Subsea

Platform Mooring Connect

Daniel Giddings

Senior Engineer

S
S



l First Subsea

« Established in 1994, over 30 years supplying class leading
products to the offshore oil, gas and renewable industries

» First Subsea’s expertise are built around a drive for
engineering excellence, demonstrated by our capabilities in
design, engineering, analysis and project management.

| Design, engineering and analysis

| Project Management

| Procurement and PU manufacture
| Inspection and assembly

| Component and system testing




l Platform Mooring Connector (PMC) @

« The Platform Mooring Connector
(PMCQ) is a mechanically actuated,
quick-connect system.

« Transfers full mooring loads between
a floating offshore wind platform and
a pre-laid mooring line.

 Design is based on Subsea Mooring
Connector (SMC) technology,

« At full insertion depth, the system
engages automatically.
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I PMC - Sizes

To optimise the design and cost the PMC is standardised into three MBL series: @

e S1—750tonne MBL
e S2 — 1,300 tonne MBL
e S3 —2,000tonne MBL

Standardising the PMC into three load classes provides several advantages:

Reduced bespoke engineering
Predictable performance envelopes
Manufacturing efficiency
Simplified platform integration
Supply-chain scalability
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l PMC - Components - Assembly

Foundation Bracket

Connecting Link

Receptacle Assembly

Male Assembly
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PMC - Components - Male @

+ Grooves for interface with the receptacle

» Termination of messenger line at the
front of the male for easy access

* Mooring line interface

» Additional features

FirstSubsea



l PMC - Components - Receptacle

» Quick connect latching gripping element for interface with the male

* Open design to allow easy access to various parts of the connector
» Dedicated anodes for cathodic protection

* Interface for hydraulic release tool
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l PMC - Components - Receptacle @

e Client driven additional features

* Diverter Sheave

* Monitoring
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l PMC - Components - Connecting Link

» Super Duplex pins to provide the bearing strength and corrosion protection
required

» Water lubricated bushings/bearings for both axis’ of movement
+ Design to provide the degrees of freedom
» Dedicated anodes for cathodic protection

» Pullin features as required
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PMC - Components - Connecting Link @

The connecting link design is dictated by the mooring arrangement:

* 3lines (Kincardine & Windfloat)

o In the event of a mooring line failure, the structure can move off location
significantly, this means:

= The mooring arrangement changes
= The connecting link movement range is significant
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PMC - Components - Connecting Link

« 6+ lines
o Single line failure increases loads, but arrangement remains the same
= Smaller ranges of movement
= Simpler connecting link design

........
s,
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l PMC - Components - Bracket @

The foundation bracket is a simple fabrication that provides the interface for the
receptacle connecting link.
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l PMC - Ball Gripping

®

«  Optimum geometry on mating parts

Receptacle pockets (fixed by PMC)

» Positive connection

« Sprung engagement - failsafe

« Minimal force to disengage

Mandrel Grooves (Load direction)
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PMC - Projects

®

WindFloat Atlantic
 Project: 3 x WindFloat platforms equipped with 8MW turbines
* Location: Atlantic Ocean
« PMC Qty: 9 x Platform Mooring Connectors (PMC) +1 MBL unit as per ABS requirements
 Design Life: 25 years
« MBL: 560 tonne
« Installation date: Aug 2019 - Dec 2019

Kincardine
« Project: 5 x WindFloat platforms equipped with 9.5MW turbines
 Location: North Sea
« PMC Qty: 15 x Platform Mooring Connectors (PMC) +1 MBL unit as per ABS requirements
 Design Life: 25 years
« MBL: 750 tonne
» Installation date: Nov 2020 - May 2021
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PMC - Installation

Winch line to platform

« 1stand 2" mooring legs pulled in at low line tension
3rd mooring leg requires vessel to allow low tension pull in

Vessel pulls the platform towards 34 mooring leg

FirstSubsea -



l PMC - Installation

« Mooring line with male PMC typically
pre-laid on the seabed

» Receptacle PMC held in a vertical
position during tow out

» Receptacle PMC lowered and
messenger line handed over

« Mooring line pulled in until male PMC
connects to receptacle

« No intervention required during the
pullin

FirstSubsea



PMC - Installation Times @

~+ Removal of PMC Plug
R Average time 30 minutes

* Inspection, cleaning and lowering of PMC receptacle
* Average time 60 minutes

* Inspection, cleaning and pick-up of PMC male
« Average time 30 minutes

e Pull-in and installation of PMC male
« Average time 60 minutes

 Final inspection, any lines
removed and locking pins
installed

* Average time 30 minutes
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l PMC - Disconnection

 Visual inspection and light water jetting
with ROV to remove marine growth and
ensure smooth operation

« Secondary lock removed if applicable

« Hydraulic release tool (HRT) placed onto
receptacle PMC by ROV.

« HRT actuated either by ROV, diver or piped
directly topside to the floater or vessel

« Male PMC lowered out of receptacle
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l PMC - Re-Connection

Male PMC can be laid on the seabed
while the floater gets towed to port

» Floater gets towed to site after
maintenance

« Mooring lines get picked up and
pulled in, no requirement for the
PMC male to interface with the
original PMC receptacle

« No intervention required,
instantaneous storm safe connection
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l PMC - Cobra Wind - Project

 Qverview

* The project consists of an array of five WindFloat platforms equipped with
9.5MW Vestas V164 turbines with a design life of 25 years

 Each of the five platforms will be anchored to the seabed with three
catenary mooring lines

7500 kN corroded (MBL test load) end of life
25 years

-40° to 80°

£90°

10 to 20m
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] PMC - Cobra Wind - Loading

(loadCases |  Description [ MaxTension (kN Azimuth Range (deg Declination Range (deg
Load Case 1 MBL 7500 N/A N/A

Load Case 2 Operating in 1yr storm 2782 50 10 to 60
Load Case 3 Parked in 50yr storm 3560 50 5to70
Load Case 4 Parked in 500yr storm 5585 65 0to 80

Load Case 5 Damaged and Parked in 50yr storm 3680 190 -40 to 65

5

F: 50 Yr Storm
Bearing Load
Time: 2.5

[ Bearing Load: 2.75e+006 N
Componants: 2,75e+006,0,0. N

X

..

0.00  500.00  1000.00 {mm)
-
25000 750.00
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PMC - Cobra Wind - Standards

« Key standards for design
*  DNV-0S-E301 - Position mooring
* DNV-0S-E302 - Offshore mooring chain / ABS - Guide for the certification of offshore mooring chain
* DNV-RP-C203 - Fatigue design of offshore steel structures

» BV-NR445-B - Rules for the classification of offshore units / BV-NR493 - Classification of Mooring
Systems for Permanent

®

« Other standards for project
* ABS Rules for Materials and Welding Part 2
» APl RP 25K - Design and Analysis of Stationkeeping Systems for Floating Structures
« ASTM A370 - Standard Test Methods and Definitions for Mechanical Testing of Steel Products

* BSENISO 13628-1 Petroleum and Natural Gas Industries - Design and Operation of Subsea
Production Systems
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PMC - Cobra Wind - FEA

For the PMC the overall assembly has been split into four analyses

Geametry

rS

Goomenry

FS

rs

* Why use FEA
« Analysis with criteria per DNV-OS-E301

Material models
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I PMC - Cobra Wind - FEA

» Analyses show stress concentrations as would be expected
* PMC Connecting Link T gt rS

Type: Equivalent (von-Mises) Stress.

Unit: MP:

*  PMC Receptacle Assembly ety

815

PMC Gripping Mechanism "

384 41

e  PMC Male

A: Mandrel Assembly - SOL
Eguivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 3
C: PMC Recoptacle Assombly - MBL FS o
615
53815
461.29
384.44
Y | 30750
= 23073
. 153 68
% 77.025
0.00 250,00 500.00 (mm) 0.1716 Min S
125.00 375.00 '
$ A: MBL Ball Analysls
0083383 Mn Equivalent Stress F S
Type: Equivalent {ven-Mises) Stress
Unit: MPa
Time: 45 %
999.43 Max
8ga.47 p
77751 000 300.00 600,00 (mmj)
Y 6E6.56 — — I
s 150.00 450,00
E z 444,64
33368
0.00 450,00 800,00 (mm) 22272
225,00 67500 e
= 0.80497 Min

0.00 100.00 200.00 {mm}
1
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l PMC - Cobra Wind - Fatigue

« The FEA gives a maximum principal stress for each component allowing fatigue calculation
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D: PMC Rocoptacle Assembly - PLT

Maximum Principal Stress - Connecting Link

Type: Maximum Principal Stress
Unit: MPa,
Time: 2%
28/08/201813:02
138.44 Max
E 118.27
1001
| 80.927
: 61,758
42,
2341
4.2487
-14.921

— -34.091 Min

‘

0.00
——
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500.00 (mm)

FS
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D: PMC Receptacle Assembly - PLT

Maximum Principal Stress - Receptacle Pin

Type: Maximum Principal Stress
Unit: MPa
Time: 2
23/06/2019 13:01

244.1 Max

21498

185,87

5

0.00
—
150.00

300.00

450.00

600.00 (mm)

[General information

Works Order [W019836 - Kincardine PMC

Item Receptacle

Item State Uncorroded (Corrosion Protected)

Data Type Peak Tension Range
Fatigue Standard DNVGL-RP-C203 Fatigue Design of offshore steel structures
Inputs from EA model

Maximum principal stress (MPa) J244.10

Tension load applied for full model (kN) J2000

Fatigue Parameters - B1 - Curve
Basic S-N Curve parameters

Thickness Correction Parameters

a 14.917 tref N/A
m 4 t N/A
a2 17.146 k N/A
m2 5 |-

Life Parameters - Taken from customer specification

Fatigue Design Life

25

Design Fatigue Factor

Ji0

[Resuits

Damage due to tension over one year 5.62005E-05
Damage due to tension over design life

0.001405012

Total life of tool in years

17117

= 1
logN =log a —mlog| Ac| —

ref



PMC - Cobra Wind - Cathodic Protection @

« The PMC is designed to sustain 25 years operation in shallow water.

 Electrical insulation bushing and washers are fitted between H-Link/Mandrel Connector,
Connecting Link/Receptacle Connector and Connecting Link/Hull Structure to isolate each

component for CP purposes

Corrosion Protection

Primary Secondary
External Components Cathodic Protection Coatings
Internal Components Deoxygenation Coatings




PMC - Cobra Wind - Materials

« All major items on load path are forged to grade R3S with 3.2 certification
« Balls machined from bar

i -
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l PMC - Cobra Wind - ABS Assessment

» ABS approval (3.2 Certification) Drawing No. | o Titl Status
147215 A | Mandrel Approved '
147876 B | Receptacle Approved ’
147877 B | Connecting Link Approved '
147879 A | Receptacle Pin Approved '
First Subsea Ltd. N [ 9 1
. o o it Proof Load Test Register 148492 A__| Connecting Link Pin_ Approved
F Irs t S UbS ea i e 19836 TR 007 149508 A | Receptacle Pin Forging Approved '
ot com - - Installation and Disconnection Procedure | Filed for reference
Project: Kincardine Offshore Wind Project Customer: e ‘ stage 3 and 4
Project Manager | lan Jowett Contact: KIN-CN-PU-CON-0I00 | KIN-NA-SPE-PP-0007 | 00 [LTM Platform Mooring Connectors Filed for reference
Test Procedure: 19836-P-T-PR-001 Revision: A Test Lead: I Date of Test: | 15/07/2020 | SPeCIflcatlms
“Tart | 75 Serinl Mo, | 75 5erial No, | 75 Serial No, | Fs Sertal No, | 7S Seriaitio, | Reqd | ReqiaTest | Aceuai Temt | StareTime | Poskioad T Finih — 3019 A | Standard Anode Type 128ZHD and Filed for reference
Ref F5-19836- F5-19836- FS-19836- F5-19836- [F5-19836- Test Load Pressure Pressure Time Time 51 XHD
s I e PME; PG L Ll B 147205 A | Locking Ring Filed for reference
PLHI6 | -ME4 FE-14 €106 -RP-04 & 16 -cp-12 5913 :14.1-77 . 145 09:50 09:50 147210 8 Mandrel Assembly Filed for reference
MBL -ME-14 -FE-14 “CL-06 -RP-04 & 16 - C_P- 12 7500 180 - 183 09:52 09:53 147214 B Mamr&l Assemuy W|m HLink Fied fm rEfererm
— - 147890 B | Platiorm Mooring Connector Overall GA | Filed for reference
el ol L N 5 TcoBAR 28, S L 147962 A | Gripping Mechanism Assembly Filed for reference
i s ol e 147975 B__ | Receptacle Workshop Assembly Filed for reference
148495 A | Connecting Link Pin Assembly Filed for reference
149434 B | Receptacle Assembly Filed for reference
149533 B | Platform Interface to PMC Filed for reference
149991 B | Connecting Link Assembly Filed for reference
The abave test parameters have been shecked end KIN-EM-RPT-FS-0005| A [FEA & Fatigue Report (PMC) Ball Reviewed
"’_‘f"f fff‘_’"ﬂ"‘f’ the contract design criteria: Design Engineer: Tony Little Sign: T_.:Q_S Uﬂ-\.. N Eﬂ: }f@_/zogl S anp'ng Mechamsm
Proof Load Witness Test Signatories; We confirm that the test performed as above were completed os per the associated test procedure and witnessed: KIN_EM_RPT_FS_WM A FEA & Falgue Remrt (Pm) Mamrd Reve\ved
Company Stamp ‘Company Stamp Company Stamp Company Stamp Company Stamp Asseﬂ'lbly
\M 7 7@ TTownyd bamal KIN-EM-CAL-FS-0003 | A [ Anode Calculation Connecting Link Reviewed
Lead Test Engincer Project Manager Design Engineer Cllent Inspector 3 plfly Inspection KIN-EM-RPT-FS-0003 | A |FEA & Fatigue Report (PMC) Reviewed
First Subsea Ltd First Subsea Lid First Subsea Ltd Company: Company: ABS Connedlm Llnk
Name: Mike Harney Name: lan Jowett Name: Tony Little Name: Name: lan Harmnwell |
Date: 15/07/2020 Date: 15/07/2020 Date: 15/07/2020 pate; Date: 15/07/2020 KIN-EM-CAL-FS-0002 | A | Anode Calculation Mandrel and Reviewed
QF121C Rev A; Dated: 07-Feb-2014 Rewplade Asmuies
KIN-EM-RPT-FS-0002 | A [FEA & Fatigue Report (PMC) Receptacle | Reviewed
Assembly and Connecting Link
KIN-EM-CAL-FS-0001 A | Design Calculations Reviewed
KIN-EM-RPT-FS-0001 | A | Design Report (PMC) Reviewed

FirstSubsea
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l PMC - Development

» Receptacle change to structural plates from forged body

« Conforms with DNV-ST-0119
* Reduced cost
* Reduced lead time

» Receptacle change to gripping mechanism
» Single forged part from multiple rings
« Modified disconnection reducing length
» Leads to shorted more compact male

 Fabrication of connecting link
» Easier access
* Reduced cost
* Reduced lead time

FirstSubsea

®

Fabricated links: length
change easily
accommodated

Diverter
sheave for
Pull-In line

Disconnection
interface

Access to Male
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