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Why & Agenda

Dyneema®

MODU mooring

Permanent mooring

Specialty moorings (backup, mudlines, hybrids..)
Covers for PET mooring ropes
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Dyneema®fiber

AFirst ocreateddéd by accident on |
A Gel spinning process developed by DSM, patented in 1978

A First fiber spun in 1986 by JV of DSM and Toyobo, into rope

A First MODU moored in 1996

Creep Design Tool

A Creep modelling started in 1978 (Ward), 1993 ( Govaert).
DSM Creep Design Tool developed since 1999

DSM Dyneema is partof Royal DSM, aglobal science-based
company active in health, nutrition and materials.
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W Dinaamer
Dyneema® HMPE fiber for offshore

A Dyneem&®, t he wor | dibes™ strongest
d Lowest weight rope for a given break strength
d Diameter for diameter exchange of wire rope possible

Low stretch, 2 -2.5% in a rope
Neutral buoyancy (floats on water) e
High tension and flex fatigue ABS Approved RTZIREYY
Excellent chemical and UV resistance S
High abrasion resistance

No water absorption

To o o o Po Do Do

Grades for semi permanent (SK78)
and permanent mooring (DM20)
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MODU mooring with HMPE
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HMPE- PET comparison

Lighter, compacter, stiffer

Rope made with Dyneem&® (SK78 or
DM20), when compared with polyester
will

A Be 60% lighter

A Have a 30% smaller diameter

A Offer excellent fatigue
properties

A Be 3-4 times stiffer
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Weight of the rope

Gama 288 rope Polyester Rope
with Dynesma®

Courtesy Lankhorst Ropes 6630 mt MBS MODU rope




Mooring rope with HMPE

Load extension properties

A Extension at break of 2%
A Similar to steel wire rope

A ~3-4 times less than Polyester
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Courtesy Lankhorst Ropes ..
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A Study by Delmar (source: OTC paper 22486)

A Comparative study investigating performance of HMPE, PET and
hybrid moorings

A 7500ft (2286m) water depth

A API RP 95F 2006netocean conditions

] ] ] )
Typical mooring line P - 3
(2286 m WD)

Rigwire| 610m 1,2 @/

915m
SK78| 1372m

Chain| 915m
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MODU rope with HMPE W By

3-4 times stiffer than Polyester

Intact System Performance Curves
7500' water depth

-0— Polyester L7
== HMPE

== Hybrid

-0 Catenary

—0— Steel Semi-Taut

A HMPE part is 34 times
stiffer than Polyester

A Up to 50% reduction on
watch circle

MODU Offset (% water depth)

Horizontal Tension (kips)

Typical EA Values (*MBL) for rope with PET or HMPE

Stiffness Mode SK78 EA
Drift 60
Storm 105

: BRIGHT SCIENCE. BRIGHTER LIVING.

FPSO Forum Monaco 201417 Mooring with HMPE PUBLIC Page



3¢

MODU Offset (% water depth)
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=0= Hybrid

~— Catenary

—— Steel Semi-Taut
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Case - storm stiffness
GOM- MODU mooring reliability - APl 95F 2006

Fairlead Tension FOS

MODU 6 Intact Limit States
7500' water depth
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— — APIFOS = 1,67
—=# — 7500 PET Upgrade (additional lines)
— — 7500' Hybrid Upgrade (additional lines)
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Conclusion Delmar study*:

A An HMPE MODU mooring system can be engineered to have
similar performance and survivability as a PET system in
deepwater applications

d with the benefit of improved station keeping
0 added benefits of faster relocations / smaller boats

A Hybrid configuration allows the system designer the ability to

engineer system stiffness to optimize FoSand station keeping

* Source OTC 22486: HMPE mooring lines fodeepwater MODUS.
SLeite (Lankhorst Ropes), J Boesten(DSM Dyneema) o
&ITSSCIMBRIGHTER LIVING.
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North Sea experience D
A Bridon Superline Steelite Xcel 88mm (540mt) —== = -

A Rope owned by Shell

A Start use in 2007 at JW McLean drill
rig in a catenary mooring system

A Semi continuous servic:
and hotel facilities with load peaks to 156 tons -
(29% MBL) at Safe Scandinavia

A Rope section tested: 79% residual strength L e ||

K Witte 0JW McLean Transocean
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