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Preflace

This book introduces subsea tree which is dividdéd five chapters. The first chapter

discusses overview of subsea tree. In the secamptet) component of tree is discussed.
Then, third chapter are explained the tree mountedrol system, than continued with

design and analysis in chapter fourth. Chapter fliscusses installation and test and
completion of tree is discussed. In the last chap®erdido field development was

discussed.

In the book, many pictures and illustrations arecl@sed to assist the readers’
understanding. It should be noted that many pistaned contents are borrowed from
other companies’ websites, books and brochureseXhet sources are quoted and listed

in the references. The book is for engineering atioie purposes only.

2017 (Second Edition)

Ocean & Aerospace Research Institute, Indonesiefa@ée
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Chapter.1

1.0 Subsea Trees

1.1. Introduction

A subsea tree is an assembly of valves such agmashg and swab valves, spools, and
fittings as shown in Figure 1.1 used for an oil @ad wells. The subsea tree is installed
on top of the wellhead. When the well and factitege ready to produce and receive oil
or gas, tree valves which is lower and master &bl wing valve are opened and the

formation fluids are allowed to go through a flanel.

High Pressure Cap

Annulus Swab Valve

Annulus Wing Valve

v
_i
A4
A

Annulus Master Valve

Production Swab Valve

Crossover
Valve

N_“

A I Well Fluid Flow To Flowline
v

V -

Production
Wing Valve

Production Upper
Master Valve

~ Production Lower

Is

Master Valve

Tubing Hanger

Subsea Well Head

AWDrilling
™ Formulas,

Figure.1.1: Basic component of tree [Drilling Formulas].

1.1. Function Requirements

The primary function of a subsea tree is to corttnel flow, usually oil or gas, out of the

well. A subsea tree often provides numerous additifunctions including:

Ocean & Aerospace Research Institute, Indonesta$ubsea Treem
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Injection » Chemical, water & gas injection points

* Well intervention means
* Pressure relief means

Interventions

* pressure, temperature, corrosion, erosion, sand
Monitoring detection, flow rate, flow composition, valve
and choke position feedback

» Connection points for devices such as Down
Connection Hole Pressure and Temperature transducers
(DHPT)

Typical function requirements for subsea treesuitel

* Production tree is direct the produced fluid
from the well to the flowline

* Injection tree is to canalize the injection of
water or gas into the formation

Transportation

» Regulate the fluid flow through a choke (not

Regulator always mandatory).

» Monitor well parameters at the level of the
Monitoring tree, such as well pressure, annulus pressure,
temperature, sand detection, etc

» Safely stop the flow of fluid produced or
injected by means of valves actuated by a
control system.

* Inject into the well or the flowline protection
fluids, such as inhibitors for corrosion or
hydrate prevention)

Ocean & Aerospace Research Institute, Indonesta$ubsea Tree_
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1.2. Types of Trees

1.2.1. Vertical Subsea Tree

Vertical Subsea Trees (VSTs) are applied commondywidely in subsea fields due to
their flexibility of installation and operation. h€ well is completed before installing the
tree. Figure 1.2 shows a vertical tree being ledesubsea.

Figure 1.3 illustrates the schematic of a typicaitical tree. The master valves are
configured above the tubing hanger in the VST. pheduction and annulus bore pass
vertically through the tree body of the tree. Mastalves and swab valves are also
stacked vertically. The tubing hanger lands inwmetlhead, thus the subsea tree can be
recovered without having to recover the down-holmpletion.

Attached on wellhead

Figure 1.2: Vertical Subsea Tree [FMC]

Ocean & Aerospace Research Institute, Indonesta$ubsea Tree
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Tree cap

Manifold/sealine
interface

IChemical lnjetllon[ I ; :
I

Umbilical

. Tr
interface .

connector

SCSSv 1

SCSSvV 2

Downhole pressure transmitter

Figure 1.3: Schematic of Vertical Subsea Tree [API RP 17A]

1.2.2. Horizontal Subsea Tree

Another type of subsea tree developed rapidly aeme years is the Horizontal Subsea
Tree (HST). Figure 1.4 shows a horizontal tree mayglé-MC. The key feature of the
HST is that the tubing hanger is installed in theetbody instead of the wellhead. This
arrangement requires the tree to be installed th@ovellhead before completion of the
well

Figure 1.5 shows the schematic of a horizontal. fféwe valves are mounted on the
lateral sides, allowing for simple well interventiand tubing recovery. This concept is
especially beneficial for wells that need a higimber of interventions. Swab valves are

not used in the HST since they have electrical sibitnle pumps applications.

Ocean & Aerospace Research Institute, Indonesta$ubsea Tree
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Figure.1.4: Horizontal Subsea Tree [FMC]
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Workover
control interface

T |

ACvV

CONTROL
MODULE

HP supply
LP supply

Cogr i
—og

Chemical injection

EEEHEEE
Manifold interface
Tree connector |

SI\v

L 60,8 mm (2 in) Methanol

SCSsv1

SCSsV 2

Figure.1.5: Schematic of Horizontal Subsea Tree [API RP 17A]

1.2.3. Selection Criteria

In the selection of a Horizontal Subsea Tree (H&Ta Vertical Subsea Tree (VST), the

following issues should be considered:

Ocean & Aerospace Research Institute, Indonesta$ubsea Tree
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» The cost of an HST is much higher than that of
Cost a VST; typically the purchase price of an HST
is five to seven times more

* AVST is larger and heavier, which should be
Size and Weight considered if the installation area of the rig is
limited.

Completion of the well is another factor in
selecting an HST and VST.

* If the well is completed but the tree has not
yet been prepared, a VST is needed.

 Orif an HST is desired, then the well must be
completed after installation of the tree

» An HST is applied in complex reservoirs or
those needing frequent workovers that require
: tubing retrieval, whereas a VST is often
CTEE chosen for simple reservoirs or when the
frequency of tubing retrieval work-overs is
low.

* An HST is not recommended for use in a gas
field because interventions are rarely needed

Completion

Intervension

1.3. Design Process

In the design process, the physical arrangemewnalgés, chokes, control modules, flow
connections, maintenance interface and the suppatettive structures of the tree are
necessary. The designs of subsea trees vary i Wags as follows:

esimple,
Completion ediver assist,
ediverless, or guideline-less
ePurpose of the tree is for production or injection

*H,S, CO,, or
Service conditions *H,S and CO,, and
*soon

These parameters will affect the selection of Y@es$ of subsea tree, materials, and
component arrangement.

A typical design process for a subsea tree is showdgure 1.6.

Ocean & Aerospace Research Institute, Indonesta$ubsea Tree
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Design Requirement G Parameters

Tress configuration

Material Selection, structural configuration & size estimati

Components Design

Sub-assemblies Design

Assemblies Design

Figure 1.6: Design Process of Subsea Tree

The design requirements include the requirementsiraftion, performance, working
capabilities, and the cost of the product, whicheigrred to as its economy. These are
basic requirements when designing a product. Designirements are shown in Figure
1.7. After the functions and requirements are tydarown by the designer, the tree type
can be determined and the schematic diagram diavaft structural drawings of the tree
are usually done during this phase.

Ocean & Aerospace Research Institute, Indonesta$dbsea Tree
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Design Requirements

. Working Performance
Function — . Econom
Capabilities requirements \
A A ~ "\
Open & shut
down the Strength PressLine Processibility
production integrity
\ J \ / L y \ y
) 3 )y
Control & Proper
monitor the Rigidity Materials selection of
flow raw materials
\ . J . . v L y \ . y
~ N\
Interfaces to “eErnE] Standarglzano
flowline stability Leakage né&
commerciality
\ . J \ . / L ) \ J
Injection into .
the well Reliability Cycles
o ) \
) N
Life Opening
Forces
S J L y

Figure.1.7: Design Requirements

Component design is almost the most important pamntsubsea tree design.
Components of a typical subsea tree include:

Ocean & Aerospace Research Institute, Indonesta$ubsea Tree
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Hanger *Tubing hanger system

A tree connector to attach the tree to the subsea

Connector wellhead

*The tree body, a heavy forging with production
flow paths, designed for pressure containment.
Annulus flow paths may also be included in the tree
body

2]e]0)Y

*Tree valves for the production bore, the annulus,
and ancillary functions. The tree valves may be
integral with the tree body or bolted on

*Valve actuators for remotely opening and closing
the valves. Some valves may be manual and will
include ROV interfaces for deep water

WVEWES

*Control junction plates for umbilical control hook-
up

«Control system is including the valve actuator
command system and pressure and temperature
transducers. The valve actuator command system
can be simple tubing or a complex system
including a computer and electrical solenoids
depending on the application

Control

*Choke for regulating the production flow rate (this
is optional)

Production «Tree piping for conducting production fluids,

crossover between the production bore and the

annulus, chemical injection, hydraulic controls, etc

*Tree guide frame for supporting the tree piping and
Installation ancillary equipment and for providing guidance for
installation and intervention

*External tree cap for protecting the upper tree
connector and the tree itself. The tree cap often
incorporates dropped object protection or fishing
trawler protection

Protector

The design should consider the components althsogte of them may be a system
or subassembly. Calculations for, drawings, andontspfor the components are
completed in this phase. Subassembly and asserabigrdincludes a report that shows
the assembly procedures and the assembly drawireg@gn procedures are shown in

Figure 1.8.

Ocean & Aerospace Research Institute, Indonesta$ubsea Tree
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p— Loads & Forces analysis

Materials, heat treatment selection

Select design rules

Size of the structure

c
20
(7]
4]
o
(7]
e
c
o
c
o
o
£
o
o

Drawings

— Report

Figure 1.8: Component Design Process

1.4. Service Conditions

Pressure ratings of subsea trees are standardiz&0 psi (34.5 MPa), 10,000 psi (69.0
MPa), and 15,000 psi (103.5 Mpa). Recently 20,0810¢p38-Mpa) subsea trees have
been applied successfully in subsea fields. Takhleshows the standard temperature
ratings per APl Specification 6A. Subsea equipnmsmuld be designed and rated to
operate throughout a temperature range of 35 to R%Rating V) according to the API
Specification 17D.

Table 1.1: Standard Temperature Ratings

Operating Range

Classification Min (°C) Max (’F) Min (°C) Max (CF)

K -60 82 -75 180
-46 82 -50 180

-29 82 -20 180

20-24 20-24 20-24 20-24

-18 66 0 150
-18 82 0 180

-18 121 0 250
2 121 35 250

Ocean & Aerospace Research Institute, Indonesta$dbsea Tree
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Choosing materials classes is the responsibilitghef user. All pressure-containing
components should be treated as “bodies” for debtengy material requirements from
Table 1.2. However, other wellbore pressure bounganetration equipment, such as
grease/bleeder fittings and lockdown screws, shbeldreated as “stems.” Metal seals
should be treated as pressure-controlling parts.

Table 1.2:Material Class Rating

Non-corrosive <7 (0.05) AA
Slightly corrosive 7-30 (0.05-10.21) BB
Moderately to highly corrosive >30 (0.21) CcC
Non-corrosive <7 (0.05) DD
Slightly corrosive 7-30 (0.05-0.21) EE
Moderately to highly corrosive >30 (0.21) FF
Very corrosive >30 (0.21) HH

Equipment should be designed to use materials las#ue material class required, as
shown in Table 1.3. If the mechanical propertias lsa met, stainless steels may be used
in place of carbon and low-alloy steels, and coomsesistant alloys may be used in

place of stainless steels.

Table 1.3:Material Requirements

Body, Onnet, End and Outle: Pressure controlling parts,

Connections stems, and Mandrel Hangers
AA General Carbon or low alloy steel Carbon or lowaliteel
BB General Carbon or low alloy steel Stainless steel
CcC General Stainless steel Stainless steel
DD Sour Carbon or low alloy steel Carbon or low alloy steel
EE Sour Carbon or low alloy steel Stainless steel
FF Sour Stainless steel Stainless steel
HH Sour CRA CRA

Ocean & Aerospace Research Institute, Indonesta$dbsea Tree
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Chapter.2

2.0 Components of Subsea Trees

2.1. General

Components of a subsea tree vary according toyihe of tree (Vertical Subsea Tree
(VST) or Horizontal Subsea Tree (HST)) and spediésign requirements of specific
subsea fields. Static Weight of tree can be wrigign

Wiree = Zi=1 W; (2.1)
Wherel/; is weight of component |, such as cap, valveseiod

Components of a Vertical Subsea Tree (VST) from topbottom are typically as
illustrated in Figure.2.1

gdTree cap

guUpper Production Master Valve (UPMV);
gLower Production Master Valve (LPMV);
gProduction Wing Valve (PWV);
gProduction Swab Valve (PSV)
gCrossover Valve (XOV);

gAnnulus Master Valve (AMV);

gAnnulus Access Valve (AAV) or Annulus Swab Valve (ASV);

dAnnulus Wing Valve (AWV);

gPressure and temperature sensors (PT, TT, PTT, etc.);

~—
|_
(2]
>
]
(]
S
|_
@
Q
(%2]
o]
>
)]
<
=
=
(5]
>
Y—
o
0
+—
=
Q
=
]
o
S
o
o

g | r'ee connector;

-
<

JConventional tubing hanger system
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Upper Tree Cap
Production )
Master e Prosducgon
\v 9 wa
alve " Valve Production
Wing Valv
Crossover Valve ing Valve
\
< §
Production
Annuls L // Flowline
Access Vavle N ST
00 00 Lower
L _— Production
Master Valve
Annulus Wing —|
Valve Temperature and
/ Pressure Sensor
Annulus // E ‘
Flowline / Mechanical Lock
Down System
Annulus
Master Valve Mechanical Tree
Connector

o~

Figure.2.1: Typical Components of a Vertical Subsea Tree [{Qilip]

Components of a Horizontal Subsea Tree (HST) from to bottom are typically

illustrated in Figure.2.2:
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ree debris cap;

ree body;

Internal tree cap (or upper crown plug);

Crown plug (or lower crown plug);

Production master valve (PMV);

Production wing valve (PWV);

Annulus access valve (AAV);

Annulus master valve (AMV);

Annulus wing valve (AWV);

Crossover valve (XOV);

Sensors (PT, TT, PTT, etc.);

~—
}_
(7))
z
(0]
(&)
S
}_
©
(]
%)
o)
>
(7))
©
i)
c
(@]
N
S
O
I
Y
(@]
0
+—
c
(]
c
(@]
Q
£
@]
O

glree connector,

d1ubing hanger system.

/Deb11s Cap

Production Internal Tree Cap

Choke

Production Crown Plug

Valves

@ e

B |

Production : -
Flow Line ‘
Connector =

Tree Connector

2

- 1, ;
e )

Production Guide Base

Wellhead Intervention Funnel
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The main components that vary between VST and H8 &sfollows:

» The tree cap in a VST system has the
functions of providing the control interfaces
during workover and sealing the tree from
seawater ingress.

* In contrast, an HST has internal tree caps and
tree debris caps

Tree cap

» AVST utilizes a conventional tubing hanger,
which has a main production bore and an
annulus bore. The tubing hanger is located in
the wellhead.

* However, in an HST, the tubing hanger is a
monobore tubing hanger with a side outlet
through which the production flow will pass
into the PWV. Because the TH in the HST is
located in the tree body, it needs the crown
plugs as the barrier method. An internal tree
cap is the second barrier located above the
crown plug. If dual crown plugs are designed
in a TH system, an internal tree cap is not
used

Tree body

* AVST is larger and heavier, which should be
Tubing hanger system considered if the installation area of the rig is
limited.

These differences are illustrated in Figure 2.3.

Horizontal Tree Conventional Tree

Tree Cap

Crown Plugs ———— {8
Tubing Hanger .~

Tree Connector ~TreeC oK

r ____...-Tubing Hanger
Wellhead =

Wellhead

Figure 2.3: Differences between VSTs and HSTs [Vetco Gray]

Ocean & Aerospace Research Institute, Indonesta@@mponents of Subsea Tr



Application of Subsea Tree in Deep Water

2.2. Tubing Hanger

In a subsea well, production tubing is supportedi sealed off inside the subsea wellhead
housing. The tubing hanger and the running tookseary to install it comprise a tubing
hanger system. On wells with subsea well-headsstlsea tubing hangers are run and
landed through the marine riser and the subsea B@Ek with a full drilling
fluid/completion fluid column in place. On wellsathhave been mudline suspended, the
subsea tubing hangers are landed in a tubing Headgh a casing riser and a surface
BOP stack.

The basic functions of a tubing hanger are asvi@lo

¢ Suspend the tubing string(s) at the mudline
level

Suspend

e Seal the annulus between the tubing and

Seal .
casing

* Provide access to the annulus.

Access  Provide a through conduit(s) for SCSSV
control, chemical injection, and monitoring

Interfacing * Provide an interface with the subsea tree

Three factors characterize the basic tubing hasggem for a subsea well:

e Loacted in wellhead/tubing hanger spool/tree

Location body

¢ nominal wellhead size: 183/4, 163/4, or 135/8
in.; production casing size: 103/4, 95/8, 75/8,
or 7 in.; tubing string size: 23/8,31/2,41/2,
and 51/2 in. are typical

Size and designation

» The mechanical set tubing hanger is run on a
drill pipe tool and set by rotation. The
Lockdown method hydraulic set tubing hanger, run on a
completion riser, is set by a hydraulic tool
driving a lock ring into a lockdown groove
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Tubing Hanger Types
All tubing hanger systems can be summarized intbodategories:

Types of Tubing
Hanger

¢1. Concentric bore or
non-orienting tubing
hanger

¢2. Multi-bore or
orienting type of tubing
hanger system

Concentric tubing hanger has a single central hbreaded box down to make up to a
single tubing string. The upper part of the tubirapger body will have a central seal
pocket to receive the mating male stab sub fromsthesea production tree. The tubing
hanger is lowered into position with a running tedleat is connected mechanically or
hydraulically to the tubing hanger body ID. The ming string may be the drill pipe,
tubing, or a custom-designed completion string vintiegral tubing strings and control
lines. See the left side o Figure 2.4.

The multi-bore or orienting, tubing hanger incomges the bore tubing hanger system.
It also incorporates two or more pockets in thenglhanger body for communications to
multiple tubing strings and multiple stab recepacko maintain control over down-hole
equipment. The multi-bore tubing hanger allows dperator to enter the annulus from
directly over-head, through an annulus bore inttbe, to the tubing hanger and tubing/
equipment down-hole. This capability makes thertgbianger orientation specific with

respect to the tree. See the right side of Figute 2
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TUBING HANGER
~— RUNNING TOOL
| LOCKING PROFILE
LOCK RING LOCK RING
ACTUATOR ACTUATING /
SLEEVE /
LOCKDOWN
MALE STAB——— RING
RECEPTACLE - -
ADJUSTING -
LOCKING RING i
ANNULUS
SEAL ASSEMBLY ROk B B
(METAL-TO-
METAL SEALING
SYSTEM)
m—— WEIGHT SET
THREADS METAL-TO-
METAL SEAL

Figure.2.4: Concentric and Multi-bore Tubing Hangers [Dril-@Li

In a horizontal tree system, the tubing hanger igordtion is normally of the
concentric type, with a production outlet besidee($-igure 2-5). The tubing hanger
assembly consists of the hanger body, lockdowrvsldecking dogs, gallery seals, pump

down seal, electrical penetrator receptacle, bottlsynmate connector, and pup joint.

There are four basic sizes of tubing hanger: 34/8, and 7 in. nominal.
I

Actuation-Sleeve "

— Locking-Dog

ProductionOutlet P

Spheni-seal

R ProductionSeal
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Figure.2.5: Horizontal Tubing Hanger Section View

Penetration Configuration

Figure 2.6 shows a typical tubing hanger penematonfiguration. The number of

control ports through the tubing hanger depends on:

How many SCSSV there are and whether they are ¢edaor unbalanced. A

balanced SCSSV requires two control lines, wheagasnbalanced valve needs
only one.

Downhole pressure/temperature monitors (electrioineotor at the tubing

hanger/tree extension sub interface). An electablec extends below to the

bottom of the tubing string where a sensing deiddecated.

Typical Dual Bore Hanger Typical Mono Bore / Slim Bore Hanger

O
@,
\°5

Figure 2.6: Typical Tubing Hanger Penetration Configurations

For example, a typical configuration would include:

Down-hole injection: 1 Hyd.
SCSSV: 2 Hyd.

Smart well hydraulics: 2 Hyd.
Soft landing: 1 Hyd.

Down-hole gauges: 1 or 2 Elec.

Tubing Hanger Running Tool
The tubing hanger running tool (THRT) is used to tbe tubing hanger (TH) into the

tree body. The THRT should have a balanced pistesigd with equivalent cross-

sectional areas to prevent annulus pressure froimgao unlock the THRT from the TH
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and to ensure that the THRT remains locked evem lgss of hydraulic pressure during
installation or work-over operations. The systemigie should be configured to prevent
hydraulic locking of the seals during installatietfieval of the THRT to/from the TH
and slick joint. A THRT is illustrated in Figure72.

TUBING RUNNING
STRING

COMPLETION RISER

CONTROL HOSES

TUBING HANGER
LOCK RING
ACTUATOR

RUNNING TOOL
LOCK RING

Figure 2.7: Tubing Hanger Running Tool (THRT) [Dril-Quip].
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2.3. Tree Piping

Tree piping is defined as all pipe, fittings, oegsure conduits, excluding valves and
chokes, from the vertical bores of the tree toftbmline connections. The piping may be
used for production, pigging, monitoring, injectiaservicing, or testing of the subsea
tree. Inboard tree piping is upstream of the tirsé wing valves. Outboard tree piping is
downstream of the first tree wing valve and upstred the flowline connector.

Tree piping is normally designed in accordance W8ME B31.3. The guidelines in
the API specifications are general and in many og®n to interpretation. It is up to the

manufacturer to apply the engineering judgment.

2.4. Flowline Connector

A flowline connector is used to connect subsea lffeeg and umbilicals via a jumper to
the subsea tree. In some cases, the flowline ctometso provides the means for
disconnecting and removing the tree without retnigwthe subsea flowline or umbilical
to the surface. Figure.2.8 shows a horizontal fle&tonnector system.

Flowline connectors generally come in three typeanual connec-tors operated by
divers or ROVs, hydraulic connectors with integratiraulics, or mechanical connectors
with the hydraulic actuators con-tained in a sejgamanning tool. The flowline connector
system may utilize various installation methodschswas first-end or second-end
connection methods. It may be either diverless imerdassisted and may utilize
guidelines/guideposts to provide guidance and algm of the equipment during
installation.

The flowline connector support frame reacts tdadds imparted by the flowline and
umbilical. Tree valves and tree piping are protgédtem flowline/umbilical loads, which
could damage these components. Align-ment of atiticating components is provided
and maintained during installation. Trees can beoked and replaced without damage to
critical mating components. The flowline connecsapport frame is designed to allow
landing a BOP stack on the wellhead housing afterfiowline connector support frame

is installed.
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Figure 2.8: Flowline Connector [FMC]

2.5. Tree Connectors

Tree connectors are used to land and lock the auibse to a subsea wellhead. They
provide mechanical and pressure connections as agebbrientation between the tree
assembly and the wellhead. Mechanical tree conreate generally diver actuated using
a series of screws to energize a locking mechan@mnnectors of this type are suitable
for type S (simple) and DA (diver assist) trees fuom jack-ups and not recommended
for trees run from floaters.

Hydraulic tree connectors were originally desigasdnodified hydraulic drilling BOP
connectors. However, current tree designs utilizeraector that is specifically designed
for subsea applications. The connector offers auidit features not normally present on
the BOP H-4 style connector, such as a mechanigadride for release and a backup
mechanical lock. Hydraulic connectors are the mostmon type of tree connector. They
are suitable for all types of tree. Figure 2.9sthates the H4 hydraulic connector from

Vetco Gray.
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Flush Ports

Cam Ring

Hydraulic VXNT

Retainer Pins
(4) Places

1 '.'A'

£y

Locking Dog i’ R S
i =——

Hydrate Seel I 0

Wellhead
Housing

7” wellhead

Piston

30" O.D. Wellhead 27" 0.D. Wellhead

Figure 2.9: Hydraulic Tree Connector [Vetco Gray]

2.6. Tree Valves

Subsea tree contains various valves used for ¢gservicing, regulating, or choking the
stream of produced oil, gas, and liquids comingfngon the well below. Figure.2.10
shows a typical tree valve arrangement and cordigur. The production flow coming
from the well below passes through the Down-Holé§avalve (DHSV), which will
shut down if it detects an accident, leak, or ok&spure occurring.

2.6.1. Production Master Valves

Production Master Valves (PMVs) provide full opeminluring normal production.
Usually these valves are high-quality gate valvdsey must be capable of holding the
full pressure of the well safely for all anticipdtpurposes, because they represent the
second pressure barrier (the first is the DHSVpréduction choke is used to control the

flow rate and reduce the flow pressure.

2.6.2. Swab Valve

The Production Swab Valve (PSV) and Annulus Swalv&/dASV) are open when
interventions in the well are necessary. Subseavimb/es should be designed, fabricated,
and tested in accordance with API 17D, API 6A, &Rl 6D. The valves can be both
bolted on or built in.
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2.6.3. Annulus Master and Access Valves

The Annulus Master Valve (AMV) and Annulus Accesslxé (AAV) are used to

equalize the pressure between the upper spaceoamsd Epace of the tubing hanger

during the normal production (i.e., when the DHS\6pen).

2.6.4. Crossover Valve

Located in the crossover loop, a crossover valv@\(Xis an optional valve that, when

opened, allows communication between the annuldsparduction tree paths, which are

normally isolated. An XOV can be used to allow diygassage for well kill operations or

to overcome obstructions caused by hydrate formatio

ASV ‘
AAV

_&_ AMV
I

*. PSV

i

PMV 1 PMV 2

ABBREVIATIONS:

PMV
AMV
AAV
CIv
Xov
PSV
ASV
DHSV

Production Master Valve
Annulus Master Valve
Annulus Access Valve
Chemical Injection Valve
Crossover Valve
Production Swab Valve
Annulus Swab Valve
Downhole Safety Valve

XOV X. X. civ2

[] DHSV

-
c.wDF

X

X
1

ok

177
[ p—_—
!‘L [

Service Production
Line Line

Figure.2.10: Configuration of Tree Valves
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2.7. Production Choke

A production choke is a flow control device thatises pressure drop or reduces the flow
rate through an orifice. It is usually mounted dstwmeam of the PWV in a subsea tree in
order to regular the flow from the well to the nfahd. It can also be mounted on the
manifold. Figure 2.11 shows the subsea chokesimbsea tree.

The two most widely used choke types are positivakes and adjust-able chokes. The
adjustable choke can be locally adjusted by a diveadjusted remotely from a surface
control console. They normally have a rotary steggiydraulic actuator, mounted on the
choke body. This adjusts the size of orifice atgheferred value. Chokes have also been
developed to be installed and retrieved by ROV4authout using a diver. In addition,
the insert-retrievable choke leaves the housinglate, while the internals and the
actuator are replaceable units.

Figure.2.11: Subsea Choke [Cameron and MasterFlo]

2.7.1. Trims/Orifices Types

Typical orifices used are of the disk type or negalg type. The disk type acts by
rotating one disk and having one fixed. This wilkare the necessary choking effect. The

needle/plug type regulates the flow by moving tieert and thereby providing a gap with
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the body. The movement is axial. Figure.2.12 shalvsf the trim/orifice types per ISO
13628-4.

[1]
- / ///A N\ N
MES [ ol S\
. 1
N i N s

4 / k \El
N
I d 1 &{l

N\ [/ \ \id®

‘ Y
N N N

a. Rotating b. Needle & c. Plug & d. Sliding e. Multi- f. Cage &
Disc Seat Cage Sleeve & Cage stage External Sleeve

Figure 2.12: Trim Types

2.7.2. Choke Design Parameters

Several measurements must be known in order tatsile proper choke for a subsea
production system: how fast the flow is coming itite choke, the inlet pressure P1 of
the flow, the pressure drop that occurs crossiegotifice, and the outlet or downstream

pressure P2 of the flow, as shown in Figure 2.13.

Inlet, or
upstream,
pressure
(P1)

Pressure
drop
through
the choke

N D ——
Flow rate through the line

Outlet, or
downstream,
pressure (P2)

Figure 2.13:Choke Schematic [Cameron]

Choke sizing is determined by Coefficient Value jCwWhich takes into account all
dimensions as well as other factors, including aizé direction changes, that affect fluid

flow in a choke. The CV equals number of gallonpef minute that will pass through a
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restriction (orifice) with a pressure drop of 1 p$i60C. This CV calculation normally
follows Instrument Society of America (ISA) guidedis.

Pressure is maintained through the tree pipinglad\fen the flow crosses the orifice
of the choke then the pressure drops. But soomrdssure will recover to a level (P2).
The process is illustrated in the Figure 2.14.

The pressure drop is determined by the equatio®4fPL — P2 (inlet pressure minus
outlet pressure). The DP ratio, DPR, is consideled most important parameter for
evaluating and ensuring the success of the subEldadevelopment project. This ratio is
determined as DPR % DP/P1, which used to measaredapacity and recovery of the
choke. The higher the value of DPR will be the kigthe potential damage to the choke
trim or body. Normally a special review of the trisrequired if DPR is beyond 0.6.

P1 Vena Contracta

P2

Recovery

MDCWwWwMDT
|
|-
>
0

DISTANCE TRAVELED

Figure.2.14:Pressure Drop in a Choke [Cameron]

2.8. Tree Cap

Tree caps are designed to both prevent fluid freakihg from the wellbore into the
environment and small dropped objects from getiimig the mandrel. Designs are very
different between HSTs and VSTs. Tree caps arellysiesigned to be recoverable for
easy maintenance. The debris cap covers the ttpedfee spool. It is installed, locked,

unlocked, released, and recovered via ROV-assigiethtions as shown in Figure 2.15.

Ocean & Aerospace Research Institute, Indonesta@@mponents of Subsea Tr



Application of Subsea Tree in Deep Water

Figure 2.15:Tree Debris Cap

An internal tree cap is designed to latch ontogpeol body above the tubing hanger
and seal off the area above the tubing hangeretonidiximum rated working pressure. It
is installed through the marine riser and latcheiswithin the bore of the horizontal tree
and should provide primary metal-to-metal and sdaoynelastomeric seals to isolate the
internal tree from the environment. Figure 2.1Gsttates a configuration for an ROV-
operated internal tree cap.
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ROV Hot Stab

ROV Handling Tool o For Corrosion
interface Inhibitor Injection

Lock Down

Screw

| 7 / Lock Mandrel

Collet Fingers position taken up by

Lock to Hanger ;\[djl;:tal’)le Lock

Upper Body Mechanism
Locking
Mandrel

Locking Dogs
Back Up Collet

Fincers Annulus Seal

Stab
Figure 2.16:ROV-Operated Tree Cap [FMC]

2.9. Tree Frame

The tree frame is designed to protect critical congmts on the tree from objects falling

from the surface. It also provides structural mownfor:
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glree body
dTree valves
AChoke

glree piping

goubsea control module (SCM)

g/ ree connector

)
S
@®©
S

L
o
J]
L=

|_

grlying leads and connections

ROV

gAnodes

Guidance and orientation systems are designecéotrée frame in order to land the
tree on the production guide base or a template.tiige frame is designed to protect the
tree components during handling on the surface sutmsea running and retrieving
operations. Its strength and entire weight areutaled and checked to ensure these
operations can be completed successfully. The aufpge frame must be designed with
no snag points or sharp edges that may cut or getahe ROV tether or control

umbilical.

Ocean & Aerospace Research Institute, IndonestaG@mponents of Subsea Tr



Application of Subsea Tree in Deep Water

Chapter.3

3.0 Tree Mounted Controls

3.1. Subsea Control Model (SCM)

The subsea control module is the interface betweercontrol system and the tree. It is
the main component of the tree-mounted controlesystThe SCM contains electronics,
instrumentation, and hydraulics for safe and efficioperation of subsea tree valves,
chokes, and downhole Valves. Other tree-mountedpemnt includes various sensors
and electrical and hydraulic connectors.

The SCM consists of a rectangular housing contgimontrol valves, sensors, and
electronic models. The lower base plate is intewnsth the tree frame, providing the
interface with all of the hydraulic functions. TB&M is usually filled with a dielectric
fluid that acts as a second barrier against ingedsseawater. Figure 3.1 shows a

configuration for a typical SCM.
Lockdown

/ Mechanism

Electrical/Optical

Connectors Accumulators

Subsea Electronics

Module
Control Valves

and Manifolds

Hydraulic
Couplings

Figure 3.1: SCM Configuration
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3.2. Pressure and Temperature Transmitters

Tree-mounted sensors include pressure and tempessgnsors (or combined), which are
placed in the annulus and production bore and eg@strand downstream of the choke.
A pressure transmitter (PT) is normally used féorae-balanced technique, in which the
current required by a coil resists the movementhef detecting diaphragm, giving a
measure of applied pressure. The accuracyt-0f15% can be achieved. Usually a
redundant PT is provided as it is flange mountduckvis impossible to replace if it fails.
A temperature transmitter (TT) is normally operatgd measuring the output of the
thermocouple, which is a simple device whose ouigpptroportional to the difference in
temperature between a hot and a cold junction. Adtgunction is the one measuring
itself and the cold one is at the head itself.

A pressure and temperature transmitter (PTT), as/shn Figure 3.2 is designed to
combine the pressure and temperature element neé@ackage. The temperature sensor
is in a probe, which is designed to be flush madimiéo the process pipe. This also helps

reduce errors due to hydrate formation. The twaasvare electrically independent.
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Figure 3.2: PTT Located on a Subsea Tree [FMC]

3.3. Tree Running Tools

Running tools for subsea trees should be desigonedr@ding to the tree configuration,
depending on the project. The function of a hydcaot mechanical subsea tree running
tool (TRT) is to support the tree during instabbatiand/or retrieval from the subsea
wellhead. It may also be used to connect the campleriser to the tree during
installation, testing, or work-over operations. g 3.3 shows a TRT being tested
onshore.

Subsea tree running tools are normally hydradlicdtuated if they cannot be weight

or tension activated. Hydraulic tools can have aytic signals designed to satisfy the
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function. The theory is that no pressure loss @gtiur or leak will be detected if reaching

the running tool function.

Figure 3.3: Tree Running Tool [Dril-Quip]
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Chapter.4

4.0 Design and Analysis

4.1. Chemical Injection

Chemical injection and MeOH injection requiremest®ould be deter-mined by flow
assurance, in order to provide hydrate remediafiothe production tubing uses CRA
material and HH trim material was used in the ttben down-hole chemical injection
may not be necessary. If tree chemical injectionasessary to prevent corrosion from
the tree and downstream, then an injection poimtndtream of the production master
valve should be provided. Chemical injection valees small-sized hydraulic-actuated
gate valves with a check.

Typical chemical injection points in subsea trestems are as follows:

* One into production bore upstream of productiongmialve;

* One into production bore downstream of productiamgwalve;

* One into production bore downstream of productiooke;

* One into annulus bore downstream of annulus maatee.

Figure 4.1 shows an example of subsea tree chemjeation design.
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Figure 4.1: Example of Chemical Injection Design for SubseeeTr

4.2. Cathodic Protection

Cathodic Protection (CP) is electrochemical prabecthat functions by making the metal
surface of an electrochemical cell into a cathdde tan decrease the corrosion potential
to an acceptable level. The corrosion rate of thetamis also significantly reduced.
Corrosion control of subsea tree systems shouldchesved through the application of
CP in conjunction with coatings.

Selection of the CP type is influenced by consitiena of availability of electrical
power, dependability of the overall system, and tibial protective current required.
Generally the galvanic anode system is more widséd in subsea tree systems.

The following design features are recommended whenCP is applied on subsea
tree systems:

» All submerged metallic components are connectectredally to the base housing
to ensure cathodic protection of the complete abkentems such as pressure
caps that cannot be fully or easily connected etzdly should be analyzed
individually and have independent protection. Tadage areas of all submerged

components are calculated and input into the saiatibnode calculations.
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* All submerged components exposed to seawater, exXoefhe stainless steel
control tubing, junction plates, control coupleetc., are coated with a subsea
three-coat epoxy system.

* To achieve a cost-effective corrosion control pamgifor each subsea structure, it
may be beneficial to allow a certain amount of sheicture to remain uncoated.
The repair of minor coating damage may be elimmhat¢he cathodic protection
system design accounts for the additional bareasarérea. The bare or uncoated
area should be protected by the inclusion of aoitkii galvanic anodes.

Detailed design and calculation of current demasdection of anodes, and anode

mass and number are designed according to DNV RR.B4

4.3. Insulation and Coating

The trees and wellhead, as well as well jumpersnifimds, flowline jumpers, and
associated equipment, require corrosion coating$ twermal insulation to enable
sufficient cool-down time in the event of a prodontstoppage.
The main objectives of thermal insulation are:
* Have sufficient time to confidently perform the geevation sequence at any
operation condition.
* Avoid dramatic consequences of hydrate formatioth veissociated production
losses.
* Solve the shutdown problem and avoid the burdeth@flaunching preservation
sequence with associated production losses
The insulation system includes a layer of corrostmating suitable for working
temperature on the steel surface. This corrosiatiro is applied in accordance with the
manufacturer's specifications. Areas that requirsulation are specified in the
engineering drawings. Areas that are not to belatst because insulation will be
detrimental to the function of the components aeeked or adequately protected during

installation process.
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4.4. Structural Loads

The tree connector, tree body, tree guide framd, tege piping must be designed to
withstand internal and external structural loadpased during installation and operation.

The following are some tree and tree component ¢oadiderations:

* Riser and BOP loads
Static * Flowline connection loads
» Snagged tree frame, umbilicals or flowlines

» Thermal stresses (trapped fluids, component
expansion, pipeline growth)

* Lifting loads
» Sea current on seabed and cuaed by riser

* Pressure-induced loads, both external and
internal

» Dropped objects from fissing, etc

Non-pressure-containing structural components shbeldesigned in accordance with
AWS D1.3.

The subsea tree framework is usually designed drestandard API post centers (API

Dynamic

RP 17A). This is typically, but is not always trumyen if the tree is designed to be
guideline-less. API defines the position of fourdgposts evenly spaced around the well
centerline at a 6-ft radius. This equates to 10in8Between the posts on any side of the

square corners that they form.

4.5. Thermal Analysis

The cold point can be defined as a system compotieit can produce insulation
discontinuities that cause thermal bridges. Preoemdf cold spots is difficult to apply.
Oil and gas industry experiences have highlightéfitdlties in properly modeling the
effect of cold spots. Their impact is often undéneated, which can have major impact

on the thermal performance of subsea equipmenttfdrenal behavior of subsea trees in
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a subsea production system is important becauseadssary for flow assurance and

productivities.

¢ Avoid hydrate formation both in transient
Flow assurance states (shutdown/restart) and flowing
conditions

¢ Improve productivity, because a lower
Productivities temperature implies higher viscosity, which
jeopardizes well productivity

A thermal leak is the result of heat transfer brpéhfactors as follows:

¢ reduced insulation thickness,

¢ hydraulic or chemical injection line
penetration through insulation, pipe
support, valve actuator, sensor

Conduction mechanism

¢ applies to a design where a volume of water is
Convection mechanism enclosed inside the insulation, mainly
connectors

Conduction mechanism &

Convection mechanism

Thermal analysis for subsea equipment is largelgdu analyze the insulated
components to illustrate that they meet the thenmsulation criteria conducted using
Finite Element Analysis (FEA) approach. With theneentional FEA approach, the well
stream inside the production bore is simplifiegalsd body; the heat convection between
the subsea equipment and the surrounding seawaa@proximated by singular constant
or empirical correlation; and convection contribatiof trapped fluids are either ignored
or empirically estimated. In addition, thermal peapes of materials involved are
frequently treated as temperature-independent aotsst All these simplifications
introduce uncertainty to the results of thermallysis.

Using the FEA, the components of subsea tree camélgzed individually or together
in a system model. Adjacent effects from neighlgpr@omponents must be considered
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with care if two or more components are analyzegttoer.Figure 4.2shows the thermal

analysis using FEA.

520

630

All number:
in W/m?K

Figure 4.2: Subsea trethermal analysis using FEA
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Chapter.J5

3.0 Installation. Test and
Completion

5.1. Trees Installation

Subsea trees can be installed either with a dg pr with the cable of a crane/winch, as
shown inFigure 5.1 The typical size of a tree is 12 ft and typicaight is 20 to 50
tonne. This size allows trees to be installed thhoa moon-pool if the tree is already on
the deck of a drilling vessel. Otherwise the tra# e transported by a transportation
barge. The tree is lifted with the deck crane aweled subsea. Because the cable of a
crane is normally 200 to 300 m long, for deep wédtez tree will be transferred to a rig
winch, which has wire lengths of up to 1000 m. Timsgallation vessel for a subsea tree
can be a jack-up, semisubmersible, or drill shgsda on the water depth of the system,

as illustrated irFigure 5.2

Figure 5-1: Tree Installation by Drill Pipe (Left) and Rig Win (Right)

In a VST configuration, the tubing hanger and ddwate tubing are run prior to
installing the tree, whereas for an HST the tulhiagger is typically landed in the tree,
and hence the tubing hanger and down-hole tubingbearetrieved and replaced without

requiring removal of the tree.
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By the same token, removal of an HST normally rexguprior removal of the tubing

hanger and completion string.

Jack-up, Tower Spud Can or Mudmat

Semi-submersible, TLP andMooring (Anchors)
FPSO

Semi-submersible, FPSC Mooring, Dynamically
TLP, SPAR Positioned

Drill ship Dynamically Positioned

Bullwinkle Auger Olympus Bonga Gumusut-Kakap Na Kika Appomattox Stones
1988 1993 2014 2005 2014 2003 n progress 2016

Cognac  Malikai Mars Ram-Powell Ursa Parque das Lula Pilot Perdido
1978 2016 1996 1997 1999 Conchas in progress 2010
2010

!nmaﬁﬁuﬁb .‘-u---ﬂ"' et
i

-

2,800
3,000 -
Depth (m)

Figure 5.2: Installation Vessels [Shell]

VST systems are run on a dual-bore completion (@ea monobore riser with bore
selector located above the LRP and a means tolatiecthe annulus, usually via a flex
hose from the surface). The TH of an HST is rurcasing tubular joints, thereby saving
the cost of a dual-bore completion riser; howeaerpmplex landing string is required to
run the TH. The landing string is equipped withlasion ball valves and a disconnect
package made especially to suit the ram and anB@&r elevations of a particular BOP.

Guidance of trees onto the subsea wellhead is lyquetformed by guidelines that go
from the surface to the PGB of wellhead. Guide sviiee pushed into the guideposts of
the tree and the tree is then lowered subsea. Hawthe guidelines are usually used in

water depths of less than 500 m, because of thedinwire length on the rig. For deeper
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water depths, a DP vessel, which uses thrustekedp the vessel in location, may be
needed to land and lock the tree onto the wellhead.
Typical procedures for installing a Vertical Trei@ @ drill pipe through a moon-pool

are as follows as shown in Figure 5.3:
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adPerform pre-installation tree tests

aSkid tree to moon-pool

=IPush guide wires into tree guide arms

Install lower riser package and emergency disconnect package (EDP) on
ree at moon-pool area.

mConnect the installation and work-over control system (IWOCS).

Lower the tree to the guide base with tubing risers, as shown in
equence 1 of Figure 5-3.

mdLock the tree onto the guide base. Test the seal gasket.

VTS Installation

=APerform tree valve function tests with the IWOCS.

mdRetrieve the tree running tool.

aRun the tree cap on the drill pipe with the utility running tool system.

mlLower the tree cap to the subsea tree, as shown in sequence 2.

MLand and lock the tree cap onto the tree mandrel, as shown in
equence 3.

Lower the corrosion cap onto the tree cap with a drill pipe (or lifting

ires). Some suppliers have developed ROV-installed corrosion caps
(see sequence 4)
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LMRP

'Figure 5.3: Vertical Subsea Tree Installation by Drill Pipe.
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5.2. Trees Testing

In the exploration stage of a well, after a potnpiay zone is discovered, a well test is
conducted to evaluate the production and flow céiiab of the well. In order to test a
subsea well, a Drill Stem Test (DST) string is thnough BOP. Typical DST string
consists of perforating guns, gauges, gauge-cawithr surface readout capabilities,
retrievable packer and test-valve tool. This isnamed by tubing up to seabed, then to a
retrievable well-control test tree set in the B@Rehsure that disconnection, if required,
is done in controlled way. Reservoir fluids flowsptéhe DST gauges at the reservoir level
where pressure and temperature are detected, Itverthrough the tubing and test tree,
and finally to the surface. An example of the coltéd disconnection tool is SenTREE 3
& 7. The SenTREE 3 was equipped by Hydraulic Cdn8ystem. SenTREE 7 was
installed in 199, Shell in Serawak Typical procexuior installing a horizontal are given
next.

Spanner joint
Hydril
| Retainer valve
Bleedoff valve
Shear rams —————] Shear sub
Latch assembly
Elind rams ] i Valve
Pipe rams
Slick joint
Pipe rams
A
I |— Adjustable
fluted hanger
BOP stack ——

~ Emergency disconnect of SenTREE3 system during a well test for Chevron.
The hydraulic control system unlatched the subsea test tree when weather

conditions became hazardous, and successfully reconnected to retrieve @
the test tree and drillstem testtool once the weather moderated.

Figure 5.4: Subsea Tree testing [Schlumberger]
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5.3. Trees Completion
Subsea Completion Sequences

» Suspend flow from the well with kill fluid to

Well Suspension shut off flow retrieve the riser and BOP

* Production Tree Installation (horizontal) is
Installation installed, returned the drilling BOP, recover
plugs and temporary suspension string

» Change to completion fluid, condition the well
prior to running completion, run the
completion with production equipment and
the subsea completion and test tool

Completion

 Close rams, land off and test hanger, set and
test packer underbalance the well, perforate,
clean up flow, pull out the landing string

Installation and
Intervention

* Run and set hanger plug, open rams, unlatch
tubing-hanger running tool (THRT), pull
Isolation and Production THRT out of hole with landing string. Run
Preparation internal tree cap, run and set internal tree cap
plug, unlatch THRT from internal tree cap,
recover landing string, recover BOP and riser

As the tubing hanger is installed in the tree, sabsompletions are performed
during tree installation. Procedures installatidradorizontal tree typically is as shown
in figure below:
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2
i

Drilling riser

Drilling riser

BOP
BOP

Drilling guidebase Drilline ouiflehase
| | wellhead housing g8 |

1. Complete drilling and install the2. Retrieve the drilling risers and BOP

suspension packer stack, move rig off

AU

Drilling
guidebasc

LatLCh:::::::: n Productl()n
[* flowbase

1. Retrieve drilling guide base with ROV3. Run the production flow-base and latch
assistance onto wellhead housing
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Latch Production
- FhEEH nﬂowbase
1r |
4. Run subsea horizontal tree 5. Land the tree, lock the connector, test

seal function valves with an ROV,

release tree running tool (TRT)

13 %s-in.
casing I
BOP Suspension
packer ~
ubsea horizontal tree
s Production flowbase 10%/sby 95n
casing
6. Run BOP stack onto horizontal tree
lock connector, run BOP test tool an
test, function-test tree 7. Retrieve suspension packer, remove

wear bushing from tree, make up sen
TREE? system, rack back
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[1]

7 %/e-in. T
premium-thread
chrome tubing

7-in. polish bore
receptacle (PBR)
with seal units—é

I
111
11\

9%/sby 7-in.”~ NL/
permanent |
production
packer | T

~U

hanger tool (THRT) and Sen TREE7 Seals. Rig up wireline and retrieve
system on tubing hanger, Run landing Straddle sleeve. Run seat protectors.

string with umbilical, Make up surface ~Circulate tubing to potable water for

and set packer

7-in.
production
liner
u Perforating |
gun J B ai
U

10.Rig up production test package. Rig Up1 Run guns, correlate and perforate well
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electric wireline and lubricator

P | | g

12.Carry out production test, acidl3.Unlatch THRT and retrieve landing
stimulation and multirate test string and SenTREE7 tool. Rig down
production test package and flowheat

16. ROV closes tree valves. Retrieve

14.Run internal tree cap THRT and landing string
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Ui

17. Retrieve BOP stack, retrieve guidewirds. Install debris cap, deploy legs

‘1__..-----:.’-. [
1T |

20. Tie-in pipeline for production

19. Suspend well

Figure 5.4: Horizontal subsea Tree Installation Process [Sohirger]
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Chapter.6

6.0 Perdido Subsea Tree

6.1. Perdido Field

With the water depth at Perdido approaching 304&m&hell’s existing first generation
standard tree system was not applicable, sincast nated for only 2286 meter of water
depth. In addition, it was desired to incorporatehhology advancements in seals,
actuators, materials, and connectors, as well v llze ability to accommodate a wider
range of deployment and intervention options. Assailt, the project team developed an
updated standard tree system called Enhanced ldbteepwater Tree (EVDT). Since its
first installation in 2008, the EVDT has taken sedbgroduction to greater depths at the
Shell-operated Tobago field (Perdido project) ia Gulf of Mexico. Unique features of
the EVDT system include:

o Rated for 10,000 psi and 3048 meter of water depth

o0 Retrievable flow module that contains both multapé flow meter and choke

0 Modular design that allows the tree system to bafigored differently

depending on the functional requirements of thiel fie
o Compact and light weight design that accommodatewidge range of

deployment and intervention options

6.2. Enhanced Vertical Deepwater Tree

Vertical trees offer a variety of completion, intention, and retrieval benefits due to
their unique, vertical placement of valves in tloeeband positioning of the hanger. FMC
Technologies has pioneered the development ofcagér8ubsea tree systems having
installed more than 1,000 worldwide in conditioaeging from conventional to extreme.

The Enhanced Vertical Deepwater Tree (EVDT) is aoabore system that combines the
critical safety and reliability features of verticaee technology with the operational
benefits of the horizontal tree providing the loiégscycle cost. With its patented design

and modular structure, the EVDT maximizes the usetandard components and is
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manufactured globally within FMC Technologies’ nrajpanufacturing centers. The tree
is rated for up to 10,000 feet water depth andmable of operating in temperatures up to
350 degrees Fahrenheit and 15,000 psi. It will dm®available for applications up to 400
degrees Fahrenheit and 20,000 psi. The EVDT isladl@ in a unique slimbore
configuration with 13%” OD tubing hanger allowing use of compact instadia
equipment, or as a full bore system with 18 %" Ranguitable for high volume

completions.

*9 DOWN HOLE HYDRAULIC
*2 DOWN HOLE ELECTRICAL

* 112 INTEGRAL TUBING HANGER GATE VALVE
* CONFIGURABLE PRODUCTION OR WATER INJECTION
FLOW MODULE

Figure 6.1: Example of Enhanced Vertical Deepwater Tree [FMC].
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EVDT Advantages:

» Unique interface design offers operational flexipifor completion and workovers.

» The 18 %" H4 upper hub connection to the EVDT a#idatve BOP to connect on top of
the tree eliminating the need for a special inst@lh and intervention riser system.

* Common interface profile in the tubing hanger are® ttop allows the tooling to be
used interchangeably, significantly reducing thembar of tools required during
installation, intervention or removal.

» Slimbore configuration with 1%” OD and a compact, lightweight tree design enables
installation from lower-cost rigs or via tree onrgvimethods from a vessel offering
millions of dollars in operational savings.

» Ability to choose the preferred type of completieninstalling the tubing hanger
directly in the subsea wellhead or in the tubingchspool.

* Up to eleven downhole lines enable advanced funality over the life of the field.

* Reconfigurable flow module packages critical conga such as choke and flow
meter into one module that is independently reside with a smaller rig reducing
production downtime for maintenance from days toareoFlow module also allows
easy conversion from production to injection bylaemg the choke as the field ages.

» Standardized tooling shared between 10,000 psi E»600 psi EVDT systems
improves availability and significantly reduces dwaare costs and lead time on

projects.

6.3. Tree Installation

For the Perdido development, wells were planndaktdrilled/completed by one of three
methods:
1. moored floaters with a dual derrick,
2. dynamic positioned floaters with single derrickdan
3. Spar rig.
As a result, several different tree installatiortimoels were employed, including:
» Deployment with drill pipe from therig
For a dual-derrick/dual activity rig, the trees teyss were deployed with drill pipe
using the second derrick. The tree deployment wastlgnoff the critical rig path,
which provided substantial cost savings for tregl@gmnent.

» Deployment with heave compensated lift system (HCLYS)
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For a floater with a single derrick, the trees esyst were not installed with a rig, but
deployed with an HCLS from an anchor-handling vesse

» Deployment from a platform winch
Deploying trees on DVA wells under the Spar waserarallenging than the methods
mentioned above, since the Spar rig lacks a moohgrad has significant constraints
on weight and space. A purpose built traction wingith synthetic/fiber rope,
mounted on a small cantilever deck attached taugper deck of the Spar, was used

for deployment of the trees systems from the Spar.
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