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Preflace

This book introduces basic education on subsea pswgaply and transmission system
for students, fresh offshore engineers and unitressistaffs. The book consists of eight
chapters as follows: The first chapter discussdssesa power supply. In the second
chapter, subsea transmission system is explainddtailed. The third chapter discusses
transmission system design. The forth chapter campewith ancillary equipment, the

fifth chapter discusses on system integration tdsdpter six discusses on installation of
umbilical, the seventh and eighth chapters disausschallenges and solution and

industries experiences respectively.

In the book, many pictures and illustrations arel@sed in this book to assist the readers’
understanding. It should be noted that some pistared contents are borrowed from
other companies’ websites and brochures, withoittemrpermit. Even though the exact
sources are quoted and listed in the referencemsel use this book for education

purposes only.

2017 (First Edition)
Book No: 2017051101.

MUCIEICe oA © CEAN & AEROSPACE

Research Institute.
.

Published by Ocean & Aerospace Research Institodeniesia | Preface



Subsea Power Supply and Control System

Authors

Jaswar KOTO, Dr.Eng, C.Eng, C.Mar.Eng

Professor on Offshore Engineering

President of Ocean & Aerospace Research Institute, Indonesia

President of International Society of Ocean, Mechanical &déspace
-scientists & engineers- (\88se)

Contract at Mechanical Engineering, Universiti Teknologi lstgdia.

Email: jaswar.koto@gmail.copjaswar@isomase.org

Published by Ocean & Aerospace Research Institutionesia | Authors



Subsea Power Supply and Control System

Acknowledgements

Alhamdulillahhirobbilalamin, first and foremost| @raises and syukur are only to Allah
(S.W.T) to give us strength and ability to compligtis book.

We would like to take this opportunity to expressr diighest appreciation to our
colleagues and friends in the Ocean and AerospaesedRch Institute, Indonesia,
Universiti Teknologi Malaysia (UTM) and Institut Kieologi Sepuluh Nopember (ITS),
Indonesia to provide proper guidance, full suppericouragement, invaluable ideas,
comment, recommendation, critics, suggestions ahdca that to assist us for the

successful completion of this book.

To our families that always pray for our succesddilithis things cannot pay for all what

they all have done. Our special thanks also tgostgraduate students.

Above this all, our highest praises, thanks andksiyuo Almighty Allah Subhanahu
Wa'Talla, the most gracious the most merciful, vgave us the knowledge, courage and
patience to accomplish this project. May the peand blessings of Allah be upon

Prophet Muhammad Sallallahu Alaihi Wasallam.

The authors are grateful to all friends, institoi@nd parties for supporting this book.

Published by Ocean & Aerospace Research Institationlesia | Acknowledgements



Subsea Power Supply and Control System

Table of Contents

IPI@EAECE ... e e et e e eeta e e aanns 1.
B T T U 2..
AcknOWIedemEnts . ...ttt 3
Table 0f COMECIMES ........ ..o i e e e e et et eea e et e e e et e ean e et eeaneen 4
List of FRBUIFES ... 7
LB Y S Y 1Y 9
1.0 Subsea Control SYSUeI...........oooiiiiiiiii ettt a e e e e e e 10
000 O 111 o To [ o 17 o PO RRP 10
1.2. Subsea Production CoNntrol SYStEM .....ccoeeeeeiiiiiiiiiieiiiee e e e e e e e e e e e e e e s e e anennes 11
1.2.1. Subsea CoNtrol MOAUIE.... ... ettt e e e e e aaaeeees 11
1.2.2. Subsea Umbilical Termination ASSEMDIY .. .veeeeieiiiiiiii e 12
1.2.3. Electrical FIYING LEA ........coii it e e e e e e ee e 13
1.2.4. HydrauliC LYING LEAA ......cceeeee ettt e e e e e e e e s e s e e e e e e e e e aaaaaeaean e s 13
1.3. TOPSIAE CONIOI SYSTEIM ......uutiiieiet sttt ettt et e e e e aaaeeaaesesaasbbeebeeeeeeeeaaaaaaaaaaaaasaasaaaannns 14
1.3.1. MASter CONrOl STATION ....ceeeiiiiieeiie ettt e e e e e e e et e e e e e e e e aaaaaaeaeens 15
1.3.1. Uninterruptable POWET SUPPIY ......uwummmecreeeeeeeeie et r e e e e e s e s e eaeeeeeees 16
1.3.1. Topside Termination Umbilical ASSEMBIY cceeevvveeieieeii e 16
1.4. Subsea DiStribDULION SYSEIM ... ..ot e e e e e e e e e e aaaaaeeaeas 17
I ] (== YT o N I To £ PR 18
2.0 Subsea Power Supply ... ——— 20
2.1, TYPES OFf POWET SYSLEIM ...ttt ettt ettt e e e e e e e e e e e e e e e e e et e e ee et eeeeeaaaaaaaaaaaaaasasaaaannns 20
P = Tod o= LI 0NN = G V) 1= o PR 22
2.2.1. Design Codes and Standardization..............eceeieeeeeeeeeeiiiiiisccireere e e ee e e e e e e s e e 23
2.2.2. Electrical LOad CalCUIALION.......... ottt e e e e e e e e et eeeeeeaaaaaaaaaaaaaaaeas 25
2.2.3. POWET SUPPIY SEIECHION ...t sttt e e e e e e e e e e e e s et e e e e e e e e aaaaaaaaaaaeaaas 27
2.2.4. Electrical POWET UNIL..........oiiiiiiceeeiiii ettt s et e e e et e e e e e e 30
2.2.5. Electrical Power DiStriBULION ..........uuiiiiiiiiiiee et 32
2.3. HYdrauliC POWET SYSIEM ... .. eeieee ettt e e e e e e e e e e ettt e et e e e e e e e aaaaaaeeeeeaaaaaaannnns 34
2.3.1. Hydraulic POWET UNIL ... ..ottt e e e e e e ettt e e e e e e e e aaaaaaeaaaeas 35
3.0 Subsea TranSmiSSION SYSTCIIL. ..........coiii ittt e e e 42
T I U 101 o] o= 1 I @2 o] 1= PP PPPUPUPTPPRRR 42
3.2. Umbilical SysStem COMPONENTS.......... e eererrrerteeeeeeasesiisiiaassnssssrrrrrrrrreeeeeeeeeseeaanannnnnr 45
I (= Tod 1 o= T O o] PSPPI 46
3.2.3. FIDEr OPLIC CADIE ...ttt ettt e e e e e e e e e e e b e eee e 47
RIS (=T I U o1 PP PUUPTUPPPPPT a7
3.2.5. Steel Tube Electrohydraulic UmDBIlICAI mumm.vveereeerieieeeeeeeiiiiic s e e 49
T T N 1= 4o o] F= 1S3 ol o o ] SRR 52
3.2.7. Thermoplastic Electrohydraulic Umbilical..............ooooiiiiiiceeee s 52

Published by Ocean & Aerospace Research Institatignlesia | Table of Contents



Subsea Power Supply and Control System

3.3. Static and Dynamic TranSmiSSION SYSIEIMS........cooiiiiiiiiiiiiiiiei e e e e e e 53
3.3.1. Static TranSMISSION SYSEIM ... ...t e e e e e e e e e e e e e e e e eeeeeeeees 53
3.3.2. Dynamic TranSmMiSSION SYSIEM .....uuiieiieeeeeeeiiiie ittt e e e e e e e e e e e e ees s s nnnsrnnrarareeereeeaees 54

3.4. Design of DyNamic UmMDBINCAI ............eeeeeeuiiiiiiiiiiiieiiiecee e rerer e e e e e e e e e s e e s e e ennnnnnes 54
1 T B 1= T [ I @0 [od =T o - SO PR 54
3.2.2. DESION PrOCESS ...ttt ee ettt ettt e e e e e e e e e e e s e e b aebeebe et et e et e e e aaaaaaaaaaaaaeaaan 55
B T2 T @do 1 (o= o118 F= U D= T [ o PSSR 55
T 1= = 1 1= I 1= T | o PSSR 56

TR IV =T g 10 = Lox (1 | (= TSP 57.
TR T8 B - | U L o O PP UURPPPPPTPPPPIN 57
R I 1o 1T ] 1= = L o PSP 58
RS I @ 11 (=1 s T 11 o [PPSR 58
R I0C I V. F- T g (Vo PR 58
3.3.5. MAIN MANUFACIUIEIS ...ttt e e e e e e e e e e e e et e e et e e e e e aaaaaeaeesaeaaaaannnnenes 58
3.3.6. Sample Manufacturing Plant LAYOUL ... eceeeeeieiiiiiiiiiieiieeieeee e e e e e e e e e eesssssnnnneeneeeeeeees 59

3.6. VETIfICALION TOSES...iiiiiii ettt ettt ettt e e e st e e e e s st b e e e e e s s bbbeeeeeesanbbeeeeaeeans Q.6
It B = £ 1 L= I PP UUUPURUP RPN 60
3.4.2. Bend SHfNESS TOSL ... .o ittt e et e e e e e e e e e s e e e e bt s e e e e e e e e aaaaaaaeans 60
I B R O 1 g I = O RU TP PRRT 61
I - o [ = I S EEERURRRR 61

3.5. FACIOrY ACCEPIANCE TESES ...ttt ittt ettt e et et e e e e e e e e e eeae bbbt e e e e e e aeaaaeeensnnes 61

3.6. Power and Control UMDIIICAIS .......... et e e e e e e e e e e e 63

3.7 IPU UMDINCAIS ...ttt e et e e e e ettt e e e e e e bt e e e e e e ennnees 63

4.0 Ancillary EQUiPIeEnit. . ... .......ouiiiiiiiiiiiiiiiiii ittt e e e e e e e e e e 65

I 1= o T= - | PP RPPUPUPPPRPN 65

4.2. Umbilical Termination ASSEMDIY ..........uuiiiiiiiiiiiie e 65

4.3. BENA RESIICIONLIMITET ......tieieeeieeieeeeee ettt e e e e e e e e e e e e e et e ettt e e e e e e e aaaaaaaaaaaaaaaaas 65

o U || B T To PP 66

4.5, HAaNG-Off DBVICE ...ciiiiiiiie e emeees sttt e et e e e e e e e e e e se sttt e e e e e eeeeeaaeaaeaeaeessesannnnnnnnns 66

T 21T oo IS 1)1 (T (O PSRRI 67

4.7. Electrical Distribution UNit (EDU) .......cocoiiiiiiiiiie et e e e e e e e e e e e e e e 68

A.8. WEBK LINK ...ttt ettt et et e e e e e e e e e e e e e b a b e e b e et et e reeaaaaaaaaaeens 69

e TS o] o= 2 LT o - 1T s P 9.6

4.10. CarOUSEl AN REEI .....coiiiiiiiiiiii ettt e e s e e e s e 69

I N T 1 o A =0 ) TSP 70

4.12. BUOYANCY AMACHMENTS ... ittt st bbbttt ettt e e e e e e e e e e as s b bbb bt beba e e e e e eeaaaaaaaaaaaaens 70

3.0 System Integration Test. ... 71
L% I o To 11Tt o o O P TPETRTTP 71
6.0 Installation of Umbilical .................ooii 72
ST 1o o [UTox 1o o PSPPSR 72

6.2. Requirements for Installation INterfaCe c........oooi i 73

6.3. Installation Procedures................ oo

6.4. Fatigue Damage during Installation

Published by Ocean & Aerospace Research Institatignlesia | Table of Contents



Subsea Power Supply and Control System

7.0 Challenges and Analysis ....................oooiiiiii 75
7.0, DEEP WaALEK ..ttt ettt e e ettt e et et e e ettt et et e et e e e et aaee 75.
A2 Mo g o [ B ] = T [od = PP U T T USRS 76
7.3. High-Voltage POWET CabIES........ e ettt e e e e e e e e e e e e e e e as 76
7.4. Integrated Production UmDBIlICal (IPU) ...ccceeiiiiiiiiiiieiiieeeeeee et a e e 76
7.5. EXIrEME WaAVE ANGIYSIS .....uuuuiiiiiiiiieeeeeeiiiiiitiittte e e e eeeeaaeaeeease s s s st ssansessaerrreeeaeeaaaaaaeesessansnnannnns 78
7.6. Manufacturing Fatigue ANGIYSIS ........ociieieiiiiiieeiieeie ettt e e e e e e e e e e 79

7.6.1. Accumulated PIASHIC SErain ..........ccammmiiiiiiiiiiiea ettt e e e e e e e e e e e e eeeeaeeees 79
7.6.2. LOW CYCIE FAUQUE ...eeieeee e e e e commmm ettt et et e e e e e e e e e e et e s s e s s aanae s e e e e e e e eaeaaeaeeeeeaessanannnnnns 80
7.7, Site FAtiGUE ANBIYSIS .eeeeeiiiiiiiii ettt e e e e e e e e s et rrarraaaaaaaaaaaaas 80
7.7.1. Selection Of SEA-StAte DALA........ couu eunrerteriiiiiiieieeee e aa e e e e e e et eeeere et aaaaaaaaaaaaaaaanas 80
7.7.2. Analysis of Finite Element Static MOl . ..cc.evviiiiiiiiiii e 81
7.7.3. Umbilical Fatigue AnalysisS CalCUlAtiONS . uuuurrrriiiiiiiiiiiiiiiieeeeeeee e e s s scseeirereeerrereeeeeaaeeens 81

8.0 Subsca Power and Transmission Industries..................coooovviiiiiiiiiiin e, 83

L L S 85

AEODIOGRAPIEES ...t a e e e e 87

Published by Ocean & Aerospace Research Institutionesia | _



Subsea Power Supply and Control System

Figure 1-1
Figure 1-2
Figure 1-3
Figure 1-4
Figure 1-5
Figure 1-6
Figure 1-7
Figure 1-8
Figure 1-9
Figure 1-10
Figure 2.1
Figure 2-2
Figure 2-3
Figure 2-4
Figure 2-5
Figure 2-6
Figure 2-7
Figure 2-8
Figure 2-9
Figure 2.10
Figure 2-11
Figure 2-12
Figure 3-1
Figure 3-2
Figure 3-3
Figure 3-4
Figure 3-5
Figure 3-6

List of Figures

Schematic of subsea control system

Subsea Control Modules
Subsea Umbilical Termination Assembly
Subsea Electric Flying Lead
Hydraulic lying lead

Dual-Redundant Architecture of the UMCS
APC Smart-UPS C 1440VA with LCD

An example of Topside Umbilical TerminatAssembly
Inboard and Outboard MQC'’s

Steel flying leads
Basic subsea power system

Subsea equipment
Typical Subsea Power Distribution

Electrical Power System Design Process
Electrical Power Supply for Subsea Production Sgste
An example of Uninterruptible Power Sigs
Electrical Power Unit

Electrical Distribution in Subsea Pratiut System
Typical Hydraulic Power System

Hydraulic power system

Hydraulic Power Unit

Typical Hydraulic Power Unit Schematic
Subsea control umbilical example

Subsea umbilical system diagram
Subsea umbilical component

Shallow subsea field development
Simple umbilical

Deep water subsea field development

11
13
13
14
15
16
17
17
18
19
20
21
22

27
28
30
32
33
34
35
36
42
42
43
49
50
51

Published by Ocean & Aerospace Research Institationlesia | List of Figures



Subsea Power Supply and Control System

Figure 3-7
Figure 3-8
Figure 3-9
Figure 3-10
Figure 3-11
Figure 3-12
Figure 3-13

Figure 4-1
Figure 4-2
Figure 4-3
Figure 4-4

Figure 4-5
Figure 5-1
Figure 6-1
Figure 6-2
Figure 7-1
Figure 7-2
Figure 7-3

Complex umbilical
Thermoplastic Electrohydraulic Umbilical
Iterative nature of umbilical design
Layout of Umbilical Manufacturing Plant
Umbilical stored to a reel or carousel
Umbilical stored to a reel or carousel
Typical Power Supply Umbilical Including Fiber OptCores for a
Control System
Bend Restrictor
Hang-Off Assemblies
Bend Stiffer
Example of a Large Umbilical Termination Assembiyhaa Large
EDU Included
Powered Umbilical Reel
System Integration Testing of Control Umbilical
Umbilical Connecting an FPS to a Sul&teacture
Umbilical Connecting a “Host” Platform to a Subsdaucture
IPU Dynamic Cross Section, Super Duplexvline
Diagram of Deformations during Fabrication and aliation

Representation of Umbilical FrictioneSts

Published by Ocean & Aerospace Research Institutionesia |

51
52
55
60
61
62
63

66
67
68
68

69
70
71
71
76
78
81



Subsea Power Supply and Control System

Table 2-1
Table 2-2
Table 2-3
Table 2-4
Table 2-5
Table 2-6
Table 2-7

List of Tables

American Petroleum Institute Codes
International Electro-technical Commissio
Institute of Electrical and Electronics Engineers
International Standards Organization
Typical Electrical Load Categories
Load Schedule for an Electrohydraulic @arSystem

Load Schedule for an All-Electric Control System

Published by Ocean & Aerospace Research Institutioniesia | List of Tables

23
23
24
24
25
26
26



Subsea Power Supply and Control System

Chapter.1
1.0 Subsea Control System

1.1. Introduction

Reliable operation, combined with accurate contesid monitoring of subsea
installations, is essential to ensure the highesdyction availability while providing safe
and environmentally friendly field operations. Figul.1 shows the topsides and subsea
equipment the umbilical interfaces with to make aigsubsea electrohydraulic control

system.

HPU EPU

UPS

-ﬂ

TUDU
Topside Equipment b F
L] 1 — E— — = Rt = L] Lt = L b L] L] —_— — = Rt = = -

Subsea Equipment UTA @ummcal

SCM Production Tree

Manifold SFL/EFL

SFL/EFL

Instrumentation

Figure 1-1: Schematic of subsea control system [Subseapedia].
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1.2. Subsea Production Control System

The production control system consists of topsidetrols, power equipment, Subsea
Control Modules (SCM) and sensors as well as subseatrical and hydraulic
distribution equipment. Subsea Production Contyst&n components include:
1. Subsea Umbilical Termination Assembly (SUTA) or Uikl Termination
Assembly (UTA)
Electrical Flying Lead (EFL)
Steel Flying Lead (SFL)
Hydraulic Lying Lead (HFL)
Subsea Distribution Unit (SDU)
Subsea Control Module (SCM)
Manifold

Production Tree

© © N o o M 0D

Instrumentation

1.2.1. Subsea Control Module

The main component of the tree mounted controlesyss the Subsea Control Module
(SCM). The SCM contains electronics, instrumentgtiand hydraulics for safe and
efficient operation of subsea tree valves, chole®s] down-hole valves. Other tree
mounted equipment includes various sensors, aetattand hydraulic connectors.

Over 1,000 subsea wells are controlled using treamed control systems with an
uptime rate of 99 - 100% for most systems. The neldyy today controls wells at
distances up to 120 km, and in water depths of B@0with 15k reservoir pressure
rating.
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Figure 1-2: Subsea Control Modules [FMC].

1.2.2. Subsea Umbilical Termination Assembly

UTA, sitting on top of a mud pad, is a multiplexadctro-hydraulic system allows many
subsea control modules to be connected to the sammmenunications, electrical and
hydraulic supply lines. The result is that manylgvebn be controlled via one umbilical.
From the UTA, the connections to the individual iwe&ind SCMs are made with jumper

assemblies.

Figure 1-3: Subsea Umbilical Termination Assembly [Oilfield].
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1.2.3. Electrical Flying Lead

The Electrical Flying Lead (EFL) connects commutiaza on power circuits between
various pieces of subsea distribution equipmene ERL has different configurations,
such as 4-way (with 4 wires), 8-way or 12-way. Toanectors at the end of the flying
lead can have any plug/receptacle combination. Eddrgain ROV-type connectors at

each end to allow for subsea installation andeeali

Figure 1-4: Subsea Electrical Flying Lead [Deep down]

1.2.4. Hydraulic Lying Lead

Hydraulic lying lead provides a safe and efficiem@thod of making connections between
subsea distribution hardware. Flying leads suppuet conveyance of hydraulic fluid

and/or chemicals between subsea equipment.
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Figure 1-5: Hydraulic Lying Lead [Oceaneering]

1.3. Topside Control System

Topside Control Systems incorporate design innowmatito adjust to the changing
demands of today’s subsea environment. Topsider@ddystem components include
1. Master Control Station (MCS)
. Remote Operating System (ROS)
Hydraulic Power Unit (HPU)
Electric Power Unit (EPS)
Uninterruptable Power Supply (UPS)

o o M 0NN

Topside Umbilical Distribution Unit System (TUDUglternatively Topside
Umbilical Termination Unit (TUTU)

7. Subsea Power and Communication Unit (SPCU)

8. Topside Termination Umbilical Assembly (TUTA).

The MCS and SPCU are a two of the key componeatatiake up the topside control
equipment. This equipment offers various hardwaré software options to meet the
customer’s immediate needs while providing for fataxpansion options as required.

» Standardized hardware and software

» Easy incorporation of control system

* expandability

* Modular designs

Published by Ocean & Aerospace Research Institadeniesia | 1.0 Subsea Control System
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» Simplified maintenance
» Easy to configure
* Multiple configurations

» Backwards compatible

1.3.1. Master Control Station

The Master Control Station (MCS) is located ontthyeside facilities of offshore oil and
gas platforms which is a dedicated system thatrolsntind retrieves data from subsea
equipment on the ocean floor. The MCS is critical haintaining safe operating
conditions, optimizing production across a field affectively managing reserves. The
UMCS has three main layers: HMI, logic/control asubsea communications to control

pods on the ocean floor.

Unlvgrsal MCS

Figure 1-6: Dual-Redundant Architecture of the UMCS [Wikipddia
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1.3.1. Uninterruptable Power Supply
An uninterruptible power supply is an electricapapatus that provides emergency power
to a load when the input power source or mains pdais. Figure 1-7 shows an example

of APC Smart-UPS C 1440VA with LC.

Figure 1-7: APC Smart-UPS C 1440VA with LCD [Wikipedia]

1.3.1. Topside Termination Umbilical Assembly

The Topside Umbilical Termination Assembly (TUTA)opides the interface between
the main umbilical and the topside control equipmérhe unit is a free standing
enclosure that can be bolted or welded in a lonaidjacent to the umbilical hang-off in
a hazardous exposed environment onboard the tofetidéy. These units are usually
tailor-made to customer requirements with a viewydraulic, pneumatic, power, signal,
fiber optic, and material selection.

The TUTA usually incorporates electrical junctiooxies for the electrical power and
communication cables, as well as tube work, gaugyed,block and bleed valves for the

appropriate hydraulic and chemical supplies.
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Figure 1-8: An example of Topside Umbilical Termination Asséynl-rame]

1.4. Subsea Distribution System

Subsea Distribution Systems consist of a groupmafpenent’s providing communication
from subsea controls to topside. This equipmenteageloped based on field proven
technology and years of experience. A few of trezpgpment’s are:

» Steel Flying Leads (SFL)

» Cobra heads for the SFL

* Multi Quick Connect Plates (MQC)

» Electrical Flying Leads (EFL)

* Umbilical Termination Heads (UTH)

» Deployment Equipment for all the above

» Hydraulic couplers

» Various Subsea Sensors
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Figure 1-9: Inboard and Outboard MQC'’s [FMC]

1.4.1 Steel Flying Leads

Flying leads provide electrical/hydraulic/chemicabnnections from the UTA to
individual trees/control pods. They are part of th&bsea distribution system that
distributes umbilical functionalities to their imi@ed service targets. They are typically

installed after umbilical and connected by ROV.
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Figure 1-10: Steel Flying Leads [Oilfield]
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Chapter.2
2.0 Subsea Power Supply

2.1. Types of Power System

The power supply for a subsea production systeategsgned according to the subsea
control system. Different control system types regjualifferent power system designs.

Figure 2.1 shows two types of power systems: actrédal power system or a hydraulic
power system.

Subsea Power
System

Electrical Power Hydraulic power

Figure 2.1: Basic subsea power system

The power system supplies either electrical or aylic power to the subsea
equipment. Figure 2.2 shows subsea equipment sucalees and actuators on subsea
trees or manifolds, transducers and sensors, Subesa&rol Module (SCM), Subsea
Electronics Module (SEM), pumps, motors.
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Subsea Control
Module (SCM)

e
[ =
]
£

2
=
o
Ll
©
)
(7]

o
>

(70

Subsea Electronics
Module (SEM)

Figure 2-2: Subsea equipment

The power sources can come from either an onshorfeom platform or subsea
generators. Figure 2-3 illustrates the subsea paolgtribution when the power sources

are generated from hydraulic power unit.
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Figure 2-3: Typical Subsea Power Distribution [FMC]

2.2. Electrical Power System

The electrical power system in a typical subseadycbion system provides power
generation, power distribution, power transmissemg electricity from electric motors.
The power is either generated on site (from a @latj or onshore (in a subsea-to-beach
filed layout). To ensure continuous production framsubsea field, it is of utmost
importance that the subsea system’s associatedrieddécpower system be designed

adequately. Figure 1-4 shows the design procesanfefectrical power system.
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Subsea Field Development
FEED

Subsea Power System

Design
l— m:’u e Design Codes, Standards, & Specifications
— :
l_rl{ydmnuc Power | Electrical Load Calculation
| System | l
— Sizing & Selection of Power Supply
e

Output Output
Current Voltage

Electrical Power Distribation

' :

Umbilical/Cable 5‘:"““'(
Layout quipmen
ALy :lﬂgemﬂ(

Y

Voltage Drop
Cakulation

/ Power Management

N
- J

Figure 2-4: Electrical Power System Design Process

2.2.1. Design Codes and Standardization

Various organizations have developed many elettitcgles and standards that are
accepted by industries throughout the world. Theeskes and standards specify the rules
and guidelines for the design and installation letteical systems. Tables 2.1 to 2.4 list

some of the major international codes and standased for subsea field development.

Table 2.1: American Petroleum Institute Codes
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APl RP 14F Recommended Practice for Design and Installation of
Electrical Systems for Fixed and Floating Offshore
Petroleum Facilities for Unclassified and Class |,
Division 1 and Division 2 Locations

API RP 17A Recommended Practice for Design and Operation of
Subsea Production Systems

API RP 17H Draft ROV Interfaces with Subsea Equipment

API RP 500 Recommended Practice for Classification of Locaifwr

Electrical Installations at Petroleum Facilitiea&dified as

Class |, Division 1 and Division 2

API SPEC 17D Specification for Subsea Wellhead and Christmas Tre
Equipment
API SPEC 17E Specification for Subsea Production Control Umhikc

Table 2-2: International Electro-technical Commission

|EC 50 (426) International Electrotechnical Vocabulary (IEV)-@ber 426-
Electrical Apparatus for Explosive Atmosphere

Table 2-3: Institute of Electrical and Electronics Engineers

Std. 100 Standard Dictionary of Electrical and Electroniems
Std. 141 Electrical Power Distribution or Industry Plants
Std. 399 Recommended Practice for Power Systems Analysis

Table 2-4: International Standards Organization

SO 13628-5 Petroleum and Natural Gas Industries -Design aner&ijon
of Subsea Production Systems- Part 5. Subsea Contro
Umbilicals

| SO 13628-6 Petroleum and Natural Gas Industries -Design aner&jon

of Subsea Production Systems- Part 6: Subsea Rraadluc
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Control Systems

2.2.2. Electrical Load Calculation

Electrical load calculation is one of the earligssks during electrical power system
design. Engineers should estimate the requiredtriglgic load of all of the subsea
elements that will consume the electricity so tthety can select an adequate power
supply.

Each local load may be classified into severaled#iht categories, for example, vital,
essential, and nonessential. Individual oil comgsiften use their own terminology and
terms such as “emergency” and “normal” are freqyemtcountered. In general terms,
there are three ways of considering a load or gafupads and these may be cast in the

form of questions as shown in Table 2.5.

Table 2.5: Typical Electrical Load Categories [A.L. Sheldrhke

Vital Will the loss of power jeopardize safety of
personnel or cause serious damage within
the platform/vessel? (YES)

Essential Will the loss of power cause a degradation
or loss of the oil/gas production? (YES)

Nonessential Does the loss have no effect on safety or
production? (YES)

All of the vital, essential, and nonessential loads typically be divided into three
duty categories [A.L. Sheldrake]:

1. Continuous duty;

2. Intermittent duty;

3. Standby duty (those that are not out of service).

Hence, each particular switchboard (e.g., fromBER&) will usually cover all three of
these categories. We will call these C for contusuduty, | for intermittent duty, and S
for standby duty. Let the total amount of eachhés particular switchboard b€,
lsum, and Sg,.n. Each of these totals will consist of the activewpr and the

corresponding reactive power.
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To estimate the total consumption for this paracudwitchboard, it is necessary to
assign a diversity factor to each total amount.these factors be D. The total load can be
considered in two forms, the Total Plant Runningd.@ PRL) and the Total Plant Peak
Load (TPPL), thus:

TPPL = Zn (Dc *Coym + D; - Isum) (2-1)

TPRL = Zn (Dc *Csym + Di * Isym + Ds - Ssum) (2-2)

Where;n is number of switchboard®),. is diversity factor for sum of continuous duty
(Csum), D; is diversity factor for sum of intermittent duti,f,,), D is diversity factor for
sum of standby duty5(,,,,,)-

Oil companies that use this approach have diffevahtes for their diversity factors,
largely based on experience gained over many yefrdesigning plants. Besides,
different types of host facilities may warrant diént diversity factors [A.L. Sheldrake].
Typically, D, is 1.0 - 1.1D; is 0.3 - 0.5 and, is 0.0 - 0.2.

The continuous loads are associated with poweruropgon that remains constant
during the lifetime of the system regardless ofdperation taking place at any one time.
Such consumers would include the Subsea Produ@mmmunication Unit (SPCU)
which is located on the platform and the monitosegsors.

Intermittent loads are considered the loads thpedeé on the operational state of the
system. A typical example would be a load due ttvevactuation or HPU system
activation. For the duration of each operation, plosver requirement for the system
increases to accommodate the operation. For theititei of the momentary loads, apart
from the corresponding power requirement, it iseesal to identify the duration and
frequency of operations as well as a statisticatdption of operating occurrences in a
specified time period.

Note that at no point during its lifetime shouldetBubsea power system run idle
(without load), except for the case of a tempogagduction shutdown. Tables 2-6 and
2-7 present typical values for continuous and mtegent loads during the operation of
electrohydraulic and all-electric production syssemespectively. The data are presented
in terms of electrical loads. Note that the usa choke valve can be either continuous or

intermittent, depending on field requirements.
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Table 2-6: Load Schedule for an Electrohydraulic Control 8ys{M. Stavropoulos]

HPU Intermittent 11 kW/pump 2 2 min
Singlevalve Intermittent 10 W 1-3 2 sec
actuation

Chokevalve Intermittent or 10 W (int) N/A 2 sec
actuation continuous (int)
SEM Continuous Max of 80 W - -
Sensors Continuous Max of 50 W - -

Table 2-7: Load Schedule for an All-Electric Control Systewh [Stavropoulos]

Singlevalve Intermittent 3-5 kW 1~-3 45-60 sec
actuation

Singlevalve Continuous 20-50 W - -

normal operation

Chokevalve Intermittent or 1le2 kW (int) N/A 2 sec
actuation continuous 60 W (cont (int)

SEM Continuous Max of 80 W - -
Sensors Continuous Max of 50 W - -

2.2.3. Power Supply Selection

After the load has been carefully estimated, tiiega for the power supply sources must
be selected. For the electrical system appliedfishore oil or gas fields, the power
transmission can be from onshore or offshore. @ffsipower transmission can occur on

the surface or subsea.

2.2.3.1. Power Supply from Topside UPS

Typically, the electrical power supply for a subge@duction system is from the

Uninterruptible Power Supplies (UPS), which hasoits rechargeable batteries. Figure
2-5 shows that for an electrohydraulic control egsttype, the UPS supplies electrical
power to the Master Control Station (MCS), Eleetrieower Unit (EPU), and Hydraulic

Power Unit (HPU), which then combines the power atikder data to the Topside

Umbilical Termination Unit (TUTU).
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1
Subsea Production System

Figure 2-5: Electrical Power Supply for Subsea Production &yst

Figure 2-6 shows a picture of an Uninterruptibleveo Supplies (UPS). The subsea
Uninterruptable Power Supply (UPS) provides a bdtigpower source for a wide variety
of subsea applications including Magnetic. The Ui&ects the system from electrical
power surges and blackouts. Electric power shoeldupplied from the host platform
main supply. The UPS typically operates by reatidyiand smoothing the incoming
supply, converting it to DC, which can then be use@dharge associated batteries. The
output from the batteries is then converted back@oand is ready for use to power the
subsea system. In the case of failure of the masoming supply, the output from the
batteries is quickly switched to power the DC-to-8@hverter, thus ensuring a constant
supply. The UPS builds on proven designs previodsglyloyed and qualified for a 25
year life with a 5 to 10 year battery maintenangeec
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Figure 2-6: An example of Uninterruptible Power Supplies (UPS)

UPS systems are well known in industry, officeg] totday even at home in situations
where a power-consuming device must not lose igepsupply. UPSs are available in
small versions which are able to provide power frmout 100 W up to several hundred
kilowatts for from a few minutes up to many houtairing this time span the critical
equipment supplied with power has either to besfierned into a power-off tolerable
state or external power has to be resupplied;ishgtid power has to return or alternative
power has to be provided. Usually the UPS is puetidrom a specialist manufacture of
such devices and is not built by a subsea conysteém supplier.

2.2.3.2. Power Supply from a Subsea UPS

A UPS is always located as close as possible tpalaeer-consuming device to avoid as
many fault sources as possible and is usually uooietrol of the responsible operator of
the power-consuming device.

By installing a subsea UPS system, costs may beceedbecause fewer cables are
required compared to having the UPS located topsetause the UPS can be fed from
the subsea main power supply. The short-circuglle¥ a UPS is low and the challenge
of having enough short-circuit power available irsubsea installation to achieve the
correct relay protection and discrimination philplsy can be solved by having the UPS

subsea close to the power consumers.

Published by Ocean & Aerospace Research Institadenesia | 2.0 Subsea Power Supply



Subsea Power Supply and Control System

In general, a subsea UPS can be used in all apphsawhere distribution of low
voltage (typically 400 V) is required subsea. Tokofving are typical consumers of low-
voltage subsea power supplied by a UPS:

« Several control systems located in a geographicatigll area;

» Electric actuators for valves;

* Magnetic bearings;

» Switchgear monitoring and control,

e Measuring devices for current and voltage in svgéar, transformers, motors, and

other electrical installations.

A conventional UPS comprises an energy storage snaath two power converters. A
control and monitoring system is also a part of RSU Because power conversion
involves losses resulting in heat, UPS systems megyg cooling systems to transfer the
heat to a heat sink [G. Aalvik].

The UPS should be designed to operate safely irsited environment. The UPS is
designed to enable the system to ride through $becbnds to minutes) power losses and

to permit sufficient time for a graceful shutdovwmecessary.

2.2.3.3. Power Supply from Subsea Generators

Electrical power can also come from subsea gensratdeveral types of subsea
generators have been used in subsea field develdprfautonomous systems consist of
an electrical power source which is typically sefwvabatteries or thermoelectric
couplers. The power source utilizes the differeandemperature between the well stream
and ambient seawater. The seawater battery solutiguires a DC-to-AC converter to
transform the voltage from, for example, 1 to 24(&/g., an SEM requires a 24-
Velectrical power supply). A seawater battery stooave the capacity to operate the
system for 5 years or more. The thermo-couplert®miuequires an accumulator to be

able to operate the system when the well is nalyming.

2.2.4. Electrical Power Unit

The Electrical Power Unit (EPU) as shown in FigR+é is responsible for providing the
electrical power and the communication signal te Bubsea Control Module(s). The

EPU is designed with power signal conditioning desi and monitoring instruments to
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protect the subsea equipment. The panel also tipibauses the communications
modems and filters to facilitate the communicatibesveen the MCS (or SCU) to the

Subsea Control Module(s).
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Figure 2-7: Electrical Power Unit [CSE]

The EPU supplies electrical power at the desirelage and frequency to subsea
users. Power transmission is performed via thetretat umbilical and the subsea
electrical distribution system.

The EPU should be designed to operate safely irsited environment and allow for
individual pair connection/disconnection and easyeas to individual power systems for
maintenance and repair. The EPU should contaimaght communication modems and
filters to allow user definition of system monitag, operation, and reconfiguration unless
those modems reside in the MCS. The EPU prevertpdtiential damage (to subsea
control modules and MCS) caused by voltage spikesflactuations and receives input
voltage from a UPS.

The EPU usually has two outputs: a DC busbar and@udine. The energy storage
units are tapped to the DC busbar, whereas theuwglbis connected to the SEM.

The typical features of the EPU are as follows:
» Fully enclosed, proprietary powder-coated steelasute, incorporated into the

MCS suite, with front and rear access;
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» Standard design suitable for safe area, thatnenadazardous gases area and air-
conditioned environment;

» Dedicated dual-channel power supplies, includindt fdetection to the subsea
electronics module;

* Modems and signal isolation to effect the “commatians on power”
transmission system;

» Control and monitoring to the master control statio

« Electrical power backup input terminal in the eveh& power supply outage to
both the MCS and EPU.

2.2.5. Electrical Power Distribution

The subsea electrical distribution system distabuglectrical power and signals from the
umbilical termination head to each well. ElectripalWwer is provided to a subsea system
through an electro-hydraulic umbilical. The Subséabilical Termination Assembly
(SUTA) is the main distribution point for the elecal supplies to various components of
a subsea production system. The SUTA is permaneaitgched to the umbilical.
Hydraulic and chemical tubes from the umbilical teve dedicated destinations or may
be shared between multiple subsea trees, manimidwwline sleds.

Electrical cables from the umbilical can also haeelicated destinations to electrical
components of a subsea production system or mapdéed by multiple SCMs or other
devices. The electrical connection is made throalgttrical connectors on Electrical
Flying Leads (EFLs). The number of electrical cartoes in series should be kept to a
minimum. Redundant routing should, if possible|dal different paths. To minimize
electrical stresses on conductive connectors, geliavels should be kept as low as
practical. Figure 2-8 shows the electrical as vesllhydraulic power distribution in

subsea production system.
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Figure 2-8: Electrical Distribution in Subsea Production Sygste

Connection of electrical distribution cabling andatrical jumpers should be made by
ROV or diver using simple tools, with minimum imgdtions on rig/vessel time.
Manifold electrical distribution cabling and jumpsables from the umbilical termination
to the SCM should be repairable or reconfiguralyléhe ROV or diver.

The subsea electrical power distribution systerfediffrom a topside system by being
a point-to-point system with limited routing altatives. The number of components shall
be kept to a minimum, without losing required flaikty. Detailed electrical calculations
and simulations are mandatory to ensure operatmsitnission of the high-voltage
distribution network under all load conditions (fldad, no load, rapid change in load,

short circuits).
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2.3. Hydraulic Power System

The hydraulic power system for a subsea produci@tem provides a stable and clean
supply of hydraulic fluid to the remotely operagdsea valves. The fluid is supplied via
the umbilical to the subsea hydraulic distributigystem, and to the SCM to operate

subsea valve actuators. Figure 2-9 illustratgpiadl hydraulic power system.
TOPSIDE
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Figure 2-9: Typical Hydraulic Power System

Hydraulic systems for control of subsea productgstems can be categorized in two
groups as shown in Figure 2.10. The open circettsrn fluid from the control module is
exhausted to the sea. Open circuits utilize sinypidilicals, but do need equipment to
prevent a vacuum in the return side of the systeming operation. Without this
equipment, a vacuum will occur due to a check vatvéhe exhaust line, mounted to
prevent seawater ingress in the system. To avedtiag a vacuum, a bladder is included
in the return line to pressure compensates therréine to the outside water. The closed

circuits return fluid is routed back to the HPUahgh a return line.

Published by Ocean & Aerospace Research Institadi®nesia | 2.0 Subsea Power Supply



Subsea Power Supply and Control System

Hydraulic Power
System

Open circuit Closed circuit

Figure 2.10: Hydraulic power system.

The hydraulic system comprises two different suppiguits with different pressure
levels. The LP supply will typically have a 21.0-MRlifferential pressure. The HP
supply will typically be in the range of 34.5 to.69pa (5000 to 10,000 psi) differential
pressures. The LP circuits are used for subseaatréananifold functions, whereas the
HP circuit is for the Surface-Controlled Subsurf&adety Valve (SCSSV).

The control valves used in a hydraulic control eyswill typically be three-way, two-
position valves that reset to the closed positiorioss of hydraulic supply pressure (fail-
safe closed). The valves will typically be pilotevated with solenoid-operated pilot
stages to actuate the main selector valve. To eeghaever consumption and solenoid
size, but increase reliability, it is common preetio operate the pilot stages for the HP

valves on the lower pressure supply.

2.3.1. Hydraulic Power Unit

The Hydraulic Power Unit(HPU) is a skid-mounted unit designed to supplyenbased
biodegradable or mineral oil hydraulic fluid to ¢tan the subsea facilities that control the
subsea valves. Figure 2.11 shows a typical HPU.

The HPU normally consists of the following compotsen

1. Pressure-compensated reservoir;

2. Electrical motors;

3. Hydraulic pumps;

4. Accumulators;

5. Control valves;

6. Electronics;

Published by Ocean & Aerospace Research Institadi®nesia | 2.0 Subsea Power Supply



Subsea Power Supply and Control System

7. Filters;
8. Equipment to control start and stop of pumps.

Figure 2.11: Hydraulic Power Unit [Oilfield Wiki].

Figure 2.12 shows a typical hydraulic power unftesnatic. As introduced before, the
hydraulic power unit includes two separate fluiderwoirs. One reservoir is used for
filling of new fluid, return fluid from subsea (fimplemented), and return fluid from
depressurization of the system. The other reseivaised for supplying clean fluid to the

subsea system.
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Figure 2.12: Typical Hydraulic Power Unit Schematic
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The HPU also provides LP and HP hydraulic suppleeshe subsea system. Self-
contained and totally enclosed, the HPU includety @md backup electrically driven
hydraulic pumps, accumulators, dual redundantréjtand instrumentation for each LP
and HP hydraulic circuit. The unit operates autooosty under the control of its
dedicated Programmable Logic Controller (PLC), whpcovides interlocks, pump motor
control, and an interface with the MCS.

Dual hydraulic supplies are provided at both higéspure (SCSSV supply) and low
pressure (all other functions). LP supplies are tiedhe internal SCM headers via a
directional control changeover valve. The changeaxsdve should be independently
operated from the HMI, such that the header candmmected to either supply. Supply
pressure measurement should be displayed. HP espphould be controlled and
monitored in a similar manner. The hydraulic disgeapressure of each function is
monitored and displayed on the HMI.

2.3.1.1. Accumulators

Accumulators on the HPU should provide pump pressiamping capabilities. They
should have sufficient capacity for the operatibalbvalves on one subsea tree with the
HPU pumps disabled. Accumulators would also beutifcsent capacity to accommodate
system cycle rate and recharging of the pumpsll Electric power to pumps was lost,

the accumulator would have sufficient capacityupy certain redundancies.

2.3.1.2. Pumps

All pumps should be operational when initially aiag the accumulators or initially
filling the system on start-up. The pump (and aaglator) sizes should be optimized to
avoid excessive pump cycling and premature failure.

The quantity of pumps (and other components) peaplgu circuit should be
determined through a reliability analysis. Pumpingjzis deter-mined by hydraulic
analysis. Both analyses are performed prior taistathe detailed design for the HPU.
Pulsation dampeners are provided immediately daeast of the pumps, if required, for

proper operation of the HPU.
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All pumps should be electrically driven, suppliednh the platform electrical power
system. Pumps should have the capacity to quickdyain operating pressures after a
hydraulic depressurization of all systems.

There are different types of pumps, but the mostraon type uses accumulators that
are charged by fixed pumps. These pumps, whicht sdad stop at various

preprogrammed pressures, are controlled by a PLC.

2.3.1.3. Reservoir

The HPU has a low-pressure fluid storage resemeistore control fluid and a high-
pressure (3000-psi) storage reservoir. One ofwlweseparate fluid reservoirs is used for
filling of new fluid, return fluid from subsea (implemented), and return fluid from
depressurization of the system. The other reseivaised for supplying clean fluid to the
subsea system.

Fluid reservoirs should be made from stainless| sted equipped with circulating
pumps and filters. Sample points should be madeealowest point of the reservoir and
at pump outlets [NORSOK Standards]. The hydradliedfreservoirs should also be
equipped with visual level indicators. Calibratiohlevel transmitters should be possible
without draining of tanks.

The HPU reservoir should contain level transmittergel gauges, drain ports, filters,
air vents, and an opening suitable for cleanout $hpply and return reservoirs may
share a common tank structure utilizing a baffle deparation of clean and dirty fluid.
The baffle should not extend to the top of the masie so that fluid from overfilling or

ESD venting can spill over into the opposite reserv

L evel Sensor
The reservoir level-sensing system should meefoll@ving requirements:
» The low-level switch should be at a level suffidiemprovide a minimum of 5 min
of pump operating time.
» The low-level switch should be located at a levmha the drain port to prevent
the pumps from ingesting air into the suctions.
» The high-level switch should be located at a legplal to 90% of the reservoir

capacity.
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Control Fluid

The control fluids are oil-based or water-baseditlg that are used to convey control
and/or hydraulic power from the surface HPU or Iastarage to the SCM and subsea
valve actuators. Both water-based and oil-basedsflare used in hydraulic systems.

The use of synthetic hydrocarbon control fluids baen infrequent in recent years,
and their use is usually confined to electrohydcawontrol systems. Water-based
hydraulic fluids are used most extensively. Theratiristics of high water content—
based control fluids depend on the ethylene glgooltent (typically 10% to 40%), and
viscosity varies with temperature (typically 2_10 C). Because government regulations
do not allow venting of mineral-based oil into #es, if the system uses this type of fluid,
it must be a closed-loop system, which adds araednduit in the umbilical, making it
more complex. Required fluid cleanliness for consgstems is Class 6 of National
Aerospace Standard (NAS) 1638 [National Aerospaaadard].

The water-based hydraulic fluid should be an agsesalution. The oil-based
hydraulic fluid should be a homogeneous miscibleitemn. The fluid should retain its
properties and remain a homogeneous solution, nwithe temperature range, from
manufacture through field-life operation.

The first synthetic hydrocarbon control fluid waslized on Shell's Cormorant
Underwater Manifold Centre in the early 1980s. Ttype of control fluid has low
viscosity, great stability, and excellent mater@dsnpatibility, and is tolerant of seawater
contamination. This fluid requires the control gystto incorporate return lines and an oil
purification system (filter, vacuum dehydrationreamove water). The cost of synthetic
hydrocarbon control fluids is approximately founés that of mineral hydraulic oils.

The first water-based control fluid was utilized 8Statoil's Gullfaks development in
the early 1980s. This type of control fluid hasexylow viscosity and is discharged to
the sea after use. This fluid requires the corgtystem to incorporate higher specification
metals, plastics, and elastomers. The cost of weteed control fluids is approximately
twice that of mineral hydraulic oils.

Control fluid performance influences control systeafety, reliability, and cost of
ownership. Control fluids also affect the enviromtad he control fluid performances are
as follows:

» The control fluid must be capable of tolerating @hditions and be compatible

with all materials encountered throughout the cargystem.

Published by Ocean & Aerospace Research Institutionlesia | 2.0 Subsea Power Supply



Subsea Power Supply and Control System

* The control fluid is a primary interface betweenmpmnents and between
subsystems. It is also an interface between diftdvat con-nected systems.

* To maintain control system performance, system @mapts must continue to
function within their performance limits for thédiof the systemdand that includes
the control fluid.

* Any reduction in control fluid performance can hareadverse effect throughout
the control system. The factors that can reducegémrmance of a control fluid
in use are as follows:

» Conditions exceeding the operating parameterseotdimtrol fluid;

» Poor product stability, resulting in a reductioncontrol fluid performance over
time;

» Contaminants interfering with the ability of thentwl fluid to function.

2.3.1.4. Control and Monitoring

The HPU is typically supplied with an electronicntml panel, including a small PLC
with a digital display, control buttons, and statasips. The electronics interface with
other system modules, for remote monitoring andtrobn The HPU parameters
monitored from the safety automation system shoydatally be:

* Non-regulated supply pressure;

* Regulated supply pressure;

* Fluid levels;

e Pump status;

* Return flow (if applicable).

The control panel may be a stand-alone or an iatgqgart of the HPU. It utilizes a
series of valves to direct the hydraulic and/octie signals or power to the appropriate
functions.

Displays should be required to indicate hydraubever connections from the HPU to
the topside umbilical termination (or distributionjits, riser umbilicals, and subsea
distribution to the individual hydraulic suppliesthe SCMs. Links should be provided to

individual hydraulic circuit displays.
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Chapter.3
3.0 Subsea Transmission System

3.1. Umbilical Cable

In subsea operation system, the power and comntignicare transmitted using a bundle
of tubes and cables called Umbilical cable. Sulsehilical is a cable and/or hose which
supplies required consumables to an apparatusufibdical cable is able to provide and

deliver:

bulk hydraulic
methanol power

Umbilical
cable

chemicals electric
for subsea power and
injection signal

A subsea umbilical can supply air and power to esgure suit or hydraulic power,
electrical power and fiber optics to subsea equipnaad divers. Subsea umbilical is
installed between the host facility and the subfsedlity. In general, the umbilical
includes a catenary riser transitioning into aistaegment along the seabed to the
Umbilical Termination Assembly (UTA) at the subdeaility. For shorter lengths, the
segments may be identical. The umbilical pull-hedtlinclude a split flange (or other)
assembly for hang-off of the umbilical at the hiasility. A bend stiffener or limiter may
be installed at the top of the catenary riser andeaUTA.

General requirements for the umbilical system idelu
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Electrical power, control, and data signals shoakla base case be contained on
the same pair of conductors.

Super duplex steel tubes should be used. (Othegrialat can be considered but
substantial documentation should be required toagiee their applicability.)

The umbilical is fabricated in one continuous léngt

The umbilical system is designed without any plahdeange-out over the design

life.

A subsea umbilical is a combination of electricables, fiber optic cables, steel tubes,

and thermoplastic hoses, or two or three of these ¢omponents that execute specific

functions. These components are assembled to foroircallar cross section. The

functions and characteristics of the four umbilicainponents are described and specified

in the following sections of this chapter.

Umbilicals are used in various ways by the offshardustry today. The main

functions are listed below and described in thiwihg sections:

Subsea production and water injection well control;
Well workover control;

Subsea manifold or isolation valve control;
Chemical injection;

Subsea electrical power cable.

Figure 3.1 shows a typical subsea control umbiligatl its cross section. The

umbilical delivery procedure typically includes tftuidlowing steps and schedule:

Feasibility study;

Umbilical specifications and request for quotation;
Qualification tests for fatigue and other teste(sfications and execution);
Long-lead item procurement;

Bid evaluation;

Supplier selection;

Project sanction and umbilical procurement;

Detailed umbilical design and analysis by the sigppl
Third-party design verification by an analysis spkst;
Prototype qualification tests;

Umbilical manufacturing (normally requires a perimfdl year);
System integration test;

Umbilical delivery to host vessel;

Published by Ocean & Aerospace Research Institutiniesia | 3.0 Subsea Transmission System



Subsea Power Supply and Control System

* Commissioning;
» System start-up;
* Project management, QA/QC.

Inner Sheath

: Vv Outer Sheath
03850333800 o Nl
»
Va1

Electric Cable
(powerisignal)

3 Phase HV Cables

Fibre Optic Cable

25cr Super Duplex —
Hydraulic Control,
Injection of Service
Chemicals & Hydrate
Inhibitors

Dual layer armour package

Figure.3.1: Subsea control umbilical example

One of the earliest papers dealing with steel wuiilical design was “Metal Tube
Umbilicals Deep water and Dynamic ConsideratiorR’(. Swanson]. Another useful
publication for further information is ISO 13628H%0], which is used as the standard
for umbilical design and operation.

Published by Ocean & Aerospace Research Institadeniesia | 3.0 Subsea Transmission System



Subsea Power Supply and Control System

‘/I-’ HYDRAULIC LINES

" L— CHEMICAL LINES
TOPSIDES SCOPE
UMBILICAL SCOPE

DYNAMIC UMBILICAL

UMBILICAL SUBSEA CONTROLS
SCOPE SCOPE

STATIC UMBILICAL i

Figure 3.2: Subsea umbilical system diagram [Oildfield]

3.2. Umbilical System Components

A subsea umbilical consists of electrical cablekerf optic cables, steel tubes, and
thermoplastic hoses as shown in Figure 3.3. It aisy include two or three of these four
components for executing specific functions. Théilical components are designed and
manufactured to meet the umbilical functional amathnical requirements. Proper
materials are chosen to manufacture the componantk,verification and acceptance
tests are done to demonstrate the conformancestoatmponent functional and technical
requirements. The functions and characteristicshef four umbilical components are
described and specified in the following sections.

A deep water umbilical can include Chemical injecttubes, Hydraulic supply tubes,
Electrical control signal cables, Electrical Powables, Fiber optic signal, Large tubes

for gas lift.
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Electrical
Cables

Thermoplastic Subsea Fiber Optic

Hoses Umbilical Cables

Steel Tubes

Figure.3.3: Subsea umbilical component

3.2.2. Electrical Cable

The electrical cables are divided into two typeswyer cables and signal/ communication
cables. Usually the power cable and signal cal@ecambined into one cable, which is

called a power and control umbilical.

3.2.2.1. Power Cables

Power cables are used for the power supply of oftsiplatforms and subsea production
equipment, such as control pod, pilot control valwed electric pumps. According to
Section 7.2.2.1 of ISO 13628-5 [ISO], power cahlekage ratings are selected from a
range of 0 V up to the standard rated voltages () ¥ 3.6/6 (7.2) kV RMS, where
U0, U, and Um are as defined in IEC 60502-1 and 6B802-2.

3.2.2.2. Signal/Communication Cables

Signal/communication cables are usually used fer idémote control/ monitoring of
subsea production equipment, such as operation mfoa control valve, feedback of

wellhead status, and operating parameters.
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According to Section 7.2.2.2 of ISO 13628-5 [IS€ifnal/communication cables are
selected from a range of 0 V RMS up to UO/U (UmPB/1.0 (1.2) kV RMS, where UOQ,
U, and Um are as defined in IEC 60502-1 and IEQ)@6%

3.2.3. Fiber Optic Cable

Fiber optic cables are capable of continuous operavhen immersed in a seawater
environment. The fiber type is of either single-raaat multi-mode design. The design is
as given in the manufacturer’s/supplier’s speciimss. Individual fiber identification is
by means of fiber coloring.

The fibers are contained within a package thatgmwes/water and minimizes hydrogen
contact with each fiber. The carrier package focimaaical protection and its contents are
designed to block water ingress in the event thatfiber optic cable in the umbilical is

severed.

3.2.4. Steel Tube

Umbilical steel tube referred to as super dupleselstube is capable of continuous
operation when immersed in a seawater environntrehirdnen it meets the requirements
of ASTM A240 for either UNS S32750 or S39274 cher@s and the additional
requirements specified herein and listed below:

* The tube is made by the pilger or cold-drawn predesm tube hollows that should
be 100% visually inspected prior to processing.léved should be demonstrated to
meet the product chemistry requirements.

* The tube is in-line batch or continuously furnacae imduction annealed in a
nonoxidizing annealing atmosphere at a temperaamé quench rate to be
determined by the manufacturer.

* The tube may be built up on reels to the specifeadyth by automatic or-bital
welding in accordance with preprogrammed and amga@rocedures.

* The tube meets all of the applicable material aratgss requirements of NACE
MR-01-75.

» All tube lengths are cleaned to NAS 1638 Class @& measures taken to ensure
contamination do not occur during transport andasfe prior to incorporation into

umbilical lengths.
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3.2.4.1. Steel Tube Materials

Super Duplex Stainless Steel (SDSS) is the prefematerial for deepwater umbilicals
because it requires no cathodic protection, igwegight and strong, has been qualified by
major operators and manufacturers for dynamic seyis usually pilgered rather than
seam-welded, and has a successful track recordmdsecommonly used is 2507, which
contains 25% chromium and 7% nickel.

SDSS is duplex stainless steel which, combined #ighhigh chromium and nickel
content, give it a pitting resistance equivaldmRE) of greater than 40, the threshold for
use in a seawater environment of less than 60 degfgelsius without cathodic
protection. PRE is calculated for SDSS using thlevieng formula:

PRE = %Cr + 3.3- (%Mo + 0.5-%W) + 16- %N (3.1)

SDSS is generally more expensive than other méeaad in periods of high activity
may add significant time to delivery of the umhalicSeam welded tubing is available,
and is gaining acceptance in some sectors of thikemaNelding of SDSS tubing is
problematic, particularly in sizes between 1" ahdidmeter.

Zinc-coated Nitronic 19D is a lean duplex stainlste®l, which has a lower chromium
and nickel content than SDSS. It is lower in cbantSDSS, but has less tensile strength,
and requires cathodic protection, provided by tine zoating which is extruded onto the
outside surface of the completed tube. It has lpadified for dynamic service. It is
thicker-walled and heavier than SDSS for the samessures and water depths, and is
seam-welded, but may be used where these riskecaeptable, and lower cost drives the
decision. Risks of seam welds may be mitigatedgufill volumetric inspection, or by
adding a spare tube to the umbilical.

Fusion-bonded-epoxy-coated Coiled Tubing is usethfger tubes (typically over
1"), where cost and/or delivery are key driverhids a standard epoxy coating to protect
from corrosion, a layer of bonding agent, and arPEDuter coating. It is seam welded.
Concerns are corrosion due to holidays in the ngatind leaks in the seam welds.

316L Stainless Steel is sometimes used where esghéetd life is less than 5 years
and pressures required are less than 3000 psinditiqualified for dynamic service. Its
advantages are low cost and quick or even off-tiefglelivery.
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Where mostly low pressure is required (e.g. to afeethe valves on a low-pressure
tree), but at least one higher pressure tube ignestj(e.g. to operate the SCSSV), one or
more 19D tubes may be added to a mostly 316L uaalbili

3.2.5. Steel Tube Electrohydraulic Umbilical

3.2.5.1. Simple, static umbilical for few wells, shallow to medium depths

The subsea field in the image as shown in Figuee i8.a small shallow water
development consisting of:

» three wells

» a manifold with a pigging loop

* jumpers from the wells to the manifold (ROV-instal)

* dual pipelines terminating in pipeline end termioatskids (PLETS)

* jumpers from the PLETSs to the manifold

» an umbilical terminating in an umbilical terminatiassembly (UTA)

* electrical and hydraulic flying leads from the UT#\each subsea well

Figure.3.4: Shallow subsea field development

The platform to which all this ties back is a baitéounded jacket-and-pile structure.

The umbilical is therefore pulled from the sea twttto the deck through a tube, or is
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otherwise supported throughout its entire asceéns b static umbilical. Because it is
static, and because the field is relatively snaiimple umbilical like the one depicted in
the image as shown in Figure 3-5 would work.

A simple electrohydraulic (EH) umbilical will hatke following components:

. steel tubes to deliver chemicals and hydraulic paeehe subsea production
system. There may be one or more backup tubesstoimucase of tube failure.
Tubes may be sheathed in LDPE to achieve the propaess-sectional
geometry.

. one or more electric cables (usually quads of 4Qosquare mm)to deliver
power and multiplexed signal to the subsea corggdtem, and to carry
instrumentation signals back to the surface corstiation.

. fillers to help create the proper cross-sectioraingetry.

. tape which is wrapped around the elements as theywndled and twisted
into an umbilical. This holds the entire assemldgether until it is passed
through the extrusion head to receive its HDPE tbleea

. HDPE Sheathe

A V1 A v N

OD= 61.9mm 23 mm [2.4" 20.127) [ 6,096 m (20,000 ft) »> 3.79 miles

Po— ——

Figure.3.5: Simple umbilical
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3.2.5.2. Complex, dynamic umbilical for deepwater, multiple wells or drill
centers

The subsea field pictured in the image as showrignre 3-6 (left) is a large, complex
field, with multiple wells, arranged in multiple ilircenters, each with the elements
described in the simple well scenario describedvabdn this case, the umbilical is
suspended from a floating host platform, a semisirbible. It is therefore a dynamic
umbilical. A large, complex electrohydraulic (EHjnhilical may have the following
features, in addition to those included in the sempnbilical:
. cables will be armored for dynamic applicationdgeast from the hang-off
point through the wave-affected zone, and throbghtduchdown point
. steel tubes may be sheathed for wear protectiomenthey are in contact with
other steel tubes in the dynamic zone
. steel rods or cable may be added to achieve thieataveight-to-diameter ratio
to avoid clashing with other risers hung off nearby
. armor may be added for weight-to-diameter ratinsile strength, and crush-
resistance during installation (above right crosstisn)
. fiber optics may be added in place of or in additio signal cables

. the umbilical may be bundled in two or more passesgssitating additional

layers of tape

Figure 3-6: Deep water subsea field development

3.2.5.3. Special case- Aker
Aker builds umbilicals slightly differently thanlwtr bundlers:

* the pitch of the helical wind is about 2% ratherthhe usual 6-7%
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» the tubes and cables are held in a matrix madef upeted elements which lock
together as they are bundled into the umbilical
» carbon rods may be included in umbilicals desidioedery deep water, to provide

tensile strength without adding significant weight.

-~ — — —

Figure 3-7: Complex umbilical

3.2.6. Thermoplastic Hose

Thermoplastic hose is capable of continuous operatvhen immersed in a seawater

environment.

3.2.7. Thermoplastic Electrohydraulic Umbilical

Thermoplastic umbilicals are constructed from thegptastic hoses which are kevlar-
armored and outer-sheathed by the umbilical matwdac The umbilical shown in the
image at left does not include cables, but could. ddsembly machine with counter-
rotating bobbins is required to remove torsion fribva tubes and cables because they are
not helically wound, but oscillated as they arelguithrough the closing die. Typically
the umbilical must be armored to provide tensiterggth, ensure on-bottom stability, and
resist crushing loads from the installation tensron

High collapse resistance hoses may be includedrfaailical to be deployed at deeper

depths. Collapse resistance is provided by annaterarcass, much like flexible pipe.
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Chemicals used for injection downhole or furthewdstream may be incompatible
with the hose material. The umbilical manufactuteage experience with many chemical
cocktails, so may have experience with the comlinadf chemicals the operator plans
to use. If not,the operator may commission an acatdd compatibility test.

While not suitable for very deep water, and rarebed in the Gulf of Mexico,
thermoplastic umbilical is still commonly used imaiow water, and where large swells
cause fatigue at the touchdown point, such as Ea€@nada, West Africa, and Brazil.

"\

iy,

A

Figure 3.8: Thermoplastic Electrohydraulic Umbilical

3.3. Static and Dynamic Transmission Systems

3.3.1. Static Transmission System

The design of umbilical incorporates mechanicaerggth to withstand crushing and
tensile loads during handling, installation, and/ee. The umbilical is also of sufficient
weight to ensure satisfactory seabed stability. Timmbilical and its pulling
head/termination design allow for installation itie facility approach.
Wall thicknesses of steel tube elements are simethdet requirements for allowable
stresses under all installation and operationafiitmms. Other design analyses calculate:

* Maximum allowable tension and minimum breakingrsjté;

* Recommended back tension during lay;

» Strength of terminations;

» The effect of radial loads (collapse pressure);

» The effect of dropped objects and snagging (ehip;ssanchor);

» The effect of installation tensioning devices;

* Maximum allowable impact loads;

» Bend radius and bending stiffness;

» Torsional balance;

» Hydrodynamic stability on seabed,;

» Environmental loads and hydrodynamic stability eabh approach;
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« Material and outer sheathing suitability for onshapplications.

3.3.2. Dynamic Transmission System

The umbilical system is expected to operate imaicstnode after installation. However,
the umbilical system will be subject to dynamic dmsy during installation and to
environmental loads in the facility approach. Farthpotential unsupported spans along
the seabed may be subjected to fatigue owing tdéexnduced vibrations (VIVS).
Dynamic and fatigue analysis should be carriedtowvaluate fatigue properties of the
umbilical system given the anticipated installatiand environmental loads and to
establish the maximum allowable span lengths. Mimmrequired fatigue life may be 10

times design life.

3.4. Design of Dynamic Umbilical

The design of a dynamic umbilical is an iterativegess, and is time consuming. It may
even become the critical path, depending on macdketditions for tubes, cables,

bundling, etc. if not expedited.

3.2.1. Design Concerns

1. Fatigue(Vessel motion, waves, currents, and vartéxced vibration)
a. Motions at hang-off point- bend stiffener design
b. Tube friction
c. Motions at touchdown point
d. Vortex induced vibration (VIV)

2. Interference- clashing with other risers- this rbaymitigated by
a. weight to diameter ratio
b. hang-off angle,
c. bend stiffener design

3. Accumulated Plastic Strain (Strain Budget)- inclidéain from
a. initial coiling of tubes on bobbins
b. bundling of umbilical

c. coiling of umbilical on reel or carousel
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d. installation,

e. repair (retrieval and re-installation)
4. Hang-off Weight
5. Tensile Strength

3.2.2. Design Process

The following graphic illustrates the iterative mag of umbilical design.

¢ Weight diameter ratio, and component Fatigue testing to be
Umbilical Engineering evaluated

e Qutput: sectional properties

. ) esectional properties, water depth and restriction og hang-off angle and
Specification and Eelh Glenn ATeE

environment ¢ Output: configuration, hang-off angle, TDP, required bouyancy,
clearance to seabed

*RAO, Hang-off location, Azimuth angle and metocean data
¢ Output: von Mises equivalent stress, longitudinal tension

Dynamic Analyses

Acceptance or verification

. . *Top tension/angle, ambient temperature, Length-diameter restrictions
Bend Stiffer DeSIgn due to handling, load out & installation

Interference and Fatigue e Riser, anchor data, SN-curves, Bending stiffner design
ana |yse5 ¢ Output: Fatique life, intererence with other installations

Bend stiffer fatique check * Acceptance

Figure 3-9: Iterative nature of umbilical design.

3.2.3. Conceptual Design

1. Preliminary Cross-Section Sizing
a. Tube sizing;
b. Possible interaction with vendors.
2. Preliminary Configuration Design
a. Strength, interference, etc.;
b. Preliminary component design;
c. Early confirmation of feasibility.
3. Early Identification of Manufacturing Issues

a. Issues affecting bid or spec requirements.
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Service Environment
The umbilical is designed for immersion in seawdiar the specified design life.
Consideration should also be given to

e Storage prior to installation;

» EXxposure to service fluids;

» The seabed and topsides environment in terms @tiawl, ozone, temperature, and

chemicals;
* Imposed dynamic conditions within the free-hangiegions

» Protection against dropped objects.

3.2.4. Detailed Design

Parameters
* Temperature range;
e Maximum working load;
e Minimum breaking load;
e Minimum bend radius;

* Dynamic service life.

On-Bottom Stability Study

The umbilical is designed to be sufficiently stablhen laid on the seabed, for the
seabed condition and seabed current values.

The behavior of the umbilical on the seabed canHhagacterized by friction coefficients

in the axial and lateral directions.

Cross-Sectional Design

One of the initial stages in the design of an uidlilis the placing of the components of
the umbilical in the cross-section design. The €mexction of an umbilical could include
various items such as steel tubes for transpotiydraulic and other fluids, electrical
cables, fiberoptic cables, steel rods or wires divength capacity, polymer layers for
insulation and protection, and polymer fillers ilbih the spaces between the components
and keep them in place.
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Manufacture Design
* Lay-up;
* Sub-bundles;
* Inner sheath;
* Armoring;
* Outer sheath.
An outer sheath is applied as a continuously ertluthermoplastic sheath or as a

covering of helically applied textile rovings.

3.5. Manufacture

The procedures for umbilical manufacturing shouddirb accordance with 1ISO 13628-5
[1SO].

3.3.1. Lay-Up

Lay-up operations are carried out in a clean, dadd; controlled area, which is subject
to a regular cleaning schedule.

Optimum fiber optic cable and hose or steel tulgeula configurations, fillers, etc., are
provided to minimize the overall diameter and weigthile meeting the general

performance and construction specifications arehgure good flexibility.

Lay-Up Configuration

The minimum lay angle of the umbilical component®dd be confirmed. Umbilical
components, steel tube, and optical fiber will dd lup in a continuous helix or planetary
configuration. If hoses are used an oscillatorylingliechnique will be used.

Damaging Pull

The cabling or lay-up is designed so that theviddial components will not be strained,
deformed, or otherwise affected when the componamssubjected to a tensile pull. A
table of maximum allowable tension on umbilical gmments throughout the

manufacture process should be summarized and gedmit

Acceptance Testing
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After cabling of the umbilical hoses or steel tybi® following checks are conducted
prior to extrusion of the inner/outer sheath on dnebilical. A hydraulic proof test of

hoses or steel tubes is conducted after each gdbler (1.5 times working pressure).

3.3.2. Inner Sheath

The operation is carried out in a clean dedicatedirolled area, which is subject to a
regular cleaning routine. The total cabled assenmblprotected with an inner sheath
extruded tightly over a taped assembly. The exdrusif the inner sheath OD should be

monitored in two planes 90 apart.

3.3.3. Outer Sheath

The total cabled assembly is protected with an algacket extruded tightly over the
assembly. The extrusion of the outer jacket ODasitored in two planes 90_ apart.

3.3.4. Marking

The marking of subsea umbilicals should usuallydbee according to Section 9.14 of
ISO 13628-5 [ISO].

3.3.5. Main Manufacturers

The main subsea umbilical manufactures in the wamtdisted below:

DUCO
Duco offers a comprehensive range of umbilical eeeiing, design, and support services
including:
* Mechanical testing of components and umbilicals;
* Design and supply hardware for topsides and suliselding pulling heads,
umbilical hang-offs, subsea terminations, and rgpaits;
e Dynamic analysis;

* Umbilical and hardware analysis, including finiteraent analysis.

Kvaerner Oilfield Products
Aker Solutions provides cost-effective and techihyjcadvanced steel tube umbilical

technologies, including:
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» Electrohydraulic umbilicals;

e Carbon fiber—enhanced deepwater dynamic umbilicals;
» Large central tube integrated service umbilicals;

* Medium- and high-voltage power umbilicals;

* Reliable horizontal bundling and extrusion machjnes

» Deepwater access to installation/transportatioselss

» High-capacity processing and storage carousels;

* On-site welding and test facilities.

They also provide integrated production umbilicsl deepwater dynamic umbilicals.

Nexans

Nexans is a leader in the cable industry and hesloged a new generation of umbilicals
that uses stainless steel tubes. Nexans providdslices for many companies and

projects. Nexans is furnishing power umbilicals thee King Subsea Pump project, and in
the Gulf of Mexico, 117 km of umbilicals for the lAntis and Thunder Horse projects.
For Dolphin Energy in Qatar, it is producing, trpoding, and installing a 90-km plus

70-km umbilical.

3.3.6. Sample Manufacturing Plant Layout

Figure 3-1 illustrates the layout of a manufactgnplant for subsea umbilicals.
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Lay up machine (15t Concentric Dual Storage Carousels Dand E

stage for profiles, (ID = 27m, middle = 35m, OD=40m)

3 stages for elements
and Sth for profiles)
Extrusion
\

\ [

]
| Welding l

! 10m radius chuse

Covered Carousel A Carousel B
(ID = 21 m, OD = 31m) (ID = 21m, OD = 31m)

Quayside
OO CCCCCCCCCCrrees.
Storage Carousel C

Ilnsulhtion Vessel > (ID = 40m, OD = 50m)

Figure 3-10: Layout of Umbilical Manufacturing Plant

3.6. Verification Tests

3.4.1. Tensile Test

A representative length of the completed umbilieethich takes into account the end
effects and pitch lengths of the umbilical compdegshould be subjected to a two-stage

tensile loading program.

3.4.2. Bend Stiffness Test

A representative length of the completed umbilisatubjected to a bend stiffness test

procedure.
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3.4.3. Crush Test

A sample of the completed umbilical is subjectethteral loading to allow determination

of its resistance to deformation.

3.4.4. Fatigue Test

Mechanical testing is undertaken to determine #tigde resistance of an umbilical. The
test regime is chosen to demonstrate that a pkatidesign or design feature is suitable
to withstand the repeated flexures sustained bynalpilical during manufacture, transfer
spooling, load-out, I- or J-tube pull-in, buriahda for a dynamic installation, operational

service throughout the service life.

3.5. Factory Acceptance Tests

As the sheathe is extruded onto the umbilical iy rba stored to a reel or carousel as
shown in Figure 3.11. The size of the storage cotmmmnts can be varied by using
different sets of circumferential post holes. Tiheyre at right shows an umbilical stored
on a standard 8.6 meter reel.

B I
Figure 3-11: Umbilical stored to a reel or carousel
At this point the umbilical is ready for Factory @eptance Testing (FAT). Tubes and

cables are tested and accepted (or not) by thetckelack of electrical continuity or a
leaking or plugged tube can cause lengthy delagsaulrse it is impossible to find the
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exact location without opening the sheathe andasjing out the components, often
multiple times. Repairs must then be done to bbath defective components and the
overall umbilical.

Once the umbilical passes FAT, applications, omieation activities begin. The
umbilical termination head (UTH) and the mudmaintig known as the Umbilical
Termination Assembly (UTA), is connected to the umdl at the subsea end. The
umbilical manufacturer will weld the umbilical tubéo the tubes entering the UTH, and
the contractor supplying the electrical splice eaates will make the electrical splices.
The entire umbilical assembly will now be ready &ystem Integration Testing (SIT). At
this time other equipment such as the subsea liistbn unit (SDU) or Surface-
Controlled Subsurface Safety Valve (SCSSV) maynseded in an expanded SIT using
the flying leads as shown in Figure 3-12.

L

ILLEEY Yo Q
FIEREL | &
iy |

Figure 3-12: Umbilical stored to a reel or carousel

The following final testing is conducted on the gaeted umbilical:
» Visual Inspection;
» Electric cable;
* Hoses;
* Tubes.

All test results are recorded and certified byuhwbilical manufacturer.
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3.6. Power and Control Umbilicals

As specified above, the power umbilical is usedsigquplying electrical power from shore
to platforms, between platforms, or from platforonsubsea equipment. Supplying power
to offshore installations from energy sources onshmakes for smaller and lighter
offshore structures, reduced personnel requiremantslower CO2 emission levels.

With this solution any number of installations dalinked and provided with power
from an onshore power source. The power supplyecsydtem can be expanded to form
a network between offshore fields, providing fldgiland safe power utilization for the
oil and gas industry. Two types of submarine pogadles are to be distinguished: “dry”
design or “wet” design, with the former being mogkable but at a higher cost.

Figure 3-13 shows a typical power supply umbilitedt has fiber optic cores for a
control system. The remote control of unmannedallatons is another application for
submarine composite cables. Most subsea powersaidealled offshore have a fiber
optic element containing 8 to 32 optical fibers $aynal transmission. The advantages of

combining signal and power capabilities into onkeleare as follows:

. Communication will not be influenced by weathesarface traffic.
. A greater bandwidth is available compared to réidiquencies.
. Optical fibers provide higher data transmissioesat
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Figure 3-13: Typical Power Supply Umbilical Including Fiber @pCores for a Control
System

3.7. IPU Umbilicals

IPU umbilicals are designed to combine the normatfion of an umbilical with that of a

production or an injection line. They are also gesd to supply high-voltage power to
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potential subsea users. It is intended to tie-lmaek or several subsea wells in one single
continuous length. The elements it contains include

» Service lines;

e Hydraulic lines;

* Chemical lines;

» Fiber optic cores for data transmission;

» Electrical cables for power supply;

» Electrical cables for signal transmission;

¢ Production line.
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Chapter.4
4.0 Ancillary Equipment

4.1. General
The subsea end of an electrical cable, optical fitheermoplastic hose, or metallic tube

may be terminated in half a connector assemblychviben then be mated underwater.
Alternatively, the umbilical components may be terated directly into a subsea control
pod or junction box. The design of umbilical terations and ancillary equipment is
invariably specific to a particular umbilical systeand, as such, detailed specification
data are the scope of ISO 13628-5 [Internatiorah&irds Organization].

4.2. Umbilical Termination Assembly

A topside umbilical termination assembly (TUTA)dssigned for dynamic umbilicals. A
TUTA provides a termination point for the tubesresi, and optical fibers from the bull
nose assembly with stainless steel tube-to-tubegitonnections.

The TUTA assembly includes an electrical junctioox dor interfacing with the
electrical wire and an optical junction box forarfacing with the fiber optic filaments
from the bull nose assembly.

The metal tubes route to hydraulic couplers viaesuuplex steel tube pigtails and
tube sockets where they are welded. Each set ciriekd wires and fiber optic filaments
is terminated with the female half of an electrioaloptical connector that can be mated

underwater.

4.3. Bend Restrictor/Limiter

The bend restrictor, shown in Figure 4-1, is alaled a bend limiter and is used for
preventing overstressing when the umbilical is ppsuted over a large free span. It is

usually used where the umbilical is attached touthéilical subsea termination point.

Published by Ocean & Aerospace Research Institutionlesia | 4.0 Ancillary Equipment



Subsea Power Supply and Control System

~ R "

- — "_ .‘ : -A _."' '4
e — e —
Bending restrictor
/

Figure4-1: Bend Restrictor

4.4. Pull-In Head

A pull-in head is used to pull the umbilical alotige seabed or through an I- or J-tube.
The pull-in head is designed to withstand instalfatloads without damage to the
umbilical or its functional components. The pulliead is designed, if possible, to allow
uninterrupted travel over rollers/ sheaves andutjnd- or J-tube risers without damaging

or snagging.

4.5. Hang-Off Device

The hang-off device is used for supporting the uicadito the top of the I-tube or J-tube
at the host suspension point. The hang-off poirlt & on a deck or outboard of the

columns in the tubes. Figure 4-2 shows examplésuong-off assemblies.
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[-Tube with Flange

Figure 4-2: Hang-Off Assemblies

4.6. Bend Stiffer

The bend stiffer is a device for limiting the bemglradius of the umbilical by providing a
localized increase in bending stiffness. It is ligummolded device. Figure 4-3 shows a

bend stiffer on a working deck.
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Figure 4-3: Bend Stiffer

4.7. Electrical Distribution Unit (EDU)

The EDU shown in Figure 4-4 provides electricatribisition to a number of end devices,
such as individual subsea trees on a template.EDid is an oil-filled and pressure-
compensated enclosure, within which the incomiegtelcal power and electrical signals
are distributed to two or more satellite SCMs. Ménan one EDU may be chained
together, with each EDU serving a number of séeBICMs.
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Figure 4-4: Example of a Large Umbilical Termination Assemhlith a Large EDU

Included

4.8. Weak Link

A weak link is a device used to protect equipmduatt is permanently installed on a
manifold or template, so that in the event of arbilical being snagged, the umbilical
will break away, activating the link and shearingpers connecting to the fixed subsea

equipment.

4.9. Splice/Repair Kit

A splice/repair kit should be provided to contalre thecessary materials and parts to
perform repairs on both the main dynamic umbileadl its components and the in-field
static umbilical and its components in the eveat thshould become damaged during the

installation process.

4.10. Carousel and Reel

Any reel used is not allowed to violate the MBRtbé stored umbilical. Figure 4-5

shows a powered umbilical reel.
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Figure 4-5: Powered Umbilical Reel

4.11. Joint Box

A joint box is used to join umbilical sub-lengtltsachieve overall length requirements or
to repair a damaged umbilical. Each umbilical endbe joined has an armored
termination, if applied. The joint box is of a stnelined design, with a bend stiffer at
each end if required, and of compact size to tatdi reeling storage and installation

requirements.

4.12. Buoyancy Attachments

Depending on the installed configuration, a dynaomitbilical can necessitate buoyancy
attachments in the form of collars, tanks, etcadbieve the necessary configuration and
dynamic motions. The method of attachment doesimiiice stress cracking in the
umbilical sheath, nor allow excessive stress re¢iaxavithin the compressive zone of the

attachment if clamped, nor allow excessive stréith@® umbilical and its component.
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Chapter.d
3.0 System Integration Test

5.1. Introduction

The FAT test is always performed to ensure thairidevidual components and items of
equipment meet the specified requirements and iimatorrectly. System integration

testing, commonly referred to as SIT, is anothecess that verifies that the integrated
equipment is suitable for use. In another wordg performed to verify that equipment
from various suppliers, which must interface witcle other, fits and works together
acceptably. These procedures are normally veryifspgroject and relate to various

equipment interfaces within the project. Figurg& Shows system integration testing of a
control umbilical.

Figure 5-1: System Integration Testing of Control Umbilical
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Chapter.6

6.0 Installation of Umbilical

6.1. Introduction

Subsea trees are monitored and controlled via icalslsuspended in a catenary shape
and protected at the splash zones by I- and J-tfiked to the structures. Figure 6-1
illustrates an umbilical connecting an FPS to asealstructure in deep water; Figure 6-2

shows an umbilical connecting a platform to a salstmicture in shallow water.

Flosing Production System
' i 2’\ Sealevel
T
Bend Stffener
-~ Doop water
Subsea termination assembdly
Riser Sphon (1 any)
Sewted o = / o,
: /
/
Lavdown target aren

Producson Platiorm
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\ ‘(
Alachment port
v 4 Sea level
| % '
\ N J e
Shallow water ¢ ol
‘ i Belimouth
{ Seabed N N\~ Desp weter
Subsed tormination assombly
J/ Umtslcal Subsea Sructure
A STV S
/
Laydown Wt wea -~

Figure 6-2: Umbilical Connecting a “Host” Platform to a Sub&aucture
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6.2. Requirements for Installation Interface

The installation vessel and its installation equepinshould be in good condition and

working order, and be verified according to relevaagulations and safety plans prior to

vessel mobilization. In addition to the requiremehtAPI Recommended Practice 171,

Installation Guideline for Subsea Umbilical, theerfaces relating to the installation of

the subsea umbilical should be carefully manageldiding these items:

The design and fabrication of the UTAs and theppsut frames;
Determination of the design requirements for atllearossings;
The design of umbilical supports for crossing gfghines;

Protection requirements.

6.3. Installation Procedures

Umbilicals are laid using one of the following tgpl methods:

The umbilical is initiated at the manifold with &ls and hinge-over connection or a
pull-in/connection method and terminated near thtesea well with a second-end
lay-down sled (i.e., infield umbilical connectioroin manifold to satellite well).
The connection between the umbilical and the subsshis later made using a
combination of the following tie-in methods:

1. rigid or flexible jumper,

2. junction plates, and

3. flying leads.
The umbilical is initiated at the manifold with &ls and hinge-over connection or a
pull-in/connection method. It is laid in the dinect to the fixed or floating
production system and pulled through an I- or &twb cross hauled from the
laying vessel to the floating production vessel.
The umbilical can also be initiated at the fixedfloating production system and
terminated near the subsea structure with a seenddumbilical termination
assembly (termination head, lay-down sled, umbilieamination unit, etc.). A
pull-in and connection tool operated by an ROV nimey used to connect the

umbilical to the subsea structure.

Umbilical installation can be carried out in théldaving cases:

Umbilical installation between subsea manifold &eé;
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+ Umbilical installation with first-end initiation aubsea structure;

+ Umbilical installation with first-end initiation dtoater.

6.4. Fatigue Damage during Installation

The issues that need to be considered when dealitly fatigue damage during
installation of steel tube umbilicals are as fokow

» The contribution to accumulated plastic strain dgimieeling and potential retrieval;

* Low cycle fatigue during reeling and potential ietal,

* Dynamic wave frequency fatigue contributions duritige critical stages of
installation, that is, midlay and handover/pull-in.

The methodology for accounting for accumulated tpdastrain and low cycle fatigue
will be considered in Section 7.2. The calculatifarsaccumulated plastic strain and low
cycle fatigue are carried out for both fabricataord installation together.

The methodology for the calculation of wave-indudatigue damage during the
critical stages of installation is similar to the-place fatigue assessment described in
Section 7.3. However, some aspects of installaf@igue analysis do not apply to in-
place fatigue analysis:

» Since the umbilical changes configuration and igjextt to different loads during
various stages of installation, different umbilicabdels are needed to model the
various stages of installation that require analysi

» For installation fatigue analysis it is appropri&teuse a time-domain approach. A
frequency-domain analysis would not adequately iptethe fatigue damage
suffered during installation due to the highly guéar loading that the umbilical

experiences during this stage of its life.
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Chapter.7
(.0 Challenges and Analysis

7.1. Deep Water

Some of the technological challenges are facedubsea power supply and transmission
system deep water, long distances, high power sabitegrated production umbilical
(IPU) and extreme environmental condition.

The deepest umbilical installation to date (Apr,1@P is the Perdido 1TOB
umbilical in 2946m in Gulf of Mexico [Technip]. S@mother deepwater umbilicals in
Gulf of Mexico are Shell’'s Na Kika project in 2,306 the Thunder Horse umbilical in
1,880m of water, and the Atlantis umbilical in 2408 of water [N. Terdre]. A challenge
in design is that steel tubes are under high eatgmressure as well as high tensile loads.
At the same time, the increased weight may alssecanstallation problems. This is
particularly true for copper cables because théds&ength of copper is low. In ultra-
deep water, a heavy dynamic umbilical may presemgrablem to installation and
operation because its hang-off load is high.

For design and analysis of an ultra-deep water lizabiit is important to correctly
model the effect of stress and strain on an unaibnd the friction effect. Sometimes,
bottom compression may be observed for an umbilicader a 100-year hurricane
scenario. In this scenario, the design solution rbayto use a lazy-wave buoyancy
module or to use carbon fiber rods. The use ofarafiber rods allows umbilicals to have
a simple catenary configuration, without the nemdeixpensive, inspection/maintenance
demanding buoyancy modules. The carbon fiber ratlarce axial stiffness because they
have a Young’s modulus close to the value of sigeWith only a fraction of the weight.

One of the concerns surrounding the use carbom fibds is their capacity for
compressive loads. Hence, it is beneficial to cohdsome tests that document the
minimum bending radius and compressive strengthetimbilical.

If the currents an ultra-deep water umbilical widl subjected to are severe, it might
be necessary to use strakes for VIV protectiomoalgh the use of strakes has so far not
been required. The strakes may, for instance, h6atriple start helix with a strake
height of 0.25D.
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7.2. Long Distances
The length for the Na Kika, Thunder Horse, and ik umbilicals is 130, 65, and 45

km, respectively. The longest yet developed is B8bin a single length, for Statoil's
Snohvit development off northern Norway. One of tle@astraints on umbilical length is
the capacity of the installation equipment. The &exoperated installation vessel
Bourbon Skagerrak can carry up to 6500 tonnes loiecavhich equals a length of 260

km, assuming the umbilical unit weight is 25 kg/m.

7.3. High-Voltage Power Cables

The design constraints are the low yield strendgtbopper, which requires an increasing
amount of protection as depths increase, and thghtvef steel armoring employed to
provide that protection as depths increase. Fatideepper cables in dynamic umbilicals

is another technical challenge.

7.4. Integrated Production Umbilical (IPU)
Heggadal [O. Heggdal] presented an integrated mtamuumbilical (IPU) in which the

flowline and the umbilical are combined in one &nbne as shown in Figure 7-1. The
IPU cross section consists of the following eleraent
* A 103/4-in. flowline with a three-layer PP coatifity thickness is 4 and 14 mm for
the static portion and dynamic portion, respectixel
« Around the flowline, there is an annular-shaped Ri&irix that keeps in place the
spirally wound umbilical tubes and cables and piesithermal insulation to the
flowline.
 Embedded in the PVC matrix, but sliding freely withare the various metallic
tubes for heating, hydraulic, and service fluidie €lectrical/ fiber optic cables for
power and signals, and the high-voltage cablegpéovering the subsea injection
pump.
* It has an outer protective sheath of polyethylehenin thick.
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Figure7-1: IPU Dynamic Cross Section, Super Duplex Flowli®e Heggdal]

To qualify a new design concept like this, a seoieanalysis and qualification tests were

conducted [O. Heggdal]:

1. Analysis
- Global riser analysis and fatigue analysis;
- Corrosion and hydrogen-induced cracking assessment;
- Thermal analysis;
- Structural analysis (production pipe, topside amassa termination);
« Reeling analysis;
- Electrical analysis;

. Reel/trawler interaction and on-bottom studies.

2. Basic Tests

- Mechanical material tests, fatigue, corrosion, etc.

3. Fabrication Tests
- Fabricationand closing test;
- STS injection test;
«  QC tests and FAT;
- Pre/postinstallation tests.

4, Prototype Tests
- External hydrostatic test;
« Impact test;

. Model tensioner test;
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- Reeling and straightening trials;
- Stinger roller trial,

- Repair trial;

«  Vessel trial;

« System test;

- Dynamic riser full-scale testing.

7.5. Extreme Wave Analysis

An important aspect of the umbilical design processan analysis of extreme
wave/environmental conditions. A finite element rabadf the umbilical is analyzed with
vessel offsets, currents and wave data expectdik tprevalent at the site where the
umbilical is to be installed. For example, in thalfGof Mexico, this would include an
analysis for a 100-year hurricane, 100-year loopetit, and submerged current. The
current and wave directions are applied in a faarnand cross condition. This analysis is
used to determine the top tension and angles libatdng-off location of the umbilical is
likely to experience. These values are then usetbsogn an adequate bend stiffener that
will limit the umbilical movements and provide adede fatigue life for the umbilical.
Design analysis based on extreme wave analysisdesl

1. The touchdown zone of the umbilical is analyzeamsure an adequate bending
radius that is larger than the minimum allowablendieg radius. It is also
important to check that the umbilical does not eutfompression and buckling at
the touchdown zone.

2. A polyurethane bend stiffener has been designeldate a base diameter of x
inches, and cone length of y ft. This design isedasn the maximum angle and its
associated tension, and maximum tension and itsciated angle from dynamic
analysis results using the pinned finite elemend@ho

3. The maximum analyzed tension in the umbilical wasfl to occur at the hang-off
point for the 100-year hurricane wind load case whige vessel is in the far
position.

4. The minimum tension in the umbilical may be foundotcur in the TDP region

for the 100-year hurricane wind load case whernvdssel is in the near position.
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5. The minimum bend radius (MBR) is estimated overdhgre umbilical, over the
TDP region and the bend stiffener region, respebtivihey are to be larger than
the allowable dynamic MBR.

6. The minimum required umbilical on-seabed lengthessimated assuming it is

subject to the maximum value of the extreme botiemsions.

7.6. Manufacturing Fatigue Analysis

A certain amount of fatigue damage is experiencedalsteel tube umbilical during
manufacturing, and this needs to be evaluated gluatigue analysis. The two main
aspects of umbilical manufacturing fatigue analysat require attention is accumulated

plastic strain and low cycle fatigue. These ardarpd next.

7.6.1. Accumulated Plastic Strain

Accumulated plastic strain is defined as “the sdmplastic strain increments, irrespective
of sign and direction” in DNV-OS-F101 and DNV-RP-@32[DNV]. Accumulated plastic
strain can occur in the steel tubes of an umbilicalng fabrication and installation. The
accumulated plastic strain needs to be maintaingdnacertain limits to avoid unstable
fracture or plastic collapse for a given tube mateand weld procedure. Accumulated
plastic strain is the general criteria used by uicddi suppliers to determine whether the
amount of plastic loading on the steel tubes ispiable. An allowable accumulated
plastic strain level of 2% is recommended for umnshlldesign.

Figure 7-2 shows a schematic of deformations thalikely to take place during the
fabrication and installation of a steel tube unabili All of the processes shown in this

diagram are likely to induce plastic strain in thebilical.

| Carousel
| Transport Reel
Streightener  Tensioner SUnger
O O

Figure 7-2: Diagram of Deformations during Fabrication andafiation

Carousel
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7.6.2. Low Cycle Fatigue

The umbilical steel tubes are subject to largesststrain reversals during fabrication and
installation. Fatigue damage in this low cycle negiis calculated using a strain-based
approach.

For each stage of fabrication and installation, fdwegue damage is calculated by
considering the contributions from both the elaatid plastic strain cycles. The damage
calculated from low-frequency fatigue is added hattfrom in-service wave and VIV

conditions to evaluate the total fatigue life otledaube of the umbilical.

7.7. Site Fatigue Analysis

The methodology used to assess wave—induced, ce-gitigue damage of umbilical
tubes can be summarized as follows:
1. Selection of sea-state data from a wave scattgratia
Analysis of finite element static model;
Umbilical fatigue analysis calculations;
Simplified or enhanced approach;
Generation of combined stress history;

Rain flow cycle counting procedure or spectralgati damage;

N o 0o A~ WD

Incorporation of mean stress effects in histogram.

The first three items of fatigue analysis mentiorsabve are described in the
following three subsections. The main differencdween fatigue analysis for an
umbilical and a SCR is the effect of friction whigs@ tubes in the umbilical slide against
their conduits and each other due to bending ofithbilical. The methodology discussed
here for umbilical in-place fatigue analysis is ézn two OTC papers [J. Hoffman,
W.K. Kavanagh]. In-place fatigue analysis is reqdito prove that the fatigue life of the

umbilical is 10 times the design life.

7.7.1. Selection of Sea-State Data

The wave scatter diagram describes the sea-star®mment for the umbilical in service.

It is not practical to run a fatigue analysis watlh of the sea states described in a wave
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scatter diagram. Hence, the usual methodology ggdop a number of sea states together
and represent these “joint sea states” with oneifgggnt wave height and wave period.
The values of the wave height and wave period lansen to be conservative.

This methodology results in the reduction of thevevascatter diagram to a
“manageable” number of sea states (say, about B0)toThis enables the analysis to be
carried out in a reasonable amount of time. {38 &ery important to accurately consider
the percentage of time that the umbilical is expedb be affected by these different sea

states.

7.7.2. Analysis of Finite Element Static Model

A finite element static analysis is carried out Bormodel representing the steel tube
umbilical. The static solution is used as a stgrpoint for a time-domain or frequency-

domain dynamic FEA.

7.7.3. Umbilical Fatigue Analysis Calculations

Fatigue damage in an umbilical is the product oéehtypes of stress. These are axial

(o4), bending ¢z) and friction stressof;). The equations defining these stress terms are

as follows:
oy =2V2- =1 (7-1)
og =2V2-E-R-SD; (7-2)

Where; SD; is standard deviation of tensiod, is steel cross-sectional area of the
umbilical, E is Young’s modulusR is outer radius of the critical steel tube a¥d,:
standard deviation of curvature.

The critical steel tube is the tube in the umbilitet experiences the greatest stress.
This is usually the tube with the largest crosgigeal area and furthest from the
centerline of the umbilical.

The friction stress experienced by the criticaletub the minimum of the sliding

friction stress €rs) and the bending friction stressz£). This is based on the theory that

Published by Ocean & Aerospace Research Institutionlesia | 7.0 Challenges and Analysis



Subsea Power Supply and Control System

the tube experiences bending friction stress anpibint is reached when the tube slips in
relation to its conduit. At this point the tube exrpnces sliding friction stress. This is
represented by Figure 7-2. Therefore, accordiri{gticanagh et al [W.K. Kavanagh]:

or = min(0ogs, Orp) (7-3)
F

Ofs = HA_tC (7-4)

Orp :ERL\/ESDI( (7'5)

Where,u is friction coefficient,F, is contact force between the helical steel tulediridd
below), 4, is cross-sectional area of the critical steel twiibin the umbilical,R; layer
radius of the tube (this being the distance froendénter of the umbilical to the center of

the critical steel tube).

Tsin?@ . Elgypesin® @
Ry R}

Fe = Lp (7-6)

Where;T is mean tensior is tube lay angle (this being the angle at whiehtubes lie
relative to the umbilical neutral axid)/.,;. IS individual tube bending stiffness ahgis

tube pitch length/2.
A

'& SCR Stress

F Umbilical
X Fa Tube Stress

s (stress)

>
K (curvature)

Figure 7-3: Representation of Umbilical Friction Stress [WKavanagh].
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Chapter.8

8.0 Subsea Power and
Transmission Industries

Historically the umbilical market was dominateddsveral companies. Firstly, Duco is a
subsidiary of Technip and Oceaneering Multifle)pést of the Oceaneering group. Two
other manufacturers have made significant inroadl steel tube umbilical designs,

namely, Nexans and Kvaerner Oilfield Products.

Duco

Kvggrner U m bl | ical Oceangering
QOilfield manufactures Multiflex

Nexans

A number of manufacturers specialize in dynamic licads for ROVs. These
include JDR Cables and Cortland Fibron. There atg ttvo major electrical connector
manufacturers:

» Tronic (part of the Expro Group) located in Ulverst Cumbria (UK);

* Ocean Design located in Florida (USA).

The majority of subsea connectors employed in tbeiNSea and Northern Europe
are provided by Tronic, whereas Ocean Design has bee major supplier within the

Gulf of Mexico.
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