi-bore.

Each of these terms is explained, where applicable, in the brief descriptions provided.
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A.10.3.2 Flexible-pipe risers

Flexible pipe is characterized by a composite construction of layers of different materials, which allows large-
amplitude deflections without adverse effects on the pipe. This product may be delivered in one continuous
length or joined together with connectors.

Flexible risers accommodate differential motion by an added length of pipe between the two points to be
linked. The added length can be utilised in different patterns depending on the environmental conditions, the
loads to which it is subjected, and the relative motion and position of the FPS with respect to the seabed

connection point.

The major flexible-pipe catenary riser configurations currently in use are shown in Figure A.31. The “free-
hanging” riger runs in a single catenary from the FPS to the seabed. The “lazy S” riser runs in_a dopuble
catenary canfiguration from the FPS to the seabed over a mid-water pipe tray supported by a subsurface Quoy.
The subsurface buoy is kept in position by a chain or cable attached to a deadweight anchor positioned on the
seabed. The “steep S riser is similar to the “lazy S” except that the lower section of the flexille’pipe between
the buoy and the riser base is used as a tension member. The riser base replaces the deadweight andhor.
The “lazy wave” and “steep wave” riser designs use an appropriate distribution of smallbuoyancy modules
along a sedtion of the riser to replace the pipe tray and subsurface buoy.
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c) Steep Sriser
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Figure A(31 — Flexible-pipe risers

eved individually for repair/replacement.
ible-pipe risers consisting of multiple lines can be configured as follows:

integral flexible*pipe risers;

arrangements, such as IPUs and multibore flexible-pipe risers as described below.

his configuration each individtal “flexible pipe is not connected to any other line, though i
chment points common wijth\*0ther risers at the floating facility and at the seabed. Each

Integral <flexible-pipe risers consist of multiple lines which cannot be retrieved indivi
configtiration of such risers may range from relatively simple arrangements, such as wh
flexible  production lines are incorporated within a common outer jacket, through to mo

may have
ine can be

Hually. The
ere several
re complex

An IPU is typically an assembly of small-bore components such as service lines, chemical injection lines,
hydraulic lines, electrical and/or fibre optic cables, etc. arranged around a larger central production,
injection or service line. If flexible pipe is used for the central line, it is common to use thermoplastic
hoses for the small-bore fluid lines, however metal tubes can also be used in this configuration. If such an

IPU type arrangement is also used on the seabed, then typically the tail end of the
and suspended from the FPS in order to avoid additional connections in the lines.

IPU is simply pulled up

A multibore flexible-pipe riser may consist only of flexible production, injection and/or service lines, or it
may also incorporate one or more multicore control umbilicals or IPUs, in order to reduce the number of

risers between the seabed equipment and the FPS.
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non-integral flexible pipe risers.

A non-integral (or bundled) flexible-pipe riser is an assembly of individual flexible pipes constrained
together at one or more intermediate points along the riser’s length. These constraints can be a pipe tray,
a common flotation device or spacer bars. Depending on the design of the common attachment points,
individual lines may or may not be retrieved separately.

A.10.3.3 Metal catenary risers

A metal catenary riser typ|cally uses a free hangmg conﬂguratlon and is constructed of steel or titanium. Metal

Metal cater

often insuldted in some way in order to address flow-assurance issues associated with temperature los

such as hyg

As with flex

ate the flexure at the top of the riser are usually required.

ary risers tend to be used in greater water depths than flexible-pipe risers, and hencé are n
rate and wax formation.

ble-pipe risers, metal catenary risers may also incorporate other components such as service |

nore
5es,

nes,

chemical injection lines, hydraulic lines, electrical and/or fibre optic cables, etc,,Call"within a common duter
jacket, to fgrm an IPU. If metal pipe is used for the central line, it is common to‘use metal tubes for the small-
bore fluid Ilnes in this configuration. If such an IPU type arrangement is also used on the seabed, then
typically thg tail end of the IPU is simply pulled up and suspended from thé.FPS in order to avoid additipnal
connectiong in the lines.

A.10.3.4 Multibore hybrid risers

Multibore hybrid risers provide multiple flowpaths from the seabed to an FPS by a combination of a buoyant

free-standir]
water depth
pipe riser tg

These type
injection, et

usually paft of a separate free-hanging. umbilical suspended from the FPS, thus avoiding additi

connectiong
associated

The rigid pqg

described i the following subtlause.

A.10.3.5 M

A.10.3.5.1

, plus flexible pipes in a double free-hanging\Catenary shape connecting from the top of the r
the FPS.

C.) in the riser towers, while the control system functions (hydraulic, electrical and/or fibre optic

in these critical lines. The-riser tower may also be insulated to address flow-assurance iss
with temperature losses, such as hydrate and wax formation.

rtion of the riser is_typically of construction similar to a multibore top-tensioned rigid-pipe rise

ultibore top-tensioned rigid-pipe risers

General

g rigid-pipe riser (also commonly known as acriser tower) from a subsea riser base to a shdllow

gid-

s of system typically also incorporate’ all of the small-bore service lines (e.g. gaslift, chenpical

are
bnal
ues

, as

Top-tension

ed-metal rigid-pipe risers are made of individual pipe sections assembled to obtain the des

ired

number of lines and length of riser. Such rigid-pipe risers require tension to prevent buckling and resist lateral
loads. Rigid-pipe risers may be integral or non-integral in construction, with the lines arranged internal or
external to the primary structural member.

These types of riser can also incorporate all of the small-bore service lines (e.g. gaslift, chemical injection,
etc.) in the riser, but not the control system functions (i.e. hydraulic, electrical and/or fibre optic) as these are
usually part of a separate free-hanging umbilical suspended from the FPS, thus avoiding additional
connections in these critical lines. Individual lines and/or the complete rigid-pipe riser may be insulated to
address flow-assurance issues associated with temperature losses, such as hydrate and wax formation.
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A.10.3.5.2 Rigid-pipe integral riser

The lines of a rigid-pipe integral riser cannot be retrieved separately. An integral riser with external lines
includes a central structural member which can carry fluids or perform other functions in addition to providing
structural support to the lines by means of external brackets. An integral riser with internal lines may support

these lines at intermediate points along the joint to prevent line buckling.

On either integral riser type, the ends of the structural member are fitted with couplings. A section of the

production riser, consisting of the structural member, lines and coupling, is collectively called a
When two joints of integral riser are connected, the coupling causes the simultaneous connection

“riser joint”.
of all of the

lines with full design-pressure capacity. Integral risers are compact and simple to run, however they require

system shut-in and retrieval for repair/replacement.

A.10.3.5.3 Rigid-pipe non-integral riser

strugtural member is installed and tensioned. They are retrieved' individually before the structura
retrieved.

Thig design has the advantages of simplicity and *of permitting the retrieval of a single lin

repair/replacement) without requiring the shut-in andiretrieval of the whole system. It has the disa
being slow to run or retrieve.

A.10.4 Production riser components

Thefe are a large number of potential components in production riser systems, including
— |individual riser segments,

— |fluid-conduit interface(devices, e.g. couplings and end connectors,

— | devices for fluid.eontrol, isolation and purging,

— |tensioning @and motion compensation systems,

— | buoyancy elements,

m the main
carry fluids
ral member

e structural
of lines are
gs, typically
lly after the
member is

e (e.g. for
dvantage of

— [fléxure controlling devices,

— stabilizing structures,

— centralizing devices,

— devices for reduction of hydrodynamic loading effects,
— monitoring and control systems,

— guidance (re-entry) equipment,

— antifouling equipment,
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— fire and damage protection systems,

— insulation.

Production risers can range in complexity from relatively simple designs (e.g. a single flexible-pipe riser in
shallow water) through to very complex designs (e.g. a multibore hybrid riser in deepwater) and hence may
involve relatively few or nearly all of the above listed components. For the more complex designs, a large
engineering effort is required to ensure the riser is fit for purpose and that all the various physical and
functional interfaces of the various riser components and the other system components have been adequately

addressed.

A.11 Well entry and intervention system equipment

A.11.1 General

A wide variety of equipment is available for performing well entry and subsea equipment interventions. [This

equipment

— compldtion/workover riser systems (as used during installation and major welhworkovers);

— light well intervention systems (for direct access to the wellbore at the wellsite, but not requiring the us

a mob

— seabed equipment intervention systems (not involving direct access to the wellbore);

— other

intervention in flowlines.

NOTE

A.11.2 Clompletion/workover (C/WO) riser'systems

A.11.2.1 General

C/WO riser|systems are used for the initial installation of the subsea completion equipment and during m
well workoVers. These systems typically require the use of a mobile offshore drilling vessel equipped with

wellbore-di

riser and the WOCS, as described below.

It is essential that, at-the conceptual design phase of any subsea field development, the interver
philosophy,|both for installation and through the life-cycle, is established. Intervention should be accomplis

in a reliabl

the subsed equipment and the intervention tooling. A secondary requirement is that the equipmen
designed t¢ (perform the intended purpose effectively and efficiently, given the environmental opera
conditions irwhittTitTstowork:

A brief des

can be broadly divided into four categories as follows:

ile offshore drilling unit and/or drilling marine riser);

intervention techniques, e.g. through-flowline *servicing, pigging and reeled/coiled-tu

Intervention as intended here includes installation, maintenance and abandonment tasks.

meter pressure control equipment. The two basic components of these systems are the C

manner-that minimizes potential damage to the intervention/operating personnel, the environnj

e of

bing

ajor
full-
WO

tion
hed
ent,

be
ting

cription of each of these systems is included in the following subclauses.

Further details on this equipment can be found in ISO 13628-7.

A.11.2.2 C/WO risers

A completion riser is a riser that is designed to be run through the drilling marine riser and subsea BOP stack,
and is used for the installation and recovery of the downhole tubing and tubing hanger in a subsea well. Since
the completion riser is run inside a drilling marine riser, it is not exposed to environmental forces such as wind,

waves and

148

current.
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A workover riser is a riser that provides a conduit from the upper connection on the subsea tree to the surface,
and which allows the passage of wireline tools into the wellbore. A workover riser is not run inside a drilling
marine riser and therefore it shall be able to withstand the applied environmental forces, i.e. wind, waves and
currents. A workover riser is typically used during installation/recovery of a subsea VXT, and during wellbore
re-entries which require fullbore access but do not include retrieval of the tubing.

A workover riser is not required for the installation/recovery of a subsea HXT, as the tree can be run on
drillpipe or drilling marine riser prior to perforating the well and installing the tubing/tubing hanger (TH).
However, a workover riser system shall be used to provide full well-bore access through a HXT for downhole
interventions not requiring removal of the tubing, as described in A.11.3.1.

Both types of riser provide pressure communication and full-bore access to the downhole tubing. Both also

resi
ast

The
com

A c(

5t mass and pressure loads as well as hydrodynamic loads imposed by the motion of the vess
hese are not completely damped out by the motion compensation system.

completion and workover risers may in fact be a common system [typically known
pletion/workover (C/WO) riser], with specific items added or removed to suit the-task being per|

mpletion riser typically consists of the following (see Figure A.32):
TH running tool;

TH orientation device (unless this is included in the design of theé TH itself, as can be done fo
a subsea HXT is used, or if a TH spool is used with a VXT);

a means of sealing off against the riser inside the BOP ‘stack for pressure-testing and well con
a subsea test tree for well control during an emergency disconnect;

retainer valve(s) to retain the fluid contents of the riser during an emergency disconnect;
intermediate riser joints;

lubricator valve(s) to isolate the risef during loading/unloading of long wireline toolstrings;

a surface tree for pressure-control of the wellbore and to provide a connection point for a surf
lubricator system;

a means of tensioning the riser, so that it does not buckle under its own weight.

Is, in so far

ust as the
formed.

r example if

rol;

hce wireline
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é&% Horizontal tree b) Dual-bore tree
Key
1 swivel (optional) 8  drill floor 14 TH
2 marine riser 9 lubricator valve 15 wellhead
3 flexjoint 10 landing string 16 workover riser
4 EDP 11 BOP annular bag 17 riser stress joint
5 cutter valve 12 subsea safety tree rams 18 EDP/LRP
6 TH running tool 13 tree 19 surface tree
7 TH

Figure A.32 — Typical subsea tree and riser systems
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A workover riser typically consists of the following (see Figure A.33):

the tree running tool;
a wireline coiled-tubing BOP, capable of gripping, cutting and sealing coiled tubing and wire;
an emergency-disconnect package capable of high-angle release;

retainer valve(s) to retain the fluid contents of the riser during an emergency disconnect;

a strgss jninf to-ahsaorb the highnr riser l'\nnrling strassas-at the pr\inl’ of fixation to tha | \I\IDD;

-1:2005(E)

The)
the

Dep
ope
rise

intermediate riser joints;
lubricator valve(s) to isolate the riser during loading/unloading of long wireline toolstrings;

a surface tree for pressure control of the wellbore and to provide a connectionpoint for a surf
lubricator system;

a means of tensioning the riser, so that it does not buckle under its ownweight.

number of conduits required in the riser system varies according to'a number of design facto
following:

the number of tubing strings/vertical bores through the, TH(usually two in a subsea VXT vers
subsea HXT);

the method to be used for circulating fluids threugh the production annulus, e.g. via a sma
string for a typical dual-bore subsea VXT -versus via a flexible hose incorporated into th
umbilical for a typical HXT,;

the method to be used to flush the preduction bore string of the riser system free of hydrocarb
disconnecting from the subsea equipment (typically this is done via the annulus access path);

the mode of operation, e.g..completion operations within a drilling marine riser and BOP g
workover operations, where a marine riser is often not used.

ending on the number) of conduits required, water depth, annulus access requirements,
rations envisaged, ‘etc’, it will be more economically attractive to use either a non-integral of
" system.

Non-integralrisers are made up of independent strings. These risers are typically based on eif
string of\drillpipe (for which minimal access to the annulus is required), or one or morg
production tubing, clamped together at various points along their length as they are run,
downhole dual completion string. In either case, the workover control functions are supq

ace wireline

s, including

us one in a

I-bore pipe-
e workover

bns, prior to

fack versus

number of
an integral

her a single
b strings of

similar to a
lied via an

umbilical which is secured to the riser at various points, as it is run.

Integral risers consist of “prefabricated” joints/assemblies in which the multiple pipe-strings are terminated
at either end in dual-bore connections, thus simplifying the handling and make-up operations. In cases
where high tensile and/or bending loads on the riser are anticipated, an integral riser may also include an

outer structural housing to provide additional strength. In this case the hydraulic and/or elect
lines may also be incorporated into the prefabricated joints, however this approach obviously i
significant number of additional connections (and therefore potential failure points) into th
control system circuits.

rical control
ntroduces a
e workover

Various specialized running, testing and handling tools are required for the C/WO riser system, according to
which type of system is used.
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Key

1 HPU and control panel 7 retainer valve
2 swivel (optional) 8 EDP

3 local control panel 9 cutter valve

4  surface tree 10 TH running tool
5  drill floor 11 TH

6 lubricator valve

Figure A.33 — Typical HXT workover system
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A.11.2.3 Workover control systems (WOCS)

1:2005(E)

The WOCS, also commonly referred to as the installation/workover riser package, provides the means to
remotely control/monitor all of the required functions on the C/WO equipment, subsea tree and downhole
equipment during the various phases of the C/WO operation.

The

WOCS usually consists of the following components:
pumping unit to provide hydraulic power;

main control panel;

Dep
fung
app
the

con

AA1

A1

Sub
well
of s
and
feas

A1

The)
A1
con

Ari
dow
sub
valy

remote control panel on the drill floor;

process shutdown panel near the production test equipment;
emergency shutdown panels at main escape routes;
umbilical(s) on powered winch(es).

ending on the water depth, direct hydraulic actuation of the various.C/WO, subsea tree an
tions may or may not provide adequate response times in .emergency situations. In
ications, it may be necessary to use electrohydraulic subsea workover control modules (mou
C/WO riser emergency disconnection point and/or on the subsea tree) in order to be able to
rol the various functions and to meet the required response tites.

1.3 Light well intervention (LWI) systems

1.3.1 General

sea LWI systems can be defined as those systems which provide some form of direct ac
bore, without requiring the use of an offshere drilling unit or a standard drilling marine riser. A
uch systems have been developed, including conventional rigid workover risers, subsea wirel
reeled tubing systems as described"in the following subclauses. Other subsea LWI systern
ible and may be deployed in the future, e.g. flexible riser systems.

1.3.2 Rigid workover risers

most conventional LW.Lsystem involves the use of a standard rigid workover riser system (as
.2), deployed fromeither a semi-submersible/monohull vessel, e.g. a dive-support vessel
struction vessel

hid workoyepriser system allows conventional wireline and coiled/reeled tubing techniques to
nhole intervention/service work. Workover riser systems designed for intervention on wellg
sea HXTs require the use of large-bore components [e.g. a 476 mm (18 3/4 in) tree connector]
es‘and a large-bore riser] in order to interface with the top of the HXT and to be able to retriev

borg pldg installed in the TH and possibly in the internal tree cap.

0 downhole
deepwater
nted above
adequately

cess to the
wide variety
ne systems
ns are also

lescribed in
br light well

be used for
5 fitted with
, large-bore
e the large-

While this system provides maximum operational flexibility in terms of the work that can be performed
downhole, it also has the greatest requirements in terms of vessel size, stationkeeping ability, deck space,
variable deckload, riser system handling equipment, etc.

A.11.3.3 Subsea wireline systems

Subsea wireline systems involve the use of subsea pressure control equipment (including a lubricator),
attached directly to the top of the subsea tree.

Typical subsea wireline systems use a surface-mounted wireline winch/reel on the intervention vessel.
Designs also exist for systems involving deployment of the winch at the subsea tree, thus decoupling the
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vertical movement of the wire from the vessel motion, however such systems have the corresponding features
of some loss of “feel” for the wireline operator, as well as additional potential leakpaths and more complex
subsea machinery.

A key design feature of subsea wireline systems is whether or not hydrocarbon fluids are returned to the
intervention vessel during the operations. If hydrocarbons are/can potentially be returned to surface, then the
classification requirements for the vessel are much more onerous than for a vessel using a system in which
hydrocarbons are not/cannot be returned to the surface.

A typical subsea wireline system (i.e. using a surface-mounted wireline winch/reel) consists of the following
major components:

— atree ¢onnector;

— a lower lubricator assembly consisting of a wireline cutting valve and wireline BOPs, for pressure coptrol
of the well in the event of an emergency disconnect;

— an upger lubricator assembly consisting of a connector, tool trap, lubricator segtions, wireline BQPs,
stuffind box (for slickline) and a grease injection system (for monoconducter, line), for loading [and
unload|ng of wireline tools;

— a surfage-mounted wireline winch/reel (fitted with a motion compensation system);

— a contfol system, similar to a WOCS as described in A.11.2.3{ for controlling the subsea tree |and
downhole safety valves as well as all the valves and functions.contained within the subsea wirgline
equipment;

— ahandling system for deployment and retrieval of the subsea equipment (usually with guidewires);
— asuppprting ROV spread for observation and operation manual overrides, etc., as required.

Wireline access to both the production and annulus bores of a dual-bore VXT is possible using a suljsea
wireline sydtem, although this requires recoverysand reconfiguration of the equipment to switch between| the
bores. For a4 HXT, it may be possible to providé pressure communication to the annulus bore using a small-
bore flexibl¢ line in the subsea wireline cantrol system umbilical, depending on the exact configuration of the
tree piping and valving.

Subsea wirgline systems designed-for intervention on wells fitted with subsea HXTs require the use of lafge-
bore compagnents [e.g. a 476 mm,(18 3/4 in) tree connector, large-bore valves and a large-bore riser] in order
to interface| with the top of thevHXT and to be able to retrieve the large-bore plug installed in the TH |and
possibly in {he internal tree{cap.

If the lubricator sections(in the subsea wireline system are sufficiently large, it may also be possible to confluct
for

Subsea coiled/reeled-tubing systems are similar to subsea wireline systems in that they also involve the use
of subsea pressure-control equipment (including a lubricator), attached directly to the top of the subsea tree,
while the reel is mounted on the intervention vessel.

The configuration of a subsea reeled-tubing system is very similar to that for a subsea wireline system, and in
fact one system could be configured to be able to handle both reeled tubing and wireline operations.

A typical subsea reeled-tubing system consists of the following major components:

— atree connector;
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a lower lubricator assembly, consisting of a series of various blind/shear and pipe BOPs for pressure

control of the well in the event of an emergency disconnect;

an upper lubricator assembly, consisting of a connector, crossover spool (to accommodate the length of
the various downhole tools), tubing ram BOP, tubing stuffing box (to retain well pressure), injector

assembly (to control movement of the tubing in and out of the well), tubing stripper (to preve
entering the injector assembly), tubing cutter/crimper (to cut and crimp the tubing in an

nt seawater
emergency

disconnect situation) and a flexible tubing guide (to ensure the tubing is not accidentally crimped at the

point where it enters the injection assembly);

a surface-mounted tubing reel;

Unli
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a control system, similar to a WOCS as described in A.11.2.3, for controlling the subssg
downhole safety valves as well as all the valves and functions contained within the subsea rg
equipment;

a handling system, for deployment and retrieval of the subsea equipment (usualy‘with guidew
a supporting ROV spread, for observation and operation manual overrides; etc., as required.
ke a subsea wireline system, which requires motion compensation® of the wire in order
irate depth control of the downhole tools, the reeled-tubing system’/controls the depth of the

Subsea injector assembly and therefore this control is decoupled, from the motion of the interve
motion compensation of the tubing is not required.

1.4 Seabed equipment intervention systems

1.4.1 General

rvention on subsea production system equipment located on the seabed may include the us
s, AUVs and/or ROT systems (deployeden a liftwire/drillpipe).

prent systems may be used at different stages through the field life. For instance, divers m
ng the initial installation of the subsea equipment and then all further ongoing maintenance tal
gned to be carried out using enly ROV techniques.

e of the general considerations pertaining to seabed equipment intervention, which should
ny subsea field development, include the following:

water depth (can affect choice of diver, ROV/AUV or ROT);
current profile through the water column (can affect the umbilical of a diver/ROV);

seabed conditions, e.g. soft bottom with low load-bearing capacity and poor visibility;

a tree and
beled-tubing

res);

to maintain
tools using
htion vessel,

e of divers,

ay be used
sks may be

e reviewed

stricture nrinnfnfinn, pnrfir\nlnrly in_areas of high currents ('Fnr diver/RO\//AU\L cfnfinnl(nnp

ng while in

operating mode);
access considerations (important to enable manoeuvring and non-fouling of the diver/ROV/AU

interfaces between the subsea equipment and the intervention tooling;

V),

fail-to-free: the equipment should be designed so that in the event of a power failure to the

ROV/AUV/ROT or the intervention equipment, all devices that could attach the ROV/AUV/
subsea equipment are released in a reliable manner, allowing retrieval to the surface;

damage-free: intervention equipment should be designed to minimize potential damage to
equipment during positioning, docking and/or operations. The retrievable portion of the
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interfaces, i.e. the part attached to the ROV/AUV/ROT, should be designed to yield before damage
occurs to the portion fixed to their subsea equipment;

load reaction: the loads imposed on the structure and the intervention equipment by the interface should
be considered in the design. Generally, interfaces at which the load reacts locally are preferable to a

design

A11.42 D

requiring complex load paths through the intervention equipment structure.

iver intervention

Diver |ntervent|on on subsea equment dunng both |nstallat|on and mamtenance act|V|t|es has been a very

should be ppropriately managed.

Conventionpl diving techniques such as air diving, bounce-bell diving and saturation diving, have Heen
supplemented via the use of ADS and manned submersibles, although the advantages—of these systems
versus advanced ROV and ROT systems is becoming increasingly marginal.

A.11.4.3 ROV/AUV intervention

ROVs are fefined as near-neutrally buoyant free-swimming submersible «raft that are remotely contrglled
from the sufface via an umbilical.

AUVs are fdefined as near-neutrally buoyant free-swimming submersible craft that are controlled vigd an

onboard prg¢programmed control system.

Both types
depths/envi
to relatively
inspection.
complex m
subsea eqy
for an expe

Currently, H
controlled f
are commo
use of the
typically mg
include the

observ

assista

of vehicle can be used to perform a variety”of underwater tasks, particularly in w
ronments that are difficult or too dangerous forcdivers to work in. To date, AUVs have been lin
simple tasks that can be easily preprogrammed into the onboard control system, e.g. pipe
It is expected that AUVs will continue to(évolve and will be increasingly used to perform n
pintenance tasks on subsea production. equipment, particularly in deepwater areas where
ipment is located relatively near toran-existing surface-piercing structure, thus avoiding the n
nsive dedicated ROV support vessel!

owever, many of the morg~complex underwater intervention tasks require the use of an R
om either a dedicated support vessel, construction vessel or a mobile offshore drilling unit. R
hly used for a wide variety of installation and maintenance tasks. Some of these tasks only red
ROV’s camera and/or, anipulator, while others require use of a purpose-built tooling pack
unted beneath the-ROV. The intervention tasks that an ROV may be designed to undertake
following:

ation of underwater operations;

hcedndateral guidance of mating components;

ater
ited
line
hore
the
eed

oV,
DVs
uire
hge,
can

attachn

cleanin

nent or liftwires and/or guidepost connectors 10 subsea equipment,

wellhead gasket replacement;

guidepost replacement on guidebases;

g of equipment interfaces prior to commencement of mating operations;

retaining;

operati
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on of valves;

installation and removal of protective covers and caps, both pressure-retaining and non-pressure-
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— override of actuated functions, e.g. tree valves;

— application of hydraulic pressure into small-bore lines, e.g. for lockout of SCSSVs or testing of flowline
conections;

— pull-in, connection and testing of flexible flowlines and/or main umbilicals to subsea trees/manifolds;

— deployment, connection and testing of lightweight umbilical jumpers between subsea trees/manifolds and
umbilical termination/distribution units.

ROVs can also be used to replace other relatively lightweight subsea equipment, such as chokes, multiphase
flowjmeters, subsea control modules, HIPPS modules, etc. through the use of a component chanpge-out tool
fitted with an adjustable buoyancy system.

It should be remembered that ROVs do not generally have the same degree of jonsite flgxibility and
adaptability that a diver has, hence tasks designated to be performed by an ROV, should be thoroughly
engjneered and tested prior to deployment of the equipment in the field.

Guiglance on specification of ROV interfaces for subsea production systems is provided in ISO 13628-8.

A.11.4.4 ROT intervention
ROTs are defined as dedicated, unmanned, subsea tools used for femote installation or module replacement

tasKs that require lift capacity beyond that of free-swimming ROVWAUV systems. Complete ROT [intervention
systems typically consist of wire-suspended tools with a dedicated control system and suppprt/handling

ROTs are typically deployed on liftwires or a combined_liftwire/umbilical. Some ROTs are also designed for
deployment on drillpipe. Lateral guidance of the tools\may be via guidelines, dedicated thrusters gnd/or ROV
assistance.

Typ|cal ROT tasks may include the following:

— | pull-in, connection and testing of flowlines to subsea trees/manifolds;

— | pull-in, connection and testing:of'main umbilicals to subsea trees/manifolds (versus lightweight umbilical
jumpers, which are typically deployed using ROV techniques);

— |recovery and replacement of modularized subsea equipment (independent of the main subsea equipment
on which the module-is mounted) for maintenance purposes, e.g.:

— chokes;
— multiphase flowmeters;

—« sand detection meters;

— Tmanifordinsert vaives;

— subsea control modules;

— chemical injection modules;

— hydraulic accumulator modules;

— subsea pumps/motors;

— subsea pig launchers/pig loading cartridges.

Further guidance on ROT intervention systems is provided in ISO 13628-9.
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A.11.5 Through-flowline (TFL) system intervention

TFL servicing can be used in subsea wells to perform various well-servicing operations, including

— setting and retrieving flow control devices such as plugs (downhole and wellhead), static chokes, gaslift
valves and inserting subsurface safety valves,

— gathering bottomhole pressure and temperature information via the use of temporary downhole gauges,

— acidizing, bailing, drifting, fishing, perforating, sandwashing, wax cutting, well killing, etc.

TFL servic
flowline/sen
pumped int
shear a pin
host facility

Many elem

TFL servicipg techniques, including the following:

— flowling
— manifo
— manifo

— TFL-st
right wi

— downh
— TFL-st
as wel
while r

operati

In addition f{
when TFL @

— service
— TFLco
— TFLco

— tool lub

ng involves shutting in the target well and then pumping the required tools throug
ice line from the host facility to the subsea completion and thence downhole. Once the-tools|
b position, the required functions are actuated by means of application of differential ‘pressun
shift a sleeve, etc. Upon completion of the required task the TFL toolstring is pumped back to
through the flowline/service line.

bnts of the subsea production system need to be specifically designed in order to be able to

/service line dimensions and junction designs;
d and on-tree piping dimensions and bend radii;
d/tree/TH through-bores;

le trees and manifolds, which include tool divertersdo-direct the TFL toolstring into and out of
blis/bores;

ble tubing dimensions;

le downhole completions, which include-various unique nipple profiles (used for TFL tool loca
as circulation path control devices;to allow the TFL toolstring to be pumped in either direq
stricting/preventing fluid from being’injected into the producing formation during the TFL pum

pns.

o the specialized subsealequipment, various surface equipment is also required on the host fa
perations are underway)including

pumps,
htrol manifold,

htrol console,

h a
are
e to
the

use

the

ion)
tion
bing

Cility

ricator,

— fluid mixing and storage tanks,

— separator,

— associated piping.

Detailed guidance for the design and operation of TFL systems and the design of TFL subsea trees is

provided in

158

ISO 13628-3 [¢] and 1SO 13628-4 respectively.
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1.6 Pigging

A.11.6.1 Pigging of subsea flowlines may be required for various reasons, including the following:

as part of the commissioning procedures for a new line, e.g. dewatering;
to sweep out liquid slugs from a multiphase line;
to sweep out water lying in low spots in a line;

to remove deposits such as sand and wax from a line;

A1

A1

A1
line
cha
incr

to assist in the even application of corrosion inhibitor throughout the line;
to intelligently inspect the line to confirm its continued fitness for service;
as part of the abandonment procedures for an obsolete line.

1.6.2 Pigging of subsea flowlines can be performed using one of the following:

the host;

1.6.3  Typical pig types include
gel pigs,

foam pigs,

cup/disc pigs

spheres,

intelligent pigss

based risk of the pig sticking and/or breaking up in the line.

A.11.6.5

of the system, so that appropriate features can be incorporated into the design, e.g.:

acceptable diameter changes through the system;

suitable bend radii wherever the line(s) rapidly change direction;

guidance arrangements to keep the pig in the right line at piping junctions;
provision of a fluid circulation path and associated valving, as required;

room for installation of suitable topside and/or subsea pig launchers and receivers, as required.

© I1SO 2005 — All rights reserved

a round-trip arrangement, whereby the pig travels in one directiontonly, i.e. down one flowline from the
host to the subsea facilities and then back up another similarly sized flowline from the subseg facilities to

bidirectional pigs that can be pumped down and back through the same line (for use wherg¢ the return
flowpath is so much smaller/bigger than the line being pigged that the pig cannot be round-tripped);

a subsea pig launcher, so that unidirectional pigs, can be launched subsea and pushed to the|host facility
either by pumping through another flowpath fromithe host or by being pushed by the flow from|the well.

1.6.4  Of\these types, only gel pigs can traverse all possible diameter changes and bend radii within the
5. Foampigs, cup/disc pigs and spheres can be specially designed to traverse significapt diameter
hges and relatively tight bend radii, but this often introduces some operational restrictions together with an

Obviously, all of the above factors should be considered prior to commencing the detailed design
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A.11.6.6

A11.6.7

A11.7 R

It may be p
sections of

A.12 Int

A121 G

A12.1.1
with downk

increasing Wise of more advanced completions is driving a dramatic increase in the number and complexi

interfaces b

A12.1.2
installed in
multiphase

communication transmission rates and data processing, :@s’well as increasing emphasis on the interface

the host fag

A12.1.3
integrated t
performanc

A12.1.4

If intelligent pigging of the line(s) is not possible, then the decision may be made to use CRA line-
pipe so as to reduce the risk of undetected corrosion of the lines. Alternatively, a corrosion-inhibition system
combined with various corrosion-monitoring techniques may be an acceptable approach for carbon steel lines
in some cases.

Subsea pig launchers are typically designed to be able to launch only sweep pigs into the line(s),
i.e. not to launch intelligent pigs. Subsea pig launchers usually employ a cartridge arrangement containing
multiple pigs, so that pigs are available to routinely sweep the line without requiring an intervention vessel to
load a pig into the launcher each time.

led-tuihing inf tion in flowl

pssible on some occasions to use reeled/coiled tubing to clear blockages (e.g. wax or hydrate
he subsea production system flowline(s) close to the host facility.

prfaces with downhole equipment and specialised host facility’equipment

eneral

Conventional subsea completions involve a limited number of physical and functional interfa
ole equipment (such as SCSSVs and downhole chemicallinjection systems), however

etween the subsea control system and the downhole equipment.

The large amount of data available from the various monitoring devices now available tq
subsea production systems (including that from<’downhole pressure/temperature gauges
flowmeters) is also leading to increases in the demands on the subsea PCS in term
ility control system.

All of this means that these interfaces should receive early and adequate attention from
bam of subsurface, subsea and topsides control systems engineers, to address all of the functi

b issues and to ensure that the full Value of the installed equipment is realized in practice.

The following subclauses( provide preliminary guidance on these issues. Further guidance

5) in

ces
the
y of

be
and
5 of

»

with

an
bnal

on

interfacing gownhole, subsea and topsides control systems in “intelligent wells” can be found in ISO 13628-6.
A.12.1.5 | Similarly, while the.“end” of a subsea production system was in the past usually considered tp be
at the top of the production riser on the host facility (i.e. the processing facilities were not considered to be [part
of the subsga production/system per se), the use of active slug-suppression equipment on the host facility|has
now introdyiced anothé&p~functional interface that should be carefully addressed in the overall design| as
described below.

A12.2 rface-controlled subsurface safety valves (SCSSV)

A12.21 For reliability reasons, the SCSSVs used in most subsea wells now are tubing-retrievable valves.
A.12.2.2 The SCSSV hydraulic control circuit is typically operated at a higher pressure than the hydraulic

system used to control the operations of the subsea tree valves. This fact should be taken into consideration
when designing the subsea tree, for example in a VXT the sealed annular cavity surrounding the SCSSV
extension subs, between the base of the tree block and the top of the TH, should be capable of withstanding
the full operating pressure of the SCSSV hydraulic system in the event of an undetected leak from the system.

A.12.2.3  Additional penetrations may be required through the TH to accommodate control lines and
lockout lines for a tandem SCSSV configuration and/or for balance line(s), if high internal tubing pressure
requires the use of a balanced SCSSV design. The need for a subsurface safety valve on the annulus side of
the well should also be considered. Such feature may involve a downhole annular safety valve or an SCSSV
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directly below the tubing hanger (for a vertical tree). If a downhole annular safety valve or SCSSV is installed
in the annulus then further penetrations will be required in the tubing hanger.

A.12.2.4 SCSSVs which create an independent static seal at each end of the piston stroke, in addition to
the dynamic piston seal(s), are preferred, as this means there is a reduced possibility of leakage of
wellbore/annular fluids back into the subsea control system as the dynamic piston seal(s) continue to wear.

A.12.2.5 If lockout lines are provided, for remote lockout of SCSSVs whose primary hydraulic control circuit
has failed, then special attention should be paid to the design of these systems, such that any fluid trapped
within the system can expand (due to heating) when the well is brought on line and the SCSSV will not be
inadvertently locked open.

A.12.2.6 If tandem SCSSVs are used in the tubing string, then the normal operating valvé is”typically the
uppkr of the two valves, so that a leak from the wellbore into the control system of the upper’'SCESV can be
isolated by the less frequently operated lower SCSSV. Similarly, if a separate wireline SESSV insert nipple is
installed in the tubing string, then it should be positioned below the lowermost tubing-retrievable SECSSV.

A.12.2.7  Typically the SCSSV should be set at a depth below the point at which-hydrates can form, based
on the geothermal gradient. If this is not possible, then particular attention should be paid to this agpect of the
well design in the start-up and shutdown procedures for the well.

A.12.2.8 Given the large cost typically associated with replacementfrepair of the SCSSV, the complete
SC$SV system (i.e. including the associated control system) should be carefully designed in sybsea wells.
For|this reason, consideration should be given to the use of eneapsulated control lines, premium|control line
protectors and particulate filters in the SCSSV hydraulic circuit:

A.12.3 Downhole chemical injection system

A.12.3.1 Chemicals may need to be injected downhole as well as, or instead of, being injected into the
produced fluid flowstream at the subsea tree. In\this case, it is preferable to inject the chemigals into the
production tubing at a point above the SCSSY; so that the integrity of the SCSSV system as an{emergency
bariier is not compromized.

A.12.3.2 In the event that the injection point needs to be at a depth below the setting depth of the SCSSV,
then appropriate equipment should be installed downhole and/or at the subsea tree to prevent the|backflow of
wellpore fluids into the chemical-injection system, and to minimize the potential for bypassing of the SCSSV in
the event of an accidental remoeval of the subsea tree. Backflow of wellbore fluids into the chemigal injection
system could lead to rapid.and-irretrievable blockage of the small-bore downhole chemical injection line(s).

A12.3.3 Use of a-Side-pocket mandrel to inject chemicals through should be considered, |as this will

facilitate easy isolation” of the chemical injection system during completion operations, as well as provide a
wayf to install and.replace a downhole backflow prevention device, albeit with a wireline intervention.

A.1R2.4 Production and formation sensors

re various
r cut, sand

A1244 Production sensors can include DHPT gauges as well as devices to meas
cha L . : . : .
production, scale buildup, etc.

A12.4.2 Formation sensors can include resistivity arrays, pressure arrays and seismic sensors cemented
behind casing.

Installation of such downhole sensors in the well will require additional penetrations through the subsea tree
and the TH.

A.12.4.3 Standard subsea PCS designs, including the umbilical as well as the SEMs, may need to be
modified to be able to cope with the increased power requirement and data transmission rates from downhole
sensors, in order to ensure that the full value of the downhole equipment is realized.
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A12.4.4

Depending on exactly where the downhole sensors are to be positioned within the well, then
production packers with suitable throughbore conduits may also be required.

A.12.5 Remotely operable flow control devices

A.12.51

A.12.5.2
the wellbor

Intelligent completions can also involve a variety of devices to control the flowrates from individual
reservoir zones. Such devices may be remotely actuated using hydraulic, electrohydraulic or all electrical
systems, but in any case, additional penetrations are required through the subsea tree and TH.

If hydraulic systems are used, care is needed to prevent backflow into the hydraulic system from

and the attendant risk of h\]/pnecing of the SCSS\/ in the event of accidental removal of

the

subsea treq.

A.12.5.3
taken of the

A126 C
A.12.6.1
gauges an

communica
amounts of

A.12.6.2
that bottlen

For downhole flow control devices which are hydraulically/electrically actuated, account/shoul
power consumption requirements of the equipment.

ontrol and communication systems

The increasing use of complex monitoring devices in subsea production systems, such as D
d multi-phase flowmeters, has given rise to the need for improvements in control

data being generated.

These “soft” functional interfaces should be carefully considered and designed for up front, s
bcks are not created in the data flowpath.

A12.7

A12.71
host facilit

involve conjtrol of the pressure at the riser base, either using a topsides control valve or by controlling

flowrate of

A12.7.2

correctly amalyse the potential for slugging and to ensure that, whatever techniques and/or devices

selected to
topsides pr:

ug-suppression/control equipment

A variety of quick acting “intelligent” flow control systems are now available for installation on
to assist in eliminating/reducing production flowline slugging problems. Most of these syst

he liquid and gas streams via a mini-separator located on the host facility.
Since slugging can give rise to severe operational problems in some circumstances, it is critic

assist in controlling the slugging, they are compatible with the rest of the system design, inclu
pcess control systems.

1 be

HPT
and

tion systems in order to be able to adequately transmit, store, process and communicate the large

uch

—

he
bms
the

il to
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Annex B
(normative)

Colours and marking

B.1 General

B.1J]1 All equipment on the subsea production systems that is designed for subsea intervention‘shall have a
coldur and marking system enabling easy and unique identification.

B.1]2 The colour and marking system shall act as a guidance map for the interventian.6perationg by
— |identifying the structure and orientation;

— |identifying the equipment mounted on the structure and intervention interface;

— |identifying the position of any given part of the structure relative to the complete structure;
— |identifying the operational status of the equipment, e.g. conngector lock/unlock and valve open/tlose.

B.1]3 The marking system shall enable positive verification of the end stop and/or locked |position for
retrievable components such as guideposts to lock-down.elamps, etc.

WARNING — Commonality of abbreviation between subsea facilities and surface-operatingjequipment
for |ntervention purposes is essential to maintain safe operation.

B.1/4 To minimize confusion and enhance safety in cases where the units are designed [for multiple
applications, it is recommended that functions be identified both on the subsea packages and on their control
unitg, using common abbreviations listed in this part of ISO 13628.

B.1]5 If the valve arrangementS:are unique, the documentation shall clearly define the abbreviation used in
the marking of equipment.

B.1]6 If diver intervention-is used, coatings shall have a gloss or semigloss finish to enhance diver visibility
and|clarity. When ROV intervention is used, coatings shall have a flat finish. Glare from the ROV lights on a
glogs or semiglossd{inish can cause undue reflective glare into the ROV’s low-light-sensitive cameifas, causing
impgired vision of*ghosting” effects on the monitor.

B.4 Colour design

B.2.t—Themmaimetements of the cotour desigmare
— object colour,

— background colour,

— foreground colour,

— relative object size.

B.2.2 The colours shall be clearly distinguishable at a minimum distance of 10 m (32,8 ft) in artificial lighting
with adjustable intensity and the red part of the light spectrum with the highest intensity.
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B.2.3 The darker colours shall not be used on large structural parts. White colours on large structural
elements shall be avoided. Grating (which may need to be see-through) shall be of darker colours, e.g.
metallic grey (unpainted), to avoid light reflection. Furthermore, colours that can be misinterpreted (taken for
shadows/bottom, etc.) shall not be used. The foreground shall appear less bright than the object and
background.

B.2.4 Elements such as pad eyes, lifting systems, connectors, i.e. “active” parts during intervention, shall be
marked with orange colour.

B.2.5 The ROV operating spindles (valve spindle/spindle extension) shall not be painted due to the
tolerance between the spindle and the torque tool.

B.2.6 Thgq
Munsell ang

colours recommended for use on the subsea production systems, with the equivalent-RAL,

US Federal Standard 595A [3%] codes, are given in this Annex.

B.3 MarKing requirements

B.3.1 The marking is divided into primary and secondary marking.

B.3.2 Primary marking is defined as the marking of major structural members:and systems that need t¢ be

identified fg
symbols is

B.3.3 Seq
component
equipment,
sizes may |

B.3.4 The
carried out

r operational, installation and retrieval purposes. Recommended character height for markin
70 mm (6,693 in) to 500 mm (19,685 in).

ondary marking is defined as the marking used withinxa major system or location to ide
5 such as valves, hydraulically operated components,-local tapping points used for sen
probes, etc. A character height of 50 mm (1,969 in) 62150 mm (5,906 in) should be used. Sm
e used when the specified size is impractical.

location of the identification marks shall be_such that they do not obstruct intervention work t
on equipment and components, and suchythat the risk of damaging or tearing off the mark

g of

ntify
sing
Bller

D be
s is

minimal.

B.3.5 Marking signs for antifouling shall be Used on permanently installed equipment.

B.3.6 Thg ned

such that th

marks for mechanical attachments to the structure, equipment or components shall be desid
ey remain in place and are net damaged during intervention.
B.3.7 Att3

chments shall not be-welded to production piping. If bonding is used, this shall be based on

thoroughly {ested and verified-techniques.

B.3.8 All |marks shall“be designed to be clearly visible in artificial light from a minimum distanc¢ of
5 m (16,4 ft) based upen the particle content of the water.

B.3.9 The marks-'shall be protected against marine fouling and remain visible for the design life of| the
subsea progluction system.

B.3.10 All instructions written on the marks shall be in the English language.

B.3.11 All symbols, characters, figures, etc. on the marks shall be easily identified and cross-referenced with
the operational documentation.

B.4 Marking of structures

B.4.1 The structures should preferably be oriented such that rig headings and template headings are
identical during rig operations. The following marking, with its abbreviation, shall be carried out:
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— front side of the structure FORE
— starboard side of the structure STB
— port side of the structure PORT
— back side of the structure AFT

-1:2005(E)

B.4.2 On the port and starboard sides of the upper structure, main identification marks shall be fitted to
enable a positive identification of the entire subsea production system. The main identification marks shall as

am

B.4
rig

nun
refe]
tou

B.4
cles

mmum_d;s,pla%the_ﬁe_ld_name_,_blnr‘k nnmhpr(q) and name of installation

3 FORE on the protection structure shall be defined according to FORE on the rig, i.e.ide

ber one in the FORE-STB corner and continue the numbering clockwise. Numbering of othg
I'ring to wellslots, follows by starting with slots on the FORE side and follows clockwise. It is reg
5e the same method for numbering of wellslots and guideposts as for the protection structures.

4 The marks on the sides shall be fitted on both top and bottom of the structures, such th
rly visible from the outside of the structures. Inside the structure, marks”shall be fitted to th

htical to the

neading. For template structures, the numbering of the slots (referring to wellslots)‘can start with slot

pr slots, not
ommended

at they are
e structural

members to enable positive and easy orientation. This shall be done, by fitting the marks on [the vertical
surnounding members (e.g. a well slot), with the symbols facing the centre of the slot.

B.4/5 The marks shall be fitted at an elevation suitable for the foreseen work to be carried out in the
respective areas.

B.§ Marking of guideposts
Guiglepost numbering should suit the expected rigiheading, and a rig guidewire numbering system jused based
on the forward and starboard guidewire being wire No. 1 and so on, going clockwise. The posts shall be

mar

Ret
(“U!

B.6

Au
fung
the

nun

The]
be fi

ked with black rings located 200 mm (7,874 in) below the top and indicating the post number.

positions of the locking mechanism.

Marking of manifold valves

tion. All manifold’valves shall be marked with an “XY” number where the “X” digit identifies t
ber of valve from the slot (if several valves in line) and which function the line has.

valves shall be marked with a minimum of one mark near the valve body, facing upwards. TH

ievable guideposts shall be fitted with easily readable status indicators showing locked (“L”) amd unlocked

hique valve numbering system shall be established, providing easy identification of each valve and its

b which slot

pipe is corinected or which main line the valve is isolating, and the “Y” digit shall then id¢ntify which

e mark can
and bonnet

xed on a support plate attached to one of the valve interface flanges between the valve body

or the near structure.

B.7 Marking of piping system

As for the manifold valves, a unique numbering system for the piping system shall be established. The piping
system (including production and injection lines) between the well slots and pull-in porches shall be marked to
identify each pipe, based on the established numbering system.

The piping may in addition be marked with coloured strips of antifouling material at different locations, in order
to facilitate inspection.
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B.8 Marking of pull-in porches
The pull-in porches shall be marked to reflect the type of line.
Pull-in porches for the optical, electrical and/or hydraulic umbilicals shall be properly marked.

Pull-in porches for the flowlines and chemical injection/service lines shall be marked as follows:

— production flowline . P
— water ipjoction-flowline W
— gas injgction flowline . Gl
— testling T
— chemidal injection . C
— methanol injection M

In addition fo these letters, a number shall be added to each funnel reflecting theline or umbilical number.

B.9 Marking of pull-in ramps

The pull-in famps, if fitted, shall be marked with a line indicating the ideal centreline of the porch. In additign, a
line on each side shall be added to indicate the maximum angular misalignment allowed.

Transverse| lines, at every metre from the pull-in funnel<éntry point, shall be included on the ramp. [The

cumulative fistance shall be marked at the side of the ;misalignment lines, enabling the ROV pilot to record the
distance leff during pull-in operations.

B.10 Marking of subsea tree system

All the subgea tree valves shall be marked with at least two letters, for easy ROV observation with togl in
position, e.g. production master vale:

A number khall be fitted on~the ROV valve panel providing a unique identification for each subsea free.
Likewise, the subsea tree cap shall be fitted with a unique identification number.

B.11 Marking-of status indicators

Status indi¢ators shall be marked with clearly readable reference points. Symbols “U” = unlock, “L” = Ipck,
“O” = Open, "S” (or "X") = shut, "B” = bleed shall be used to define the reference poinis.

The distance between the status indicator arrow or marker and the reference points in the viewing direction,
shall be made as short as possible, to reduce the sensitivity and effect of the ROV viewing position. Direction
of operation shall be indicated with an arrow.

B.12 Marking of control system components

B.12.1 The control system shall be marked to provide positive identification of its respective components.
The marks shall be fitted at regular intervals to enable easy identification of all the control system components.
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B.12.2 The control module shall be marked with the identification number at a minimum of one location and
be clearly visible by the ROV when approaching the module. The minimum character height shall be
100 mm (3,937 in).

B.12.3 All the electrical and hydraulic lines shall be marked, to allow easy identification of each line. The
following guidelines are recommended:

— each individual line should be marked with a character for unique identification of the line and its function
at a suitable location close to its respective connection point;

— lines entering a valve panel should be marked on both panel sides;

— |retrievable ROT guideposts (if used) should be marked

B.12.4 ROT guideposts shall be marked with level indicator rings at every metre, Using thel top of the
guidepost receptacle as the reference level.

Tabje B.1 specifies the colours that may be used on the different components and equipment on|the subsea
prodluction system.
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Table B.1 — Marking colours

Black Red Orange Yellow 2 |Unpainted | White @ Grey
Paint code: RAL 9017 2004 1004 na 9002 7038
Paint code: Munsell N 0,5 1,25YR 1,25Y na 10Y 8 5Y 7/1
6/14 7112 5/1
Paint code: US Federal Standard 27038 31136 32246 33655 na 27875 26440
595A [39]
33507
a) Structufes
Protective sfructure X X
(text)
Base structyre X X X
(text)
Guideposts X X X
(markings)
Pull-in porches/pull-in ramps X X X
(markings) (ramps) (diver
porches)
Anodes or components with a zinc X
or aluminiur]1 treatment
Pad eyes, h|nges, ROV x b x b
attachment/|ntervention points, etc.
b) Proces$ manifold
Manifold strlicture X X
Piping X X
Manifold valyves X X
Valve reactipn points, ROV X
attachment/|ntervention points, etc.
Valve spindle X
Valve statug X X X
(text) (back- (back-
ground) ground)
Termination|hubs x P x P
Termination|hub clamps, ptotection x P x P
caps, etc.
c) Control|system
Control-podlbody X
Control-pod ROT hub X
Control-module connector clamp X
Panels for ROV operation X
ROV-operated valve handles, ROV X
attachment/intervention points, etc.
Control distribution system X
structure
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Table B.1 (continued)

Black Red Orange |Yellow?2 |Unpainted |White @ Grey
d) Subsea tree system
Tree structure X X
Piping X X
Tree valves X X
Valve reaction points, ROV X
attachment/intervention points_etc
Valye spindle X
Valye status X X X
(text) (back- (back-
ground) ground)
Ternination hubs xP x P
Termination hub clamps, protection x P x P
cape, etc.
Connector/termination landing X X X
posjtion (swallow) or orientation (markings) (back= (back-
ground) ground)
e) |ROT and replacement frame
system
Stegl structures X
RO} -operated handles, ROV X
attachment/intervention points, etc.
@ | Usually yellow for ROV intervention and white for diver intervention.
b Depending on project requirements.
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Annex C
(informative)

Integration testing of subsea production equipment

C.1 General

C.11 A schedule for the activities of integration testing of subsea production equipment shoutd be
developed prior to start of the integration test. Equipment logistics should be part of the schedule. [The
operation ahd maintenance manuals should be used as guidelines for establishing the test prosedlres. Test
procedures|should be signed off step by step during each test operation.

C.1.2 A dgaily log should be written for each test activity. Test findings should be briefly described in the|log.
A query system to handle all test findings should be developed, including procedures to rectify the findipgs.
Contractor should arrange frequent status meetings with company during the integration test phase.

C.1.3 Company personnel should have access to all test facilities during testing. The company may mohpitor
or witness gall tests and should have free access to the test results. Emphasis should be put on the spgcial
need for company offshore nominated personnel for complete insight into\system functions, system opergtion
and debugding methodology.
C.1.4 Contractors should develop and establish procedures and check lists necessary in order to verify|that
the requirenents of the contract are met. The integration test procedures should be developed in su¢h a
manner that operational conditions can be simulated. All precedures for integration tests should be reviewed
and agreed|by the company prior to the start of integration{testing. The test procedures should include defined
acceptance|criteria.

C.1.5 Phgtographic records can be of considerable value in future diagnostic work when the equipment is
subsea. Comprehensive still photography and.video records are recommended.

C.1.6 Itigrecommended to split the integration test into the following activities, when applicable:
— site-regeived check;

— land tept;

— shallow-water test;

— deep-wWater test:

C.2 Site-receivedtest

C.2.1 The purpose of the site-received test is to verify that the applicable subsystem is not damaged and is
working satisfactorily after transport from the subcontractor. The intention is not to repeat a full FAT
programme through the site-received check.

C.2.2 The site-received test programme should include an index of the test procedures and equipment
handling procedures, and should further identify facilities, equipment, materials and other items required for
the site-received programme.

C.2.3 The site-received tests should include, e.g.:

— unpacking, assembling and checking the equipment and systems;
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— checking the cleanliness of the hydraulic fluid;

— testing of all mechanical and hydraulic functions. However, for the control pods, all applicable commands
should be sent from a test PC, and proper answers and actions should be verified if relevant.

C.2.4 Site-received testing is applicable for all equipment, including rental equipment, arriving at the
integration test site or any alternative test site.

C.3 Land test

Theland test should be divided into the following activities:
— |subsystem test;
— |system test;

— |interchangeability test.

C.4 Subsystem test

C.411 The purpose of the subsystem test is to break the total)subsea production system into subsystems
whi¢h can be tested simultaneously. The subdivision also makes debugging easier.

C.4]2 Subsystem tests should be used to expose relevant equipment to abnormal situationg which can
occyr during operation, such as low hydraulic supply<pressure, low voltage supply, etc. The pyrpose is to
revgal “system margins”.

C.4]3 The subsystem test should be divided into the following activities:
— |test of tree using PCS;

The purpose of this test is to verify operability of the PCS and the tree as one integrated system. The tree
should be placed on a test jigicapable of performing both wellbore and annulus pressurizations, tubing
retrievable surface controlled subsurface safety valve connection and connection of downholg monitoring
sensor if applicable. A test'PC and a test HPU can be used for this test.
— |test of tree/LRP/XTRT using workover control system;

This test should’be performed similarly to the test using PCS.

— | PCS test;

The“purpose of this test is to verify the PCS’s interface to the platform plant control and datg acquisition

t d-shutd t. d-th 1 bilit 'F trolli d it
eye em—and-shuidown-systems—an o-system <3 capability of controlling—and—moni nrlng Al foreseen

wells. A combination of control pod simulators may be used durlng the test.

— intervention system test.

The purpose of the intervention system test is to function-test the different elements (e.g. ROT system) of
the intervention system, including ROV tooling.

The subsystem tests should be regarded as a natural step between the FATs of the various subsystems and

the test of the total subsea production system. Hence, the responsible project engineer needs to decide to
what extent subsystem tests should be used.
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C.5 System test

C.5.1

The purpose of this test is to simulate all operations which should be done offshore, to the extent

practical on land, and verify all equipment/systems related to the permanent seabed installations. All
maintenance-related areas are taken into consideration.

C.5.2 The following tests should be carried out:

running

running and retrieving of TH;

and retrievina of tree with all cambinations of stack-un (tree cap lower riser nackaae and run
~J 7 =\ L Ll ~J

ning

tools, ¢
verificg
functio
running
pull-in

toleran
functio
interve

verificd

C.5.3 ltis
purpose of

and tooling.

connectors
functions.

C.5.4 The
dummy stry

C.6 Inter

The interch
purpose of
pods on X

tc.);

nal test of tree using workover control system;

and retrieving of control pods, XT-choke and insert valves, etc.;

and connection of umbilical (hydraulic/chemical lines and electrical connéctions) and flowline;
ce check of manifold system after reinstallation (if applicable);

hal test of tree with PCS;

ntion tests;

tion of dummy structures (if applicable).

important to functionally test all manual-override functions in connection with the above tests.
the intervention test is to verify the interfaces and the functions of the ROT system, ROV syst

as well as tests using any company-provided items, should be performed to verify interfaces

purpose of performing a( verification of the possible dummy structures is to ensure that
ctures are in compliance‘with the real structures.

changeability,test
angeability. test is applicable to all delivered systems, i.e. tree systems, control pods, etc.

this testlisvto verify the interchangeability of the trees on the well slots, tree caps on trees, co
Ts, manifold system and other equipment if applicable. Since testing of all combination

impractical,

a-master system should be established. A specially built test jig simulating the template well

tion of making up of connections for the full operation envelope, e.g. between tree and .manifold;

The
bms

In addition, hatch operation, guidepost/minipost replacement and mechanical overrid¢ of

and

the

The
htrol
5 is
slot

can be used_ta \/prify tree infnrr‘hangpnhilify

C.7 Shallow-water test

C.71

During the subsea installation, well completion and production testing phases, reliable rig handling

systems and trained personnel are of vital importance to the overall success of the project. An important goal
of the shallow-water test is to contribute to the success by optimizing installation procedures and familiarizing
offshore nominated personnel with equipment and equipment handling in order to promote efficiency and
safety in the installation and operation of subsea production wells.

C.7.2 The optional shallow-water test may be performed using a dummy structure.
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3 The following tests should be carried out:

running and retrieving of TH;

running and retrieving of tree with all combinations of stack-up;
making up connections between tree and manifold;

running and retrieving of control pod, XT-choke and insert valves, etc.;

pullein and caonnection of umhilical and flowling.:
1 7

c7
as 1

functional test of tree using WOCS;
functional test of tree using PCS;
running of ROT system;

interface, accessibility and functional tests using ROV, including installation work for which
intended to be used;

verifying the ability of the WOR connections to maintain the ndt prestress during handling a
loading.

4 From an operational point of view, it is also imperative at this point to test all back-up sy
hanual overrides, in order to obtain operational experience from this mode. It is sufficient to r

system through the shallow-water test.

Cc.7
use
of th
C.8
Ad
app
C.9

Foll

5 All new ROV/ROT operations should be-tésted with a real ROV/ROT with the real equif
 subsea. Relevant test activities should be carried out in darkness such as to only benefit fro
e ROV/ROT.

Deep-water test
bep-water test should be considered for certain subsystems if new equipment development ig
icable subsystem.
Post-integration test
bwing the-integration test and prior to installation, all equipment should undergo the following:

maintenance procedures (check for relevance and quality);

the ROV is

nd dynamic

stems, such
Lin only one

ment to be
m the lights

part of the

modificatiomand Tepetition of necessary testactivities as appliicable;
refurbishment;

preservation;

updating of all documentation to “as-tested” status;

preparation for transport and delivery.
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C.10 Test facilities

The following are strongly recommended for the facilities on the integration test site:

— facilities with crane capacity should be tested for handling and stack-up of XTs and associated equipment
(XT, LRP, XTRT, tree cap, test frame, running tools, etc.);

— the test facility should be clean and not disturbed by other activities, and should be suitable for performing
flushing operations. Any activity which generates particles, including grinding, etc., should not take place

uter

test
ater

and

the

in this facility;

— the test facility should be suitable for performing system tests of the PCS involving sensitive comp
equipment;

— indoor facilities should be adequate for storage of equipment;

— if availpble, a flat seabed area suitable for installing a dummy template during the(shallow-water
should|be used. This area should be near the on-shore facilities to minimize length of the shallow-w
test umbilical,

— the water depth required for the shallow-water test site should be dictated by actual equipment
operatipns in order to perform the test satisfactorily;

— the segbed area should be suitable for performing flowline and umbilical pull-in;

— a suitaple vessel or arrangement, equipped to perform activities which simulate rig operations during
shallow-water test, should be provided;

— office facilities.
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re pressure
i); pressure
(2 600 psi);

the topside

5 the MIV.

across the

pir. Monitor

e reservoir

pure across

D.1 Examples of some typical commissioning activities

D.1l1 EXAMPLE 1 — Procedure for start-up of a subsea well (values are typical)

Initial status: all remotely controlled valves are closed (VXT concept has been assumed). Wellbo

morjitored by PCS is 17 MPa (2 500 psi); methanol injection line pressurized to 7 MRa (1 000 ps

between PMV and SCSSV is approximately 18 MPa (2 600 psi); shut-in pressure” is 18 MPa
flowfline pressurized to 18 MPa (2 600 psi).

Thel start-up procedure is typically performed as follows.

a) |Start up the methanol injection pump and adjust the set point t6-7 MPa (1 000 psi). Open
isolation valve to direct methanol into the methanol line.

b) |Adjust methanol supply pressure to 17 MPa (2 500 psi) tosminimize differential pressure acros

c) |Open MIV.

d) [Adjust methanol supply pressure to 18 MPa (2-600 psi) to minimize the differential pressure
PMV.

e) |Open PMV.

f) |Adjust methanol supply pressure_to 20 MPa (2 900 psi) to inject methanol into the reserv
pressure build-up in wellbore, When pressure build-up stops, methanol is injected into th
through the SCSSV.

g) |Open SCSSV.

h) |Inject the required-amount of methanol into the well.

i) | Verify that the-flowline is pressurized to 18 MPa (2 600 psi) to minimize the differential pres
PWV.

i) |OpenPWV

k) OpU"I p: LIUrIII iSUIatiUn ‘V’C‘I‘V’GO.

[)  Open platform choke. Follow the choke “bean-up procedure”.

m) Adjust methanol flowrate to production rate.

n) Verify temperature build-up in well.

0) Stop methanol injection (close MIV) when temperature on received-hydrocarbons upstream platform
choke is above hydrate temperature.

The procedures should be signed off after completion of a successful test sequence.
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D.1.2 EXAMPLE 2 — Typical procedure for performing leak test of PMV

Initial status: all remotely controlled valves are closed, and lower master valve is open. Wellbore pressure
monitored by PCS is 17 MPa (2 500 psi); methanol injection line pressurized to 7 MPa (1 000 psi); pressure
between PMV and SCSSV is 10 MPa (1 500 psi); shut-in pressure 18 MPa (2 600 psi).

The leak test is typically performed as follows.

a) Start up the methanol injection pump and adjust the set point to 7 MPa (1 000 psi). Open the topside
isolation valve to direct methanol into the methanol line.

b) Adjust the methanol supply pressure to 17 MPa (2 500 psi) to minimize differential pressure acrass| the
MIV.

c) Open MIV.

d) Isolate|the methanol pump and bleed off methanol from methanol line to 10 MPa (1 580-psi) to minirize
differential pressure across PMV.

e) Open RMV.

f)  Adjust [he methanol supply pressure to 10 MPa (1 500 psi) and open topside isolation valve.

g) Adjust|the methanol supply pressure to 20 MPa (2 900 psi) and<monitor the pressure build-up in| the
wellbofe. When pressure build-up stops 18 MPa (2 600 psi) methanol is injected into the resefvoir
througl the SCSSV. Stop injection when pressure build-up stops.

h) Close PMV.

i) Bleed pff the methanol line to 13 MPa (1 900 psi)_toget a differential pressure across PMV to 5 MPa
(750 psi) [5 MPa (750 psi) is used as an examplel:

j)  Close MIV and monitor the pressure build-up(n the well for 4 min.

D.2 Verification of annulus, production bore and downhole monitoring sensors

The purpoge of the test is to verify that correct data for wellbore and annulus pressures and downhole

pressures/temperatures are trarismitted to the platform-installed subsea control unit.

To perform fthe test, the following systems should be verified:

— subsed XT;

— distribdtiontsystem;

— control pod;

— HPU;

platform-installed subsea control unit;

methanol injection system;

annulus bleed system.

This test sequence is successfully completed when the following verifications have been made:
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at least three different pressure rates (low, medium and high) are read from the platform-installed subsea
control unit and compared with actual supply pressure for both the wellbore and the annulus pressures;

the downhole data have been compared with “expected” values.

D.3 Start-up activities

The start-up activities related to the subsea production system can be subdivided into the following activities:

laVYaYaYalW)

The

D.4

The)
add

Aty
Initi

25
app

:ca'r\ tcat Uf YLUOVVUYV,
function test of SCSSV;
well start-up.

Se activities should be carried out in one operation.

Leak test and function test of SCSSV

tion, proper operation (open/close) of the SCSSV should beverified.

pical procedure for performing leak test and function test'of SCSSV is as follows.

b/ status: all remotely controlled valves are closed.” Wellbore pressure monitored by PCS
00 psi); methanol injection line is pressurized to-Z-MPa (1 000 psi); pressure between PMV an
roximately 18 MPa (2 600 psi); shut-in pressureis 18 MPa (2 600 psi).

Start up the methanol injection pump and adjust the set point to 7 MPa (1 000 psi). Open
isolation valve to direct methanol intothe methanol line.

Adjust methanol supply pressure to 17 MPa (2 500 psi) to minimize differential pressure acros
Open MIV.

Adjust methanol supply pressure to 18 MPa (2 600 psi) to minimize the differential pressure
PMV.

Open PMV.

Adjust_miethanol supply pressure to 20 MPa (2 900 psi) to inject methanol into the rese
pressure build-up in the well stops, reduce the methanol flowrate to a minimum (150 I/h).

purpose of the test is to verify that the leakage rate of the SCSSV is within the acceptancg criteria. In

is 17 MPa
d SCSSV is

the topside

5 the MIV.

across the

voir. When

Open SCSSV (function test) Verify correct response from PCS

Close SCSSV (function test). Verify correct response from PCS.

Bleed off the methanol line to 11 MPa (1 600 psi) to get a differential pressure across the
7 MPa (1 000 psi) [7 MPa (1 000 psi) is used as an example].

Close MIV and monitor the pressure build-up in the well for 30 min.

Close PMV or continue with start-up activities.
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D.5 Documentation

A daily log should be written during the precommissioning/commissioning phase. Findings should be
described in the log.

Project-specific outline procedures based on this part of ISO 13628 should be worked out at an early phase of
a project (prior to signing a contract with a vendor). Test procedures for integration test and FATs should be
based on the commissioning outline procedures. This will ensure consistent procedures throughout the project
life, and people will gain experience, to a large extent, with “the next activities” through participation in the
previous activities. This concept makes updating of precommissioning/commissioning procedures easier,
based on experience from FATs and integration tests.
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Documentation for operation
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The main
in order to

n electronic

n for choice

Id be made

E.1 General

Thig annex defines information which should be available for use in the operational phase

objgctives are to ensure that only relevant and required information is kept and maintained,

facilitate the safe, effective and rational operation and maintenance of the installation.

All ipformation should be updated when appropriate to “as-built” status, and should be available i

fornp.

E.2 System design reports and system user manuals

Sysfem design reports and system user manuals should give sufficient details to argue the reaso

of the design related to system parameters. Typical content is as_follows:

— | system description, with reference to drawings;

— | operational data and limitations;

— | composition of medium;

— | materials choice;

— |corrosion evaluations;

— |bases for choice and use of corrosion inhibitors;

— |location of injection points;

— |location of samplihg points for analyses;

— |location of ‘areas for corrosion-control equipment;

— | piping,areas and spools with high stresses and need for additional inspection. Reference shoy
to.relevant calculations and stress isometrics.

The document may be split into system design report and system user manual.

The supplier's standard user manual should preferably be used. If the supplier does not have a standard user
manual, a user manual should be specially prepared for the equipment supplied.
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E.3 Fabrication and verifying documentation

E.3.1 General

Fabrication and verifying documentation means all construction, manufacturing, testing, reporting and
certification documentation required to demonstrate that constructions, equipment, materials and fabricated
systems and units comply with the statutory regulations and specified requirements.

Such documentation should be prepared as described in this annex to fulfil user requirements for the

operational

phase.

E.3.2 Cer]
One docuni
that the req
met.

All nonconf

E.3.3 Dod
Documenta
materials.
component

Traceability]
contractor's|

E.3.4 List

A list of ce
institution. 1

lifting ¢

produc
workoV
type ap

pressu

tificate of conformance

ent should cover the complete contract/purchase order. The contractor/supplier should cor]
Liirements in the contract/purchase order for design, calculations, fabrication and testing have 4

brmances should be stated on the same certificate.

umentation for material traceability, weld and non-destructive examination

tion for operation should contain typical certificates or reference-to a material datasheet for apy

These should be grouped on article number for each material type and dimension. The

5 can be traced from document (drawing) to relevant group.ef certificates.

for welding and non-destructive examination should be maintained in accordance with
supplier's own internal system, and is not required"as part of documentation for operation.

of certificates

rtificates should be made with referenee to model/type/manufacturer and the name of the
'he following types of certificate should-be listed as applicable:

ertificates;

calibration certificates;

ion valve certificates;
er equipment/certificates;
proval certificates;

re-test'certificates.

firm
een

lied
reby

the

test

Certificates

should be available upon user request.

Lifting certificates should follow the equipment, and should be available where/when the equipment will be

lifted.

E.3.5 Third-party verification and certificates

Third-party verifications and certification should be included when required by authority or operator regulations.
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E.3.6 Design, fabrication and installation (DFI) résumé

DFI résumé is a regulatory requirement in some regions. If required, it should provide a brief description of the
installation, based on documentation from the design, fabrication and installation phase.

All information required for inspection and maintenance planning throughout the lifetime of the installation
should be included in the design, DFI résumé.

The document should give an account of the assumptions on which the acceptance criteria have been based,
and a description of the installation when it is put into operation.

E.3|7 Tag index

A tdg index should be provided, containing information on all tagged bulk components/componen
irregpective of type. The following information should be included:

tag code;
tag description, function-related;
area location code;

discipline (“owner” of the tag).

The|items above should be referenced to

To

manufacturer;

model/type;

serial number for components;

part list with parts identification codes;
registration of spare terminals-and wires;
fire area classification.

facilitate efficient traceability and updating of related information, documents describing the de

be gross-referenced against all relevant tagged functional locations.

Thetfollowing information should be included:

document

ts installed,

sign should

o z raforan .
Lay CIVOO TUTUTUTIUD,
document number according to a coding system;

tag code.

E.3.8 Health, environment and safety

Health, environment and safety data should be delivered according to statutory regulations. A safety
datasheet index for the complete installation should be provided.
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E.3.9 Mass data

Mass information should be supplied according to local requirements and specification for weighing of major

assembilies,

E.4 Phot

specification for mass data from suppliers and weighing of bulk and equipment.

ographic record of equipment

E.4.1 General

The purpog
production
installation

At the time
and scaffolg

Minor modi
Photograph
clearly shoy

All docume
system, as

E.4.2 Phg

E.4.2.1

The photo
and umbilic

templa
subsed
XT sys

termina

E.4.2.2 General reconimendations

The photo
operations.

Disciplines/components

€ of a photographic record is 10 obtain photo/video documentation of the complete sufl
system which can be used as reference and as an aid for planning and performingCsuk
and intervention operations.

of performing the photo survey, the construction work, marking and painting should/be compl
ing, covers, tapes, etc. removed.

ications may subsequently be allowed, provided these are well explained._in the text/photo sur|
s of details may be taken during earlier construction phases, provided. the required details
vn and will not be altered during further construction work.

htation of the survey should be available in connection with the Commissioning and start-up of
well as later in the production phase.

to survey

survey, which should comprise the complete\subsea production system apart from the flowl
bls, should as a minimum include the following elements:

e and manifold system;
PCS;
fem;

tion equipment (clamp connectors, termination heads).

survey should in general focus on providing an aid for planning and execution of interver]
The sutvey should therefore particularly reflect equipment subject to ROV activities.

sea
sea

bted

vey.
are

the

nes

tion

ous

The photo

survey should include general layout/arrangement photos of each structure/manifold from vari

positions/angles.

In addition, components within modules should be covered, with special attention to details such as couplings,
flanges, connectors, fittings, and intervention features such as valve-ROV interfaces.

Modules installed separately should be included, both separately and after being terminated to related

modules.

Removable grating/protection hatches, etc. should, on a selection of pictures, be removed or opened to allow
a good view of items such as piping, pipe supports and isolation valves.
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E.4.3 Video survey

The video survey should be used as a complement to the photo survey for planning and execution of
intervention operations, with emphasis on training of ROV personnel. The video survey should focus on
illustrating intervention principles by showing operation methods and intervention (ROV/ROT) interface areas.

In order to provide flexibility for future use, the video survey should be delivered as “raw material”, i.e. no
editing should be performed. Future editing should be facilitated by including a time-code signal in the video
recordings.

The_video survey should, in_addition, be used as an aid for planning and performing inspection work, by
simplating ROV movements relative to corresponding module workfaces.

Thel video survey should typically cover the following intervention operations and intervention activiies:
— | operation and replacement/installation of roof hatches;

— | pull-in connection;

— |operation of hot stabs, torque tools, valve overrides;

— | manifold areas with ROV tool interfaces;

— | ROV access route for inspection of manifold piping, structures,etc.;
— | ROV access route for inspection of XTs, etc.;

— | cable trays for installation of electrical back-up cabl€es.

These operations should be demonstrated without requiring the use of a real ROV.
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Annex F
(informative)

Datasheets

This annex presents examples of typical subsea datasheets, for the convenience of users of this part of

ISO 13628, as listed below.

An agreemtlent should be made as to where the documents should be stored (operator or supplier) and-fop how

long.
The followinpg examples of datasheets are provided:

— Subsea datasheet F1: General field data

— Subsea datasheet F2: Production requirements/Reservoir management
— Subsea datasheet F3: Operating envelopes

— Subsea datasheet F4: Subsea structures

— Subsea datasheet F5: Dropped-object and fishing-gear loads
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SUBSEA DATASHEET No. F1
FIELD: Page 1 of 2
TITLE: General field data
Location (Block/universal Number of wells:
transversal mercator):
Water depth: Production:
Design life: Injection:
Removal requ.
DE$IGN CAPACITIES FIELD: Max. Min.

Oi

broduction

Sm3/SD (bbl/SD)

Wajer production

Total liquid production

(
Sm3/SD (bbl/SD)
Sm3/SD (bbl/SD)

Water injection

Sm3/SD (bbl/SD)

Gag production

Gag injection

Regeiving pressure infrastructure

DE$IGN CAPACITIES, INDIVIDUAL WELLS:

Profuction wells
Water injection wells

Gag injection wells

Maximum flowing wellhead temp. production

Maximum flowing wellhead temp. injection
Maximum WHP well kill

Maximum WHP injection

Maximum WHP during preduction

M

njmum WHP during production

Maximum wellhead shut-in pressure

Projectionrequirements:
D

_,
(o]

ped objects

108 Sm3/SD
(Scuf/SD)

106 Sm3/SD
(Scuf/SD)

MPa (psi)

Sm¥SD (bbl/SD)
8m?3/SD (bbl/SD)
Sm3/SD (Scuf/SD)
"C(°F)

°C (°F)

MPa (psi)

MPa (psi)
MPa (psi)
MPa (psi)
MPa (psi)

Field schematic:
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SUBSEA DATASHEET No. F1

FIELD: Page 2 of 2

TITLE: General field data

RESERVOIR/FLUID CHARACTERISTICS

Max. Min.
Reservoir temperature, °C (°F)
Reservoir pressturePatpsh
Gas/oil ratio] Sm3/Sm3 (Scuf/bbl)
Hydrogen slilfide, mol % in liberated gas at bubble point
Carbon dioxide, mol % in liberated gas at bubble point
Water cut, %
Other
FORMATION WATER, COMPOSITION
Cations, mg/I Anions, mgl/l
Barium, Ba%* Ehloride, CI'-
Calcium, Cq?* Sulfate, SO ‘2(
Iron, Fe2*/34 Carbonate, CO %’
Potassium, K1* Bicarbonate, HCO 5

Magnesium/ Mg2*

Sodium, Na

Strontium, gr2*

Zinc, Zn2*

Mercury, Hg'+/2*

Other properties
pH at 20 °C|(68 °F) and 10%,3 kPa (14,7 psi)

pH at reservoir conditions

Specific density,at'20 °C (68 °F)
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