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Preflace

This book introduces subsea Pipeline End Terminatiad Manifold (PLET/PLEM)
which consists of six chapters. The First chaptscusses on overview of subsea
PLET/PLEM. In the second chapter, PLET/PLEM desigde and regulation and design
steps are explained in detailed. The Third chagistusses on structure and strength
analysis, The Four chapter discusses on mudmatgsemd design. The fifth chapter
discusses on installation and its challenges. @dkedhapter comes up with examples as

real cases of PLEM installation in shallow and deegper.

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 (Second Edition)
Book No: 2017060102.
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Chapter.1

1.0 Pipeline End Structure

1.1 Subsea Structure

A typical subsea production can include the follogvparticulars:
1. Manifold

Templates

Foundations

PLEMs

PLETs

Jumpers and flying leads

Subsea wellheads and trees (vertical and horizontal

Riser bases

© © N o o bk~ 0N

Subsea power supply and control system

According to Wang et.al (2012), subsea structuraecn different size, shape and

weight. It can be ranging into weight of thousandst Table 2.1 below illustrates the

typical range of weights and dimensions for varieubsea structures and equipment

modules. Stated particular are only indicating agpnation.

Table 1.1: Weight and Dimension of Subsea Hardware (Wara, &012)

Hardware Weight Dimension
Unit [Te] [LxBxH/(gxH) [m]
Processing M odules 200 - 400 Up to (15x15x8)
Manifolds 50-400 (5x5x4)-(25x20x8)
PLEMs 50-400 (5x5x4)-(25%x20x8)
Template 100-400 (10x10x6)-(30x20x7)
Riser Base 50-200 Up to (20x20x10)
PLETs 30-100 (5x4x3)-(10x8x6)
SDAs 50-100 (5x4x3)-(10x10x8)
SUTASs 5-50 Up to (5x5x6)
Pumping Modules 5-50 (1x1x1.5)-(5x5x6)
Vertical Jumpers 5-50 Up to (50x6) (LxH)
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Horizontal Jumpers 5-50 Up to (50x15) (LxB)
Suction Pile 40-200 (94.5%15) - (810x30)
Drag Anchor 50-75 Up to (15x5)
Subsea Tree 10-70 Up to (5x5x6)
Mid-water arch 5-100 (10x6x4) — (20x9x5)
1.2 PLEM & PLET

At the moment, oil and gas fields move from shallmarine structures to deep seas, it
would be very advantageous to consider the subedast of the export system with
existing in-built pipeline systems offering futumeore complex transportation system. In
order to do that this is necessary to incorpordtk the Pipeline End Manifold (PLEM)
to tie in the complex pipeline system.

The PLEM is a simple subsea structure set at tleoérmpipeline that is used to
connect a rigid pipeline with other subsea stregusuch as manifolds or trees, through a
jumper. It is also called a Pipeline End TerminatfBLET) when serving as a support for
one pipeline valve and one vertical connector, avtlie PLEM is supporting two or more
pipeline connections. The PLEM and PLET systems tyyacally used in new
construction where a pipeline terminates or needsetjumper to another location, such

as an FPSO, refinery and holding taRKETs, PLEMs, and tees can incorporate one oripfilt

tie-in points, vertical or horizontal, with otheoraponents such as isolation gate or ball valvesrtér

valves, pig-launcher facilities, an array of sessor wyes.

Figure 1-1 shows PLEM and PLET used in Gorgon fieldich located on Barrow
Island, around 60 km off the northwest coast of ¥tesAustralia. The in-line structure is
a simple manifold set at the middle of the pipeliwhich is connected in line with the
pipeline and used as a tee connector to dividembme pipelines.
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Manifold

Umbilical Xmas tree

Y
PLE!:4

Injection/service pipelines \
Spools ' g% ,\ T:’\- \
Q{% Spools Spool/Jumper

Umbilical

PLET

\ Export pipeline

Figure1.1: PLET and PLEM used in Gorgon field [GE OiIl]

Jansz-lo Field

~ Dampler
“~_ Gorgon Plant ®
Barrow Island O, Site

Figure 1.2: Gorgon field is located on Barrow Island, arous@ kilometres off the
northwest coast of Western Australia [GE Oil].
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The deep-water PLEM with its mudmat and up-lookimgh was designed as an
economical and reliable method for terminating |@s of all sizes. The mudmat is
favored for economy and position compliance. Th&MLmust be remotely installable
and designed to support ROV execution. PLEMs astalied with the pipeline end from
the installation barge and are lowered into theialfposition. A PLEM can also be a
platform for a range of optional components suclvalses, taps, and instrumentation.
After installation, the PLEM can be accessed f@aneor maintenance by removing the

pipeline connection jumper and recovering the PLi&Nhe surface.

1.2.1. General Layout

The purpose of the PLEM is to provide an instadlatstructure to attach these piping
components and then lower them to the seafloohéndesired orientation The PLEM
serves as a manifold to split the product flow intaltiple routes that may feed into an
FPSO, refinery and holding tanks concurrently. Ph&M will contain such components
as hubs, wyes, ball valves, ROV-interface panets jamper systems that may include
collet connectors, remote inline or articulatingneectors (RIC/RAC), male end closures
The PLEM structure must not only withstand theatation loads while being lowered to
the seafloor, but also retrieval to the surfaceukha failure occur. Figure.1.3 shows a
typical configuration for a PLEM. The PLEM can hayaconfiguration, but generally is
made up of the following assemblies: piping, frapfesndation and yoke as shown in
Figure 1.4.

The PLEM foundation provides support for the stuuak frame of the piping system.
In addition to their normal functions, PLEMs aresid@ed to accommodate reasonable
thermal expansion of the pipeline during operatibm.accommodate for this movement,
the design is based on a stationary mudmat fownddtiat supports a moving pipe
support frame, which allows the pipeline end taeslon the frame. The preliminary
foundation center section for a foldable mudmaeiected with a width and length that is
based on the nominated installation vessel-handlapgabilities. The foundation section
geometry is further developed by providing foldimings on each side of the center
section to obtain the required foundation areauppsrt the anticipated loads on the
PLEM.
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PLEM configuration

Piping e System of piping aand its components

e Frame is to supports the piping and its
components such as wye, valves and hubs

Structural Frame

® Foundation or mudmat is functioned to
Foundation distributes the loads to the seabed while
minimizing settlement

* The yoke is installed which is hinged to the
structural frame, to minimize torsion-related
rotation of the PLEM pipeline assembly
during installation and laydown of the PLEM
onto the seabed

Figure 1.3: PLEM configuration

/ Guide-yoke
Porch/Rear Alignment Structure (RAS)

Pad-eye (installation)

Porch/Main Alignment Structure (MAS)

/ Skid
Guide-post

Mud-mat

Pad-eye (pulling)

Alignment bumper

Locking pin
Guide-spear

Alignment bumper w/marking

Figure 1.4: Typical Configuration of an open PLET [Thorsen].
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1.2.2. Components of PLEMs

Figure.1.5 shows a 304.8-mm. pipeline that trartspgas to a 406.4-mm pipeline via two
PLEMs. Collet connectors are used for both PLEM$ @mnnected by a rigid jumper [G.
Corbetta]. The PLEMs provide the supporting strieetior the piping systems and collet

connectors.

| 16 inch Pipeline & PLEM

| 12 inch Pipeline & PLEM |

Figure 1.5: Pipeline Connection via Two PLEMs and One Rigichpar [J.K. Antani].

Detailed configurations for both PLEMs are illusécin Figure.1-4. In the following
sections, the 304.8-mm and 406.4-mm PLEMs showhariigure are used to explain the
components of a PLEM

16" Wye Sled (PLEM) 7 jrpLeM
Figure 1.6: An example of 16 in Wye Sled and 12 in PLEMs [JAKtani]
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Chapter.2

2.0 Standard of Design Practice

2.1. Steps PLEM Design

The PLET and PLEM have facilities for multiphasewimeters and pig launching and/or
receiving equipment. The PLET and PLEM should ipooate one or multiple tie-in
points, vertical or horizontal, with other compotsesuch as isolation gate or ball valves,
diverter valves, pig-launcher facilities, an arraf sensors, or wyes. The standard
interface and components such as hubs and flantjetsoare provided for oil & gas
production and well service lines according tordfe specific requirements. The PLEM
and PLET vary in size and complexity and can ineladrariety of features and facilities.
Similar to other subsea equipment, the design $teps PLEM/PLET may be divided
into four which is specification, initial designrafting model and stress and fatigue
analysis as shown in Figure 2.1. The design maprpurate features to suit any

installation methods or vessels for installationposes.
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Design Steps of PLEM

* Specification of design includes geometry and
piping configuration, foundation selection
Specification may by pile or mudmat, installation
requirement such as yoke and hinges, and

fabrication and installation limitations

* Initial design includes sizing which is
determining the principal load path,
configuring  the primary  structural
components such as forging, yoke, etc. and

Initial Design the layout of structure frames and supports to

support valves and pressure/temperature

components that facilitate installation and
maintenance, and sizing the mudmat based on
loads, structure dead weight, and soil data

* Drafting a model for analysis includes
developing a 3D PLEM system with
AutoCAD 3D software and saving the 3D

Drafting Model model in a SAT format file for finite element

detailed analysis; meanwhile a SACS/

StruCAD model is developed to determine the

structure steel frame member’s sizes

« Stress and fatique analysis includes importing
the SAT file into ABAQUS/ ANSYS finite
element software, meshing the 3D model,

Stress and Fatique applying the loads in the operating and

installation conditions, then applying a stress

analysis and checking stress to satisfy the
design criteria

Figure 2.1: Design steps of PLEM/PLET

2.3. Information for Design and Analysis

In order to keep up with the times, PLEM designeché& be based on data. In the
offshore engineering field where analytics rulessign is becoming data-driven. Data

forms the cornerstone of PLEM development procdéssin quickly inform development

Published by Ocean & Aerospace Research Institudenesia | 2.0 Standard of Design Prac



Subsea PLEM & PLET -Theory and Application-

priorities for enhanced user experience, improweat gatisfaction and increased adoption
rates.

Some information is usually required before desginPLEM and PLET. The
specifications of PLEM and thermal load are givegrthe clients. The following data are

required for the PLEM and PLET design and analysis:

Information required for design and analysisof PLEM/PLET

» Geotechnical data;
 Specifics of the equipment, including weight
and center of gravity (CG) of each item;

» Thermal loads and maximum anticipated
excursion due to expansion;

» Jumper installation and operation loads;

» Jumper impact velocity;

* ROV access requirements;

* Vessel limitations for handling;

* Installation methodology;

« Maximum tension during installation;

* Maximum installation sea conditions;

» Specifics of hubs, connectors, and
miscellaneous tools;

 Specifics on ROV-activated valves where
applicable

Input data

Figure 2.2: Information required for design and analysis bERI/PLET

2.1. Practiced Design Codes

Standards are documents that describe the impdeatires of a product, service or
system. By applying standards, designers and metumés can help to ensure that their
products and services are consistent, compatiafe,and effective. Subsea equipment is
assembled from components made in different cas)tgo standards are more important
than everCodes are collections of laws and rules which mleworrect procedures to
maintain uniformity and safety.

The design codes and regulations used for PLEMydestiould be approved by clients
depending on the project’s requirements. The falgwspecifications are used for the
reference:
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Design Codesfor PLEM Design and Analysis

DNV RP B401 » Cathodic Protection Designs

API RP2A (WSD) » Foundations, for the design of the mudmat

* Corrosion Control of Steel Fixed Platforms
NACE RP 0176 Associated with Petroleum Production

* Impressed Current Test Method for Laboratory
NEICIE T BT Testing of Aluminum Anodes

NACE No.2 ISSSP-SP10 * Near-White Metal Blast Cleaning

» Metallurgical and Inspection Requirements for

NACE RP0387 Cast Sacrificial Anodes for Offshore
Applications
NACE 7L198 * Design of Galvanic Anode Cathodic

Protection System for Offshore Structure

API 1104 * Pipeline and Pipe Welding, 18th ed

AWS D1.1-02 « Structural Welding Coded Steel

ISP 8501-1 * Preparation of Steel Substrates before
Application of Paints and Related Products

Figure 2.3: Practical design codes used for design and asaly®LEM/PLET

However, deepwater Gulf of Mexico fields competeyMavorably with oil producing
provinces around the world, owing to the high rategeologic success and relatively
more favorable royalty and fiscal regime, but exglion of oil and gas is driven by
technology rather than traditional geology appreachdrilling activity in the Gulf of
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Mexico could be constrained by the lack of avagahifjs and the structures in question
are elusive to conventional seismic imaging, obsd oy vast salt canopies.
The following codes and regulations are often ubgdhe designer for structural

analysis of PLEM in the deep-water of Gulf of Mexic

Design Codesfor PLEM Design and Analysis at Gulf of Mexico

» Steel Construction Manual, Allowable Stress
Design (ASD)

« Recommended Practice for Planning,
APl RP 2A-WSD Designing and Construction: Fixed Offshore
Platform Working Stress Design (WSD)

» Design of Risers for Floating Production
API 2RD Systems (FPSs) and Tension-Leg Platforms
(TLPS)

* Specification for Line Pipe

» Gas Transmission and Distribution Piping
Systems

ASME B31.8

Figure 2.4: Practical design codes used for design and asay®LEM/PLET at Gulf of
Mexico
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Chapter.3

3.0 Structure and Strength
Amnalysis

3.1. Design Analysis

The PLEM should be designed to facilitate installatind allow them to land properly. If
the PLEM is designed with a yoke to support théailegtion, the yoke may be designed
based on the forces obtained from pipelay anafgsithe pipeline in a flooded condition.
The yoke design also considers the irretrievabibgds. Designs of the yoke and PLEM
are coordinated with the installation contractarddaptability with the installation vessel
capability. The PLEM analysis for structural intégshould include the following design

conditions:

Fabrication

Piping

specification Lt
Design Conditions
Expansion Loadout and
effect from Transportati
pipeline on

Operation

condition Installation

Figure 3.1: Environmental condition should be considered dufiEM design and

analysis
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In-place operating conditions, structural loads] tatigue damage should be included.
The thermal and pressure-induced expansion ofipgein the operating condition will
give effect to the PLEM. Piping requirements, irtthg bends, tees, reducers, and valves
should be considered.

The PLEM is designed with padeyes and miscellanéuatsllation aids as required
and has a sufficient number of padeyes for handlunghg various phases of installation.
The design should ensure that the CG of the PLEdmably, including the yoke, is near
the geometric center of the mudmat, in line with tienter of the pipeline (or slightly
below) and below the pivot point of the yoke arigtdly to the rear of the yoke pivot to
ensure that the PLEM will stabilize with the cotredentation for landing. The center of
the yoke pin will be located in line with the flome as shown in Figure.3-2. The pivot is
the local coordinate origin on the PLEM for dimems and calculations. The offsets
epipe and ePLEM are negative numbers. The PLEMelded to the pipeline to minimize
the cost and potential leak paths.

The equipment size and location for a PLEM shoak®tinto consideration the need
for ROV operability and visibility. The structurfdlame and mudmat for the PLEM are
coated and cathodically protected for the desigh fife. The cathodic protection design

and analysis may be carried out based on DNV RPLBBOIV], “Cathodic Protection

Design.”
Origin 0,0
‘ v (Yoke PV
epxpe 13 @
g ) 4 ] °
*‘7 — ;_ == R W, s 7 Ae 10 7

=7 1 1 pret-t 1§

=1 €plet |

Plet CG

Figure 3.2: Coordinates and CG Position of Second-End PLEMBa]

3.1. Structure Analysis

The PLEM should be designed to facilitate instalatand allow them to land properly
on the seabed. Figure 3.3 shows circle should berpged during PLEM design and
analysis which includes such as selection critéorastructural members and design

criteria, material selection and specific analyaduding bolts and flange connections
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where applicable, structural analysis of the frapiyging and support location, foundation
analysis including installation (suction caissorydmat, pin piles etc.) and settlement,
expansion and thermal analysis of final manifoldige by Finite Element and seismic
load assessment covering structural frame, pipfogndations and support location
design.

Design

criteria

Material
selection
and specific
analysis

Seismic
load
assessment

PLEM
Structure

Expansion
and

thermal

analysis

Structural
analysis

Foundation

analysis

Figure 3.3: Circle of PLEM design and analysis

The structural analysis software SACS/StruCAD, Wwhgwidely used in the analysis
of subsea steel structures, is one of the mosulusafls for the analysis of a PLEM’s
steel frame structure. The SACS/StruCAD analysisvides loads, stresses, and
deflections for all structural members of the PLEMsvarious load conditions. The
structural design of a PLEM should be performeddoordance with the latest editions of
API-RP-2A and AISC’s Steel Construction Manual, o&lable Stress Design (ASD)
[AISC].

The structural analyses for a PLEM should be cairoigt for lifting, installation, and
in-place load conditions. Under installation cormafis, the controlling design load on the
PLEM is the tension load from the pipeline. Thesten load includes the weight of the
PLEM plus the tension in the pipeline with a dynaffaictor of 1.5.
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3.3. Strength Analysis

A preliminary mudmat area for the PLEM is estimabeded on the soil bearing capacity
and the estimated weights of the hubs, valvesngjgumper loads, and mat. The soil
shear strength profiles are developed based ors#efic soil data obtained from drop
cores. The design shear strength is obtained adegpih-averaged value over the shear
strength profile at a depth equal to half the PL&MNth.

The foundation bearing stresses are calculatedh®rfollowing anticipated jumper
loading conditions [K.H. Andersen]:

e Jumper installation;

e Jumper operating;

« Jumper operating, future jumper installation;

» Future jumper operating.

The mudmat has a shallow foundation and may begdedito cover the following
issues per API-RP2A WSD or DNV Classification Notds. 30.4, “Foundations”
[DNV]:

» Settlement;

« Eccentric loading;

* Overturning and cyclic effects;

» Safety factors for bearing, sliding, torsional, awerturn failures.

Mudmats with skirts are designed to keep the PLEMIibty and to reduce settlement
and movement on the seabed when in clay soil. Hewy@&®LEMs without skirts are often
used in shallow water on sandy soil so it can malbeut on the seabed, because the

penetration on sand is very small.
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Chapter.4

4.0 The Foundation

4.1. Introduction

The PLEMs foundation provides a support for the MLEtructure. A preliminary

mudmat area or dimensions for the PLEM are estih&i@sed on the soil bearing
capacity and the estimated weights of the hubsyegal piping, jumper loads, and
mudmat. The mudmat may be designed with skirtstability and to reduce settlement
and movement on the seabed. The dimensions waldpgested with consideration given
to the limitations imposed by the installation \es$abrication shop, and overland and
sea transportation situations. The design shoul@rayzed for structural integrity in

terms of:

Fabrication

Piping

specification Lifting

Design
Expansion Cond itiOﬂS

effect from
pipeline

Loadout and
Transportation

Operation

condition Installation

Figure 4.1: Environmental condition should be considered dymiEM design and

analysis.

Knowledge of the soil properties at the PLEM targeda is required to properly size

the mudmat, to determine stability, and to estinsuert-term and long-term settlement.
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These soil data are more important for a mudmat tha deep soil sample required for

pile design.

4.2. Load Conditions

The foundations should be designed to support tHe&VRR with the design loads as
indicated, within limits of the required safety fais in accordance with APl RP2A
(WSD) and a minimum factor of safety for soil beariof 2.0. General load conditions

for mudmat sizing are as follows:

Mudmat loading conditions

e For the PLEM landing condition, the
submerged weight, including the hubs, hub
end caps, piping, and the support frame are
applied to the foundation

e For the jumper installation case, the loads
from the jumper, connector tool, and ROV are
added

e For the operation case, the ROV and
Operation connector tool are removed and the jumper
operating loads introduced

¢ For the maintenance case, ROV loads are

added to the operation case. For two-hub
Maintenance PLEMs, loads on one hub are kept as
operating but ROV loads are added to the
second hub

e For the case of operation and maintenance in

the thermal expanded positions, the location
operation and maintenance of the hubs and loads are transferred to the
expanded position on the mudmat
foundation

Figure4.2: General load for Mudmat
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4.3. Mudmat Analysis

When seabed soil is too soft to bear the load bEsa structures such as PLET and
PLEM, mudmats are designed and installed to proaétitional support. The commonly
used plate mudmats, often made with carbon steekist of a top plate and a number of
perpendicular vertical stiffeners that function@ed-bearing beams. But the simplicity of
the design belies their importance.

Mudmats are just as vital as the subsea equipresting on them. The Mudmat must
be designed to have sufficient strength, partitplauckling strength, and that requires
considerable design analysis. Since most mudmat@stom-designed for individual
load performances, subsea soil properties, andliasbn requirements, nearly every
mudmat requires its own unique stress and bucldimaysis. The analysis process used
to be largely manual, time-consuming, and unwieldye design of mudmat foundations

should include the following issues per API RP 2/
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Mudmat Analysis

e Stability includes failure due to overturning,

Stability bearing, sliding, or combinations

e Static foundation deformations, including
possible damage to compo-nents of the
structure and its foundation or attached
facilities

Deformation

e Dynamic foundation characteristics, including
the influence of the foundation on structural
response and the performance of the
foundation itself under dynamic loading

Dynamic

¢ Hydraulic instability such as scour or piping
due to wave pressures, including the potential
for damage to the structure and for
foundation instability

Hydraulic instability

e Installation and removal, including

penetration and pull-out of shear skirts or the
Installation and removal foundation base itself and the effects of
pressure build-up or drawdown of trapped
water underneath the base

Figure 4.3: Issues during Mudmat analysis

4.3.1. Overturning Capacity

The objective of checking the overturning capatotya shallow foundation is to ensure
that, under the applied loads, the foundation dlstable if placed on a hard surface.
Overturning could take place either around the itoidgnal edge or the transverse edge of
the foundation. The governing overturning directigifi yield the lowest safety factor.
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The following formula is used to calculate the ausring safety factor of the shallow

foundation around one of its edges:

sefty factoroperturning = = (4-1)

in which M is the resultant overturning moment in the overing direction,F, is the
resultant vertical force acting at the geometristeeof the mudmat, andis the distance
from the geometric center to the rotating axis.

Load eccentricity decreases the ultimate vertioadlthat a footing can withstand.
This effect is accounted for in bearing capacitglgsis by reducing the effective area of
the footing according to empirical guidelines. Tatculation method of effective area is
detailed in the section title “C6.13 Stability oh&@low Foundations” of API-RP-2A
[API].

The recommendations pertaining to the design iséomes shallow foundation are
given in Sections 6.13 through 6.17 of API-RP-2A°|pand include:

- Stability of shallow foundations;

- Static deformation of shallow foundations (shortrteind long-term deformation);

- Dynamic behavior of shallow foundations;

- Hydraulic instability of shallow foundations;

- Installation and removal of shall foundations.

The following sections provide a detailed desigmaregle for a mudmat based on
DNV Classification Notes No. 30.4, “Foundations” [Maulk].

4.3.2. Penetration Resistance of SKkirts

The height of the skirts is designed to guarartieewith the occurrence of the maximum
estimated consolidation settlement, the structuiésretain their ability to be displaced
freely through the mudline.

The skirt penetration resistance in safg, is estimated according to DNV code
[DNV]:

QP = QtAt + TWAW (4'2)
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Where; q, is skirt tip pressureg, = k,qc cpr, Tw IS SKirt wall friction,z,, = krqccpr; As
and4,, is skirt tip and skirt wall area, respectively,qpr is point resistance from CPT
boring according t""V]; k, is 0.6 andk; is 0.003 for highest expected penetration
resistancek, is ¥ 0.3 andk, is 0.001 for most probable penetration resistance.

The following relationship is an example of soihay results at the PLEM location:

Gecpr = 40 x z [MPa], for z< 0.5m

4.3.3. Bearing Capacity during Installation

The mudmat minimum dimensions required to keep dtracture supported at the
mudline are a function of the ultimate vertical aeipy of the soil, considering the effect
of the resultant load eccentricities (related soléngth and width), as a reduction of the
mudmat area (effective area concept).

Assuming that the subsoil contains sand, the \&@riiearing capacity is checked
according to:

Q, = 0.5N,y'BA+ N,p'A (4-3)

Where;N, andN, are load bearing factorg, is effective unit weight of sand, is width
of mudmat;4 is mudmat foundation arepiis effective vertical stress.

For the case of clayey soil, the vertical beariagacity may in principle be found by:
Qy = NS, A (4-4)

Where; N, is load bearing factor (function of several fasjos,, is average undrained

shear strength along slip surface.

4.3.4. Bearing Capacity during Operation

Potential soil failure modes due to trawler loadamgl thermal expansion loading include
failure from lateral sliding and deep-seated faluA short description of calculation

principles for the different failure modes is givieslow.
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Lateral Sliding

The lateral soil resistance against pure slidintheffoundation may be calculated by:
Q, =rtan(p) W (4-5)

Where,r tan(g) is the friction between foundation and seabedléind the vertical load
on the mudmat.
If a rock berm is placed on the mudmat, additidatdral capacity (earth pressure) is

obtained according to:
Qy = Pp — Pa (4-6)

Where;p, —p, = ()(p + )(a)l/zy’HrB, and yx, + x4 is earth pressure coefficients]s

effective unit weight of rock,.is height of rock dumpB is equivalent width of mudmat.

Deep-Seated Vertical Failure
A foundation’s stability is based on the limitingqualibrium methods ensuring
equilibrium between the driving and the resistingcés, according to Janbu et al. [N.
Janbu]. The foundation base has been idealizedctmuat for load eccentricity according
to the principle of plastic stress distribution pae effective base area.

In addition, a verification of the final rotatiotogs of horizontality) of the structures
should be done, considering the overturning moneenelope that will act during the

entire life of the structure.

4.3.5. Settlement Analyses

The settlement of the structures is analyzed acogptd Janbu’s method [N. Janbu]. The

soil strains 3 are calculated by:

e =%/, (4-7)

where Ag;, is the vertical effective stress increase, ahds the deformation modulus.
Distribution of additional vertical soil stress titlepth is based on the recommendation

given by Janbu [N. Janbul].
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The vertical consolidation settlements then found by:
H
§= [, edz (4-8)

where H is soil layer thickness.
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Chapter.J5

2.0 PLEM Installation

5.1. Introduction

The installation of pipeline-end manifold (PLEM) pasrt of a deepwater flow line system
must closely integrate design. The installationcpdures are to ensure the equipment
running smoothly, predictably, and safely. Pipeliaasions are high in deep water and
installation vessels costly. Therefore, design loé tPLEM and the corresponding
installation procedure must be as simple as passibhe installation analysis for a
pipeline system with a PLEM should check the follogvitems as follows tensile of

pipeline, bending & shear stress and hoop stress:

Pipeline
tensile
Installation
Analysis
. Bending &
shear
stresses

stress

Figure5.1: Installation Sequence for a PLEM

The installation operations can be divided intofti®wing main steps:
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* First-End PLEM from going overboard
through the splash zone

Initiation * |nitiation of first-end PLEM

* Normal pipe laying (including installation of
buoyancy)

Pipeline laying

Abandonment « Abandonment of second-end PLEM

» Abandonment and Recovery (contingency

Recovery operations)

Figure5.2: Steps of installation operations

The following analyses should be executed to engipeline integrity during

operations which static, dynamic and buckling asialas show below:
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» The main objectives of static analysis is to
determine the requirements for each step
during the installation due to vessel
movement, pipe payout, etc.

Static Analysis

* Dynamic motion in regular and iiregullar
waves for both empty and flooded conditions
are required. The most critical steps of the
installation defined by the static analysis
should also be subjected to regular and
liregular waves dynamic analysis. The main

Dynamic Analysis objective of this dynamic motion analysis is

to define the critical environmental

conditions for the installation window. In the
anallysis firstly, if regular wave results are
found to be too conservative, an irregular
wave analysis may be considered as an
alternative

* A local buckling check should be used to
verify that the pipeline will resist combined
loads for axial force, bending moment,
external and internal pressures

* No local buckling will occur along the
catenary for each of the steps

Buckling Analysis

» The critical steps for fatigue occurring during
Installation Analysis installation are whenever the pipe is clamped
for several hours to weld the PLEM

Figure5.3: Pipeline integrity during operations

OFFPIPE and Orcaflex are popular tools for the yamislof offshore pipeline and
PLEM installations. OFFPIPE offers a recognizedepire installation simulation that is
simple, fast, and gives results with reasonableracy. However, it was developed based
on the DOS operating system without a Windows pitase to illustrate the installation
procedure. Compared with OFFPIPE, Orcaflex is widdllized for subsea installation
analyses because of its friendly interface. Orgafiea fully 3D, nonlinear, time-domain
finite element program capable of dealing with tebily large deflections of the pipe
from the initial configuration. A simple lumped nsaslement is used, which greatly
simplifies the mathematical formulation and allofes quick and efficient development

of the program to include additional force termd aanstraints on the system in response
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to new engineering requirements. The program isgded for the static and dynamic
analysis of subsea structures, pipeline, and @iseems in an offshore environment.
During the design phase of a PLEM, there is noallg@nough information and data
available for the installation analysis using tlo&wsare just described. Some simplified
methods have been developed based on Math-CAD oel Exorksheets. One of the
typical methods described below is mainly basedaopaper by Gilchrist® - Glehrist

where further details are given.

5.2. Challenges in Ultra-Deep Water

According to Penati et.al (2015), subsea strustared other systems are having
different approach when depth in ultra-deep watasré than 1500m). The technologies
in drilling and installation in water depth greatdman 3000m is not common. The
engineering and installation capabilities have é&fgrm difficult offshore operations,
where specific vessels and special purpose equipanemeeded. Due to increasing water
depth, the limitation of technologies is cappedermhthe structures weight that required
to be hold is not enough.

The pipeline in a PLEM must not be overstresseshgttime during different load
conditions. The PLEM must be stable during instalfaand configured to land on the
seabed in the correct orientation. The PLEM usedit@te pipelay is termed a first-end
PLEM. A PLEM installed on completion of the pipelsytermed a second-end PLEM.
The second-end PLEM has a yoke that pivots neapithe centerline and the PLEM
center of gravity. The following problems could ocauring installation and should be

considered during the design procedure:
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e Center of gravity too high due to late or
unplanned equipment additions

Center Gravity

e Extra measures required to land upright due

Torsion . .
to pipe torsion

¢ Bent pipe due to lowering too far with the
PLEM held inverted by pipe torsion

Figure 5.4: Challenges of PLEM installation

The installation of a second-end PLEM starts with abandonment configuration of
the pipeline. The pipeline can be laid by usingSalay or J-lay process. On completion
of pipe laying, the pipeline is fitted with an Almomment and Recovery (A&R) head to
prevent flooding and for attachment of the A&R wifhere are two reasons for not
attaching the PLEM at this point:

It is not practical to attach and maneuver the PL&EMcture through the pipelay
stinger or J-lay tower.

- Itis prudent to lay the end of the pipe on thadmtand assess the unconstrained

top-of-pipe orientation before attaching the PLEM.

The PLEM weight, balance, and geometry are allnoggd during design to ensure
that the PLEM has an intrinsic tendency to landhie correct orientation. Nevertheless,
experience has shown that it is essential to attaePLEM according to the observed
natural top-of-pipe.

Figure.3-2 shows the installation sequence forcarsdend PLEM. In the Figure.3-2a,
the pipeline is lowered to the seabed with an A&iRewThe cut length and top-of-pipe
are assessed with an ROV inspection. In Figure,342b pipeline is recovered to the
vessel in a J-mode (pipeline is suspended withowvar-bend in this configuration) and
set in a hang-off receptacle or slips so that ti&RAead can be removed from the
pipeline end to the attached PLEM. In Figure.3:&ith the PLEM welded, the entire
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assembly is lifted from the support and lowereth®seabed. If all goes well, the PLEM

sled gently lands upright on the seabed

@ (b (c)

el [ »— s

Onentation Marks Attach and Weld PLEM Lowerng PLEM

Figure5.5: Installation Sequence for a Second-End PLEM [Nbdg

The rigging to lower the PLEM is connected to aedkat applies a lift force to a
pivot near the centerline of the pipe and above@eof the PLEM. The pivot is located
S0 as to:

- Control bending load on the pipeline throughoutitistallation sequence.

Direct the force to correct the orientation of fAeEM as the PLEM approaches

the seabed.

5.3. Installation Method for PLEM/PLET

Referring to Rebeiro (2006), there are conventiaral non-conventional methods in
deploying manifold. The conventional methods ineltide traditional installation by wire
cable using AHTS or Crane Barge and installatiomiiying riser. The non-conventional
methods are sheave installation method (SIM) amdiygleus installation method (PIM).
In the recent years, the methods of installingihesease in numbers, Cao (2016) stated
the mainstream installation methods for SPS inclddé-string installation method
(DSIM), the method is the same as by drilling riserthod. Next, other method stated is
winch-wire installation method (WWIM) which also ike same as method using wire
cable mention earlier. Then, the followings metradso included such as SIM, PIM,
pencil buoy method (PBM), the heave compensatatingrsystem (HCLS) and Floating
installation device (FID) with its installation ninetd. Above mentioned methods have its

own capabilities and limitations when performinglifferent water depth.
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5.3.1 Installation by Wire Cable Using AHTS or Crane Barge, WWIM
According to EOSP (2007), for project Bualang Fiefth water depth 60m, the method

to install PLEM is by using wire cable operatednirpipe lay barge with installed crane
with lifting load of 120 tonnes. The method useanerbarge, the crane lift the PLEM and
put it into the splash zone. After it has submergdd=EM will be lowered to the seabed
and set down using USBL beacons and ROV to momit®ition and orientation. A
spreader is used to control the orientation ofRhEM. This method has its limitation in

performing installation more than 1000m water degghthe weight of the wire is the

same with the manifold, creating higher resonaradeer
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5.3.2 Installation by Drilling Riser, DSIM

According to Hampton (1981), the usage of semi-srsible is not only for drilling
purposes but can also be used to deploy subsewdrardin accordance to Wang et.al
(2012), the day rate of using MODU such as semivgibible has become obsolete as it
has an expensive operating cost. The use of sdmmengible in installing manifold is

also a rare occurrence. It also has limited capgbdf installing 300tonnes subsea

hardware in 1000m of water depth.

Figure 2.2: Installing Manifold Using Semi-Submersible

5.3.3 Sheave Installation Method

According to Wang et.al (2012), the Sheave IndialaMethod (SIM) was develop to
deploy 175Te Manifold into 1885m water depth. laisonventional deployment system
with two point configuration. The method uses thuessel to install the manifold. A
semisubmersible (SS) and two AHTS Tug is needed.sEmisubmersible act as drilling
vessel which uses the crane to lift the manifold deploy into the splash zone while
providing heave motion compensation during lowetilmgpugh splash zone and landing

on the seabed. The configuration is as shown urdigpelow:
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Figure 2.3: Sheave Installation Method

5.3.4 Pendulous Installation Method

According to Wang et.al (2013), the Pendulous Itstan Method (PIM) is a non-

conventional method to install structures in deeg altra-deep water. It was develop by
Petrobras to install a 280Te large manifold in walepth of 1900m. The PIM uses two
small installation vessel from using deep waterstttion vessels and heavy lifts
vessels. The PIM uses conventional steel wire wisgstem as a launch line to the
structure in a pendulous motion and uses a corommdtsynthetic fibre rope to deploy the

structure into bed. The method is illustrates aheffigure below:
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Figure 2.4: Pendulous Installation Method

5.3.5 Pencil Buoy Method (PBM)

Risoey (2007) state that the PBM is subsurfacespamation and installation method that
is developed by Aker Solutions. The manifold ispamsled from a pencil-shape buoy
during wet tow process from onshore or lifting sithoon reaching the installation site,
the towing wire is winched in and the pencil busydetached. After that, the method is
similar to WWIM, where the deployment under wateashthe standard offshore
operation. This method is suitable for installatiorharsh-environment and long distance
site location. The method only requires standardpeggent on board AHTS tugs, custom
made special pencil buoy, and a passive heave cwafme. Below illustrates the setup of
the PBM.
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Figure 2.5: The Pencil Buoy Method setup

5.3.6 Heave Compensated Loading System (HCLS)

The Heave Compensated Loading System (HCLS) isndasimethod as PBM that use
specific chain and buoy system. The differencéa the buoy is used in the installation
process rather than detached from the PBM. Thefoldns not supported directly by the
vessel, but is supported by the buoy under the wawe. Thus, the needs of large, stable
vessel such as semi-submersible can be avoidesirm daf offloading the payload from
deck, but require large deck to transport the SB&abse of the dimension. (Nelson,
1997).
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Figure 2.6: Heave Compensated Loading System configuration

5.3.7 Floating Installation Device (FID) with its Installation Method

Cao (2016) stated that the FID was to design tkléatiree major challenges in various
deep-water installations which are environmentalditions due to dynamic responses,
crane lifting capacity and installation cost. Thaimconcept of the FID is originated
from the PBM. Instead of using pencil-shaped bubjs method utilizes the FID to

support the SPS in transportation and installgpimtess. The FID use a low-cost lifting

vessel, which reduce the expensive cost of speafsel such as HCV.
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Figure 2.7: Lowering Process Of Subsea Hardware Using Flgdtistallation Device
(FID)

5.3.8 Utilization of Fiber Rope Deployment System

The company ODIM, developed a new deployment systioh utilized the technology
on fiber rope deployment system. It is the conwerti ways of vertical deployment, but
use the fiber rope instead of steel wire. The ti@al use of steel wire has its limitation
when conquering deep water installation. AccordiagSverre et.al (2007), the self-
weight of the steel wire reduce the payload capacilowering operation in deep water
situation. To enable the use of steel wire, it eelea larger diameter which then requires
larger drum and larger installation vessel duetsoheavy weight. The largest FRDS

developed has the capability of installing subseactire up to 125t at 3000m water
depth.

5.3.9 Summary

In order to assess methods in installation of thEN®PLET, for condition of ultra-deep
water, the methods as above are summarized as/#ollo
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Table2.2: The Summary of Different Installation Method d60m, 250tonnes Manifold

Maximum >2000 ~1000 ~1000 >2000 >2000 ~2000
Water Depth
[m]
Special No Yes No Yes No No
Vessd
needed
Maximum 26.7 16.2 8.7 12.1 6.7 9.3
lateral
displacement
[m]
Vibration 38.7 107.5 186.4 129.5 163.2 178.9
amplitude
[kN]
Maximum 1035.7 2369.9 2489.9 1391.9 2017.5 2478.4
axial tension
[kN]

From the table above, the maximum lateral displese has small range of
different in value and the maximum axial tensiosoahas small range of different in
value. The significant different is the ability perform in ultra-deep water where most of
the installation method only applicable up to 2000Ror the thesis purposes, the
installation method has to able to perform in walegwth up to 3000m.

The Floating Installation Device (FID) is considérto be the most applicable
method in deploying and installing PLEM/PLET inrakdeep water. The system is then
taken to further study. The technology is alreadderb study by Cao (2016) and
compared, thus a different parameters for deeptarwlapth should be study.

5.4. Fiber Rope Deployment System

In tackling ultra-deep water installation problethe fiber rope deployment system is

considered to be most suitable as it is able t@lingp to 3000m.

5.4.1. Deployment System and Rope Management Process

According to Sverre et.al (2010), the use of fitmgre solve the problem of self-weight of
the steel wire when in deep water. The increasiamght of the lifting cable reduces the
payload capacity of the lifting line, and increagthe dimension of lifting cable needed,
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thus increase the force required for the handlysgesn. The solution of using fiber rope
which have high strength and relatively small weighair. The fiber rope is naturally
buoyant in water, and the payload capacity onlyreBses significantly smaller as the
water depth increases. The use of small installatessel as the handling system is small.
However, the behavior of the fiber rope is diffdrdran steel wire. The fiber rope can be
repaired offshore by cutting and splicing new sewi Due to the different behavior of

the rope, conventional rope handling system arepplicable for the fiber rope.

5.4.2. Handling System

According to Sverre et.al (2010), for the FRDS, ttaetion unit that is used is Cable
Traction Control Unit (CTCU) patented by company I@DThe CTCU has a traction
unit that able to control the tension of the ropetbe storage drum. This enable the
avoidance of creep and the rope from squeezedswitty spooled layers. The CTCU
system has active heave compensation, which redtleesresonant motion of the
installation vessel.

There are inboard damping device use to smootheetetision of the CTCU and
storage winch. Upon leaving the CTCU, the ropeuisled through the outboard damping
device to control the tension and pull limit.

Figure 2.8: Fiber Rope Deployment System
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Where number 1 is storage drum, number 2 is sppalevice, number 3 is inboard

damping device and number 4 is cable traction obuntrit.

5.3. Second-End PLEM

Flow lines and pipelines that end in deepwater nbasterminated with hardware that
permits connection to other facilities, such aslL&M to permit connection to other
facilities. If the PLEM is installed upon completiof pipelay, the PLEM is termed a
"second end" PLEM then the pipeline can be initiaté&h a first-end PLEM.

5.3.1. Static Force Balance of a PLEM

To assess the design of a PLEM, the static foré@nba of the PLEM is evaluated to
predict the behavior of the PLEM during differeteps of the installation procedure. For
static force analysis, the following simplificat®are assumed:

* Dynamic forces due to vessel motions and PLEM lavwgemovements are
negligible.

e Pipe and cable shear loads are negligible. Theesdga pipe and cable are
modeled as catenaries. This assumption tends uhtlgli over-predict pipe
touchdown bending strain and slightly under-predipe top tension.

« The PLEM is always aligned with the centerline bé ttop of the suspended
pipeline.

* Wave and current loads to the PLEM and pipelinagirered.

When the PLEM mudmat is at the water surface thnaihg splash zone, wave and
current loads will cause high flowline stresseshat PLEM bulkhead. Even through the
maximum stress is in general below the allowablaejahe installation contractor should
consider reducing the installation sea state amuidang pipeline welding or other
activities when the PLEM is at the water surfacavoid a girth weld fatigue failure. As
the PLEM is positioned deeper, the wave-induced vejodissipates and steady current
becomes the dominant contributor to the hydrautiadl The dynamic effects are
negligible.

The relationship of free body forces at the secend-PLEM with a cable in the top
and pipe in the bottom during installation is shown Figure.5-1, WhereW; is

submerged weight of PLEM;,, is bottom tension of cablé, is top tension of pipeline;

8, is bottom angle of cabl#, is top angle of pipe.
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Summations of forces in the x and y directions are:

YE =Ty cos(0p) — Ty cos(Hp) =0

_ cos(6p) i
Toc =Ty cos(0oc¢) (&-1)

YE =Ty -sin(0p) = T, sin(Hp) = W,
Substitute Eq.5-1 into Eq.5-2, then top tensiopipé is written as follows:

_ W _
i / [22C) - 5in(8,) —sin(8,)] o

cos(Boc)

The force vector diagram in Figure.5-1 is a graphiepresentation of Equations (5-1)

and (5-2).
Toc
Toc
boc
Ws
®
T/o{i l Ws Tp

Force Diagram Force Vector
Figure 5.6: Static Force Balance of Second-End PLEM [Y. Bai].

5.3.2. Bending Load on a Pipe with the PLEM Correctly Oriented

Figure.5-2 shows the forces and moment balancéseapivot point of the second-end
PLEM, in which the summary of moments due to foreesesisted by a balancing
moment in the suspended pipe, Mpipe. The pipe rbestcapable of providing the

reaction moment without overstressing during ttstalhation procedures.
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Cpipe
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Figure5.7: Forces and Moments Balance at Pivot Point of Steéond PLEM [Y. Bal]

The sum of moments in the PLEM is zero becausenhgloads considered are vector
forces acting through the PLEM pivot. The momentsuaring due to eccentricity of
forces between the pivot, pipe axis, and PLEM aeategravity are calculated in the
following equations:

Moment about the pivot due to pipe top tensiorxgessed as:
Mip = =Ty epipe (5-3)
Where;e,;,. is the pipe eccentricity from the pivot, and igatve here.
Moment about the pivot due to PLEM weight is brokienvn into two components as
follows:
1. Moment due to the transverse weight component timesongitudinal eccentricity:
W = W, - cos(Hp) (5-4)

Mpleml = W - €plemi (5-5)

Where; e, em; is the PLEM CG longitudinal eccentricity from tpevot, andWy, is

the transverse component of the submerged weighed?LEM.

Published by Ocean & Aerospace Research Institudenesia | 5.0 PLEM Installation



Subsea PLEM & PLET -Theory and Application-

2. Moment due to the longitudinal weight componentegntransverse eccentricity:
Wy = W - sin(6,) (5-6)
Mplemt = Wg - €plemt (5-7)

Where; e, .m: is the PLEM CG transverse eccentricity from theopi and Wy, is the
longitudinal component of the submerged weighhefPLEM.

The reaction at the pivot is a force vector onlpj\at has no moment capacity. There
is no moment due to cable tension because it isctor that never has any eccentricity

with respect to the pivot. The total moment abbatpivot must sum to zero. Therefore,
Mpipe = Mtp + Mpleml + Mplemt (5-8)

Pipe bending moments arise from the eccentricitthefpivot from the centerline of the
pipe (pipe tension is applied in line with the pipad eccentricity of the PLEM CG from
the pivot. The bending load on the pipe to balathee moment load about the pivot
should be evaluated through the running sequertee pivot and CG of the PLEM must
be located to avoid exceeding the moment capatityeopipe. To keep the stress of pipe
in the allowable range, the pivot should be locabdve and aft of the PLEM CG and
above the centerline of the pipe. At the beginnihg,pipe bending moment is dominated
by the moment arising from the eccentricity of gipe centerline from the pivot. At the
end, the pipe reaction moment is dominated by tbmemt arising from the longitudinal
eccentricity of the PLEM CG from the pivot.

The durability of the system can be increased tind the PLEM with a tailpiece of
heavy wall pipe (one or two joints), which will Fegreater moment capacity either to
increase the safety factor or to allow greater ity of the pivot. The moment force
on the pipe from Equation (20-18) is conservatieeduse deflection of the pipe due to
the moment force tends to reduce the pipe eccéwptdmd that in turn reduces the

moment load on the pipe.
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5.3.3. Righting Torsion with the PLEM Misoriented by 90 Degrees

It is essential for the PLEM to land in the correctentation, which is ensured by
designing a PLEM with a righting torsion to fordestunit upright as it approaches the
seabed if it does not land in the correct orieatatiRighting torsion is zero when the
PLEM is correctly oriented and a maximum when tHe&EM is misoriented by 90
degrees. In this section, the PLEM is assumed twubef orientation a full 90 degrees to
calculate the maximum righting torsion.

Figure 5-3 illustrates the PLEM rotated 90 degm@@sof correct orientation in which
the righting torsion is applied. Two forces actdtate the PLEM upright:

e The transverse componet; of the PLEM’s submerged weight/.. The yoke
weight should be included in the PLEM submergedgiveiand the CG
calculations.

e The transverse componeh)y.; of A&R cable bottom tensiofy,., an upward force
applied at the yoke lift eye.

The axis for the righting torsion is the centerliolethe pipe. Only transverse load
componentd¥; and Toc time their eccentricities to contributettie righting torsion.
Longitudinal loads do not contribute to the rigltitorsion. The value oW/, the
transverse component of PLEM submerged weighakisrt from Equation (5-1).

The transverse component of cable tension is:

Toct = Toct - Sin(90(: - ﬁp) (5-9)
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Figure 5.8: Righting Torsion for PLEM that is disoriented by @egrees [Y. Bali]

The righting torsions about the pipe axis are:
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Mpipe x—xplem = Wst ' (eplemt - epipe) (5'10)
Mpipe x—x cable = loct "’ epipe (5'11)
Mpipe x—-x = Mpipe x—x plem + Mpipe x—x cable (5'12)

where T,.; is the cable bottom tension, transverse comporem,M,_, is the pipe
torsional moment. Note that the transverse loadscansequently the righting torsion are
small when the pipe end is near vertical. It is notisual for a PLEM to rotate one or
more times during the descent. The x-x subscrigicates that the axis of the moment is
parallel to the x axis of the PLEM.

Righting torsion can be increased by increasingRbEM weight and increasing the
transverse eccentricityof the CG. The most efficiemyof doing this is to add the
thickness of the mudmat. To adjust the longitudinahtion of the PLEM CG, the fore
and aft plates can be of different thicknesses.ebsing the pivot eccentricity from the
pipe centerline is usually not an option becauge fiending stress at the start of the
installation is dominated by the contri-bution gd.epipe as shown in Equation (5-13).
In deep-water situations, the PLEM’s submerged tdagalways much lower than initial
top-of-pipe tension, so there is more scope to ghdne eccentricity of the PLEM CG.

The yoke’s lateral load is also at a maximum whesn PLEM is misoriented by 90

degrees. The lateral design load for the yoke amutpis expressed as:

Fyoke—lateral = Toct (5-13)

5.3.4. Bending Load on a Pipe with PLEM Misoriented by 90 Degrees

Figure 5-4 illustrates the 90-degree misorientesecan which the moment in the pipe is
different from that in the correctly oriented rungicase.

The bending moment due to cable eccentricity is:

Mpipe Y—vY (90 degree out oof orientation) = Wst ' (Lyoke - epleml) (5'14)

Shortening the yoke length can reduce this momead.l However, a long yoke is
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beneficial at the end of the lowering sequence wheryoke lifts.
Force couples due to pipe eccentricity, and PLEMe&CEentricity from the yoke still
exists in the x-y plane. The moment z-z due to gipeen-tricity from the yoke pivot is

the same as previously noted in Equation (5-12):

Mpipe z—z (top tension) — _Tp ' epipe (5'15)

Izgnmm
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Figure 5.9: Pipe moments for PLEM which is disoriented by @@rmes
The moment z-z due to the longitudinal componersied weight is:
Myipe 7—7 piem) = —Wst * €preme (5-16)
The total moment z-z is:
Myipe 72—z = Mpipe z—7 (top tension) T Mpipe 2—z plem) (5-17)

The combined pipe moment with the PLEM running @@rdes misor-iented is the

vector sum of the z-z and y-y moments:

Mpipe (90%°misoriented) — Mzz—z + M}%—y (5-18)

This equation can be used to determine when therlogy should be stopped if the
PLEM is out of orientation and the yoke has fatledift. If the PLEM does not right, the
situation must be reviewed with particular attemgoaid to actual CG location, uprighting
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torsion calculations, and pipe torque. If pipe targs the problem, the PLEM is best

recovered and the PLEM reoriented about the pipe.

5.4. First-End PLEMs

Figure 5.10 illustrates a first end PLEM, whicmdae recognized as a variant of a

second-end PLEM in that the yoke and mudmat funstexe combined.

r— Spool Module

g Ws
Z i Mud mat

module

Figure5.10: First End PLEM [Y. Bai]

A typical installation procedure for the first-eR4EM is:

* Preinstall pull-in pile and lay cable out to anessible stand-off location.

* At the standoff location, lower the PLEM on theqip

» Connect the pull-in cable to the PLEM.

e Pull the PLEM into position while adding pipe andaintaining the PLEM

clearance from the seabed.

With the pull-in cable pulling horizontally, theasic forces acting at the PLEM are as

shown in Figure 5-5. The forces in Figure 5-5 aral@gous to Figure 5-6 for the second-

end PLEM except the pipe and cable have swappetigpss The equations are:
YE =T —T,: cos(Hp) =0 (5-19)
YF, =W, —T,-sin(6,) =0 (5-20)

The force vector polygon in Figure 5-6 is a graphrepresentation of Equation.5-19 and
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Equation.5-20. There is only one solution for pjmtom tension and pipe bottom angle
in this state of equilibrium. The equations foreipottom tension and pipe bottom angle
are expressed as follows:

Top = TG + W (5-21)

8, = arctan (%) (5-22)

oc

Fixing these two variables in turn defines the susied pipe span. The suspended
pipe span can be solved using catenary equatiohs. analysis is carried to the
conclusion of the pull-in by decreasing the PLENdrserged weight Ws in steps once the
PLEM is over the target location. When the cablé&dmo tension is equal to the pipe

bottom tension, then normal pipelay has been aeliev

Top

190N\, = Ws
Ws Toc

Eorce Diagram Eorce vecior polvgon

Figure5.11: First-End PLEM Static Forces [Y. Bal]

5.5. Stress Analysis Of PLEM

Pipe outer surface stresses due to the bending nmdosls can be calculated using the

following formula:

M-D
Opending — L (5-23)

where M is the momentL is the moment of inertia for pipe section, ahds the pipe
outer diameter.

Pipe stress resulting from pipe-top tension is shaw
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T
Otension — A_s (5'24)

Pipe stress due to hydrostatic pressure is conipeess

_ PeAg
Ohydrostatic = Ag (5'25)

Where;P, is the pipe external pressure (hydrostatic pregsdg is the external area of

2
the pipelineA, = %; andA; is the pipeline cross-section area of steel.

The maximum pipe outer surface stress in the @gka sum of all three of the above

stresses:

Gpipe = Ubending + Otension + Uhydrostatic (5'26)

5.6. Crane Analysis

Static equilibrium of crane can be defined with fibiéowing two equations:

ol

Free =
Tret—0 = 0 (5-27)
Equation 5-27 can be written as zero vectors ynaqd z directions as follows:

Fret—x =0, Fret—y =0, Fret—, =0 (5.28)

Now we have three scalar equations. These esdgnsay that for an object in
equilibrium, the forces in all three directions muwsach add up to zero Newtons.
Technically, it could still be moving at a constapeed, but we call that equilibrium.
Torque also is a vector (technically). However, 3ague is a bit complicated so
introductory physics textbooks usually stick toesashat are two-dimensional with the
torque about some fixed axis (labeled "0"). In tt@se, torque can be calculated as (the

scalar torque):

T, =TF sin@ (5.29)
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In this definition,r is the distance from the point™'to the location that a force is applied
to some rigid object is the magnitude of this force afids the angle between the force
andr. If a torque would make the object rotate counteckwise be positive torque and
the clockwise torques would then be negative.

So, in two dimensions we really just have the tliolewing equations:

Fpet—x =0, Fnet—y =0, Tnet-0 =0 (5.30)

It's important to notice that for an object in didpuium, it doesn't matter where the point

"0" is for the net torques.

Force on the Piston
In order to look at forces are acting on this atmeyefore sketch of the crane arm with all

the forces on it should be explained as shown helow

Figure5.12: Forces are acting on crane’s arm

Here are some notes:
» Itis assumed the location of the center of masslig2.
* The distance from the point where the piston pusbethe pivot point (at the
bottom) is labeleds".

* The pivot point can push both vertically and honizdly.
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* «a Is the angle between the piston and the arm @il the angle between the
vertical forces and the armis also the angle that the arm is tilted.
Now It can be written down two force equilibriumuagions in the horizontal direction

"x" and the vertical y".

Fret—x = F, + Eysin(a@+6) =0
Fret—y = F1 + Eycos(a+60) —mg —F, =0 (5.31)

The direction of forcd, is the right in which will be negative value fBy. For the net

torque equation, it is needed to first pick a paindut which to calculate the torque. Any
point should work, but the easiest thing is to d®the pivot point at the bottom of the
crane. With this as my torque point, bathand F, contribute zero torque since the

distance from the force to the point is zero. gies the following torque equation.
. L . .
Tnet-o = Fpssina —mg (5) sinf — F;Lsin6 =0 (5.32)

Here we can see why the piston is so importantreThee three forces that exert a torque
about point o, but only one of them is in the ceuriockwise direction—that from the
piston. So this force has to create a torque tangal both the torque due to the weight of
the arm and due to the load. This torque equatorihie force from the piston (maybe

piston isn't the correct technical term, but ndsvtibo late).

mg(L/2)sin@+FLsin@
E, = -
ssina

(5.33)
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Chapter.6

6.0 Shallow-water PLEM

Installation

6.1. Installation of PLEM and Mooring Base

The Bualuang Field lies approximately 120km norsheaf the town of Songkhla,
Thailand at block B8/38 which lies 60km west of thkeevron-operated gas/condensate
and oil fields. The water depth is approximatelyn6d’he Bualuang field was discovered
in 1992 and subsequently appraised by two furthedisvin 1997. The initial development
wells, Bualuang 05 and 01, were drilled and loggettue vertical depths of 1,220m and
1,270m, respectively

The jackets for the the Bualuang field wer&he jackets, topside (pictured), pipelines and
engineered by WorleyParsons [Offshore] moorings for the Bualuang field's FPSO were
installed by Lewek Champion [Offshore]

Greater Bualuang, Thailand
Oil production, develop and expl

B8/38 Block (100%), operator

1 North West Prospect

2 North West Fault
Terrace Cluster

3 Bualuang, oil field

4 North EastFault
Terrace Cluster

S East Terrace

& Far EastProspect

« G4/50 Block (100%*), operator.

\* Moeco retains a 50% back-in right

The Bualuang installed platform [Offshore]

Figure 6.1: Bualuang Field Development
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The first stage Bualuang Field Development Prajgends to install a single four leg
platform (BLWPA) producing to a FPSO via 10" subg®peline. Expected crude oil
production when wellhead platform is online is appmately 15,000 BOPD. Target first
oil production is early 2008. Figure 6.2 shows ii&allation procedure of PLEM and

Mooring base.

Installation of PLEM and Mooring Base

Loadout and Transportation

Route Material Barge Mooring Base PLEM

|¢

Site Survey

Pre-Installation Survey As-built Survey

PLEM Installation

|¢

PLEM Installation Tolerance Installation Sequence

|¢

Mooring Base Installation

Mooring Base Installation Tolerance Installation Sequence

Figure6.2: Installation Procedure of PLEM and Mooring Base

6.1.1. Loadout and Transportation

The loadout and transportation consist of routeten barge, mooring base and PLEM
analysis. Three lifting slings shall be preinstlnshore to lifting points on the Suction
Pump Unit (SPU). A single 55m long 82m dia IWRGhglishall be rigged to the three
slings preinstalled onto the SPU offshore. Thisuagement will avoid wetting the crane
block during PLEM installation. The spool instaltat rigging shall double as the
installation for the PLEM. This rigging shall bgged up just prior to PLEM installation.

The lift rigging shall be approx 65 m long to avaietting the crane whip block. For
stability of the towing condition and ease of offigh installation the Mooring Base will

be loaded out on the bow port side of the Maritivhight.
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6.1.2. Site Specific Survey

6.1.2.1. Pre-Installation Survey
A pre-engineering survey has been conducted bya@élis available for use. The survey

has shown that there are no obstructions on theedetat will affect the work. Upon
setup of Lewek Champion, an ROV video tape prealfzton debris (50mx50m) survey
shall be conducted to ensure installation siteree fof debris & that there are no

obstructions

6.1.2.2. As-Built Survey
Subsequent to completion of the Mooring Base an&NPla level and dimensional

survey (where applicable) will be undertaken by sheveyors. The final measurements,
dimensions and level will be presented to the thernhe as-built dossier. The following
as-built surveys are to be conducted:

6.1.2.2.1. Mooring Base Survey
The important data for the jacket are;

1. Mooring Base Level
2. Mooring Base Position & Orientation

3. Elevation of Mooring Base with respect to seabed

6.1.2.2.2. PLEM Survey
The important data for the topside are;

1. PLEM Level
2. PLEM Position and Orientation
3. Eleation of PLEM with respect to seabed

6.1.2.2.3. Seabed Debris Survey By Rov Post Installation.
Upon completion of the Mooring Base and PLEM, an\R@ebris survey will be

conducted to ensure that the area has been coaededo major items have been left at

the vicinity of the respective installation site.

6.1.3. PLEM Installation

The PLEM will be lifted off the Maritime Might moed on the Port side of the Lewek
Champion and slewed across the pipe tunnel anegleto the water on the starboard
side. The piping of the PLEM and all uncapped tglshall be allowed to free flood as
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they are lowered into the water. Once submergesl,RhEM will be lowered to the

seabed and set down using USBL beacons and RO\bhitan position and orientation.
A spreader located 65 m above the PLEM will be usedontrol orientation of the
PLEM. Once set down on seabed, the extendablediegbe PLEM shall be engaged.

The Installation tolerances for the Mooring baseas follows:

» Position Tolerance ia 3 m from as installed positsd Mooring Base

 Orientation Tolerance is’3rom as installed orientation of Mooring Base
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Figure 6.3: PLEM Installation using barge

6.1.4. Mooring Base Installation

The SPC will be fitted with the SPU onshore at thadout site.

During PLEM

installation, the SPC will be lifted with the SPWnmected to the lift rigging. The
structure will be lifted off the Maritime Might moed on the Port side of the Lewek

Installation
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Champion, slewed over the pipe tunnel to the starbagide deck. The SPU umbilical
hoses will be fitted to the SPU before loweringitihe water. The pump valves on the
SPU will be open fully to allow venting of the pitmns as they are lowered into the
water. Once submerged, the structure will be loddcethe seabed and set down using
USBL beacons and ROV to monitor position and oagah. Once set down on seabed,
the suction pump units will be engaged and the SBECinto the seabed. Installation

tolerances for the Mooring base are as follows:

Table6.1: Installation tolerances for Mooring base

Position Tolerance 1m
Elevation Tolerance +1.0m/-0.0m
Orientation Tolerance *+ 3 degrees

Levelness Tolerance Between centre of piel.4” (35.65mm)

cans

Target Penetration 4.5 m below mudline
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J
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Figure 6.4: Mooring Base Installation using barge

6.2. Installation of PLEM and Tie-In of Expansion Spools

Subsea jumper spool is a short length pipe whidhristion for connectiion of a subsea
pipeline and a riser to subsea structure. Sateligiés positioned some distance from the
central manifold may be Tied-in by use of rigidftaxible subsea jumper spools. The
subsea jumper spools may also connect other sudbsedures such as PLEM/PLETS
and Riser Bases. The subsea jumper spools havetiaaveor a horizontal Collet

connector at each end. Installation of these spigottone by a simple crane operation
assisted by ROV and guide wires when required.reighows the arrangement of PLEM

and 2 expansion spools.
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MOPU 2
MOPU 1
CPP i i
Expansion
spools

. WD:
16” x 25km Pipeline ~44 m
A PLEM

[ \

Figure 6.5: Arrangement of PLEM and two expansion spoools [@am

6.2.1. Installation Barge

* DP DLB Lewek Champion
» 358 person accommodation
* 1 x800MT main crane

e 2 x 30MT secondary crane

* Dynamic Positioning with 6 Azimuth thrusters (maxust 378.7kN)
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Figure 6.6: Installation barge used for PLEM installation [48m

6.2.2. Design of PLEM
Design of PLEM as shown in Figure 6.7 and dimensiothe PLEM as follows:

Table 6.2: Dimension of PLEM installation

Description EIES

Designed Weight ~70 MT
Dimension 14m x 6m
Water Depth 1141t (43.9m)
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Figure6.7: Plan and isometric views of PLEM design [Zamri]

6.2.3. Installation of PLEM

Installation of PLEM was using crane as shown below
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PLEM footprint and debris survey
Figure 6.8: Barge setup and PLEM footprint for installatidamri]
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USBL

/ beacons

Figure 6.9: Pre-installation of PLEM [Zamri]
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Figure 6.10: Installation of PLEM from barge using crane [Zgmri

6.2.4. Expansion Spools

Design of Spools as shown in Figure 6.8 and dinoensf the spools as follows:
* 16" diameter
* Full Well Stream (FWS)
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ISOMETRIC VIEW

Expansion Spool at Pipeline / PLEM Expansion Spool at PLEM / MOPU

Figure6.11: Isometric view of Spools design [Zamri]

6.2.5. Installation of Spools

Installation of spools were using crane as shovovbe
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Figure 6.12: Barge Set-Up for Pipeline / PLEM Spool Installati@amri]
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DAVIT/AIR BAG

DAVIT/AR BAG

ISOMETRIC VIEW

Figure 6.14: Lifting Riggings on Expansion Spool [Zamri]
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Step: 1
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Figure 6.15: Expansion spool tie-in to PLEM [Zamri]

Published by Ocean & Aerospace Research Instituenesia | 6.0 Shallow-water PLEM

Installation




Subsea PLEM & PLET -Theory and Application-

S‘*Wlﬂ BOLT/FIANGE PULLER

+/- 300mm
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Figure 6.16: Expansion spool tie-in to pipeline [Zamri]
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Figure 6.17: Flange Protector Drawings [Zamri]
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Figure 6.18: Barge Set-Up for PLEM / MOPU Spool Installatiorafari]
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Figure 6.19: Spools installation at site [Zamri]
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6.2.6. Final Assembly

MOPU Leg
Footing

A
o -
-~~~ Expansion
o
P spool
P

For future expansion

Expansion
spool

Pipelineto CPP

Figure 6.20: Final assembling of PLEM amd Spools at site [Z&amri
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Chapter.7

(.0 Deep-water PLEM

Installation

7.1. Introduction

The chapter discusses on deep water PLEM installasing the environmental data
of offshore in Gulf of Mexico which comprises of t®a depth, hydrodynamic

coefficient and DNV regulation. This chapter alswers vessel data, PLEM/PLET
design parameter and installation parameter theé Heeen consider in analysis.
After all the basis design were finalized, modgjlithe installation were done by
using Orcaflex software.

The PLEM and PLET systems are typically used in genstruction where a
pipeline terminates or needs to be jumper to amdtteation, such as an FPSO,
refinery and holding tank. PLETs, PLEMs, and tems imcorporate one or multiple
tie-in points, vertical or horizontal, with otheoraponents such as isolation gate or
ball valves, diverter valves, pig-launcher faci#j an array of sensors, or wyes.

In late 2014, the offshore market is sufferingira reduction in operator’s
limited capital investment due to low price of piér barrel, which limits the field
trial of unproven technologies in applying new noeth. In this context, the subsea
field development projects had becoming more gratas the fields are in ultra-
deep water condition (i.e. > 1500m). The instadlabf manifold in ultra-deep water
is an outstanding issue (Penati, 2015). The exipboraf deep or ultra-deep sea oll
and gas fields has push into more economic suptgriarterm of SPS. The systems
itself are high investment and high risk technology

Frazer (2005) stated that over the last 10 yehespffshore industries in oil
and gas exploitation has moved into deeper water990s, the water depth in Brazil
and Norway were around 300m. Then, the current |[dpueent of oil and gas
exploitation in West Africa’s water has reach 1500ater depth, while in Brazil and
Gulf of Mexico (GoM) has reached 2000m water defthe race towards deeper
water depth has push the limitation for compantespgend less proportionally with
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current oil prices market, and achieve the sameltréisat able to compete in the
industries. Technology will play a very importaote in counting these challenges
and help accelerating the development.

The installation of PLEM/PLET as part of a deepewdlow line system must
closely integrate design. The installation proceduare to ensure the equipment
running smoothly, predictably, and safely. The aliation analysis for a pipeline
system with a PLEM should check the following iteassfollows tensile of pipeline,
bending & shear stress and hoop stress (Koto, 2017)

Critical factors for ultra-deep water subsea PLEMEP installation method
are mainly influenced by the method limitation awbnomic cost. The conventional
installation method, however, has its limitatiorttsas the limited lifting capability
of the drilling platforms and vessels. The use akwope in conventional methods
reached its limit when use in deep water (i.e. 60m0) where the weight of the wire
itself is the same as the weight of the subseaNwar] thus axial resonance increase.

As the industries lean towards into deeper watpthgehe suitable method or
technique is required for ultra-deep water subseailation such as in Gulf of
Mexico. There has been many methods developed$baliing in ultra-deep water,
but the economic condition has push the boundatgdofor method that is economic
wise. In order to choose for the suitable methedesal measures and parameters
have to be looked into. In term of technical fasfdhe suitable method has to be
properly presented and analyzed. In term of ecoadautors, the installation cost
for the chosen method has to suit the economic déma

7.2. Theoretical Principles

7.2.1 Selection of lifting cable

For ultra-deep water installation, using converdioways of lifting operation, the
cable that is chosen must be compatible and ahpertiorm the lifting criteria. The
structures that are to be analyzed are a subsed@ Bh& PLEM. The lifting cable

must have a payload capacity to sustain the sutmeavare.
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7.2.1.1. Payload Capacity

Choosing a suitable lifting cable is an importaaskt to minimize the costing of
technology used. At different water depth, theirgt cable that is used must has
payload capacity that can sustain the subsea hezdWwa assess the payload
capacity, the water depth and chosen cable hag thd main variable in order to
calculate the reduce capacity. The submerged ohlyjgicexperiences a buoyancy

force. The buoyancy force can be calculated as:

Fgp = Vgpsw (7.1)

Where;V is the displaced volume of water Img is the acceleration of gravity

[m/S?], psw is the density of seawater {rand g is the buoyancy force [N].

The experiencing of buoyancy force is equal to wWeight of the water
displaced by the submerged weight. To find the sriged weight, the buoyancy is

acting opposite of the gravity force. Therefore:

Fg—F
Meyp = % [kg] (7-2)

Fg =mg [N]

Where;F; is the gravity force (Nyn is the weight of object in air per unit length

[kg/m] andmy,,;, is the submerged weight of object per unit lerjggim].

7.2.1.2. Reduced Payload Capacity

Due to increasing of water depth, the payload dapad the lifting line will be
reduce to the self-weight of the lifting cable. Tieeluced payload can be calculated

as follow:

Payloadcapacity = SWL — (mg,pxL) [kg] (7.3)
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Where;SWL is the safety working load (kg) arids the length of lifting line [m].
To show the different of increasing water depthe thayload capacity can be
calculated with increasing value of water depthiaugesire.

7.2.1.3. Stretch Length of a Cable

In accordance to DNV-RP-H103 Section 5.2.1, a wakitable will stretch due to its
own weight and the weight of the lifted object la¢ ttnd of the cable. The stretch

length () can be calculated as follow:

W+iwL
Li=1L (1 + E; > [m] (7.4)

WhereL; is the stretched length of cable (rh)is the original length of cable [mi}y
is the fully submerged weight of the lifted objgbt], w is the fully submerged
weight per unit length of the cable [N/nf, is the modulus elasticity of the cable

[N/m?] andA is the nominal cross sectional area of a cabf [m

7.2.2. Installation Method Analysis for Fiber Rope Deployment
System (FRDS)

7.2.2.1. Analysis Method

According to Cao (2016), the acted hydrodynamicdoon the weight-balancing
chain is complicated. For the convenience of trayais few assumptions are made:
1. Throughout the installation process, the chairoissiered as elastic
2. The displacement of the chain is parallel to waueation and ocean
current
The wind load can be ignored

The chain lateral displacement that is due to heaston can be ignored

The analysis will be comprises of static and dyraamalysis as shown below:
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7.2.2.2. Lateral Displacement

According to DNV-RP-H103 Section 5.2.2, the liftezbject will experience

horizontal offset due to current. It is importaatdstimate the lateral displacement
that is due to the current. The offset is requitedestimate the payout length of
deployment line required to reach the seafloorisltalso required to manage
positioning before landing to the seabed. Figute demonstrates the mechanical

model of the lateral displacement.

Figure 7.1: Theoretical Model for Lateral Displacement, DNV-RRO3
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For calculating the horizontal offset, in accordanf DNV-RP-H103 Section
5.2.2.2, the horizontal offset of the lifted obgeutith uniform current is:

e =L(Zk=2)In(==)+ L [m] (7.5)
1 = fpo
wL

1 N
q= EpswCDnDcU2 [;]

Where;q is the drag force on lifting line per unit lengtiYm], w is the submerged
weight of lifting line [N/m], W is the submerged weight of lifted object [N],is the

current velocity [m/s]g; is the horizontal offset of the lifted object [m]js the ratio

between the weight of the lifted object and weighthe lifting line [-], 1 is the ratio

between the drag on the lifted object and weigttheflifting line [-],Cp,, is the drag

coefficient for normal flow past lifting line [-]D. is the lifting line diameter [m},,

is the density of seawater [kgin

The drag force can be calculated as
1
Fpo = E.DWCDxAxU2 [N] (7.6)

Where;Fp,, is the drag force on lifted object [N, is the drag coefficient for flow
past lifted object, x-direction [-U, is the projected area of lifted object, x-direntio

[m?,

The submerged weight of lifted object can be exqeésas

W = F; — Fg [N] (7.7)
F; = Mxg [N] (7.8)
Fp = pswxVxg [N] (7.9)

where; F; is the gravitational force [N]F; is the buoyancy force [N]y is the

displaced volume of water fihandg is the acceleration of gravity [m]s
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From the Figure 7.1 above, it is seen the weidHhiftong cable manipulate
the value for the submerged weight and drag fofcéhe lifting line. Therefore,

different lifting line will produce different restsl.

7.2.2.3. Critical Length of Lifting Line
The lifting line system exhibits natural periodtive function of line length regarding

different installation scenario that effect theamant motion. As the length of the
lifting cable increases, the natural frequency tad tifting system decreases. The
change of the length of lifting cable will causesaeance motion between the natural

period and the crane tip motion.

7.2.2.3.1. Natural Period of the Lifting System

Natural period is the period of one complete oatdh of the lifting line. According
to Boe (2010), the natural period of the liftingdiis:

T, =2m 2 [s] (7.10)

Where; M" is the weight of lifted object in air + hydrodynmmadded mass z-
direction [kg],m is the weight of lifting line in air per unit letig[kg/m], L is the
length of lifting line[m], Kz is the stiffness of lifting system [N/m] ari#d is the

axial stiffness of the lifting line [N].

7.2.2.3.2. Crane Tip Motion Transfer Function

For installation analysis, motion transfer functiointhe crane tip is determined by
hydrodynamic software such as WAMIT or OrcaFlexeTdata cannot be taken
directly into consideration as it needed to be eot®d accordingly to any particular
point desired. The heave motion of the vessel ipomant for the installation

analysis. The vertical heave motion is made ughleyheave, pitch and roll motion of
the vessel. The line model in the OrcaFlex is cotateto the midship for the pitch
motion, therefore the pitch motion can be negleciédte combined heave motion
transfer function at the crane tip can be calcdlate
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Verticalcranetipmotion = RAOpqpe + X * SIN(RAO,o;1) [%] (7.12)

Where RAQeavelS the vertical displacement amplitude in heavéiimx is the
distance from the amid ship point for roll moti@nidcation of crane tip [m] and

RAOQO,q is the roll angle amplitude [deg/m].

7.2.3. Accept Criteria

In order to conduct safe operation, the dynamidyarsaneed to be compared to a set
of accept criteria. According to DNV-RP-H103 Sent4;

1. The static and dynamic loads should not exceeddpacity requirement

2. Snap loads due to slack slings should be avoided

The capacity of the lifting line should act as thgeverning capacity
requirement. The accept criteria 1 states thastinemation of the static and dynamic

force in the lifting line should not exceed theetgfworking load of the line.

Fstat + den < SWLline [kg] (7-12)
Fstar = Mgyp + L x Mgy, [kg] (7.13)

Where; Fy.q, Iis the static force in the lifting line [kgFy,, is the dynamic force in
lifting line [kg], SWL;,. is the safe working load of the lifting line [kg¥s,, is the
submerged weight of the lifted object [kg}.,, iS the submerged weight of lifting
line [kg/m] andL is the length of lifting line [m].

From above equations, the maximum allowable dyoaimice for accept
criteria No.1 can be expressed as:

den,max = SWliine — Fstat [kg] (7-14)

The accept criteria 2 states that in accordanc®NW-RP-H103 Section
4.4.3, if the dynamic force exceeds the static Wedf the object, snap force may
occur. To avoid snap loads in the lifting line, tirgerion is as follow:
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den < 0.9 % Msub [kg] (715)

From the Equation, the maximum allowable dynararcé for accept criteria

No.2 can be expressed as:

den.max = 0.9 * Mgy [kg] (7.16)

7.2.4. Lowering to Seabed

For different sea states and lifting line, the dymaanalysis has different output.
According to DNV-RP-H103 Section 3.4.2.22, the perf analyses should cover

from the following zero-up crossing wave period &ogiven significant wave height
(Hs):

8.9 * \/% < T, <13][s] (7.17)
Where; H, is the significant wave height [m} is the gravitational acceleration

[m/s’] andT, is the wave zero up-crossing period [s].

The wave peak periody), may be taken from DNV-RP-C205 Section 3.5.5,

applying a JONSWAP spectrum. The wave peak persodaiculated from the
OrcaFlex software where:

T, = 14075 T, (7.18)
Where;T,, is the wave peak period.

The maximum dynamic force at different sea stasegompared to the

governing accepted criteria. It is found that tigaamic force:

Max dynamic force =

max ef fective tension in lifting line- static tension in lifting line [t]

(7.19)
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7.2.5. Landing on Seabed

According to DNV-RP-H103 Section 6.2.1.1, the aihewaluating the landing on
seabed is to assure that:
1. During the landing, the failure of the object foatidn does not take place
2. Damage due to acceleration sensitive equipment mmesccur

The motion of the lifted object close to the sealsad be analyze for all
installation scenario. The characteristic statid sesistance can be ignored. The

motion of the lifted object can be expressed as:

Motion of lifted object =
Max position during simulation - static problems [m]
(7.20)

7.3. Design of PLEM and PLET

7.3.1. PLEM and PLET Design Parameter

According to Thorgessen (2014), the design of thisea PLEM and PLET can be

taken as follow:

Table7.1: Desig_jn Parameter for PLET and PLEM

60.9 100.1
6 7
6 9
7 5

7.3.2. Current

According to Cao (2016), the current velocity piefor Gulf of Mexico is stated as
below table. For the current velocity as in pragtit is differ as going deeper into
the ocean. For this study purposes, it is focustlen difference in the lateral
displacement offset due to current when perforntimg lowering operation. The
current profile is assumed to be constant for tatemdepth from Om to 3000m, with

the value is set to 0.6m/s. (Thorgersen, 2014)
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Table 7.2: Current Velocity for Different Water Depth (Cao,18)

0 1.05
250 0.93
580 0.70
750 0.61

1080 0.52
1250 0.49
1500 0.46

7.3.1.1. Water Depth

As per title of the paper, the depth that will lm¥ered for this paper is ranging from
Om to 3000m with step of 500m. The paper is subgetd Gulf of Mexico, which

ongoing project of Perdido having depth of 2800nd &wture project Stones with
water depth of 3000m. Based on the information myivkis book is intended to do

analysis within that 500m steps from Om with constea water density 1025kg/m

7.3.1.2. Waves

Based on Chakrabarti (2005), for operation purptisespplicable wave spectrum is
the Pierson-Moskowitz for the use in Gulf of Mexiddhe vessel heading)(that is

relative to the wave direction is shown in Figur2 @elow.

270°

90°
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Figure 7.2: Wave Direction versus Vessel Heading (Thorgenseh4p

Table 7.3: Sea-States for Significant Wave Height and Zercs€ing Period

From To
1.0 2.8 13.0
15 3.5 13.0
2.0 4.0 13.0
2.5 4.5 13.0
3.0 5.0 13.0
35 5.3 13.0
4.0 5.7 13.0

7.3.3. Cable Data

For the comparison study for the lifting line, ttieosen to be compare with the fiber
rope is the conventional steel wire. A fiber ropel dhe steel wire both have same
safe working load (SWL) of 125T.

The chosen cable both are industries proven, bavast track records. The
fiber rope that is chose for this study is a 12gfrand, braid optimized for bending
(BOB) rope developed by Cortland. The rope havidg® of diameter was used on
project Skandi Santos (Daniel, 2010).

From the product brochure, the rope minimum breed is 567T, and
weight in air 693.1kg/100m.

The chosen steel wire is a non-rotating 35xK19m@acted Steel produced
by Kiswire. The diameter of the wire is 2 5/8” withinimum break load of 383.4T.
The steel wire has weight in air of 2259kg/100m.

According to Thorgensen (2014), the cable stifén&s the fiber rope and

steel wire is as follow.

Table 7.4: Lifting Cable Data

567 383.4
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Weight in air (kg/200m) 693.1 2259
Submerged Weight (kg/m) 0.87 19.92
Cable stiffness, EA (N) 148.3 x 16 511 x 16

7.3.4. Hydrodynamic Coefficient

7.3.4.1. Added Mass Coefficient, C,

The added mass coefficient is by referring from DRF-H103. The value is to be

interpolated between the ratiosigfa.

Rectangular Plate b/a Cy
1.00 0.579

1.25 0.642

1.50 0.690

1.59 0.704

2.00 0.757

2.50 0.801

a 3.00 0.830

3.17 0.840

4.00 0.872

< > 5.00 0.897
b 6.25 0.917
8.00 0.934

10.00 0.947

0 1.000

Figure 7.3: Added Mass Coefficient (DNV-RP-H103)

Table 7.5: Added Mass Coefficient in Coordinates Direction
Parameter PLET PLEM

Added mass coefficient x-direction , Cax 0.621 0.731

Added mass coefficient y-direction , Cay 0.621 0.671

Added mass coefficient z-direction , Caz 0.627 0.649
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7.3.4.2. Drag Coefficient, Cp

The drag coefficient for objects are subjecteddailatory flow, the value is hard to
be determine without having experimental test oitable computational fluid
analysis tools. In accordance to DNV-RP-H103, ®act.6.2.4, the typical subsea

structure in oscillatory flow is having drag coeiéint of 2.5.

Table 7.6: Drag Coefficient in Coordinate’s Direction

2.5 2.5

7.3.4.3. Hydrodynamics Added Mass, As;

The hydrodynamics added mass is calculated refetonDNV-RP-H103 Section
4.6.3 the following equations. The reduction factan be refer from the Appendix

Aszzp = psw * C4 * Vglkg] (7.21)
Vi = gaZb [m3] (7.22)
1-12
Azzs = [1 + ’ml * Az [kg] (7.23)
_ %
A= P (7.24)
As3 = Az * Added mass reduction factor [kg] (7.25)

Table 7.7: Hydrodynamic Added Mass in Coordinate’s Direction

187.8 102.9

187.8 75.8

187.8 170
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7.3.4.4. Hydrodynamic Inertia Coefficient, Cy,

The hydrodynamic inertia coefficient is the summatiproduct of added mass

coefficient with 1.

Table 7.8: Hydrodynamic Inertia Coefficient in Coordinat®#ection

1.621 1.731
1.621 1.671
1.627 1.641

7.3.5. Software Tools

The main tools used in finding the dynamic analyfsis this book is by using

OrcaFlex. The software OrcaFlex is developed byiardrcaflex is a software for
the dynamic analysis of offshore marine systemdchvheld capabilities of wide

technical usage and user friendliness. It has mapplications in offshore

engineering such as for risers, moorings, instalilaénalysis and much more. For
this book, which mainly focus on installation ofbsea hardware, the use of
OrcaFlex make the task easier than using compléwa@ such as AnsysAgwa.

7.3.6. Input Parameters

7.3.6.1. Vessel Data

The standard model in OrcaFlex is used as the messel properties for this
installation analysis. Under “Model” section, ched®lew Vessel”. The parameters

are as follow:

Table 7.9: Vessel Data

103
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Figure 7.4: Configuration of Vessel in Orcaflex

The heading of orientation is set to 22.5 deg. phmary motion is set to
“None” while the superimposed motion is set to ‘W&cement RAOs + Harmonic
Motion”. For the included effects, the “Added Massd Damping” is checked. The
static analysis is set to “6 DOF “.

7.3.6.2. PLEM/PLET Data

For the purpose of simplify matters, the shapehefRLEM and PLET is considered
as box. Under “Model” section, choose the 6D Bublge 6D Buoy is connected
using local coordinates. The input parameters fue 6D Buoy is by using
coordinates system, where it is located in the welic center of the PLEM and

PLET figures below:
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'm

H»

W= &m

Figure 7.5: The Model of PLET in Orcaflex

\
L%

D=7m

Figure 7.6: The Model of PLEM in Orcaflex

7.3.6.3. Line Data

The line function is to model the fiber rope as tifttng line for the installation
analysis. Under “Model” section, select “New Lindhe line is the connection for
the vessel model and PLEM/PLET model to simulate ldwering operation. The

point for the line is connected as follow:

Table 7.10: Line Connection for PLET

X Y Z
0 8 6.66
0 0 3.5

Table7.11: Line Connection for PLEM
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X Y 4
0 8 6.66
0 0 2.5

Under the “Structure” tab, the length of the lireeset 2950m. Under the “Line

Type”, the geometry, limits can be input.

7.3.6.4. Environmental Loading Conditions

The subjected vessel is set to be at Gulf of Mexideere the waves are modelled
based on Pierson- Moskowitz wave spectrum (ChaktiaB805). OrcaFlex does not
have wave based on Pierson-Moskowitz and has tNSYZAP wave spectrum. In

accordance to DNV-RP-H103 section 2.2.6, the JON$VEpectrum can be reduced
into Pierson-Moskowitz for peak parameteryof= 1. The experiment is modelled
through different sea states, which are by chantiegsignificant wave height and
wave zero-up crossing period. The wave directicsetso 180°.

The sea surface is set to z = Om, while the seabedt toz = —3000m.

The simulation time is set to 1800s. The currepesdpalso is set to 0.6m/s.

7.4. Simulation and Results

7.4.1. Reduced Payload Capacity

As the length of lifting line increases, the paylaapacity decreases due to the self-
weight of the lifting cable. The steel wire anddiilvope have the same safe working
load (SWL) of 125t. The lifting line need to withstd the weight of itself and the
subsea PLEM/PLET by not exceeding the SWL. The utailed payload was
conducted in different water depth are tabulatedhasvn in Table 7.12. From the
table, the result shows significant different as Water depth increases. The steel
wire payload reduced about half of its original lpag while the fiber rope only

loses significant small value.

Table 7.12: Reduce Payload Capacity for Steel Wire and FibgreRo
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125.0 125.0
115.0 124.6
105.1 124.1
95.1 123.7
85.2 123.3
75.2 122.8
65.2 122.4

Figure 6.1 shows the reduced payload for the ste&rel and fiber rope at
different water depth. To able the steel wire taehpayload ~125t, larger steel wire
need to be use. This lead to challenges relatembistic, larger installation vessel to
provide larger deployment winch and the load of direk will increase. The use of
fiber rope for ultra-deep water is seen as optimasnthe payload capacity only

reduced less than 3% while the steel wire lose BbOW.

Payload Capacity

130.0

120.0
110.0
100.0
90.0
80.0

Payload Capacity

70.0

60.0
0 500 1000 1500 2000 2500 3000

Water Depth [m]

steel wire e fibre rope

Figure 7.7: Payload Capacity at Different Water Depth.

7.4.2. Elongation of the Lifting Cable

Due to the weight of the cable and subsea PLEM/RLES fiber rope experiencing
elongation. From the Table 7.13, the change intlengthe cable is very small. The

strain value also possesses small percentage of <1%
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Table 7.13: Elongation for Installing PLET and PLEM

3000 3000
597.6 082
8.53 8.53
148.3x16 148.3x16
3012.3 3020.1
12.3 20.1
0.004 0.007

7.4.3. Lateral Displacement

It is important to estimate the lateral displacetrikat is due to current for managing
the position of the PLEM/PLET on the seafloor. Tlateral displacement is for
scenario of 3000m, and results are presented ite T/ab4 below:

Table 7.14: Lateral Displacement Due To Current

258
208.8

Due to the ultra-deep water condition, the horiabmoffset of the subsea
structure is seems to be a problem related to iposig on the seafloor. This is
because the weight of the lifting line is very simaiich affect the ratio between the
lifted object and weight of the lifting line andsal because the counteracting force
caused by the weight of the lifting line. This sition increase the time required for

positioning of the lifted object and duration oétbperation.

7.4.4. Critical Length of Lifting Line

To assess the critical length of the lifting limes need to identify the motion transfer
function of the crane tip and natural period of lifteng line. Using the RAOs from
the Appendix B, the result is presented in Figur@ From the Figure 7.8, the
vertical crane tip has wave peak periods of 6.5s/&@lge crane tip motion is because

of vessel natural period in roll.
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Figure 7.8: Motion Transfer Function of the Crane Tip

The natural period of the lifting line is assesgaddifferent length of lifting

line. The result is shown in Figure 7.9.

PLET/PLEM Installation

Natural Period (s)
=
o

8
6 %
4
2

500 1000

—

1500
Length of

—

2000
lifting line

—

2500

\\

3000

s PLET
e PLEM

Figure7.9: The Natural Period for PLET and PLEM Installation.

From the crossing of both data, the result is asvehn Table 7.15

Table 7.15: Length of Lifting Line Causing Resonant Motion

Subsea Structure

Length of Lifting Line [m]

PLET 705
PLEM 555
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The value is the critical length of the liftingndé before it experience resonant

motion. Large motion of crane tip and the liftedeab will result in large dynamic

forces.

7.4.5. Accept Criteria

The accept criteria shows the maximum allowableadyic force for lifting the

subsea PLEM/PLET. Table 7.16 shows the maximum rmimdorce for accept

criteria 1 at different lifting line length.

Table 7.16: Maximum Dynamic Force for PLET and PLEM, Acceptt€ria 1

Fsat [t] Fayn.max [t] Fsat [t] Fayn,max [t]
61 63.6 101 24.5
62 63.2 101 24.0
62 62.8 101 23.6
63 62.3 102 23.2
63 61.9 102 22.7
64 61.5 103 22.3

Table 7.17 shows the dynamic force for accepewat2. The maximum
dynamic force is not difference from the lengthtbé lifting line. The force is

constant for all line length.

Table 7.17: Maximum Dynamic Force for PLET and PLEM, Acceptt€ria 2

60.9 100.1
54.8 90.1

It is seen from Table 7.16 and 7.17, the accafdria 2 is used for PLET in
governing the dynamic force in lowering to seabButk accept criteria 1 is used in

governing the PLEM dynamic force for lowering t@bked.
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7.4.6. Lowering to Seabed

Referring the sea-states as in Table 7.2, usingOtfvaFlex software, the dynamic
force is analyzed with simulation time of 1800seThaximum dynamic force at end
of line connection (holding the PLEM/PLET) with féifent sea-states is shown in
Appendix. The result for PLET is compared to acezjteria 2 maximum allowable

dynamic force and shown in Figure 7.10.

Maximum dynamic force for PLET installation

[e)]
o

------------------------- e—— HS = 1m
50
Hs=1.5m
§ 40 Hs =2m
E e Hs = 2.5m
30
2 Hs=3m
5
Hs = 3.
g 20 — s=3.5m
/ Hs = 4m
10 % = = = Accept Criteria 2
0
500 705 1500 2000 2500 2950

Length of Lifting Line [m]

Figure 7.10: Dynamic Force for PLET Installation

For PLEM, the result is compared with accept gat& maximum allowable
dynamic force at different lifting line length. kige 7.11 shows the result for PLEM
installation. It is seen from Figure 7.11 that $obsea PLET installation, no limiting
weather criteria is obtained and the force foredéht significant wave height has no
impact on the maximum dynamic force on the liftimg.

For the installation of subsea PLEM, the limitwgather criteria are stricter
for the fiber rope. It is limited to sea-stateshngignificant wave height 2.5m.
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Maximum dynamic force for PLEM installation
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30
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Length of Lifting Line [m]

Figure 7.11: Dynamic Force for PLEM Installation

7.4.7. Landing on Seabed

After the lowering operation, the landing on seaiseidhportant to assess the motion
of the lifted object. The motion of the lifted objas with different sea-states and the
result is from OrcaFlex and tabulated in Appendhiigure 7.12 shows the result for
motion of the PLET while Figure 7.12 shows the hefur motion of the PLEM.

From the above figure, the motion of the liftedEHLis higher than the lifted
PLEM. The motion is for adjustment when positionthg ROV upon landing on the
seabed.

Landing on seabed for PLET

5
— 4.5
S
= 4
= e Hs = 1m
9 35
'8 3 e Hs = 1.5m
el
£ 25 Hs =2m
5 2 a—Hs = 2.5m
c 15
.0 e H$ = 3M
5 1
2 0.5 Hs=3.5m

0 — Hs = 4

3 46 5 6 7 8 9 10 11 12 13
Wave zero-up crossing period
Figure 7.12: Motion of Lifted Object for PLET
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Landing on seabed for PLEM
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Figure7.13: Motion of Lifted for PLEM.
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Appendixes

A.1. Example.1

Figure.A-1 shows installation of subsea Pipelind Earmination (PLET) in 1200

meter water depth using a crane ship.

I|| -

e

Figure A-1: PLET static forces analysis during installation

Based on the figure, determines as follows:
a. Moment due to pipe top tension
b. Moment due to the transverse weight
c. Moment due to the longitudinal weight

d. Total moment about the pivot

Answer.

Figure below shown distribution force acting on BFH&ET during installation.

Origin 0,0
(Yoke Pivot)

Plet C.G.
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a. Moment due to pipe top tensioM,) can be calculated using the

following equation
Ws
[M -sin(0,.) — sin(ep)]

cos(8o¢)

M, = =T, * epipe, WhereT, =

b. Moment due to the transverse weight, (.,,;) can be calculated using the
following equation:

M

pleml = W - €pleml whereWs, = W - COS(Qp)

c. Moment due to the longitudinal weight({;.,,,) can be calculated using
the following equation.

M

plemt = W, - €plemt > where Wy, = W Sin(gp)

d. Total moment about the pivau;,.)
Mpipe = Mtp + Mpleml + Mplemt
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A.2. Exercise.1

Table A-1 shows parameters of a subsea PipelinelEndination (PLET) in deep
water using a ship. Based on the table determiaérmment acting to the PLET

Table A-1: Parameter of PLET.

Parameters Value

PLEM

W, (kg) 11339.809

Lyoke (M) 1.8288

€ptemt (M) 0.1524

epteme (M) 0.3048
Pipe

0D (m) 0.168275

W.T (in) 0.719

epipe (M) 0.0762
Cable

0D (m) 0.073025

W, (kg/m) 18.60205
Water depth (m) 1219.2
seawater density (kg/m?®) 1025.181632

A.3. PLEM Data Analysis

Reduction Factor for Hydrodynamic Added Mass Coefficient
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Effect of perforation on added mass
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RAOs Vessel Data
0° 25 |45°  [675° |90° [1125° [135° [1575° |180° |
Periods:
Surge Sway Heave Roll Pitch Yaw
Period Ampl.  Phase Ampl.  Phase Ampl.  Phase Ampl. Phase Ampl. Phase Ampl. Phase |
6 | (m/m) (deg) | (m/m) (deg) | (m/m) (deg) | (deg/m)  (deg) | (deg/m)  (deg) | (deg/m) (deg)
0,00 0,000 0,0 0,000 360,0 0,000 360,0 0,000 0,0 0,000 0,0 0,000 360,0
4,00 0,0081 683  0,00082 206,8 0,014 2826 0,065 106,7 0,056 -971 0,035 247,0
5,00 0,012 -88,5 0,016 2648 0,065 1334 0,175 -63,7 0,265  -2204 0,032 2142
5,50 0,017 66,2 0,018 126,2 0,091 1901 0,099 634 0678  -1774 0122 1826
6,00 0,033 99,9 0,044 89,6 0,166 2375 0,410 80,6 0887  -1656 0,087 1343
6,50 0,029 1048 0,044 651 0,306 2395 0,607 791 0,660 -1353 0,140 40,8
7,00 0,024 -55,5 0,030 127 0,244 218 0,625 732 1,079 -938 0,270 18,2
7,50 0,108 -70,6 0,046 -49,3 0,042 169,3 0433 68,2 1,558 -89,5 0372 113
8,00 0,203 -754 0,078 -69,1 0,149 229 0,129 1350 1,804 -89,7 0,441 82
8,50 0,295 -78,6 0113 -74,2 0,299 156 0,747 176,2 1,892 -90,6 0,479 6,7
9,00 0,378 -80,8 0,150 <772 0,422 124 1,233 1455 1,880 -91,2 0,498 61
9,50 0,449 -823 0,182 -80,6 0,525 10,3 1222 1245 1814 -916 0,504 56
10,00 0,510 -834 0,208 -82,7 0,608 838 1,093 1140 1,725 -91,7 0,500 49
J: 11,00 0,607 -84,8 0,248 -84,8 0,730 6,5 0,864 1049 1,526 -916 0,470 40
12,00 0,678 -85,7 0,277 -859 0,809 49 0,704 1011 1338 -91,3 0,429 33
13,00 0,730 -86,3 0,299 -86,6 0,861 39 0,588 99,1 1172 -91,0 0,387 27
14,00 0,768 -86,9 0,315 -871 0,897 32 0,498 978 1,030 -90,8 0,347 23
15,00 0,797 -873 0,328 -87,5 0921 27 0,428 96,8 0910 -90,7 0312 20
16,00 0,819 -876 0,337 -87.8 0939 23 0,372 96,2 0,808 -90,5 0,280 18
17,00 0,836 -879 0,344 -88,1 0,952 2,0 0,326 95,6 0,721 -90,4 0,252 16
18,00 0,849 -88,1 0,350 -88,3 0,961 17 0,289 95,2 0,646 -90,4 0,228 14
19,00 0,860 -88,3 0,355 -88,5 0,969 15 0,257 948 0,582 -90,3 0,207 13
20,00 0,869 -88,5 0,358 -88,6 0,975 14 0,231 94,5 0,527 -90,3 0,188 11
21,00 0,877 -88,6 0,362 -88,8 0979 13 0,208 94,2 0,480 -90,3 0172 10
22,00 0,883 -88,7 0,365 -889 0,982 11 0,189 94,0 0,438 -90,2 0158 095 ||
Infinity 0,924 90,0 0,383 90,0 1,000 0,0 0,000 0,0 0,000 0,0 0,000 0,0
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Lowering to Seabed

121

The maximum dynamic force at end of line connecfluiding the PLEM/PLET)

with different sea-states.

PLET installation, maximum dynamic force in lifting line [t]

L Hs
1 1.5 2 2.5 3 3.5 4
500 5.1 6.9 11 11 13 15.5 18.3
705 8 10.7 15.4 15.4 17.7 19.9 22
1500 8.2 10.6 15 15 17 19.9 23
2000 8 10.4 15.3 15.3 17.8 20.3 23.2
2500 8.4 11 15.6 15.6 17.8 20 22.6
2950 7.3 9.9 14.5 14.5 16.9 19.2 21.5
PLEM installation, maximum dynamic force in lifting line [t]
L Hs
1 1.5 2 2.5 3 3.5 4
300 5.2 8.7 12 15.5 18.9 22.6 26.4
555 11.9 15.6 18.4 21.6 24.6 27.3 30.3
1000 10.8 13.7 16.9 19.6 23.8 28.1 32.5
1500 10.2 13.7 17.1 20.4 24 27.8 31.7
2000 10.6 13.6 16.3 18.9 22.8 26.1 29.4
2500 8.6 11.9 14.3 16.4 18.4 20.4 26.6
2950 8.6 11.5 14.3 16.9 19.4 21.8 24.2
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Landing on Seabed
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PLET
Hs Tz[s]

3 4.6 5 6 7 8 9 10 11 12 13

1 0.01 0.11 0.2 0.79 1.05 1.24 13 1.54 1.59 1.81 1.36

1.5 0.01 0.16 0.29 1 1.32 1.54 1.7 1.98) 2.07, 2.37 1.87

2 0.21 0.38 117 1.58 1.82 2.11] 2.34 2.5 2.86 2.35

2.5 0.26 0.47 133 1.79 2.08 2.47 2.65 2.9 3.31 2.81

3 0.55 1.47 1.98 2.32 2.78 2.94 3.28 3.71 3.24

3.5 0.64 1.59 2.15 2.53 3.07, 3.19 3.63 4.07 3.65

4 1.71 2.3 2.72 3.33 3.43 3.96 4.41 4.04

PLEM
Hs Tz[s]

3 4.6 5 6 7 8 9 10 1 12 13

1 0 0.06 0.09 0.34 0.78 1.01 116 1.24 1.54 176 147

15 0.01 0.09 0.14 0.48 0.97 1.25 153 1.61 1.95 2.2 1.85

2 0.11 0.19 0.62 113 1.44 1.85 1.99 23 2.56 2.28

2.5 0.14 0.23 0.73 1.27 1.62 2.11 2.32 2.61 2.88 2.69

3 0.28 0.84 14 179 2.34 2.62 2.89 3.16 3.05

3.5 0.32 0.95 1.51 1.94 2.54 2.9 3.16 3.42 3.39

4 1.04 1.62 2.08 273 3.15 3.41 3.69 3.69

Published by Ocean & Aerospace Research Instifutenesia | Appendixes 122




Orcaflex Setup
Initial Position:
Position (m) Orientation (deg)
x | v | z Heel | Trim | Heading |
0.00 0.00 0.00 0.0 0.0 22.5

Calculation | Superimposed Motion | Supports | Support Coordinates | Drawing | Shaded Drawing|

Induded in Static Analysis
(O None
(O 3DpoF
®6DOF

Primary Motion

(® None

(O Prescribed

O calaulated (3 DOF)
O Calculated (6 DOF)
(O Time History

(O Externally Calculated

Superimposed Motion
(O None

Induded Effects
[ Applied Loads

[“Jwave Load (1st order)

["]wave Drift Load (2nd order)

[[] wave Drift Damping

[ sum Frequency Load (2nd order)
Added Mass and Damping
["IManoeuvring Load

[Jother Damping

[ current Load
[Jwind Load

(® Displacement RAOs + Harmonic Motion

O Time History

Figure E.1: Vessel Setup

123

» I

& Edit Environment Data

Sea | SeaDensity | Seabed| Waves | wave Calculation | Waves Preview | Current| Wind | Drawing

Wave Trains Simulation Time Origin (s): Frequency Spectrum Discretisation Method:

Number: O Arithmetic progression

Wave Train Name Kinematic Stretching Method: O Geometric progression

|Vertical Stretching v (® Equal energy
["Juser spedified seeds

Data for Wave Train: Wavel

Wave Data:

Direction | Hs ‘ Tz | Wave Origin | Wave Wave Type Number of wave
(deg) (m) ©) X | Y(m | TmeOrigin(s) directions
180.00 4.00 8.00 0.00 0.00 0.000 | JONSWAP v 1

Spectral Parameters: | Partially Specified v

Components:
Y | a l ol l 02 fm | Tp | | Relative frequency range Maximum component
(Hz) (s) Seed Number Minimum | Maxi frequency range (Hz)
1.0000 0.0050 0.0700 0.0900 0.0888 11.2603 12345 200 -§- 0.50 10.00 0.050
View Frequency Spectrum
View Wave Components

(o | [ ool | [ e
Figure E.2: Environment Loading Condition
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Initial Position and Attitude:
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Inertia:
X y ‘ z ‘ Rotation 1 ‘ Rotation 2 ‘ Rotation 3 Mass Mass Moments of Inertia (te.m~2) Centre of Mass (m)
(m) (m) (m) (deg) (deg) (deg) (te) x | v | - x | v | -
0.000 0.000 -2953.03 0.000 0.000 0.000 70.000 0.000 0.000 0.000 0.000 0.000 0.000
Properties | Supports | Support Coordinates | Applied Loads | Contact| Wings | Drawing | Shaded Drawing
Added Mass Spedification: Damping relative to:
®) Diagonal values ®) Earth
Full matrices Fluid
Geometry: Volume Bulk Modulus Height ‘ Centre of Volume (m) ‘
(m~3) kPa) (m) X ' y \ z
100.000 | Infinity | 6.000 0.000 | 0.000 0.000 |
TRANSLATION ROTATION
X y z X y z Slam:
Damping: Unit Force (kN/(m/s)) \] Unit Moment (kN.m/(rad/s)) \ [ slam Area ‘ Slam Force Data
0.000 0.000 0.000 0.000 0.000 0.000 (m~2) Entry ‘ Exit
Drag: Drag Area (m~2) W Drag Moment of Area (m~5) 0.000 | 0.000 v 0.000 vl
0.000 0.000 0.000 0.000 0.000 0.000
cd [ cd \
0.000 0.000 0.000 0.000 0.000 0.000
Fluid Inertia: Hydrodynamic Mass (te) \l Hydrodynamic Inertia (te.m~2) |
~ ~ ~ 0.000 0.000 | 0.000
Ca ‘
0.000 0.000 0.000 0.000 |
Cm ‘

Figure E.3: Subsea PLEM/PLET Parameter

Figure E.4: Vessel, Line and Subsea PLEM/PLET Configuration
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