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ABSTRACT

The offshore industry is seeing the advent of new technologies and complex systems as it
ventures into harsher and more remote locations. Integrity and reliability are the keys to such
systems. It is critical to technically evaluate these complex systems thoroughly and modify them
to meet the harsh challenges they have to withstand.

The already existing mobile assets also have to be studied and recertified to meet the

higher load conditions of rougher seas.

The module handling system (MHS) is a complex system which could handle up to 60Te
of subsea modules at 4.5Hs making it versatile system in the North Sea subsea market. The MHS
has various structural, electrical, mechanical, hydraulic, control subsystems which have to be

upgraded and properly interfaced to meet the requirements.

The main objective of this thesis is to evaluate the system by studying all the subsystems
in detail and providing with solutions / recommendations for improving the reliability. Various
areas of improvement have been identified. Recommendations provided for the improvements of

the systems are generic and could be used in the asset management in the offshore industry.



Module handling system — study
Table of contents
Shambhu Jayakumar

Table of Contents

ACKNOWLEDGEMENT ...ttt ettt e e b e s be e s bt e bt e ae e e R e e ebe e sb e e be e R b e ebbe s b e e nbeenbeenbeanneenneennenbeenbeans 2
F N = R I S ¥ G PO P TSRV ROTROUROPRPIN 3
TADIE OF CONTENTS.......oviiiieeee et R bRt e R bR e R bt e et e R bt e r b et n et n e r s 4
T T LU PSSO 6
LIS OF TADIES ...t b bbb bR bR £ H bR bR R R R R bR R bR R bRt b e n bt nr b 8
AADDTEVIATIONS .. ...t b et bt bt b bt e b £ bt e b bR e b e e bR e R e Rt R b e Rt e bt b b st b e e b nrere s 9
Lo INEFOTUCTION ...t bbb e b bbb bbb bbb bt e bbb e e b e b e bt bbbt b e bttt enn 11
11 AT OF ThiS TNESIS ...t b bbb bbbt bbbt ene e 14
1.2 L1 gToTs o] (o] | OO TSSO U ST U PO TSP TP UPTPRTPPRTPRPROON 15
13 Limitations OF the thESIS ..ot 15
2. LITEIATUIE SUFVEY ..ottt etttk t kbbb kb ek E ek £k bbb bbbt e b bt bt bt e bt bt et b 16
3. Introduction to a complex offshore system— Module handling system (MHS) ... 22
4. Technical Evaluation, Results and ReCOMMENALIONS ...........ccooireiriiiiireirneees s 25
4.1. GENETAL UESCIIPLION ...ttt bbb bbb bbb bbbt b bbb 25
4.2. Major subsystems — Description and eValUALION: ..........cccverirererrsr e s 36
4.2.a Main Sheave positional SYStem aSSEMDBIY...........coiiiiiiiiiiie s 36
4.2.b Guide wire sheave positional SyStem aSSEMbBIY ........ccooiiiiiiiiiie e 40
4.2.c Sheaves fOr QUIAE WITE WINCRES ........ciiieiiiiiee ittt sttt sttt sttt sttt st 46

4.2.d IMAIN WINCH WITE SNBAVE .....eeiiieeiie sttt ettt ettt e e ettt e s ettt e s st e e e s st et s e sbteaessabeeeesabatsesssaeaesssbenessbeeeesseeas 54



Module handling system — study
Literature survey
Shambhu Jayakumar

4.2.e L YT (o] 1= TS OU RS URRPU 64

4.2.f Y UL Tod o TSSOSO 70

429 HYdraulic CUISON WINCR. ......c.oiuiiiiiiiiiece bbb bbbttt sttt 83

4.2.h M TEVET PLAITOIM. ...ttt 96

4.2. SKIAQING SYSLEIM ..ttt et b bbbt bt e s e e b et e e b e e bt e b e e bt e b e et e besbeebesbeebeebe e s ebenaens 98
4.2 PAITEES ...ttt bbbt bbb R R bR bbb n bbb bbb 107
4.2k MOONPOOT UOOT SYSTEIM ...ttt ettt bbb bt bbbt bbbt b bt eb bt eb et enes 110
4.2.1 L | OISV 4SSO 115
4.2.m Structural and general layout /equipments Of SYSTEM ... 130
5. Evaluation of the system for Norsok standard C -002 ............ccooeiririiiiniieese e 136
6. Painting specs used for MHS- NORSOK IMB0L .......ccccoviiiiiiieieiiese et se s ee e st e e re s e saesrestestesnasnaensesaessennes 139
) 0 1= g3 - g T T U T PP PP URTPRTTPPRN 143
8. Human Resources - Attributes, Training and ASSESSIMENT ...........ccciiiiiiiiieeree et see e ere e e neeseenees 150
9. Challenges and lesson learnt/ RECOMMENUATIONS .........c.ciuiiiiiiiriiiiiieis ettt b 152
R (=] =] 000 SO SRR 160
T 0 =T o] o 1=1 Lo 1 GOSN 163
APPENDIX -1 Greasomatic SPECITICALIONS .......cviiriiiiirieiie ettt sttt et e sbe e nea 164
APPENDIX 2 CheCKIiSt fOr INSPECIOIS ... cviiveitisieciectiet ettt sttt be st st e teeaeese et e besrestesreeneesneneenee e 169

Module handling system Page 5



Module handling system — study
Literature survey
Shambhu Jayakumar

List of figures

Figure 1: MHS frame (With N0 SUDSYSEEMS) .....c.uoiiiiiiiiiie e 24
Figure 2: Complete MHS SYSEM.......ooiiiiiiiiieee e 26
FIQUIE 3: IMIHS TEVEL L.ttt ra e te e e e nte e 28
Figure 4: Deck layout on FUQro SYMPRONY ......c.ooiiiiiiiiicciecee e 29
Figure 5: SKIAdING SYStEM IEVEI L......cuiiiiiiiiiiece e 30
FIQUIE 6: IMAIN WINCI ... bbbttt bbb 31
Figure 7: GUITE WITE WINCRES ......c..oiuiiiiitiitieieee ettt 32
FIGUIE 8. TOP EVEL.... e e e e ae e e e nre e 33
Figure 9: Overall VIEW Of the tOWET ........c.eooiiiie e 34
Figure 10: Tower seen from Front with side doors folded Up ........ccccooeeviiiiiiiiiiiccice 35
Figure 11: Main Sheave aSSemBbBIY ... 37
FIGUIE 12: ROIET STUCK.....c.iiiiieiece et te e sta e te e e e e nne e 39
Figure 13: Guide wire sheave positional SYSIem ........c.cccvviiiiiiii i 40
Figure 14: Too much clearance on the rollers ... 43
Figure 15: Twisting of the roller DOX.........ooviiiiii e 44
Figure 16: Different SetS Of FOHEIS.......c..ovi i 45
FIQUIE 7. SNBAVES ... .eeitiiitieeitit ettt ettt ettt e et e et e e e st e e beeesaeesbeesnbe e teeaneeenneeanes 46
Figure 18: Damage t0 the SHEAVES ..o 52
Figure 19: ON ClOSEr INSPECTION ......c.viiviiiiiiieiieiieiete ettt bbbttt b 52
Figure 20: Main WINCh WIre SHEAVE..........ccuiiieiicic it 55
Figure 21: TravelliNg SNEAVE ........oooviiiiice e 58
Figure 22: CorroSion OF SNATT.........c.oiiiiiiiiie e 63
Figure 23: Overview of wire integrity management (IMCA SEL 022, 2008)..........ccccoeervreennnne 66
Figure 24: Lubricating the wires ( on construction vessel Skandi arctic)..............cccceveveviveieenns 69
Figure 25: Main WINCN........oooiii e 72
Figure 26: Spooler damaged DY WITES .........coiiiiiiiiieiineeeee e 80
Figure 27 : Crack in the WinCh DEAIING.........cooiiiiiii e 81
Figure 28: The hole on the drum used for lifting the main Winch .............cccccovviieiiiiciccees 82
Figure 29: CUISOr WITE WINCI ........oiiiiiiiiiie sttt nae e 84

Module handling system Page 6



Module handling system — study
Literature survey
Shambhu Jayakumar

Figure 30: The storage position of the platform ...........cccoco oo 96
Figure 31: Modular sKidding SYSTEM ........coiiiiiiiiie i 98
Figure 32: Technical SPECITICATION .........ccoiiiiiiiieie s 100
Figure 33: PPU units attached to the pallets ... 101
Figure 34: Trolley on the skidding DEaMS ...........ccoviiiiiii i 105
Figure 35: Rollers and skidding arrangement under the pallet............c.ccooiiiiiiiiiinciciee, 105
Figure 36: Broken bearing on deCK..........coouiiiiiiiiie s 106
Figure 37: Pallets Shown 45 degrees rotation .............cceeverieieeiieiesee e 107
Figure 38: FIXEd PAIIELS .......ooiieiie et re e aae e 108
Figure 39: Opening of the MOooN POOI AOOIS.........cciiiiiiiieiie s 110
Figure 40: Moon pool doors partly OPENEQ...........cceiiiiiiiiiiiieee s 111
Figure 41: Moon door DEING LESLEA..........eeivieiiciece et 113
Figure 42: Deck- moon POOI INTEITACE ........covi i e 114
Figure 43: guide WITE HPUS ........oouiiiiiiiiiiieeee e 120
Figure 44: INSIAE the HPU ..ot 120
Figure 45: MOLOrS IN HPU ......coiiiiiicc ettt nas 125
Figure 46: Corrosion inSide the HPU..........cooi it 126
Figure 47: Oil 1eak 0N the VAIVE..........coiiii s 128
Figure 48: Corrosion i the fIttINGS. ... s 129
Figure 49: Bolting plate on tower for the cursor railS.............cccocvevi e, 132
Figure 50: Bolting plate on tower for the Cursor railS...........ccceveiiieiie i 132
Figure 51: Burned NoleS iN DBAMS .........oiiiiiiiiee s 133

Module handling system Page 7



Module handling system — study
Literature survey
Shambhu Jayakumar

List of tables

LI o] (=30 R L= Tox ] 1 o] USSP 27
Table 2 Recommended weekly maintenance schedule for sheaves............cccooeveieiienieienene 48
Table 3 Recommended storage maintenance schedule for sheaaves...........cccccceveveveiienvcie s, 49
Table 4 Recommended 5 year overhaul schedule for Sheaves ...........ccccoveveiieviccc e, 50
Table 5 Recommended weekly maintenance schedule for sheaves..........c.cccocvveeviiiiicic e, 60
Table 6 Recommended monthly maintenance schedule for sheaves..........ccccooevieieiieiicienenn 61
Table 7 Recommended 5 yearly overhaul maintenance schedule for sheaves...........c.cccccouenene. 62
Table 8 Recommended Weekly maintenance of WINChes ..........cccccevvieiicic e 75
Table 9 Recommended monthly maintenance of WINChes ..........ccccceeviviiiiiic s, 76
Table 10 Recommended storage maintenance of WINCNES ...........ccovvieiiinii e 77
Table 11 Recommended 5 year overhaul schedule of WINChes..........ccccocvvvviieviiie i, 78
LI Lo Lo I = o L (0] (o [0TSR 79
Table 13 Lifting equipment Management..........ccovoiieiieiiieiie e 95
Table 14 PPU SPECITICALION. .......oitiiiiiiicieiieieee et 101
Table 15 Maintenance schedule fOr PPU...........coiiiiiiiiiie e 104
Table 16 Preventive maintenance schedule for HPU ... 122
Table 17 Lubrication Check INTEIVALS...........coiiiiiiieiie e 123
Table 18 COrreCtive MaiNTENANCE ........ocieiuiiieiieeieeee st e eee e e e e e e e sreesteeee e seeeneesreenseaneens 124
Table 19 Prequalification criteria for painting SYStEM 7........ccceieieiinenininieee e 141
Table 20 Spare part recommendations for MHS -general ... 146
Table 21 Spare part list fOr WINCHES ........cooviiiiiiiii e 148

Module handling system Page 8


file:///C:/Documents%20and%20Settings/sjayakumar/Desktop/TBC%20The%20Module%20handling%20system-study%2012-6-2012.docx%23_Toc327261939

Module handling system — study
Introduction
Shambhu Jayakumar

Abbreviations

ACOP

AHC

AMC

DNV

FMEA

GWW

HPU

Hs

HSE

IMCA

IMR

LCI

LOLER

MHS

NDE

Approved Code of Practice

Active heave compensation

Aker marine consultants

Det Norske Veritas

Failure Modes & Effects Analysis

Guide wire winch

Hydraulic power unit

Significant wave height

Health safety and environmental
International marine contractors association
Inspection maintenance and repair
Integrated operations

Integrated operations center

Integrated planning

Life cycle information

Lifting Operations and Lifting Equipment Regulations 1998
Module handling system

Non-Destructive Examination


http://www.hse.gov.uk/pubns/books/l113.htm

0&M
ocv
OSHA
PPE
PPU
PUWER
QMS
ROV
SCM
SWL

TCIG

Module handling system — study
Literature survey
Shambhu Jayakumar

Operation and maintenance

Offshore construction vessel

Occupational safety and health administration
Personal protective equipment

Push pull unit

Provision and Use of Work Equipment Regulations
Quality management system

Remotely operated vehicle

Subsea control module

Safe working load

Tower crane inspection group

Module handling system Page 10



Module handling system — study
Literature survey
Shambhu Jayakumar

1. Introduction

The state of the art complex systems of the offshore industry provides some of the most
demanding yet exciting project management and engineering challenges. It is the perfect
example for a globalised market where equipments and labor are bought from different parts of
the world to be assembled and used in some of the remotest and demanding areas. Reliability is
the key and quality assurance in each step from the design drawing board to fabrication followed
up by proper maintenance program till the end of the life cycle is important. In a complex
system, where different subsystem are designed and fabricated by different sub supplier, assuring
quality and proper integration of the components is a herculean task for the clients. Quality
assurance and quality control should be managed by the parent company, not by a contractor or
other third party (Doucet, 2007) stretching the already limited labor resource availability of the
clients. When the subcontractors are spread globally, constant quality surveillance is difficult.
There is need for more resident quality surveyors who can witness the critical operations at the
subcontractor site. Fit up tests before / during decisive component delivery and installation are
usually not performed due to schedule pressure. Proper training for the fabricator about the codes
and regulations of the country where it is going to be used has to be provided. Companies have
lost millions of dollars, when equipments fabricated outside Norway could not be used for the
job as they do not meet the Norwegian standards. This is very obvious in case of construction
vessel, in the inspection maintenance and repair (IMR) market, when they are bought from other

geographical location, fails to meet the requirement during Norwegian standard fitness audits.

With the advent of the integrated operation (10) where assets and complex operations are
integrated for economical benefits (OLF,2005) , the complex offshore system has taken a giant
leap in using the modern advancement is science but have added an extra degree to associated
complexities. In the long run it would be beneficial especially in having expertise from the
onshore facilities available for operations. While planning an offshore system extra focus is now
made on the onshore communication scope as it’s a critical element in the 10 system. The

industry has witnessed its advantages through Integrated Operations Center of Conoco Philips in
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Stavanger through which they were able to control majority of offshore operations through the

onshore base.

A complex offshore system is usually a unique state of the art facility based on the rules
and regulations of the operating area. Proper integration of the various high tech subsystems is
vital for a reliable scheme. The uniqueness of each system makes it difficult to develop a generic
design/ solution forcing the engineers to make a tailor made solution each time every time. It’s
usually the nitty gritty details that matters most in case of such interfaces and the project team
have to be prepared with backup solutions. As seen in the industry most of the complexities
emerge during the testing phase of the project offshore making the teething problems really
strenuous. As a thumb rule an operation offshore will cost 5 times that of onshore, meaning each
small modification need to the system while offshore could potentially blow up the total life
cycle cost. This kind of surprises occur in the subsea industry when its next to impossible to
accurately check and measure the dimensions till a diver or an ROV is in site for the purpose,
which could be too late and expensive. Statfjord C riser replacement welding campaign is a good
example as the design was based on welding a smooth machined bore pipe but during the actual
operation when the divers where on site it was seen to be a rough bore pipe, resulting in
substantial work scope change in the offshore operation.

Offshore facilities have limited accommodation facilities and the transportation could be
an area of high risk concern. From 1976 up to year-end 2002, there have been 7 fatal accidents
related to helicopter transport in the UK offshore sector claiming lives of 88 offshore workers
and flight crew (HSE UK 2004), further highlighting the need for reliable integrated system .
During 2002/03 in the UK sector offshore 64 serious injuries have been reported of which 21
(32% ) have been related to maintenance / construction , making it the most vulnerable working

area in the whole offshore operation phase (HSR,2006)

In an industry that seems forever changing, one visible constant is the drive towards
lower cost. With the associated breakdown maintenance cost being too high, reliable offshore
equipment is primary requirement. The integration of the various subsystems has to be tested for
the worst case loading that the equipment could see during its operation. Compared to the

onshore structures which are typically larger and seeing much less dynamic loading the design
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and fabrication along with the material properties gains importance as the offshore structure have
to resist the fatigue loadings as well as corrosion and colder temperature. The situation calls for
not only stronger material with superior qualities but also state of the art welding equipments,

procedures to minimize the associated welding problems such as cracking.

The experts may not be available on time offshore, making even more difficult to get the
equipment up and running. This could also result in getting system experts flying in from far of

locations resulting in more downtime and higher costs.

The complex systems used offshore are a beautiful yet challenging symphony of various
intricate subsystems. Understanding about the working and maintenance of each of these
components are critical for a successful operation. A single elemental failure could lead to
disastrous results. The prime example is an offshore crane — where the crane wire is a single
critical element and its failure could lead to fateful operations. The inbuilt redundancies of the
system starts at the design phase but maintenance of the components are critical during the life of
the system. For doing proper maintenance comprehensive and regular training need to provided
to the technicians. They also need to be updated with the latest condition monitoring as well as

asset management procedures.

Inspection maintenance and repair operations are characterized by quick mobilisation
with short notification period. A pool of equipments, with long lead times needs to be pooled and
kept ready for operation at the earliest. The operation critical items have to be identified and
pooled at required amount and the management of the pool with regular inspection and
emergency responses trials have to be checked. The development of the system is a part of the
integrated planning process. Integrated planning (IP) can be described as a planning process
aimed at integrating all dispersive plans across different disciplined, enabling the alignment of
key operational planning processes to provide a common perspective across work plans
(Kayacan and Celik, 2003) and while developing an ac complex offshore system along with its
associated infrastructure onshore the long term planning , reflection of the organizations business
development that involves specific investment strategies and business actions which are
fundamental components of business eyesight and the long term future ( Bai and Liyanage,
2012) is important.

Module handling system Page 13
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Designing a QMS system for a complex system is another challenging task faced by the
project team A composite and comprehensive management system ensure competitive
performance in the global economy ( Karapetrovic and Willborn , 1998) .and to develop this
comprehensive system each and every subsystem need to be studied in detail and practical
system developed. The uniqueness of each of the complex systems adds to the task Personnel’s

role, involvement, competence, skills and development feature in a total QMS system.

1.1 Aim of this thesis

This report is a detailed study of a complex offshore system. Through this report | intend
to study /evaluate general challenges of a complex system in the offshore subsea industry taking
Module handling system (MHS), an asset owned by Technip Stavanger, as a case study. MHS is
installed over the moon pool of construction vessels and is designed to handle 60 Te subsea
equipments at harsh environmental states of 4.5 Hs, making operational at the bad sea states in

remote location.

MHS system installed on the Fugro symphony in the summer of 2011 was not able to perform to
its promised potential. In this report I try to study the system and analyze the various components
in detail and modify the various components so as to improve the reliability and performance.
The technical evaluation has brought to light various issues with the MHS and the report here
elaborates on the study that was undertaken and includes the recommendation for re-
commissioning and suggestions for improvements in future operation. These recommendations

could be used in any similar offshore applications.

There were various structural, mechanical, control systems that had to be studied and
upgraded. There are also corrosion issues to be addressed. The main challenge is to identify the
root cause of the various errors and then proposing a solution for it. The report carries a
description and evaluation of each of the main subsystems and the recommendation for

modifications are mentioned in each section for easy reference and practical use.
The issues with the MHS includes a wide array of issues — with most of them related to

e fabrication intolerances,

e design irregularities,

Module handling system Page 14
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e material selection
e wrong manufacturing techniques
e unpractical designs

e ergonomics

The technical recommendations given in this report could be applied to any of the
offshore facility during its fabrication, testing, installation or maintenance. Through this study |
have tried to extend my area of knowledge into the various segments of an asset and bring to

notice what would be the areas of concern of typical offshore complex system.

Also through this report | also plan to develop a spare part list and put in place a maintenance
strategy in order to develop the basis for the maintenance system which is to be implemented in

the long run for the asset.

1.2 Methodology

This is real time industrial project and for the evaluation, all the documents were
comprehensively reviewed and all the technical data were collected. To check the integrity of the
components, they were physically assessed offshore onboard Fugro symphony and AMC hinna
base. The physical assessment includes the check for the intolerance, physical damages and
possible issues that could arise during the offshore operations. The physical measurements were
done to millimeter accuracy at all the relevant location. | also had detailed discussion and
interviews with many industry pioneers.

The report is divided into the technical evaluation of the various subsystems with each
carrying the relevant recommendations. Some of the modifications are particularly relevant to
the MHS (design, fabrications, intolerances etc) while some of them are more generic and are

relevant to the all of offshore industry.

1.3 Limitations of the thesis

In this report structural, both global and local, strength and serviceability criterions are
not verified (the initial designers are responsible for ensuring this). The recommendation given in
this report are to be evaluated along with the designers to develop a reliable system. The same

goes for the mechanical and hydraulic subsystem systems evaluated here.
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2. Literature survey

The MHS is classified as an “offshore lifting appliance” which has been tested and certified
in accordance with the Det Norske Veritas “Rules for Certification of Lifting Appliances*
(DNV, 2008) which gives the criteria and guidance for certification and verification of the
design, materials, fabrication, installation, testing and commissioning of lifting appliances. MHS
falls into the category of Shipboard cranes -onboard vessels intended for cargo handling within
and outside the vessel, as here we are using to handle subsea modules in and out of the vessel.
The components designed and certified based on DNV on MHS are

e All load-carrying structural members

e Sheaves, shackles, lifting beams, swivels and ropes

e rope drums (winch drum)

e power systems (for hoisting, derricking, slewing and travelling)

e brakes and braking systems

e safety equipment

e seating and fasteners for prime movers, winches and for bearings of power transmitting
components

e control and monitoring (DNV, 2008)

The structural components are checked with the drawing supplemented with calculations
supporting the basis of design. For the MHS this includes the dynamic forces occurring during
the launching and recovery of the modules critical through the splash zone. Code also mentions

about the horizontal forces that need to be considered during operations.
Functionality movement requirements

e safety brakes on all movements
e overload protection
e load indicator or load moment indicator

e safety valves on all main circuits of the hydraulic system
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e emergency stop system
e end stoppers
e audible warning alarm
e slack wire rope detection

e means for emergency lowering of load (DNV, 2008)

IMCA Guidelines

The international marine contractors IMCA guidelines M171 discusses the general aspects of
lifting applications design. Even though the guidelines are generic to the crane systems, it has
elements which are relevant to the MHS (IMCA M171, 2003). The guideline briefs about:

e Mechanical requirement - including the functional purposes, arrangement, sea states for
operations, lifting capacity and radius, working height, maximum depths of operation,
requirements of constant tension / active heave compensations and wire construction

e Supply requirements — drive mechanism, voltage supply requirements, Start up
mechanism, power requirements

e Control/instrumentation system requirements —specifying about Operator’s Cabin
location and ergonomics , Cabin Controls and Instruments , Remote Control , Safety &
Emergency Devices

e Maintenance and repair requirements -Recommended Spares, Maintenance Program
applicable for all the subsystem, Maintenance Access and Aids

e Testing, installation, trials and training —Testing, FMEA (Failure Modes & Effects
Analysis), Installation & Commissioning, Trials, Training

e Certification and documentation — classification society rules and approval,

Documentation

The wire ropes for the lifting winches are the single most critical item in the whole lifting
arrangement. The IMCA guidelines IMCA SEL 022/IMCA M 194 discuss the integrity
management of the wire ropes used for lifting. It includes guidance on selection of wire ropes,
storage, transport, maintenance, description of the causes of wire rope deterioration, thorough

examination, inspection, testing, discard criteria and documentation for wire ropes used by
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vessels in the marine industry (IMCA SEL022, 2008). It also advises about documentation of all

the elements of this guidance, such as selection, certification, storage, thorough examination and

inspection, history of use, records of damage or wear and final discard. IMCA SEL 023, IMCA

M 197 guidelines discuss about Non-Destructive Examination (NDE) of Magnetic Rope Testing
which would be used for testing in the future (IMCA SEL023, 2009).

Provision and Use of Work Equipment Requlations (PUWER)

Provision and Use of Work Equipment Regulations (PUWER), UK, place responsibility
on the companies to provide quality equipments to user. They regulate the quality of equipments
and maintenance of the system. It also stresses on the complete training for the equipment in use.
The equipment should come with sufficient safety features and controls, with adequate
emergency stops. The access to the dangerous parts needs to be barriered in a proper manner
(PUWER 1998). The puwer also discusses about the drop object protection systems in place in
the system. The general isolation of the equipment from power source is also covered in detail.

Lifting Operations and Lifting Equipment Requlations 1998 (LOLER)

Lifting Operations and Lifting Equipment Regulations 1998 (LOLER) are the regulations
regarding the lifting equipments. The LOLER is supported by Safe use of lifting equipment:
Approved Code of Practice (ACOP). LOLER discusses about importance and standards of
marking the safe working loads SWL on the equipment. Planning and supervision of the lifting
operations are referenced in the regulations. The regulation also covers inspection and
certification of the lifting equipments. (LOLER ,1998)

Working at heights regulation 2005 is based on the UK laws and is seen as an industry
standard in the North Sea oil and gas industry. The rule is for everyone involved in working in
height. In the case of the MHS all the maintenance activities needs to be done at a height and
also during operation when the moon pool doors are opened it involves working at heights and
over board. The rules discuss the use of safety equipment needed to aid in doing the work. There
are details about the planning needed prior to operation and the limiting weather criteria before
performing the work safely. Other items are about hierarchy of organization, selection and

inspection of lifting equipments.
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NORSOK Standards

The MHS is painted according NORSOK M501 specifications. NORSOK M 501 —
surface preparation and protective coating specifies the requirements for the selection of coating
materials, surface preparation, application procedures and inspection for protective coatings to be
applied during the construction and installation of offshore installations and associated facilities.
(NORSOK M501, 2004). The codes gives specification about the various types of coating that
could be used for offshore application and the testing that need to be done for each of the

different type of coating system along with the operation and maintenance philosophy.

Norsok standard C -002 states the minimum functional requirements for design and
construction of architectural components and equipment to be installed and used on offshore
installations (NORSOK C-002, 2004). The MHS system and documentation is evaluated , in
relevant areas , to meet the Norsok standards. Norsok C-002 are the standard for the
architectural components used in the design . They are used especially in the hand rails and stairs

design.

Occupational safety and health administration (OSHA)

Occupational safety and health administration (OSHA) in ‘Occupational Safety and
Health Standards’- The control of hazardous energy (lockout/tagout)’ specifies about the lockout
regulations to prevent the unexpected start up of machines and also release of unexpected energy
(OSHA 2012). It discusses about disconnection of the hydraulic systems and testing after

hooking up before pressurizing it.

OSHA also has standards while using electrical equipments and connections.
‘Occupational Safety and Health Standards-electrical’ states about the inspection, approval and
use of electrical appliances. It also stated further about the insulation integrity and deteriorating
agents including the environmental agents which would influence the life of the equipment.
There are sections dealing with equipments stored outdoors which are relevant to equipments
stored on deck.” Wiring design and protection’ discusses about the color coding, branching and
multi wire branch circuits and is relevant not only for the MHS system alone but also for the

interface with the electrical connections on the vessel. ‘Use of equipment  specifications states
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the handling, visual inspection, grounding requirements and over current protection methodology
which would be critical when the MHS gives back the power to the vessel through active heave

compensation system is activated.

Offshore lifting has always been a focus area and seen a lot rules and regulations getting
into place to assure the safety of the operations. The main HSE focus of statoil for the year 2012
is the prevention of dropped objects accidents. Statoil is giving special emphasis on ‘sweeping
the equipments’ to make sure that there are no small items kept unstrapped on the bigger

equipments that are lifted.

Offshore industry forum/ standards

‘International Regulators’ Forum on offshore lifting and mechanical handling issues has

identified. The top ten priority/serious issues identified are :

Competence of crane operator
Competence of banksmen / slingers
Man riding using winches

Planning of lifting operations
Analysis of lifting accidents

Static and dynamic crane rating
Hook shagging on the supply boat

Competence of maintenance staff

© © N o g DR

Supervision of lifting operations
10. Inadequate maintenance

Maintenance features twice in the list, showing the concern of the industry about the
maintenance of the subsystems in the overall performance and safety of operations (IRF, 2005).
There have been various proposals and regulations to capture the maintenance activities of the
lifting operations. Some of the regulatory initiatives are featured in the report are :

e Inspection reports (pre-use, monthly, quarterly, and Annual) to be checked thoroughly by

management. Visual inspection of the rigging conditions and implementation of wire
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rope inspection program. Annual Third party inspections are also highly recommended
for the lifting appliances now

e New Norwegian regulations and standards are highly focused on maintenance
e HSE key program KP3 on Installation Integrity includes in depth inspection of the
effectiveness of maintenance. Safety Notices published following recent crane boom
collapses on older cranes. Emphasize the importance of reviewing the adequacy of

maintenance arrangements to reflect age of crane.

During the life time of the MHS, the maximizing the assets could mean more stringent
checking of the systems and developing more ways of increasing the life time . ‘Beyond lifetime
criteria for offshore cranes’ by HSE, Which contains information on the present standards and
UK could be reference document for industry practices and regulation for extended life (OTO,
2001)

The other main challenge is the structural integrity of the MHS and there has to be checks in the
long run of the equipment for deteriorations and structural damages. Some of the mechanisms

which could potentially limit the life of the system structure includes :

1. Fatigue (loading)

2. Creep (when crane operating over high temperature zones, GT exhausts, flare booms,
etc.)

Corrosion

Erosion

Brinelling

Impact damage

Ageing

Leakage (ingress of water/condensation effects)

Vibration

© o N o 0 B~ w

10. Loose fittings (electrical, mechanical, hydraulic and pneumatic systems)
11. Buckling
12. Brittle fracture (OTO,2001)
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3. Introduction to a complex offshore system— Module handling system (MHS

The Module handling system (MHS) is a significant asset for Technip norge, having
substantial influence on the inspection, maintenance and repair (IMR) market in the north sea
sector. It’s a system designed to handle 60Te subsea equipments at harsh environmental states of
4.5 Hs, which makes it operational almost all year around in the Norwegian sector. It could be
used for installation and decommissioning of most of subsea infrastructure and aid in

transporting it onshore to the quay side facilities.

The MHS was designed and delivered to Technip by TEKMAR and it’s the sixth module
handling system fabricated by them. This time the scope includes the supply of main lift winch,
guide wire winches, hydraulic power units and remote control cabin integrally mounted on the
structure of the MHS. As well as the MHS, within Tekmar Subsea’s scope of work includes all
the deck skidding systems, pallets, rotary turntables and hydraulic push / pull units required for
safe and controlled handling of subsea tools and equipment. (Tekmar, 2010). The winches, the
sheave and wires arrangement were provided by Lebus international engineers, UK. The control

systems and the HPUs were delivered by MJR controls, UK

The system is designed for ‘easy’ mobilisation onto vessels and has a 35Te Integrated
Main Winch. It is designed for use of vessel crane trough tower as supplement to winch. The
main winch is delivered with non rotating wire for operations to 1500m depth and is
dimensioned for a 35Te submerged load at 1500m (Wire weight 23Te) FOS 5:1 on 35 Te lifted

load. The tower is dimensioned to operate in Hs up to 4.7m @ better than 95% efficiency.

Control system / cabin integrated in tower structure for good visibility. There is direct
access from the vessel deck and has all the major control systems. There are also high Capacity
Guide wires System, 3 off winches (8 Te in CT operation) which can operate in POD mode. One
of the guide wire winch has AHC capacity of 5Te @1500m and 95% efficiency. The cursor

winch, 15Te capacity operates cursor carriage located to the side of main winch.
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The MHS s installed on the moon pool of the vessel and has the main wire and guide

wire system which is used guide and lower the modules over the xmas trees or manifolds and
commission them with ROVs or divers. The complete MHS system is 241 Te and the main
winch is presently rated for 35 Te and could be upgraded to 60Te. The guide wire winch wires
lock themselves to the subsea manifold and guides the modules to and from the seabed to the

vessel deck.

The modules could be stored on the deck of the vessel and could be transported into the
MHS from the deck in the special skidding system. Once the modules are inside the MHS it
could be hooked on the main winch and the moon pool doors could be opened and then deploy
the modules though the hull of the ship. Position of the guide wire and the main wire winch
could be modified based on its manifold structure and the nature of the job. The system has
unique features to be operated with ROV backup from vessel.

The system was first installed on the Technip’s third party vessel Fugro symphony during
October 2011 in Teeside, in UK.. The first planned project for the MHS was balder project, of
Exxon mobile, in changing out the SCM in the balder field. Testing of the MHS was done on the

vessel during the vessel transit from UK to Norway and on the quay side in haugasund.

The commissioning of the control system of the MHS was not completed and during the
testing there was an accident when guide wire winch lost control the socket of the wire collided
with the sheave. The commissioning of the control system was not finished but the balder project

was successfully completed using the MHS along with additional deck winches.

Further testing and inspection of the system revealed many errors which resulted in the
decommissioning of the system from the Fugro symphony and getting to fix the system in the
quay side AMC base in hinna, Stavanger. The decommissioning was done in December and
detailed survey of the system was performed during the initial months of 2012. An extensive
modification, repair and recommissioning program was scheduled and implemented. The testing
arrangement for the MHS has to simulate the motions of the vessels in the sea. Various signals
are imposed on the system to simulate the sea state. The plan is to finish the commissioning of

the tower on the quayside in AMC and then install it on the vessel with subsequent deep water
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trials on the vessel. It’s important to test the system each time it’s on a new vessel and fine tune

it to meet the vessel requirement.

The system has high potential and could be a market leader of especially in the IMR
segment and installation of smaller subsea modules because of the various unique features of the
system. To attain this, rigorous testing and commissioning plans have to be implemented.
Reliability of the system has to be proven to the industry. Also the various maintenance
programs have to be implemented thoroughly to meet the high performance requirements of an
offshore system, which would be the key to successful utilization of the MHS with minimum

downtime.

Figure 1: MHS frame (with no subsystems)
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4. Technical assessment and integrity evaluation, Results and

Recommendations

4.1.General description
The MHS is used to launch modules from the rear deck of the vessel down through the

moonpool to the seabed. The MHS is located directly over the moonpool of the vessel and is
mounted on a subframe that has been specifically designed to interface with the moonpool on the
Fugro Symphony. The subframe need to be designed for specific offshore construction vessel

(OCV) based on the moonpool details.

The MHS consists of various modules and proper integration of the various modules is the
key to a successful offshore operation. The system has a safe working load (SWL) of 35 Te, with
the scope to be upgraded to 60Te. 3guide wire winches are on the unit, a maximum of four guide
wire winches can be fitted onto the MHS. The MHS is classified as an “offshore lifting
appliance” which has been tested and certified in accordance with the Det Norske Veritas “Rules

for Certification of Lifting Appliances 2008”.

The assembly comprises of the following modules :

Each of these subsystem are described and evaluated later in the report

Main Sheave positional system assembly

Guide wire sheave positional system assembly

Sheaves for guide wire winches

Main winch wire sheave

Wire ropes

Main winch

Hydraulic Cursor Winch

Sle|m|e|alo|o|e

Mid level Platform

Skidding system

Pallets

Moonpool door system

= x|

HPU system

m. Structuaral and general layout
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When the system is mobilized on the vessel total associated weight is around 300 tones with
around 7 heavy non standard lifts. There are hydraulics that need to be fitted up and tested .Also
the interface with the vessel have to be modified to meet the power requirements and the active
heave compensation system have to be tested and fine tuned based on the new vessel dynamics.
The mobilisation on the new vessel is approximately 5 days. The hydraulics needs to be also
pressure tested prior to mobilization and the proper connections need to be coupled to the HPU
and the main systems on the tower. There are seafastening that has to be done to the main tower

on the moon pool and the skidding rail and the HPUs on the deck.

Figure 2: Complete MHS system
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Safe Working Load dimension

6.0x6.0x8.0m

Moonpool dimensions

72X7.2m

Module dimensions

60Te capacity / 1-off

Operating Depth

Depth 1500 msw

Guide Wires 3-off 8 Te SWL
AHC Main winch 35 Te SWL
Tool Slot 4-off in a cross over design

Cursor system

Constant tension winch

Cursor Length

Deck elevation + 10.0 m, - 8.5 m

Tower Weight 250,000 kgs (estimated)
Push / pull units 60Te capacity / 2-off
Skidding pallets 60Te capacity / 2-off
Rotating pallet 60Te capacity / 1-off

Table 1 Description

The MHS is a four storey structure with its main operational components segregated from each

other by the particular working level.

The deck level is directly accessed onto the back deck of the ship. The auxiliary hydraulic
controls and basic electrical panel are mounted on this level. Internal to the MHS are three
platforms which cover the moonpool. The central moonpool door is an extension of the skidrails
and hinges down into the moonpool itself in the open position. The two side platforms are man

riding and hinge upwards in the open position. All platforms are independently controlled.
Other modules located at deck level are:

Main winch HPU
Guide wire winch HPU
Deck skidding system

Auxiliary hydraulic controls

o & w0 NP

Interfacing panel controls
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6. Emergency stop and clear coms control point
7. Moonpool flood lighting (3 off)

The Main Winch HPU is used to power up the main winch of the tower as is stored in a
standard 20ft offshore container for easy storage and mobilization. It has two modes of operation
which are Local Control (using paddle controller) Basic winch control only and Remote Control
(using the Cabin Controls). The main winch HPU powers only the main winch component while

the guide wire HPUSs runs the skidding system as well.

The Guide Winch HPU is place in a different 20ft HPU and is used to operate all the three
guide wire winches and has two modes of operation with local Control (using paddle controller)
Basic winch control only and remote Control (using the Cabin Controls).It is also included in the

Towers Emergency Stop system (3 in total for level 1)

Figure 3: MHS level 1

The skid system is used to transfer modules from the deck to inside the tower and then
back to deck. It is a manually operated hydraulic load transfer system which shares no control
features with the rest of the MHS. The skid system operator needs to be aware that he will have

complete handling control of the load and will require specific instruction on this.
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Figure 4: Deck layout on Fugro symphony
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Figure 5: Skidding system level 1

The system has auxiliary hydraulic controls unit on the side of the MHS.These controls under
normal conditions should not be used manually. The controls are mounted just off the port side
rear leg next to the Lower Electrical Panel. Removal of the Stainless Steel cover gives access to

the manual operation handles.
The Auxiliary controls are used for:

* Main Winch Position X/Y

* Guide Winch 1 Position X/Y
* Guide Winch 2 Position X/Y
* Guide Winch 3 Position X/Y
* Cursor Winch operation

* Moon Pool Doors

* Upper Tower Door

All of the above are controlled within the cabin under normal conditions
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The deck level has interface control panel for the MHS lighting and subsea camera reel control.

The Panel is used for the following functions:

* Operate the Tower Floodlights

* Operate the Tower Strip lighting

* Operate the Subsea Cable Reel 1 & 2

* Remote I/O & Integration Marshalling (Cabin Control)
» Power Distribution (Tower & Cabin)

The communication point for clear coms and emergency stop point is situated to the left of the

Interface panel and easily accessible from the deck.

The first floor can be accessed from the deck level from both port and starboard side of the
vessel. The following modules are present on the first floor:

Operator control cabin

1-off 35t SWL active heave compensated (AHC) main lift winch
3-off 8t SWL guide wire winches (1-off with AHC

1-off 10t SWL constant tension cursor carriage winch

CCTV cameras

o ~ Wb E

Figure 6: Main winch
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There is full access to all winches for maintenance purposes. Stairways have been supplied to
access the space between the two starboard winches and control cabin and portside winch. The
operator control cabin is the main control centre for the MHS and serves as the hub for all the
other Modules of the system. The cabin is environmentally controlled and ergonomically
designed to keep the operator in readiness for system use over extended time frames. The

Control Cabin is the only point that has “Clear Coms” and Emergency Stop Controls.

The main winch is the largest winch on the system and has its own hydraulic power unit (HPU).
The winch is fitted with Active Heave Compensation as is rated to 35t SWL. This has an option
to be upgraded to 60t SWL in the future. The three guide wire winches are all powered from a
separate HPU. One of the guide wire winches (starboard side nearest the main lift winch) also

has the capability of active heave compensation.

Figure 7: Guide wire winches
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The third level is limited basically to the walkway between deck level and the top of the MHS.
Halfway along the walkway is a hinged platform that can be used for maintenance purposes
above tools to be deployed. The platform is raised and lowered via a hydraulic cylinder
controlled from the operator cabin. This level also incorporates Emergency Stop and Clear Coms

Control Point.

The top level is fitted with the main hang-off points for all winches. This incorporates all wire
rope sheaves and positional assemblies. All hang-off points are adjustable in the X and Y axis
from the operator control cabin. There is a walkway going all around the sheave assembly.

Figure 8: Top level
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Figure 9: Overall view of the tower

There are lot of unique features of the MHS , which makes it state of art in the industry, are

mentioned below

Twin Beam incl. sheaves

Wire fleet system / Floating sheave arrangement

60 Te overall structural capacity

Modue size: 6x6x8.5m

Main winch

35Te Capacity (prepared for upgrade to 60Te). This require two additional motors & a
main HPU upgrade.

Active Heave Compensated — 4,7m Hs@ 95% efficiency

1500m of Low Rotation Wire @56mm

Spooling device on winch

Floating sheave arrangement on top of tower for main wire control

Modular winch location, May be moved to deck level
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Figure 10: Tower seen from Front with side doors folded up

Some of unique operation features that help the system during offshore operation are :

= Guide post rests / storage locations 2 off

= Sheaves /hang off arms 2 off, 2.5Te capacity
= Hydraulically operated Monkey Platform

= Control cabin

= 10 point lighting into tower and to back deck

= Cameras overlooking top of tower twin beams, back deck & tower internals
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4.2.Major subsystems — Description and evaluation:

4.2.a Main Sheave positional system assembly

Description and evaluation

The main sheave assembly is mounted on the top the tower and is the primary load point on the
structure from which the load is hanging. There are two sheave wheels which are routing the
main winch wire into the moon pool and to the subsea modules. Based on the location where it

needs be the center position could be adjusted 0.5m.

The position is adjusted using hydraulic jacks which could push or pull the system in the
direction. There are bearing pads and roller guide to to help and guide the relative motion of the
sheave assembly with respect to the main tower. It also has conic receptacles for receiving the

crane wires (the crane could be used instead of the main winch).

The MHS main sheave system enables the main winch wire to be offset from the centre position
inside the tower + 0.5m in both the X & Y plane.

The MHS main sheave system can be operated by 2 methods, the first method is via the control
panel in the control cabin and the second method is via the hydraulic panel at deck level. The
operating of the main sheave positional system via the hydraulically can be done by the
hydraulic control panel situated at the front of the tower. The unit has 16 functions in the top

draw with each function highlighted on the panel door below.

To operate the main sheave in the X axis (port to starboard) you would operate lever 7, up moves
this towards starboard (-) moving the lever down will move the sheave toward the port side (+).
To operate the main sheave in the Y axis (forward to aft) you would operate lever 6, up moves

this forward (+) moving the lever down will move the sheave toward the aft of vessel (-).

The main sheave assembly is a very practical design which gives very good flexibility during the

offshore operations. The features related to positioning are useful in accurate positioning of the
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wires ropes and avoids unwanted stresses on the subsea assets that’s getting lifted. The Teflon

friction reduction pads are good designs but would need constant monitoring and maintenance.

The main sheave has seen severe rust issues during it short operation period and this highlights
the use of proper maintenance techniques for the shaft. The shaft as it stands now is not fit for
purpose. Also closer inspection revealed that the rollers for guiding the assembly are stuck at
some locations which could be due to lack of lubrication. The rigidity of the roller are also

questionable and have to be confirmed by the initial designers.
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Figure 11: Main sheave assembly
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General Recommendations for modification of the sheave positional system :

1. The O&M document for MHS (D-955-TEC-06) refers “For information on maintenance of
the main sheave please refer to D-955-TEC-13 (main winch operator & maintenance

manual)”. D-955-TEC-13 is missing from Technip document system and need to be updated

2. Check the play for the guiding rollers. To be checked and maintained weekly

3. Modify the guiding arrangement for the vessel crane hook on the beams for more offshore

friendly operations

4. 1t is recommended to move the sheave assembly before the load is being suspended, moving
the sheave after the load is suspended could result in heavy unbalanced loading and could

potentially damage the sheave, wire or the hydraulic movement system.

5. Weekly maintenance- check and reporting of the sliding area. Any
irregularities/misalignment/debris/roughness could mean additional torque on the sliding
block.

6. Weekly maintenance: The sheave shaft needs to be properly greased and checked weekly.

7. Monthly maintenance- check of Teflon pads in between the sliding surface for ingress of

metal debris and about the general condition.
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Stuck roller

Figure 12: Roller stuck

Description e Roller stuck ( No play relative to the beam flange) The roller are
designed to move relative to the beam flanges as shown by the arrows
in the pictures

Reason e Lack of lubrication

Consequence e Getting locked in place
e Inability to take the uplift as planned for ( integrity issues)

e Damage to the beam and rollers

Solution e Lubricating the roller

(Recommendation) e Regular inspection
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4.2.b Guide wire sheave positional system assembly

Description and evaluation

There are three guide wire trolley which carry the sheaves through which the guide wires are
routed .There are three guide wire trolleys present on the tower with an option for adding an
extra in the future . These guide wire trolleys could be moved on both X and Y plane making it
possible to place them exactly in line with the guide posts in the subsea infrastructure. In case of
a subsea module change out using the MHS the trolley could be adjusted exactly based on the
subsea guide post. The ROVs could stab the guide wires in the guide post of the subsea trees. By
placing the guide wire sheaves exactly over the subsea geometry, the recovery of the modules to
the vessel becomes safer and easier as it would avoid the unwanted twist and stresses on the

guide wire which otherwise could occur.
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Figure 13: Guide wire sheave positional system

The guide wire sheave system enables the winch wires to be offset from the central location of
the guide wire trolley to £ 0.5m in both the X & Y plane. A hydraulic jack screw arrangement is
used to move the guide wire trolleys. One end of the jack screw is attached to a fixed reaction
point on the MHS tower and the other end is connected to the movable trolley. As the screw is
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operated the movable part slides relative to the fixed reaction point, There are Teflon pads placed
between the sliding part and the tower main part. There are also side rollers placed to provide
guidance and to take up the uplift forces. These rollers are design to have to have s light vertical
play to avoid jamming of the systems. There are two separate screw system —one for each

direction of the sheave movement.

The MHS guide wire sheave systems can be operated by 2 methods, the first method is via the

control panel in the control cabin and the second method is via the hydraulic panel at deck level.

The operating of the guide wire sheave positional system hydraulically can be done by the
hydraulic control panel situated at the front of the tower. The unit has 16 functions in the top
draw with each function highlighted on the panel door below. To operate the guide wire sheaves

it is as the main winch sheave but using different levers.

The operations of the guide wire positional system has revealed substantial design related
problems which has resulted in the closer examination of the design and various modification.
There are accessibility problems to check and modify the lower rollers in case the trolleys get
stuck offshore. The system depends too much on close tolerance and could be doubtful to
perform in the offshore dynamic environment. The tolerance needed is not available in the mill
beams available in the market and have to be specially machined guiding beams. Also a
differential friction on the beams could mean high torsion on the assembly. Constant monitoring

for debris is needed. The sheave should not be operated with load hanging.

Recommendation:

1. The O&M document for MHS (D-955-TEC-06) refers *“ For information on maintenance of
the main sheave please refer to D-955-TEC-09 (guide wire winch operator & maintenance
manual)” . D-955-TEC-09 is missing from Technip document system and need to be

updated

2. Weekly Maintenance: Weekly detailed inspection of the rollers during offshore

operations- to be checked for play, lubrications , bending
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3. Weekly Maintenance: The movement of the assembly is controlled by screw shaft. weekly

lubrication and inspection of the shaft is advisable

4. Weekly Maintenance: The assembly is moving on the primary beams with nylon pads in
between. Inspect the surface for irregularities before operating. Differential friction, on the
primary beams will cause twisting of the assembly and subsequent jamming. It could also

damage the nylon pads

5. Monthly Maintenance: of the nylon friction reduction pads , for damages and other

mechanical inclusions

6. It’s noted that the inspection of the inner rollers is difficult. Make proper inspection plans as
this location is potentially a high maintenance area with very limited access. Take a manlift

offshore in case of emergency

7. Make permanent lift plans for the guide wire trolley — to be used in case of emergency

offshore

8. Disable the control for moving the beams when loaded to prevent accidental moving of the

sheaves with load
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Concern - Too much clearance on the rollers

Figure 14: Too much clearance on the rollers

Description e Too much clearance between the roller and the beam

Reason e Fabrication error

e Tolerance of the roller beams

e Lack of restrains

e Due to misalignment / bending of the roller shaft on the opposite

side support

Consequence e Getting locked in place
e Inability to take the uplift as planned for (integrity issues)

e Torsion on the system

Solution e Machining the roller block for decreasing the tolerance
(Recommendation) e Weekly inspection: Need to monitor closely the tolerance s of
the rolled beam used for guiding and run extensive fit up /
operation test in the shop floor and then install the system on
the MHS

e Increasing the rigidity of the system
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Figure 15: Twisting of the roller box

Description e Twisting of the roller box

Reason e Fabrication error
e Tolerance of the roller beams
e Lack of restrains

e High horizontal force on the sheaves

Consequence e Getting locked in place

e Torsion on the system

e Inability to take the uplift as planned for

Solution e Machining the roller block for decreasing /increasing the

(Recommendation) tolerance

e Increasing the rigidity of the system
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Concern -Different sets of rollers

Figure 16: Different sets of rollers

Description o Different sets of rollers used on the same beam
Reason e [Fabrication error
Consequence e Getting different plays on each block

e Possible errors during maintenance

Solution e Changing out the roller box and using the standard set of roller

(Recommendation) boxes

e Mark and record them carefully — making sure of individual
maintenance plan for each of the rollers
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4.2.c Sheaves for guide wire winches

The sheaves for the guide wires are the critical components in transferring the loads from the
wired to the MHS primary members. The sheaves are designed based on the wire diameter and
the minimum bending radius of the wires. Also sheaves are certified and with each permanent
modification they have to be tested and recertified. The sheaves also have to be checked and
maintained during its life time. The following section is the technical evaluation of the sheaves

used in the MHS and the various maintenance schedules for the sheaves are proposed.
Description and evaluation

The sheaves are manufactured from machined steel and are grooved to accept 24mm SWR, the
sheave runs on a stationary shaft supported by two spherical roller bearings. Lubrication to the
sheave bearings is provided by a Greasomatic lubricator mounted in the end of the sheave shaft.
The sheave shaft is supported by fabricated frame which is designed to allow mounting of the
sheave to the MHS frame. The frame includes a retention bar which prevents the SWR from
being able to leave the sheave groove.

The performance specification is as follows:

Rated Line Load: 10 Tonnes x 1.8 - 18 Tonnes (180 KN)

Sheave Groove: To suit 24mm SWR

Approximate Weight: 150 KGS

Retention Bar
Sheave

Sheave Bearing
Greasomatic Lubricator

Sheave Housing

Mounting Boltholes

Figure 17: Sheaves
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The sheaves are designed to be mounted on the MHS platform via a set of bolt holes drilled into
the frames. The sheave should be installed to the MHS with bolts of grade 8.8 (or A4 Grade 70 if
Stainless Steel). All bolts should be installed and correctly torque prior to any operation. The
sheaves are suited for the purpose but a proper maintenance procedure is no in place. |

recommend the flowing maintenance system

Recommended Maintenance procedure

No maintenance should be carried out on a sheave when the winch is operational, at all times
when maintenance is being carried out the electrical supply to the hydraulic power unit must be
isolated and locked off. When in operation the sheaves have rotating and moving parts, no

attempt should be made to carry out work on a sheave when it is in operation.

The sheaves are designed to require minimal maintenance in order to maintain optimum
operating performance. The bearings in the sheaves are lubricated using Greasomatic cartridge
lubricators which provide a constant pressurized grease supply to the bearings.

Maintenance Schedules : | recommend three maintenance schedules; the first is a weekly
schedule which should be carried out routinely when the sheave is mobilized. The second
schedule is to be used when putting the sheave into long term storage for a period of more than 3

months.

The third schedule is a five year overhaul schedule which must be carried out every five years
from the date of manufacture irrelevant of usage. When the sheave is in storage after undergoing
the storage schedule, no further maintenance is necessary; up on return to service a full monthly
service should be carried out in order to prepare the sheave for operation. If the sheave has
passed the due date for a five year overhaul then this should be carried out in place of the

monthly maintenance upon return to service.
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Table 2 Recommended weekly maintenance schedule for sheaves
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Table 3 Recommended storage maintenance schedule for sheaaves
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Table 4 Recommended 5 year overhaul schedule for sheaves
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The Greasomatic cartridges incorporate a gauge into the side of the cartridge which can be used
to determine the quantity of oil remaining in the cartridge. The cartridge should be replaced
when empty with a new cartridge of the correct grease type. The type of grease used on the

sheave is EPM which is designed for bearings and bushes. See appendix 1 for details

The following torque settings should be used for the fasteners on the sheaves. The torque setting
should be used for the standard M20 Grade 8.8bolts which are recommended. In the event of

using stainless steel fasteners

Please revert to the manufacturers recommended torque settings

Description Thread Bolt Grade Torgue Nm
Mounting Bolts M20 8.8 387

The following chart details the recommended lubricants for each sheave along with approximate

quantities.
Location Lubricant Quantity
Sheave Bearings Greasomatic Cartridge ~ Grease EPM 1
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Concern -Damage to the sheave

Figure 18: Damage to the sheaves

Figure 19: On closer inspection
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Description e Damage to the sheave and wire run out protection pin ( can be

seen bend in the picture above

Reason e GW running to the sheave during the trials

Consequence e Need to inspect the sheave closely for the extent of damage

e Bearing of the sheaves need to be checked

Solution e Closer inspection —possible replacement

(recommendation)
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4.2.d Main winch wire sheave

Technical Description and evaluation

The sheave consists of a fabricated frame comprising of two end frames welded to a base plate.
The main sheave is fabricated in steel and is machined to incorporate a groove for 56mm wire

rope. The sheave is mounted on a load cell shaft and runs on two spherical roller bearings.

The sheave is locked in position with substantial end plates which bolt to both the end frames
and locate the bearings supporting the sheave. The shaft is located by a locking collar at each end
which locks the shaft in position and prevents rotation; the locking collars are bolted to the end

frames.

The sheave is fitted with a chain drive, an encoder assembly is bolted to the side frame and is
fitted with a pinion which is turned by the chain as the sheave rotates. The pinion is fitted to a
shaft supported by two bearing inserts which take any side loading, the encoder plugs directly
into the other end of the shaft.

There are two retention rollers fitted to the sheave assembly to prevent the SWR from leaving the
groove of the sheave, in addition there are two alignment rollers positioned at the point where the
SWR meets the sheave, these rollers are mounted on shafts supported by spherical roller

bearings.

The main sheave is fitted with a Greasomatic lubricator which provides pressurized grease to the
main sheave bearings. Each of the alignment rollers also fitted with a Greasomatic lubricator
which lubricates the bearings.

The performance specification is as follows:

Rated Line Load: 60 Tonnes x 1.8 = 108 Tonnes (1060 KN)
Sheave Groove: To suit 56mm SWR

Approximate Weight: 1500 KGS

Load Cell Readout: 0-1500

Encoder Drive Ratio: 5:1
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Alignment Rollers

Load Cell Pin

Encoder Assembly

Main Frame

Top Retention
Roller

Front Retention
Roller

Load Cell Pin

Sheave c/w
Grease Cartridge

Foundation
Bolt Holes

Figure 20: Main winch wire sheave

The sheave is designed to be mounted on the MHS platform via a set of bolt holes drilled into the
base frame. It is important that the platform onto which the sheave is to be mounted is flat,
preferably the mounting positions should be machined to ensure a level mounting surface across
all of the pads.

The sheave should be installed to the MHS with bolts of grade 8.8 (or A4 Grade70 if Stainless

Steel). All bolts should be installed and correctly torque prior to any operation of the winch. In
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addition to the bolt holes a pair of collision chocks is supplied with the sheave and should be

welded to the tower in the direction of the line load to prevent any movement on the foundation
under line load.

Both the encoder and load cell need to be wired into the control system. Once the wiring aspects

are completed it is then recommended that a full load test is carried out in order to verify the

sheave connections and installation integrity. The load cell measures the resultant load at the pin,

the load cell has been designed based on this resultant force and was calibrated at the factory to

read 0 -1500 KN line load over its full range.

This range is field adjustable and we recommend that the load cell is calibrated against know
weights ranging from 1 to 63 Tonnes which is the brake holding load of the main lift winch. The
following torque settings should be used for the fasteners on the sheave. The base frame torque
setting should be used for the standard M24 Grade 8.8 bolts which are recommended. In the

event of using stainless steel fasteners please revert to the manufacturers recommended torque

settings
Descriplion D o Thread Baolt Grade Torque Mm
Base Frame M24 84 GEE
Shaft Locking Plates » MG Ad 162
Shaft Retainer Plates M12 Ad 66

The following chart details the recommended lubricants for the sheave along with approximate

guantities.
Loecation Lubricant | Quantity
Sheave Bearings Greasomaltic Carlridge — Grease EFM 1
Alingnmant Roller Bearings Greagomatic Carfridge = Grease EPM 2
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Travelling sheave consists of a fabricated frame comprising of two end frames supported by a
number of tie bars. Each end frame has a machined pad on the base for bolting of the sheave
assembly to the tower. The main sheave is fabricated in steel and is machined to incorporate a
groove for 56mm wire rope. The sheave is fitted with a Phosphor Bronze bush and slides on a

steel shaft.

The shaft is installed between the two end frames and locked in position with substantial end
plates which bolt to both the shaft and the end frame; this prevents any rotation of the shaft itself
and increases the rigidity of the entire assembly. The sheave assembly also features 2-off
retractable retention bars, these bars prevent the wire rope from leaving the groove in the sheave.
The bars position can be adjusted to allow removal of the wire rope from the sheave for
maintenance; this is achieved by slackening the locking bolts at each end of the bar and sliding it
along the slot in the frame. The sheave is designed to travel along the shaft in order to
accommodate the fleeting angle between the moon pool sheave and the spooling gear on the

winch, the movement occurs automatically as a result of the line tension.

The performance specification is as follows:

Rated Line Load: 60 Tonnes x 1.8 = 108 Tonnes (1060 KN)
Sheave Groove: To suit 56mm SWR

Sheave Travel: 1080 mm

Approximate Weight: 1750 Kgs

The sheaves are found suitable for use. Travelling sheaves provides flexibility to operate at

different locations
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Retention Bar

Main Sheave Shaft

Sheave

End Frames

Top Retention
Roller

Front Retention
Roller

Sheave End
Plate

Sheave Bush
Grease Cartridge

Foundation
Bolt Holes
Figure 21: Travelling sheave

A pair of collision chocks is supplied with the sheave and should be welded to the tower in the

direction of the line load to prevent any movement on the foundation under line load
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Recommended Maintenance Procedure

We have provided three maintenance schedules, the first is a weekly schedule which should be
carried out routinely when the sheave is mobilized where the lubrication and bolting is checked.

The second schedule is to be used when putting the sheave into long term storage for a period of
more than 3 months where the lubrication is checked with the bolts and also wrap sheave shaft in

protective film after greasing to prevent grease loss and contamination.

The third schedule is a five year overhaul schedule which must be carried out every five years
from the date of manufacture where remove end plates and withdraw Sheave shaft - inspect for

signs of wear Or damage and replace sheave bush.
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Table 5 Recommended weekly maintenance schedule for sheaves
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Table 6 Recommended monthly maintenance schedule for sheaves

Page 61

Module handling system



Module handling system — study

Main wire sheave
Shambhu Jayakumar

aep

aureu

Aq parordwmon

S2)0U [RIIUID

Fununow 19a1109 pur

sij0q aepd Joureial Yeys 9ALaYS YO

s)10q Sununour Juryoatd
URUI U [LIDUID

Juireaq aarays Jjo-|

12s pouad admeyosip

paoeda J1 yreur

Sunmewar Ayyuenb pioaas

afpigea anewoseasd yoay)

UONRILIGN|

agewep pue 1eam Jo sudis
10j sudis Joj sjuauodwod [je 1adu

AJquIaSSE QABDS D]qUISSESIP

AONVNAINIVIVTAVHHIAO

ANPAYPIS [NBIIIA0 JEIA €

Table 7 Recommended 5 yearly overhaul maintenance schedule for sheaves
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Corrosion on the travelling sheave shaft

Figure 22: Corrosion of shaft

Description e Corrosion on the travelling sheave shaft
Possible e Lack of maintenance of the system
Reasons e \Wrong material used in the fabrication
Consequence e High risk to damage the sheave /shaft /wire
Solution e Modify the shaft in the workshop and machining
(recommendation) e Proper greasing and maintenance of the shaft

e Replace the shaft
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4.2.e Wire ropes

Description and Evaluation

Wire ropes are the most vital component for the safe offshore operation as it’s the main and only
link carrying the loads. The offshore industry has recognized the importance of integrity
management of the wires and for the MHS which relies heavily on the winch wires the

management of the wires becomes significant.

Wire rope forms an important part of many machines and structures. It is comprised of
continuous wire strands wound around a central core. There are many kinds of wire rope
designed for different applications. Most of them are steel wires made into strands wound with
each other. The core can be made of steel, rope or even plastics. ire ropes (cables) are identified
by several parameters including size, grade of steel used, whether or not it is preformed, by its
lay, the number of strands and the number of wires in each strand. A typical strand and wire
designation is 6x19. This denotes a rope made up of six strands with 19 wires in each strand.
Different strand sizes and arrangements allow for varying degrees of rope flexibility and
resistance to crushing and abrasion. Small wires are better suited to being bent sharply over small
sheaves (pulleys). Large outer wires are preferred when the cable will be rubbed or dragged

through abrasives. (Turner and Barne, 2012)

The International Marine Contractors Association (IMCA) in its Guidance on Wire Rope
Integrity Management for Vessels in the Offshore Industry (IMCA SEL 022, 2008) provides
guidance on the necessary elements of an integrity management system required to achieve an

acceptable level of ongoing safety for the use of wire ropes in a marine environment.

The wires are sources of potential high residual energy and could lead to ‘whipping ‘effect of the
wires and the personnel working on it need to take extra protection and barrier of the area from
unwanted personnel. Also specific risk assessment could be done based on the history of

operations

The documented management of a wire rope includes selection, certification, storage, thorough

examination and inspection, history of use, records of damage or wear and final discard should
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be recorded. Wire management systems need to be developed and put in place in Technip as it
MHS doesn’t fall under TMOS scope which usually does the asset management of Technip fleets
assets.

Tools specified by IMCA for the management for wire ropes

e automatic discard (replacement) after a set period, e.g. twelve months;

thorough examination and inspection;

non-destructive examination;

destructive tensile testing; and

range of post-retirement activities which will provide feed-back into the integrity

management system.

The maintenance of winch machinery, control systems, sheaves, swivels, rollers or any other
mechanical equipment also forms a large part of the maintenance activity . but special attention
needs to be given to wires as they are the main components going subsea . Wire rope lubrication
should be carried out periodically under a vessel’s wire rope integrity management procedures,
which should be part of a vessel’s PMS (IMCA SEL 022, 2008). For the MHS , as its not the
integral part of the vessel, the wire management, along with other system , need to be addressed

by technips internal procedures

IMCA ask to ensure that the wire rope is, as appropriate, lubricated and covered with a service
dressing, particularly on those lengths which pass through and around sheaves and/or are used
subsea.

Any lubrication and service dressing should be compatible with the original lubricant used by the
wire rope manufacturer. Manufacturers should advise whether pressure lubrication is suitable for
a specific wire or, if not, what method of lubrication and lubricant is recommended (IMCA SEL
022, 2008),
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Figure 23: Overview of wire integrity management (IMCA SEL 022, 2008)
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Tools

Automatic periodic
discard

Thorough
examination and
inspection

NDE

Tensile testing

Post-retirement
dismantling and
condition checking

The integrity assurance toolbox (IMCA SEL022,2008)

Advantages

*

Cost-effective compared to other
tools for low-value wire ropes

Scheduling advantage

Primary integrity tool
Principal means of locating
mechanical damage/degradation

Statutory requirement

A screening tool to supplement
visual inspection that identifies areas
of the wire rope which require
more detailed examination

Indication of internal condition
Permanent record

Comparability of records

Indication of residual strength
Demonstrates maintenance of FoS

Comparability of test bed results,
year on year

Positive evidence of strength/
condition when retired

Scientific/repeatable/controlled
conditions

Numerous processes available
May provide useful information for
the selection of the most suitable
wire ropes

Builds up empirical evidence of

effectiveness of integrity
management system
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Disadvantages

*

*

Discarding wire rope which remains
fit for further service

Difficult for examiner to retain focus
on long length of wire rope

Lack of 360° view or multiple
examination runs required

Visual examination is restricted to
the outside of the wire rope

Access to all parts of the wire rope
not always possible

Spooling requirements

Availability of experienced personnel
Spooling requirements

Not always logistically practicable
Reliability depends on:

—~ competency and experience of
operator and analyst

—  suitability or performance
limitations of equipment
— access to all of the wire rope

Accuracy/range of results

Location of cutback not necessarily
the weakest part of the wire rope

Test sample preparation:
—  handling

- serving

—  cutting

—  transportation

—  test bed availability and location

None
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The lay of a wire rope is the direction that the wire strands and the strands in the cable

twist. There are four common lays: right lay, left lay, regular lay and lang lay. In a right lay rope
the strands twist to the right as it winds away from the observer. A left lay twists to the left. A
regular lay rope has the wires in the strands twisted in the opposite direction from the strands of
the cable. In a lang lay rope, the twist of the strands and the wires in the strands are both twisted
the same way. Lang lay ropes are said to have better fatigue resistance due to the flatter exposure
of the wires. (Turner and Barnes, 2012). With reference to the during the maintenance its
important to connect wires in the future with the same kind of wires as in the winch which would
otherwise could lead to the opening up of wires . The use of swivels for connecting the wires

should be addressed after careful risk analysis .

There are two types of wire rope lubricants, penetrating and coating. Penetrating
lubricants contain a petroleum solvent that carries the lubricant into the core of the wire rope
then evaporates, leaving behind a heavy lubricating film to protect and lubricate each strand.
Coating lubricants penetrate slightly, sealing the outside of the cable from moisture and reducing
wear and fretting corrosion from contact with external bodies. For the winch wires, the first
methods seems suitable as it would ensure that the cores are well lubricated. This could be
followed with subsequent coating on the outside which would waterproof (critical as the wires
goes subsea) and protect the surface. The selection of the lubricants needs to be based on the

wire specifications

Recommendations:

1. The state of lubrication of the wire seems poor. Need to re lubricate the wires.

2. Any lubrication and service dressing should be compatible with the original lubricant used by
the wire rope manufacturer. Manufacturers should advise whether pressure lubrication is
suitable for a specific wire or, if not, what method of lubrication and lubricant is
recommended. Pressure lubrication needs to be carried out, with care, by operators trained in
using the equipment. (IMCA SEL 022,2008)
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3. During the testing phase where additional smaller wires need to be attached to the bigger
wire few points need to be noted

« Lay of the wire used

« Connection type used — careful use of Chinese fingers

* Minimum rounds around the winch drum — calculated from the winch property and the

maximum loads

4. As the wire ropes are removed and shortened from drums for maintenance and testing

purposes, it is important to re-spool them correctly.

5. Also alarms, cut-outs and other control equipment will require to be preset and
checked.(IMCA SEL 022, 2008))

IR

il
E 1

Figure 24: Lubricating the wires ( on construction vessel Skandi arctic)
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4.2.f Main winch

The main winch is the main machinery of the MHS which is used to deploy and recover the
modules into the subsea infrastructure. The winches which are the core elements for the crane are

in focus in terms of maintenance and safety.
Description and evaluation

The winch comprises of a fabricated steel base frame onto which are mounted machined
end frames. The drive end frame is fitted with three pinion drive assemblies and is pre machined
to accept two additional pinion drives in the future in order to increase the duty capacity of the
winch. Each pinion shaft is fully supported in spherical roller bearings and is driven by a
Hagglunds Drives Compact series hydraulic motor complete with a multi plate hydraulic release
failsafe disk brake. The pinions drive a spur gear bolted directly to the drive end of the drum, the

non drive end is supported in a bearing housing mounted onto the non drive end frame.

The drum is fitted with a Lebus Grooved sleeve. An upper frame is mounted to the end
frames which carry an automatic spooling device, the spooling device is driven via chains from
the main drum. The upper frame also supports a hydraulic distribution manifold which is
installed above the drive motors, the manifold accepts 8-off 2" pipes from the incoming supply
and provides 12-off 1 1/4" outlet pipes to drive the motors. The brake supplies, flushing supplies
and case drains are also distributed by the manifold. The main winch can be operated from 2
areas within the MHS.

* HPU via scan-reco system
* Control cabin via joysticks

The MHS main winch has been designed and manufacture to run in active heave compensated
mode, constant tension and standard mode. The AHC mode enables the unit to run in sea states

of up 4.5m with a 95% accuracy.

The performance specification as supplied with three motors fitted is as follows:
Pull (1 st Layer): 55 Tonnes @ 0-45 m/min
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Pull (8th Layer): 35 Tonnes @ 0-60 m/min
AHC Mode (1 st Layer): 0-126 m/min
Brake Holding Load: 180% Duty
Drum Capacity: 1500 M of 56 Dia SWR in 8 Layers
Max Drum Capacity: 2000 M of 56 Dia SWR in 10 Layers
Power Required (Duty): Approx. 450 KW
Power Required (AHC): Up to 1600 KW
Approximate Weight: 24000 KGS (Excl. Wire Rope)

Hydraulic Manifold
Support Location

Drive End
Bearing Housing

Drive Motors

Drip Tray

Upper Frame

Gear Guard

Drum

Cross Rails
& Guards
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Spooling Gear —
Drive Chain

Non Drive End e
Bearing Housing ~

Non Drive End Frame —

Lift Sling Connection
Points — 2-off Shackles ——__
In Each Drum Flange

Figure 25: Main winch

The winch is designed to be mounted on the MHS platform via a set of bolt holes drilled into the
base frame. It is important that the platform onto which the winch is to be mounted is flat,
preferably the mounting positions should be machined to ensure a level mounting surface across
all of the pads.

The winch should be installed to the MHS with bolts of grade B.B (or A4 Grade 70 if Stainless
Steel). All bolts should be installed and correctly torque prior to any operation of the winch.
Once the winch is installed the gear alignment should be checked to ensure correct alignment
and backlash. If necessary the main frame should be shimmed in order to achieve the correct
settings. The hydraulic connections should be carried out in accordance with Hagglunds
schematic. The winch is supplied ready for operation however the spooling shafts are covered

during transportation and installation to prevent damage. The spooling drive shafts should be
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uncovered, cleaned and covered with the correct grease as detailed in the maintenance section.
The winch should initially be run at low load to ensure all controls and systems are functioning
correctly. It is then recommended that a full load test is carried out in order to verify the winch
connections and installation integrity.
The drum is fitted with a Lebus grooved sleeve to aid correct spooling of the wire rope, the wire
rope termination transfers through the flange of the drum, there are two cable anchors which
need to be installed to fasten the cable to the drum. The wire rope should be installed onto the
winch using a back tension rig. It is important that the tension applied is in accordance with the
wire rope manufacturer’s specification. Note: The drum termination is not load bearing, a
minimum of 5 wraps must remain
The winch is operated using a hydraulic power unit supplied by Hagglunds Drives (Bosch
Rexroth Ud). The hydraulic power unit provides control of all winch functions including the
brakes.
This winch is designed for operation in a safe zone, it is not intended for use in an Atex classified
zone. No maintenance should be carried out on the winch when the drum is turning, at all times
when maintenance is being carried out the electrical supply to the hydraulic power unit must be
isolated and locked off.
When in operation the winch has numerous rotating and moving parts, where possible these
items are guarded but certain areas such as the spooling gear and rope exit area are unguarded,

no attempt should be made to enter these areas when the winch is in operation.

The winch is designed to require minimal maintenance in order to maintain optimum operating
performance.Where possible all bearings and bushes are lubricated using Greasomatic cartridge
lubricators which provide constant pressurized grease supply to the bearings.In addition to the
bearings and bushes the spur gears and spooling shafts require a manual application of grease in

order to ensure correct lubrication and corrosion protection.

Looking at the accident related to winch maintenance, the Priettman Sea Lion 60D diesel
hydraulic pedestal crane incident is focus on the maintenance of the braking system . The boom
was placed directly above the boom rest at an angle of approximately 45 degrees. The crane

operator switched off the diesel engine when the crane the boom lowered in an uncontrolled
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manner, resulting in considerable damage to the boom when it made contact with the rest. The
boom luffing winch unit, situated above the crane cab, was torn from its mounting pedestal,
debris from the winch unit fell onto the deck which had the potential to inflict fatal injuries .
Even thought the MHS doesn’t have the boom system ,the incident highlights the need for a

regular inspecton of the raking system s on the winches.

Recommendations maintenance schedule
I recommend for four maintenance schedules, two of the schedules are weekly and monthly
schedules which should be carried out routinely when the winch is mobilized. The third schedule

IS to be used when putting the winch into long term storage for a period of more than 3 months.

The fourth schedule is a five year overhaul schedule which must be carried out every five years
from the date of manufacture irrelevant of usage. When the winch is in storage after undergoing
the storage schedule, no further maintenance is necessary; up on return to service a full monthly
service should be carried out in order to prepare the winch for operation. If the winch has passed
the due date for a five year overhaul then this should be carried out in place of the monthly
maintenance upon return to service. The schedules are on the following pages and are also

provided as individual documents for printing in quantity.
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lubrication

Check greasomatic catridge record quantity remaining

mark if replaced

discharge period set

6-off Pinion bearings

1 off drive end bearing

1-off non drive end drum bearing

5-off spooling gear carriage bushes

4-off spoooling gear end frames

1-off spooling chain drive

general maintenance

checking hydraulics for leaks

check foundation bolts

check spooling shafts are greased and
free form debris

general notes

completed by
name

date

Table 8 Recommended Weekly maintenance of winches
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lubrication

Check greasomatic catndge

record quantity remaiming

mark if replaced

discharge period set

6-off Pinion bearings

1 off drive end bearing

1-off non drive end drum bearing

5-off spooling gear carriage bushes

4-off spoooling gear end frames

1-off spooling chain drive

manual grease application

record quantity applied

| manufacture

|srease type

spooling shaft

spur gear and pinions

general maintenance

checking hydraulics for leaks

check foundation bolts

check frame bolts

pinions

visual inspection of spur gear and

chamn

visual inspection of spooling drive

visual mspection of spooling shafis
clean prior to greasing if necessary

gear rollers

check operation of spooling spooling

torque arm connections

check hydraulic motor mountings and

general notes

completed by

name

date

Table 9 Recommended monthly maintenance of winches
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storage maintanance schedule

lubrication

Check greasomatic catridge

record quantity remaining

mark if replaced

discharge period set

6-off Pmion bearings

1 off drive end bearing

1-off non drive end drum bearing

5-off spooling gear carriage bushes

4-off spoooling gear end frames

1-off spooling chain drive

manual grease application

record quantity applied

manufacture

grease type

spooling shaft

spur gear and pinions

general maintenance

remove and plug hydraulic
connections from inlet of manufold-
fill manifold full of o1l to keep motors

Wrap spooling shaft with protective
film after grewasing to prevent grease
loss and contammation

check frame bolts 1f remaming on
platform

visual mspection of spur gear and
pinions

visual mspection of spooling drive
cham

check bearing housing bolts

visual npection of spur and pinions

visual inspection of the spooling dnve
chamn

Check hydraulic motor mountings and
torque coneections

general notes

completed by

name

date

Module handling system

Table 10 Recommended storage maintenance of winches
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5 year overhaul schedule

overhaul of winch

Remove and dissamble spooling
assembly
replace catridges bushes
replace follower
replace end frames and seals
replace roller bearing
replace spooling drive chain

Support drum and remove main
bearings inspect drum shaft
cononditions and replace bearing

remove hydraulics motors and hoses

replace hydraulic hoses
inspect hydraulic motor

Remove pinion shafts and pinions

replace pinion shaft and bearing
inspect pinion

remove gear gaurds

inspect spur gear

check hydraulic motor mountings and
torque and connections -replace
bushes in torque arem if necessary

lubrication

Check greasomatic catridge

record quantity remaining

'mark if replaced

discharge period set

6-off Pinion bearings

1 off drive end bearing

1-off non dnive end drum bearing

5-off spooling gear carnage bushes

4-off spoooling gear end frames

1-off spooling chain drive

manual grease application

record quantity applied

manufacture

grease type

spooling shaft

general maintenance

checking hydraulics for leaks

check foundation bolts

check frame bolts

check bearing housing bolts

general notes

completed by

name

date

Module handling system

Table 11 Recommended 5 year overhaul schedule of winches
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The spooling gear shafts should be inspected weekly and lubricated as required. The shafts

should be coated with a thin layer of grease at all times, the movement of the spooling carriage

will spread the grease over the shaft and may cause an accumulation of grease at the ends of

travel. This accumulation should be removed at the time of maintenance to prevent trapping solid

debris. It is also important that the shafts are lubricated along their entire length not just the

operational section, this will protect the shaft and prevents any corrosion.

The following torque settings should be used for the fasteners on the winch. The base

frame torque setting should be used for the standard M24 Grade 8.8 bolts which are

recommended. In the event of using stainless steel fasteners please revert to the manufacturers

recommended torque settings.

Description Thread Bolt Grade Torque Nm
Bearing Housings M36 8.8 2481
Main Frames, Tie Beams & Base Frame M24 8.8 666
Spooling Assembly M20 8.8 387
Pinion Housing (Nordlock Washers) M18 8.8 260
Drip Tray, Flooring Frame, Guard Frame M16 8.8 193
Table 12 Bolt torques
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Main Wire spooler contact

Figure 26: Spooler damaged by wires
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Description Main wire in contact with the spooler
Possible Wrong geometry
Reasons Error during spooling
Consequence High risk to damage the wire

(the wire could be approx 1 million NOK)
Solution Investigate the cause

Check the geometry while spooling

Check the wire for possible damage

Module handling system
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Crack on the bearing of the winch

Figure 27 : Crack in the winch bearing

Description e Crack in the winch bearing
Possible e Exceesive loading
Reasons e Lack of lubrication

e Wrong spooling- leading to extensive force s on the winches

Consequence e Damage to the winch

Solution e Open up the bearing identifying the cause

¢ Replacing the bearing — analyse the bearing used
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Extra padeyes for the winches

Figure 28: The hole on the drum used for lifting the main winch

Description e Lack of padeyes for the main winch

Possible

Reasons

Consequence e Inability to lift of the winch of the tower in case the winch stop at an
unfavourable postion (' lifting hole in the bottom part of the winch

Solution e New padeyes for lifting in all possible situations

The winch foundation — possible unplanned modificaitioms

Description e Winch foundation could have been modified
Possible e Fabrication error

Reasons

Consequence e Could lead to failure of winch foundation
Solution e Inspection of the foundation

e Evaluate the possible modification
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4.2.9 Hydraulic Cursor Winch
Description and Evaluation

The winch comprises of a fabricated steel base frame onto which are mounted machined end
frames. The drive end frame is machined to accept a hydraulic motor and incorporates a
spherical roller bearing to support the drive end of the drum. The drum is machined externally
with a Lebus groove and is machined internally to accept a planetary gearbox. The input of the
gearbox is driven by a shaft from the hydraulic motor, the output of the gearbox is a splined shaft
which is retained in a spline billet welded into the non drive end frame.

The gearbox takes all of the side loading for the non drive end of the drum, the drive end is
supported by a spherical roller bearing mounted in the drive end frame. A spring loaded pressure
roller assembly is fitted to the winch at the point of cable exit to prevent slack wire at the drum to
ensure correct spooling. The tension on the springs is adjustable via threaded adjusters. The
lifting points for the winch are located on the top of each end frame

The performance specification is as follows:

Pull (1st Layer): 10.75 Tonnes @ 0-9 m/min

Pull (2nd Layer): 10 Tonnes @ 0-10 m/min
Constant Tension: 0-10 Tonnes Adjustable

Brake Holding Load: 180% Duty

Drum Capacity: 40 M of 24 Dia SWR in 2 Layers
Hydraulic Requirements: 55 LPM @ 200 Bar
Approximate Weight: 1250 KGS (Excl. Wire Rope)
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Lebus Grooved Drum

Pressure Roller
Assembly

Drive End Frame &
Bearing Housing

Drive Motor

Drip Tray

Cross Line
Relief Valve

Brake Pressure
Reducing Valve

Brake Sequence
Valve

Constant Tension
Adjustment Valve

Constant Tension
Enable Solenoid

Figure 29: Cursor wire winch

Winch Operation

The winch is operated using a Danfoss PVG32 directional control valve which is mounted at the
base of the tower along with all of the auxiliary tower functions. The control valve incorporates a
proportional spool providing control of direction and speed of the cursor winch. The directional
control valve can be operated manually at the control valve or via a joystick mounted in the
control cabin. An electrical solenoid valve which is controlled by the MJR control system
provides the constant tension function, when the solenoid is energized a pilot relief valve sets the
tensions which will be maintained by the winch. The tension can be controlled by manually

adjusting the setting of the pilot relief valve at the winch. For further information regarding the
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operation of the winch via the control system please refer to MJR Controls documentation .The

maintenance to be in line with the main winch Maintenance procedures.

The international regulatory forum, IRF , has developed a system for the maintenance of lifting
equipment . The National Offshore Petroleum Safety and Environmental Management Authority
(NOPSEMA) is a Commonwealth Statutory Agency regulating the health and safety structural
integrity and environmental management of all offshore petroleum facilities in Commonwealth
waters in Australia. NOPSEMA has a checklist for lifting equipments .The following is the my
evaluation of present status of MHS based on NOPSEMA:
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4.2.h  Mid level Platform
Description and evaluation

The mid level platform has one primary function on the tower, the platform gives raised access
to the module/tool. This can be for maintenance, hook up or recovery. It is located at the

moonpool location. The system is very useful for rigging up the tools.

The storage position of the platform

Figure 30: The storage position of the platform

Mid level platform operating procedure
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When the tower is not in use the platform will be in the upright position. The platform could be

operated in two ways

* Via the control cabin

* Via the hydraulic panel

The tower is constructed from individual members, which are mounted together using bolted

connections. All bolts are fitted with nyloc nuts, which theoretically require no maintenance,

however its recommend that the torque setting on one complete joint be verified before every

mobilisation. If 25% (5 out of 20) are loose proceed to check and tighten all bolted joints

(100%).

Torque setting: Refer to standard metric bolt torques 8.8, unlubricated.

Description Thread Bolt Grade Torgue Nm
Retention Bars, Base Frame - M24 838 666
End Plates M20 8.8 387

Recommendations

1. Lubrication :. Use manual grease guns and liberally apply grease to all points.. Where

grease nipples are fitted liberally apply as per the maintenance schedule

2. Paintwork: Touch up damaged paintwork after every mobilization. The system is painted to

NORSOK M-501, system No.1 .

3. Hydraulic System: Prior to mobilisation and following long periods of storage it is

recommended a thorough inspection of the hydraulic components, pipe work and flexible

hoses be performed Bent or damaged pipework should be replaced. Stainless steel 316 tube is

used An annual pressure test is recommended to 231 bar (operating pressure x 1.1). Defective

or damaged components such as valves, fittings or cylinders should be replaced. This will

help to maintain the inegrity of the system in the long run.

Module handling system
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4.2.1 Skidding system
Description and evaluation

The MHS skidding system enables several tools/modules to be moved around the deck and into
the moon pool safely whilst offshore. The skid system is of a double crucifix design and has 2
push-pull units, 2 standard pallets and 1 rotary pallet. The tools/modules are secured to the
pallets. The push-pull unit then crawls along the skidrails and are locked to the pallets. The push-
pull units are designed to move tools/modules up to 60Te over the skid system and into the moon
pool envelope. At the 2 cross overs the rotary pallet is used to rotate the tools into the correct
position before and after operation.

The skidding beams are of modular construction each with a 60 Te capacity . The Centre section
is 25m long (4 sections). There are 4 off side tracks , each 8m long . they are also connected
with Integrated connection points for local hydraulic supply to PPUs. There are typically 6

main storage locations for large modules.

Figure 31: Modular skidding system
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The skid system is modular and consists of 2 cross sections, a front latch section, a rear section
and 4 side sections. To operate the push-pulls and the rotary pallet the skid system has a ring
main hydraulic circuit within the sections. These are fitted with quick release coupling for ease
of use.

The skid system gives good coverage over the deck and makes it easy for the vessel crane to pick
up the tools, the skid rails could be also covered temporarily and used as deck space which
would lead to better utilization of the vessel. The skidding system could witness high stress and

deflection in case of intolerances.

Recommendations

1. Maintenance procedure: The tower is constructed from individual members, which are
mounted together using bolted connections. All bolts are fitted with nyloc nuts, which
theoretically require no maintenance; however we recommend that the torque setting on
one complete joint be verified before every mobilization. If 25% (5 out of 20) are loose
proceed to check and tighten all bolted joints (100%). Torque setting: Refer to standard

metric bolt torques 8.8, unlubricated.

2. Monthly inspection: The maintenance plan also include checking of the gripper
assembly which are gripping the push pull units to the skid rails . A monthly inspection
is advisable. Heavy corrosion is noticed on the bottom roller assembly of the skids. Also

gripper could be redesigned for a better system performance.

3. Paintwork: Touch up damaged paintwork after every mobilisation. The system is
painted to NORSOK M-501, system No.1.

4. Hydraulic System: Prior to mobilisation and following long periods of storage it is
recommended a thorough inspection of the hydraulic components, pipework and flexible
hoses be performed Bent or damaged pipework should be replaced. Stainless steel 316
tube is used An annual pressure test is recommended to 231 bar (operating pressure x
1.1). Defective or damaged components such as valves, fittings or cylinders should be

replaced as required. (integrity issue)
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Push-pull unit

The push pull units are the drivers which move the modules from the open deck to the MHS
tower and from tower to the various locations on the deck. There are two units identified as

* Push-pull unit, serial no: SN-955-3904
* Push-pull unit, serial no: SN-955-3905

Both the units have 60 Te push / pull capacity and could be used to move the pallets to nay
location on the skidding rail. They attach to the pallets via easy connect disconnect hinge system
and are easily mountable on and off the pallets, saving offshore time for operations. They are

attached to the skid rails via friction teeth.

The system hydraulic pressure has been tested to 285 bar. The factory set operating pressure has

been pre-set on the units to 150 bar.

Figure 32: Technical specification

Module handling system Page 100



Module handling system — study
Skidding system
Shambhu Jayakumar

Figure 33: PPU units attached to the pallets

PPU units attached to the pallets

Push-Pull Unit
Technical Specification

Fluid Mineral oil
Maximum working pressure 200 bar
Factory set operating pressure 100 bar
Flow rate Input flow from hydraulic ring main

80 lit/min
Maximum operating temperature 80 °C
Forward speed slow 1.5 m/min
Reverse speed slow 1.5 m/min
Forward speed fast 2.4 m/min
Reverse speed fast 2.4 m/min
Forward thrust (horizontal) , 31.0Te
Reverse pull (horizontal) 215Te
Pallet loading SWL (vertical) ‘ 25.0Te

Table 14 PPU specification
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The unit has a 60Te SWL, which allows the operator to push and pull a 60Te tool including the
supplied pallets and deck skidding rails. The units are designed based on a set of four
mechanically failsafe hardened gripper pads which interface with the deck skidding rails. A
separate hydraulic clamp cylinder operates each gripper pad.
Retracting the clamp cylinders using a separate Enerpack type hand pump and unbolting the
lower clamps brackets achieve removal off the unit.
The push-pull is transported on a section of the skid system. This allows a quick commissioning
time. The system is secured to the skid rails with welded plates front and back.
Procedure;
1. Remove front and back positioning plates
2. Ensure push pull can move forward & backward without obstructions
3. Close both isolation valves
4. Pressurize system up to 210 bar to retract fail safe cylinders

5. Reduce enerpac pump pressure and open both isolations valves

Once the skid has been securely mounted onto the skid rails and the enerpac pump can be
removed. The hydraulic power supplied from the main MHS tower HPU and is connected via 2-
off 30 meter trailing flexible hoses, this provides a supply and return line. Operation of the push-
pull is performed using a hand held valve, which is connected to the push-pull frame via 4-off
3/8" QRC.Prior to mobilisation and following long periods of storage it is recommended a

thorough inspection of the hydraulic components, pipe work and flexible hoses be performed.

Bent or damaged pipe work should be replaced. Stainless steel ASTM 249 tube and 316 fittings
are used throughout. Defective or damaged components such as valves, fittings or cylinders
should be replaced immediately as required. The majority of components is supplied in carbon

steel and should be protected with wax oil. An annual pressure test is recommended to 240 bars.

Use manual grease guns and apply liberally to grease nipple points around push-pull cylinder rod

ends.
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Inspect hardened gripper pads on a regular basis for major structural damage. Damaged gripper

pads must be replaced immediately. It is also recommended that the operator to prevent
unnecessary down time stock spare gripper pads.

The gripper pad assembly is seen not really suited for very high loads . There have been
various local deflection issues that have to be corrected to get a reliable system. Local
modifications have been mentioned to Tekmar and they would be fabricated and installed at
hinna base. Proper load test need to be performed during the next mobilisation. The skis rails are
structurally stable and give considerable coverage over the deck and could be used to store deck

items with considerable ease.

Recommendations

1. Lubrication : The quality of the lubricant used should be specified by the supplier of the

equipment.

2. Look of unusual scratches on the skid rails . debris could be stuck between the pads and

skidrails

3. Cover the areas skid rail location when there substantial deck activity. Ex. grinding on the

deck causes the debris over the equipments.

4. Tt’s found that the speed of the push pull units are limited. Takes too mush time during

offshore operation .Look at the possibility to improve the speed of the units

5. Check the levels above deck — It has to be flat at each mobilizations have to be ensures

because of deck irregularity

6. Paint work :Touch up all damaged paintwork

7. Gripper pads : to be checked and approved prior to all mobilisations . Integrity should be

ensured.
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Recommended maintenance schedule

The following table outlines a recommended maintenance schedule:

. Every mobilisation - inspect hydraulic components
- lubricate

- touch-up paintwork

o Operational period - inspect gripper pads

- clean skid rail contact areas
- lubricate

- touch-up paintwork

o Every de-mobilisation - lubricate
- touch-up paintwork

o 12 month interval/after -pressure test hydraulics

Storage

Table 15 Maintenance schedule for PPU
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Broken bearing

Figure 34: Trolley on the skidding beams

Figure 35: Rollers and skidding arrangement under the pallet
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Description

Rollers on the underside of the rusted and falling of

Reason

Corrosion
Lack of lubrication

Material selection

Consequence

Systems integrity

Getting locked in place

Inability to take the uplift as planned for
Damage to the beam and rollers

Safety compromised

Solution

Checking the roller specs
Lubricating the roller
Regular inspection

Improved design

Module handling system
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4.2.j Pallets
Description and evaluation

Rotary turntable pallet

The pallets are the tables placed on the tops of the skid rails on which the subsea modules are
placed. They could be rotated and be taken anywhere to the deck and could be used for sea

fastening. Rotary pallets can go 360 degrees making it extremely mobile on the deck.

Figure 37: Pallets shown 45 degrees rotation

To hydraulically hook up the pallet there are 3 connections that require lines from the push-pull

unit.
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* Pressure
e Return

« Drain (motor)

To hook up the pallet there are sets of couplings, these consist of the main knuckle, pins and tab
plates. The pallet has been designed with pad eyes on all 4 sides to enable a hook up from a
push-pull from any direction. Rotating pallet is hydraulically lockable at any degree of rotation.
Hydraulic jumpers from PPU to rotating pallet quick connections. The pallet has integrated sea
fastening holes The push pulls also have corresponding pad eyes at the front and back of the
push-pull units. Placing the knuckle between the push-pull and the pallet enables a positive
connection. Prior to operation the pins and tab plates must be inserted including the tab plates
secured with the appropriate fasteners realizing an easy connection change over. The roatary

tabkes are the highlights for the deck system allowing for high mobility of the tools on deck

Fixed pallet

Figure 38: Fixed pallets

The fixed pallet is used for placing the tools on prior to connecting to pallet to a push pull unit

and moving it in or out of the tower via the skid rail system.
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The hooking up of the fixed pallets are done in the same way as the rotary pallets

All bolts are fitted with nyloc nuts, which theoretically require no maintenance; however we
recommend that the torque setting on one complete joint be verified before every mobilisation. If
25% (5 out of 20) are loose proceed to check and tighten all bolted joints (100%). Torque

setting: Refer to standard metric bolt torques 8.8, unlubricated.

Lubrication that needs to be done for the system consists of two parts

1. Use manual grease guns and liberally apply grease to all points.

2. Where grease nipples are fitted liberally apply as per the maintenance schedule

Touch up damaged paintwork have to be performed after every mobilisation. The system is
painted to NORSOK M-501, system No.1.

Prior to mobilisation and following long periods of storage it is recommended a thorough
inspection of the hydraulic components, pipework and flexible hoses be performed Bent or
damaged pipe work should be replaced. Stainless steel 316 tube is used. An annual pressure test
is recommended to 231 bar (operating pressure x 1.1) Defective or damaged components such as
valves, fittings or cylinders should be replaced as required.

All the pallets where performing well during the offshore phase of the project and needs to only

minor fine tuning.

Recommendations

1. Permanent additional sacrificial plates to be bolted on the pallets. Drill sea fastening holes on
all the pallets

2. The speed of travel is limited. (uses lots of time during offshore operation). Look at the

options for increasing the speed. Upgrade the HPUs to delivery faster delivery

3. Special warning signals on deck when the pallets are operating to warn the people on deck

4. Barrier off the area when the pallets are moving
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4.2.k Moonpool door system
Description and evaluation

The MHS moon pool has 3 doors, 2 side door and 1 central door. To operate the door you can
operate these in two ways, via the control system in the cabin or via the hydraulic control cabin.
The doors have removable hand railing and roller systems that may require removing prior to
operations The MHS moon pool has 3 doors, The 2 side doors lift up to open and move down to
close. There are proximity switches located on both doors to confirm the closed position. Prior to
operating all safety hand railing must be removed and deck personnel in front of the tower must

confirm the doors are safe to operate.

L #1]

Rl
1\

o

Figure 39: Opening of the moon pool doors
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The MHS moon pool central door drops down into the moonpool to open and is raised 5 degrees
above true horizontal at deck level to close. Raising the door above true horizontal activates a
latch mechanism in located in the front section of the skid system This is a fail safe system to
ensure any module/tool up to 60Te can be placed on this if the door hydraulics fail. The central
door has a cavity enabling the door to be shut in operation but allowing the main lift wire to still
be operation.

Figure 40: Moon pool doors partly opened

The tower is constructed from individual members, which are mounted together using bolted
connections. All bolts are fitted with nyloc nuts, which theoretically require no maintenance,
however we recommend that the torque setting on one complete joint be verified before every
mobilisation. If 25% (5 out of 20) are loose proceed to check and tighten all bolted joints

(100%)..Torque setting: Refer to standard metric bolt torques 8.8, unlubricated.

Module handling system Page 111



Module handling system — study
HPU system
Shambhu Jayakumar

Description Thread Bolt Grade Torque Nm
| Retention Bars, Base Frame | M24 8.8 666
End Plates M20 8.8 387

The systems are seeing quite large forces at the hinge location and lubricating the system
over the moonpool is an unique challenge as it involves working at heights and over the water.
The personnel involved need to have special PPE including safety harness and life jacket.
Working on the system should be preferably be carried on the quay side and the activity over the
moonpool during the transit should be strictly restricted. Use manual grease guns and liberally
apply grease to all points. Where grease nipples are fitted liberally apply as per the maintenance

schedule.

Related to the paintwork Touch up damaged paintwork after every mobilisation. The
system is painted to NORSOK M-501 , system No.1. The paintwork at the locations are adequate
and over all the required areas.

Prior to mobilisation and following long periods of storage it is recommended a thorough
inspection of the hydraulic components, pipework and flexible hoses be performed Bent or
damaged pipework should be replaced. Stainless steel 316 tube is used. An annual pressure test
is recommended to 231 bar (operating pressure x 1.1). Defective or damaged components such as
valves, fittings or cylinders should be replaced as required. The hydraulic system is could lift and
operate the moonpool doors at adequate speed and performance.

3 sets of Guide wire rollers installed per side for the guide wires on the moon pool doors
to allow for the wires to pass through undamaged. It would allow to pass the guide wires
through the moon pool door while performing subsea operations.

The moonpool system as it stands now has a few problems with the corrosion of the
rollers. But the operation of the system had revealed that the system is adequate for offshore
operation. Placing some more mechanical stops could aid in the safety of the system.
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Figure 41: Moon door being tested

Recommendations

1. Safety while operation of the moon pool door

2. The maintenance and proper lubrication of these rollers are essential . Monthly checking is

essential for a reliable operation . change out damaged ones

3. Properly barrier of the area when he doors are open

4. Proper PPE for the personnel in the location

5. Proper fit up test of the moon pool door with the skid rails on the deck .(need to match flush )
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Interface between the skid system on deck and moonpool

Figure 42: Deck- moon pool interface

Description Skid rails on the deck and moon pool not meeting flush
Reason e Fabrication intolerance /vessel interfacing
Consequence e Stresses on the skidding beam
e Damage to the sliding pads and gripper assembly
e Possible show stopper during offshore campaign
Solution e Shimming on the interface points

Checking before loading the moonpool skids with pallets
Modify the skidding system

Module handling system
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4.2.1 HPU system
Description and evaluation

MHS system is delivered with two separate HPUs in standard 20 feet containers . One
HPU is controlling Guide wires & Cursor winch while the second one controls the main winch.
GW HPUs is upgradable for the 4th guide wire winch and Main Winch HPU is upgradable to
60Te main winch with AHC capacity. Maximum power consumptions all units running is just
below 2MW. Cooling requirement is 900liter / minute (Seawater) . The flow of 4000 liter oil per

minute in full capacity and runs in a closed loop system.

Bosch Rexroth Ltd has supplied to Lebus International Engineers Ltd. a containerized hydraulic
power unit, for the guide wires, against Lebus ref. TKM/F-4213, who supplied it to TEKMAR
for the MHS .

Technical Information (General System Specifications) of guide wire HPUs

Main winch HPU

Power Unit Code: UKP180100

Serial Numbers: 10-018-093

Project: UKS002031/02

Manufactured by: Bosch Rexroth Ltd

Weight complete: 15,500 kg (oil tank empty)
Main voltage: 440V/3ph/60Hz

Tank oil volume: 1600 L (1300L Max Fill Level)

General Settings

Oil level switch (FS1a): Low Warning 296 mm
Level from tank top

Oil level switch (FS1b): Low Shutdown 533 mm

Level from tank top
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Filters Contamination switch:

F1
F2

Oil Heater (H1)
Power:

Voltage:

Oil type, design:

p 2.0 bar for the return filters
p 2.2 bar for the return filters

1x1.0kw
110V ac 3-phase

Mineral Oil — 1SO VG 68

Guide wire HPU

Power Unit Code:
Serial Numbers:
Project:
Manufactured by:
Weight complete:
Main voltage:
Tank oil volume:

General Settings:

Oil level switch (FS1a):

Oil level switch (FS1b):

UKP180100

10-018-093

UKS002031/02

Bosch Rexroth Ltd

15,500 kg (oil tank empty)
440V/3ph/60Hz

1600 L (1300L Max Fill Level)

Low Warning 296 mm
Level from tank top
Low Shutdown 533 mm

Level from tank top

Filters Contamination switch:

F1
F2

p 2.0 bar for the return filters

p 2.2 bar for the return filters

Module handling system
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Oil Heater (H1)

Power: 1x1.0 kW
Voltage: 110Vac 3-phase
Oil type, design: Mineral Oil — 1SO VG 68

If subjected to temperatures less than -20 deg C then electrical power must be connected at all

times and ensure container space heaters and oil tank immersion heaters are operational.
During mounting of the hydraulic connections the following points must be kept in mind:

The port protections must be kept on until final assembly. It is important that all pipes are
mounted to give sufficient working space for maintenance and operation access of the Power
Unit. All pipe work inside power unit has been tested and flushed prior to mobilisation. All pipe
work external to the HPU must therefore be cleaned prior to fitting and flushed to the filtration
levels mentioned earlier and verified by sampling before connection to the power unit. The flow
and temperature of the flushing fluid must ensure turbulent flow is achieved to be effective. The
required level of cleanliness we would recommend for the equipment incorporated in the HPU is
ISO 4406 15/14/12 (equivalent NAS 6) as a minimum.

Description and evaluation

The Hagglunds Drives (HDUK) hydraulic power unit (HPU) is to provide flow and pressure for
three Guide Wire Winch drives (GWW1, 2 & 3). The GWW drives are independently sized and
piped as separate circuits, with 1x 185kW system and 2x 150kW systems, (all referenced at
60 Hz operation). The system to operate GWWS3 is also configured to be able to operate in
Active Heave Compensation (AHC) mode. The increased power to facilitate this function is by
utilization of an additional 185kW motor/pump referenced GWW4 which is combined

hydraulically with that available power from the original GWW3 pump set.

The potential energy from the winch load and cable requires consideration as generated power

during all winch lowering operations. This energy recovery will feedback through the HPU to
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the ships supply and it is noted that the end user / ship operator is required to handle the energy

fed back. Our calculations suggest that the potential feedback is as follows:

GWW #3 In Active Heave Mode = 78 KW per motor i.e. potential 156 KW generated and fed
back through the HPU to the ship.

GWW #1 #2 #3 = 63 KW per motor i.e. potential 189 KW generated and fed back through the
HPU to the ship.

Maximum simultaneous power generation therefore = 2 x 78KW + 2 x 63KW = 282KW

Guide Wire Winch Drives #1 & #2

Each has a 151kW (60 Hz) electric motor driving a SP355 pump to provide flow and pressure to
a Hagglunds Viking 64 series motor/brake connected in a closed loop circuit, where an electro-
hydraulic controller is fitted to the pump to provide direction control and proportional flow. The
pump compensator port is also connected to an external proportional relief valve to allow
adjustable system pressure and therefore adjustable tension control. The control signals are sent
via a PLC and HNC100 control unit, which also takes care of pull and line speed. The pump flow
and pressure settings are limited within the installed power available, whereby line speed is
allowed to increase with lighter loads and vice versa. The power limiting control of each pump
unit is designed to produce a flow of up to 600 L/min at a maximum pressure of 124 bar and 298
L/min up to a maximum pressure of 250bar. The following table shows the design criteria

considered and calculated performance of Guide Wire Winch motors 1 & 2

Layer No. Maotor Rev/min  Motor Torgua KNm

1 215 A8.7
1 43 32.2
13 22.85 48
13 43.4 25.4

For guide wire winch drive 3 A 185kW (60 Hz) electric motor driving a SP355 pump to provide
flow and pressure to a Hagglunds Compact series CA210 motor/brake connected in a closed loop

circuit, where an electro-hydraulic controller is fitted to the pump to provide direction control
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and proportional flow. The pump compensator port is also connected to an external proportional
relief valve to allow adjustable system pressure and therefore adjustable tension control. The
control signals are sent via a PLC and HNC100 control unit, which also takes care of pull and
line speed. The pump flow and pressure settings are limited within the installed power available,

whereby line speed is allowed to increase with lighter loads and vice versa.

An additional 185kW motor driving a SP355 pump is installed to provide provision for options
with regards the Active Heave Compensation and the new demands that that would place on the
system. The power limiting control of each pump unit is designed to produce a flow of up to 600
L/min at a maximum pressure of 154 bar and 264 L/min up to a maximum pressure of 350bar.
As the degree of heave compensation and accuracy of the active heave compensation system is

directly related to the installed flow and power, all calculation and simulation data has been

selected to optimize performance commensurate with power limits agreed in the design phase of
the project. For reference purposes it is confirmed that the following criteria has been adopted as
the basis of such calculation and simulation of active heave compensation:- Lowering Speed = 5
M/min, Simulation of ship movement = Sinus +/- 4.5 meter at frequency 0.083 Hz. Simulated
accuracy of static AHC and dynamic AHC (lowering 5M/min) of +/-94.4% is anticipated. It must
be noted by all parties that the use of this data remains in context of the development of a
prototype system and that no safety critical function endangering equipment or personnel is

performed until full & satisfactory commissioning is complete

As can be seen from the pictures below, the power unit is built within a 20ft marine style
container where the motor pump sets are table mounted in a line along one wall and balanced off
against the hydraulic reservoir mounted along the opposite wall. Not only does this layout allow
us to have an even weight distribution within the container but by capping across the end of the
table on the floor and by the personnel access door it also creates a full bunded area. For ease of
access there is a raised walkway down the middle of the container between the tank and motors
which connect the main door opening with the personnel access door to the rear of the container.
The walkway ensures that the user is over and above the bunded area of the container and over
the
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Interconnecting pipe work which then becomes hidden by the mesh

Figure 43: guide wire HPUs

Figure 44: Inside the HPU
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As mentioned the container has a personnel door at one end (opposite the main doors) and it is at
this end that the control panel is sat on a plinth with high point restraints, ensuring it is above the
bundled area but has easy access for incoming/outgoing cables. The walkway terminates at the
front of the panel and ensures that the user is at the correct height for all the local controls and
the HMI. In order to accommodate the motor pumps sets the container has access doors to allow

for installation and removal for maintenance purposes.

The hydraulic service ports interface externally via a Xylan coated mild steel manifold, but the
water connections are made via 316 stainless steel sleeved connections manifold to maintain the
integrity of that circuit. It is intended that the electrical cables run through Roxtec type cable

entry blocks next to the manifold and the frame required for this is built into the container wall.

All circuits are housed within a custom built marine specification container. The container also
houses the starter panels and health monitoring systems for all circuits and these will relate back
to the customer master control deck via the custom built PLC and the built in ProfiBUS
interface. Each component on the HPU will have an address allocated in PLC.

The oil cleanliness levels are maintained by 10 (micron) rated at Beta ratio 200 (B10 = 200)
filters and have electrical indication of filter element blocked condition. Careful consideration
has been made with regards the cooling circuit of this system and it has been determined to
utilize the combined return flow from the circuits as mentioned in the section “common return”.
The cooler is a shell and tube type with permanent sea water connection i.e. no temperature

control of water on/off.

The power unit control system is based around a Mitsubishi Q-series PLC. The PLC handles the
power unit monitoring and interlock functions. This information is provided to the operator via
the HMI screen on the front of the panel. In addition all the relevant power unit data is
transmitted via Profibus to the MHS Control Cabin.
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Recommendations Maintenance schedule

Preventive maintenance

The specific procedures will depend on the nature of the equipment, the environment it is working

in and the duty cycle, bearing in mind the consequences of a breakdown.

Daily checks, first week after | Pre-start checks (even daily) Frequent Checks

Commissioning

Fluid leaks

Fluid level in tank
Operating temperature
System pressure

System performance and

Fluid leaks

Fluid level in tank

Is the suction valve open
Contamination indicator

on the filters

Unusual vibrations
Unusual noises
Fluid leaks

Fluid level in tank

Is the unit relatively clean

general Air flow paths unrestricted
condition Pressure levels normal —
Unusual noises stable
e Contamination indicators e Operating temperature
on filters e |Is the drive running
smooth

e Contamination indicators

on the filters

Table 16 Preventive maintenance schedule for HPU

Scheduled maintenance

Planned maintenance at specific time intervals, including the following checks and actions: Main

points to check are :

1. Check all pressure levels

2. Check for stable temperature levels around system

3. Drain water and sludge from the tank at the drain tap
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Check the electric motor

Check the function of monitoring equipment/switches, etc

Clean area where dirt is building up

Check the cables

Check drain line flows and drain line oil condition

©| o N o g &

Check the hoses, couplings and pump with respect to cracks, leakages and condition

10. Check the shaft coupling through the inspection hole.

11. Warning, rotating parts inside the inspection hole.

12. Check the flow of the cooling water

13. Check that the insulation inside the cabinet (especially the roof) is fixed

14. Check that the doors and cover of the Power Unit are not damaged

Lubricate electrical motors larger than 30 kW only. If the type of grease is changed and

compatibility is uncertain, lubricate several times at short intervals in order to displace the old

grease.
Absolute max intervals for major inspection and replacement
Alr Inlet Qil Filters Air Breather Hydraulic fluid
on Tank
After first 100 | N/A R*
hours
After 3 N/A R*
months or
500 hours
Once every 3 | N/A R*
months
Once every 6 | N/A R* |
months
Once every N/A
12 months

Table 17 Lubrication check intervals

* If the contamination indicator is tripped out, filter must be changed and oil examined.

Module handling system Page 123



Module handling system — study
HPU system
Shambhu Jayakumar

I = Inspection
R = Replacement

We recommend that the hydraulic fluid is analyzed once every 6 months. The analysis should

cover viscosity, oxidation, water content, additives and fouling
Lubricate electrical motors larger than 30 kW only.

Grease with the right properties are available from all the major lubricant manufacturers. If the
type of grease is changed and compatibility is uncertain, lubricate several times at short intervals

in order to displace the old grease
CORRECTIVE MAINTENANCE

Before removing any hydraulic/electric components, disconnect the Power Unit. Ensure that no
energy is accumulated in the system and the electric motor. Although there are no specific item’s
requiring maintenance within the electrical system. It is recommended the following checks be

carried out at regular intervals to prevent any unwanted problems.

ltem/Procedure Notes Interval
1. Check condition of all cables. Check Pay special attention to any Monthly (or if impact damage
for damage to outer sheath and cables that are exposed or have | has occurred due to falling
ensure all cables are ok. the potential to be damaged due | tools for example)
to their installation position
2. Check condition of cable transits Critically important to ensure IP | Monthly
(Roxtec Blocks) into the container. Rating is maintained.
Ensure all cable entries are tight and
secure.
3. Check integrity of cable terminations. Tighten all terminals to ensure Every 3 Months or if cable
good contact replacement / damage has
occurred

Table 18 Corrective maintenance

Modification for sequential start up of motors are recommended for both HPUs to reduce start

up Amps requirements
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Figure 45: Motors in HPU

Install hard pipe on the MHS for HPU connections to save deck space and avoid congestion on
deck. The spaghetti of hoses are not safe practice. Danger of trips and falls is the deck is

congested.
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Corrosion in the HPUs

Figure 46: Corrosion inside the HPU
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Description | Corrosion inside the HPU

Possible e Exposed to sea water
Reasons o Water ingress through the vents on the container

o Sealing on the containers roofs and doors might be inadequate

e Heating arrangement switched of in fugro symphony while in rough
weather

e Fittings materials may not be up to the standards

e Acidic oils (wrong specifications ) used for coating the fittings

e Earthing issues in the vessels

e Cold bends introduced on the pipes after coated with Zinc for
protection cracking the uniform zinc coating and forming zinc oxide

which is toxic

Consequence e Health hazard

Solution e Clearing the HPUs from seawater /salts already inside
o Options limited as extensive electronics present ( looking at
the option of taking out the electronic boxes prior to cleaning
e Coating the component s with suitable anti corrosion agents
e Densel taping the component s
e Evaluate the use of cathodic protection
e Using stainless piping
e Stripping the piping of zinc and recoating with protective layer so that
the toxic zinc layer is not exposed anymore

e Coating needs to be monthly checked for physical damamges
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OIL LEAKS

Figure 47: QOil leak on the valve

Description | Oil leak on the valve

Possible Mechanical damage
Reasons

Consequence

Solution Changeout
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Corrosion o the fittings

Figure 48: Corrosion in the fittings

Description | Corrosion in the water inlet attachment points of HPUs
Possible Wrong material used

Reasons

Consequence

Solution Changeout
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4.2.m Structural and general layout /equipments of system
Description and evaluation

The structural integrity of the tower has been approved and accepted ny DNV. The primary
structures of the MHS are designed to handle 60Te of load. But the present state they need to
carry only 35Te loads. The structure is overall a bolted system with possibility of the bolts to see
high dynamic forces during the offshore phase. Most of the issues are directly regarded to the

structural integrity of the MHS.

The interface of the MHS with the moon pool of the vessel is a high focus area and the base
frame is fabricated to have a perfect connection between the MHS and the vessel . All the loads
are transferred to the vessel through the base frame. The base frame has to be designed for each

of the vessel as the moon pool design on each of the vessel would be different.

The deck layout around the MHS would also depended on the vessel on which its going on. It
depends on the vessel deck space available. And the interfaces points on the deck. The final
layout on the vessel will depend on a lot of factors including the safety access routes on the
vessel. The deck layout on the fugro symphony looked very crowded and it would be a challenge

to make some maintenance work due to accessibility issues.

Structurally one of the issues has been during the mobilisation when extra unplanned bolt holes
had to be burned on the mobsite to save time. This has resulted in considerable damage to the
beams and as it stands now is not fit for purpose. They have to be repaired using proper material
specifications. The bolt holes not matching would be an issue with the most of the ships as
getting the holes aligned accurately would be a challenge. The solution would be to use slotted
bolt holes with the sizes decided on using the maximum deflection that could be possible based

on a range of possible deformations of the base frame.

Also there are areas where there are considerable gaps in the bolt faces. They are not properly
matching. This is an error that could be associated with many bolted structures as its an
intolerance hard to remove without machining. There is need to ensure that the bolts are torques
at regular intervals and the gaps are shimmed at the earliest to ensure structural integrity of the

tower.
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Recommendations

1.

Crowded deck around the tower main structure, with various accessories and hoses in the

HPU. Look at the option of using permanent hard pipes or hanging the hoses to the tower

Providing with a custom made tool kit of the unit including safety harness to be installed on

the port side of the vessel

Providing hydraulically controllable system for all the movable parts

>

Heating for the HPU is important. use signal lights outside HPU to confirm power

availability to HPU at all times.

5. Add the bridging stairs over the skid rails in the permanent equipment list

6. Cable protection for the wires on deck

7. Color the possible trip hazards for easy visibility

8. Improve the access near the main winch , New portable stairs to be installed by the main
winch

9. Look at the possibility of using quick couplings for connecting the winches to the hydraulics

10. Make proper handrails on all possible/ needed areas. Especially during mobilizations when

things need to be modified.

11.

Barrier the area near the access table on level 3 when not in use

12.

The access table on level 3 To be used only by necessary personal during operation

13.

The top floor is not properly grated. There is need to design the member to support the

gratings and fastening them to the grating .

14.

Remodel the funnel near the sheaves , the receptacle for the crane block . It needs to provide

better guidance to the crane block
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Bolt issues

Figure 50: Bolting plate on tower for the cursor rails
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Figure 51: Burned holes in beams
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Description | Holes burned on beams and bolting plates to match patterns

(‘on beams with flanges of more than 70mm)

Reason e Fabrication intolerance
e vessel interfacing

e lack of planning

Consequence e Compromised strength of the beams and plates
e Chances of crack development

e Increased corrosion on the rough surfaces (integrity issue)

Solution e Use of slotted holes (cater for mismatches better) and using expansion
bolts ,- to be incorporated after careful stress analysis

e Holes dimension could be found by analysis the maximizing
intolerance possible with the vessel interface

e Dirilling, instead of burning , if needed

e Repair beam
o Cut out the piece of the flange and add a new welded piece in

place
o Fill the unevenly burned holes with weld material and drilling

new holes

e Replace bolting plates
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The gaps in the bolted surface

R t“',‘l‘ \ \

Description e Gaps between the bolted faces

Possible e Fabrication error

Reasons e Due to dynamic force form the vessel

Consequence e Could lead to failure of primary structure (integrity issue)

e Bolt Failures could lead to large hazards

Solution e Tighten the bolts
e Shim the gaps

e Evaluate the possibility of welding at locations
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Norsok standard C -002 states the minimum functional requirements for design and construction
of architectural components and equipment to be installed and used on offshore installations. The
MHS system and documentation is evaluated for relevant areas, to meet the norsok standards.
Items coming under the purview of norsok C-002 are the general requirements for the
architectural components, stairs and handrails used for safe access to the levels above the deck.

All materials, components and equipment shall be provided with necessary test reports and
certificates from relevant recognized authorities, confirming compliance with project and
regulatory requirements. (NORSOK C-002.2006).

The material certificates about the various systems are in the Technip system and has been
approved by various regulatory authorities according to requirements

Identification: Each major component, furniture and equipment item shall be provided with a
discreetly placed and securely fixed name plate showing the manufacturer's name, equipment
type, model, serial number, fire rating, etc.,as appropriate. For doors and windows with a B-
rating or stricter, the relevant fire certificate number shall be included on the identification plate
(NORSOK C-002.2006).

The Norsok standard C -002 states the requirements for Life cycle information (LCI) . LCI
shall be developed and transferred to operator/company in accordance with project requirements.
The information shall be available for engineering, preparations for operations, start-up,
maintenance, repair, modifications and decommissioning of equipment and systems. The LCI
shall include both information to be submitted to operator/company, and information to be
retained by the supplier on behalf of operator/company. All LCI shall be transferable in digital
format. The final LCI shall reflect the as-built status at take-over by the operator/company.(
NORSOK C-002.2006).

Norsok rules are applicable to stairs on a field installation except those providing means of
access to machinery or equipment skids. On the MHS these are the stairs going to the level 2

(control cabin level ) . The other stairs in the MHS system are the ladders that provide access to
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machinery or equipment skids shall have to comply with the requirements of EN I1SO
14122 Vertical ladders, are used to access the level2 (starboard side) and level 3 .They are areas

with little personnel traffic and code allows the use of vertical ladders in such areas
Requirements specified by Norsok , relevant to the MHS tower

Stairs shall be provided in daily frequented areas where there is a height difference between
levels of more than 350 mm, and where a ramp cannot maintain the functional requirements. For

height differences of less than 350 mm, a ramp solution shall be used.

Stairways in escape routes shall be designed to allow for transportation of injured personnel by
use of standard stretchers (length x width =2 200 mm x 650 mm).

The minimum width of a stairway shall be 1 000 mm measured between the inside of handrails.
Treads shall withstand a foot load of 2 000 N (200 kg) on an area of 100 mm x 100 mm at any
position without permanent deflection

For external stairs, treads and landings should be made of open grating. Grating openings shall
not allow a 20 mm diameter ball to pass through at any point. This applies above places where
personnel are likely to be present. Otherwise 35 mm diameter is acceptable.

Clear headroom (free height) shall be maintained in all stairs, and shall be a minimum of 2300
mm measured vertically above the pitch line of the stair. ( NORSOK C-002.2006 )

All treads shall have a toe plate of minimum 50 mm height. All landings shall have a toe plate of
minimum 100mm height. Openings between toe plate and decks or gratings shall not exceed
10mm.

Extracts from norsok code relevant to the MHS tower :

Handrails should be designed for 1,5 kN/m2, acting horizontally on top of the supports.

The hand- and guardrail system consists typically of a continuous handrail at the top to be
grasped by the hand, or just a continuous top-rail when hand support is not required, knee-rails
placed parallel with the handrail to prevent accidental passage of a body, vertical stanchions for
anchorage of the guardrail system, and a solid toe plate at the bottom to prevent the fall of minor
objects.

Decks, gangways and platforms higher than 500 mm shall be equipped with hand- and

guardrails. The top of the handrail shall be minimum 1 100 mm above the finished floor or deck
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The toe plate shall have a minimum height of 100 mm, and a clearance of maximum 10 mm to
the deck. Vertical openings between horizontal knee-rails, handrails and toe plates, shall not
exceed 380mm.All connections between elements shall be securely fixed by lock nuts and
through bolts, or self-tapping screws Handrails on flights that are 180° to each other shall have a
minimum of 100 mm clear distance between rails or between rails and supporting structures, to

avoid the possibility of catching hands and fingers.

The handrails meeting the requirements are already in place but any further modifications in the
future have to be properly evaluated properly.
Note : The above rule to be applicable for the handrails for the testing arrangement on the quay

side .

Recommendations

1. These are not in place for all the major components. Needs to be checked and confirmed.
Giving individual part number to the equipments could be beneficial for maintaining the

associated documents.

2. The final LCI documentation from TEKMAR , couldn’t be found in technip systems . To be

obtained from the supplier and used for future maintenance activities.

3. The stairs used for the tower would vary based on the vessel where its installed . but the
above mentioned rules needs to be adhered at all times during the fabrication and installation
of the stairs during the mobilization on the vessel . The clause about the size of the grating to
be used to depend on the deck layout of the ship and smaller grating opening to be used in

case the main escape route is bellow the planned stairs.
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6. Painting specs used for MHS- NORSOK M501

For the integrity of the structure depends on the types and quality of the paints used . For the

MHS following specifications have been used

MHS main structure is painted to Norsok M501, System 7, and colour RAL 3003.
All yellow parts are coated to Norsok M501, System 7, and colour RAL 1004.

These systems are specified by Technip and confirmed used by Tekmar.

NORSOK M 501 —surface preparation and protective coating specifies the requirements for the
selection of coating materials, surface preparation, application procedures and inspection for
protective coatings to be applied during the construction and installation of offshore installations
and associated facilities. This NORSOK standard covers both paints, metallic coatings and

application of spray-on passive fire Protective coatings (NORSOK M501, 2004).
Evaluating the main features of the painting system used

The standards specify the coating system no 7 could be used for Submerged carbon steel and
carbon steel in the splash zone. Surface preparation is specified by cleanliness - ISO 8501-1 Sa
2% , roughness- 1ISO 8503 Grade Medium G (50 um to 85 pum, Ry5). The minimum dry film
thickness (MDFT) is 350pm

Application (if not specified ) Coating system | MDFT
Surface preparation
under others) (example) um
Submerged carbon steel and | Cleanliness: Two  component
carbon steel in the splash | ISO 8501-1 Sa 2% epoxy
zone. Roughness:
ISO 8503 Minimum number
Grade Medium G of coats: 2
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(50 um to 85 um, Ry5) 350
Submerged stainless steel Sweep blasting with MDFT of complete
and stainless steel in the non-metallic and coating
splash zone. chloride free grit to system:

obtain anchor profile of
approximately

25 pm to 45 pm.

The system need to be prequalified and has to be used with a cathodic protection system . the
ambient operation temperature is 50 degrees which well above the expected temperatures for the
north sea operations. For splash zone additional corrosion allowances. as specified in NORSOK
M-0001, to be used . When used in the splash zone the coating system need to be checked for
same criteria as coating system 1 . The cursor rails are passing through the splash zones in the
moon pool area , which wouldn’t see the same effect as an offshore splash zone This could be

specifically evaluated and a proper selection criteria to be used .

Prequalification criteria for system 7:

Test Acceptance criteria

Seawater immersion according to 1ISO 20340 According to ISO 20340.
Testing is required for the following coating
systems:

* Coating system no. 3B and 7.

* Coating system no.

Ageing resistance according to 1SO 20340, According to 1SO 20340.

procedure A Supplementary requirements:

Testing is required for the following coating 1. Chalking (see ISO 4628-6): Maximum
systems: rating 2.

» Coating system no. 1, 3B, 4, 5A and 5B. Applicable to coating system no. 1 only.

* Coating system no. 7 when used in tidal or 2. Adhesion (see ISO 4624): Minimum 5,0
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splash zones.

MPa and

maximum 50 % reduction from original value.
3. Overcoatable without mechanical treatment
obtaining minimum adhesion of 5,0 MPa.

4. Adhesion (see 1SO 4624) for coating system
no.

5A and 5B: Maximum 50 % reduction from
original

value, minimum 2,0 MPa for cement based
products and minimum 3,0 MPa for epoxy
based

products.

5. Water absorption after complete ageing
resistance

test shall be reported for coating system no.
5A.

Cathodic disbonding according to 1ISO 20340.
Coating system no. 3B and 7.
Coating system no. 1 when used in tidal or

splash zones.

According to 1SO 20340.

Table 19 Prequalification criteria for painting system 7
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Recommendations

1.

Touch up of the system whenever possible. Thorough checking of the systems every 6

months

The prequalification documents were not found in the system. TEKMAR needs to deliver the

qualification documents at the earliest.

Cathodic protection which need s to be used along with the coating system 7.There are two

options that could be looked into in the future

Adding new cathodic protection to the system itself. the amount of anodes needed has to be
analyzed using proper engineering techniques . the anode will be useful when we have the
MHS outside the vessel ,like we have during the recommissioning phase . Also we can have

a full control over the corrosion prevention system

Connecting the MHS to the ships protection system .even though its a cheaper option , the
capacity of ships cathodic protection need to be analyzed and proper connections have to be
established . Also the tower would not have any protection system if it on the quay side for

extensive modification work. The complete over the protection system could be lacking
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7. Spare Parts

Maintenance operations on the offshore systems can only be effective and efficient if the correct
spare parts are available at the correct location in a timely manner. For this to happen a robust
spare parts management system has to be in place. Ineffective management of spare parts will
result in both direct and indirect costs and may well affect the safety of the tower crane. (TCIG,
2008). For an asset on a vessel its all the more challenging as the vessel could be operational in
far off distant location and getting the spare parts to the remote location is a challenge as the use
of emergency supply boats may be difficult based on the location. In 2011 Technip had operation
of nordstream Tie in the Baltic sea and getting offshore certified containers for the spare parts in
the Swedish sector was a problem as the offshore infrastructure is not developed there

highlighting the importance of having sufficient spareparts.

Out of the two extremes of spare part sourcing - stock every spare part that could ever be
required in the MHS stores or to stock nothing, which relies subcontractor stock with courier
delivery. A combination of the two has to be used , avoiding a costly inventory whilst ensuring
that major items are readily available for use. The items have to listed and stored based on the

lead time of delivery and the criticality of damaged components

A list of critical items with long lead times has been identified by consultation with the
manufacturer. The items and the place of storage have to be decided based on the criticality

evaluation of each item

Ensure that that spares meet the original manufacturer’s specification. Ensuring that this is the
case is often a complex process involving a full engineering assessment of the component to be

replaced. And could be worth while in investing /preplanning for alternatives for long lead items

Spare parts needs be controlled and monitored using a robust stock control system, helping to
allow stock levels to be maintained at economic levels and ensuring that valuable stock is not

lost in the pool of equipment. Too much stock will tie up capital unnecessarily and also account
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for the storage cost. Stock levels have to be periodically reviewed to guarantee that levels are

adjusted in the light of experience from using the system.

Spare parts must be stored in secure dry conditions to minimize deterioration and loss. Some
form of racking is essential in order that each part number has a readily identifiable and unique
location to ensure that parts can be easily located for issue and stock checks. Spare parts can
represent a considerable capital investment and should be treated as tangible business assets
(TCIG, 2008).

All spare parts should be permanently marked with at least a part number to ensure that they are
readily identifiable in the storage pool with the storage pool manager being aware of the
locations. Material specification marking are also important for operations.

Spare Parts —-recommendations

Main Winch Trolley System

Item | Qty Description Specification Supplier | Unit Price | Total Price
(GBP) (GBP)

1. [1-off | MW trolley roller set | PN-955-01-001 Tekmar 867 867

2. |1-off | MW trolley line encoder | PN-955-01-002 Tekmar ‘ 1399 | 1399

3. |1-off | MW trolley line encoder bracket | PN-955-01-003 Tekmar | 79 129

4. | 1-off ‘ MW trolley motor & leadscrew kit ] PN-955-01-004 Tekmar | 8158 | 8158

5. [1-off |MWtrolley motorhose kit | PN-955-01-005 | Tekmar | 675 | 675

6. |1-off | MW trolley cylinder 1 PN-955-01-006 Tekmar | 2517 | 2517

7. | 1-off | MW trolley cylinder hose kit | PN-955-01-007 Tekmar | 650 | 650

8. | 1-off | MW trolley cylinder seal kit [ PN-955-01-008 Tekmar | 150 | 150

9. |1-off | MW trolley cylinder bush & pin set | PN-955-01-009 | Tekmar | 400 400
10.[4-off | MW Nylon shim set ‘ PN-955-01-010 | Tekmar 116 464

Guide Wire Winch Trolley Systems
Item | Qty Description Specification Supplier | Unit Price | Total Price
(GBP) (GBP)

1. | 1-off | GW frolley roller set PN-955-02-001 Tekmar | 1734 1734
2. | 1-off | GW trolley seal kit PN-955-02-002 Tekmar | 150 150
3. |1-off | GW trolley line encoder PN-955-02-003 Tekmar | 1399 1399
4. | 1-off | GW trolley line encoder bracket PN-955-02-004 Tekmar | 119 119
5. [1-off | GW trolley motor kit (top) PN-055-02-005 Tekmar | 5625 5625
6. | 1-off | GW trolley motor kit (bottom) PN-955-02-006 | Tekmar | 5825 5825
7. |1-off | GW troliey motor hose kit (top) | PN-955-02-007 | Tekmar | 675 | 675
8. [1-off | GW trolley motor hose kit (bottom) PN-955-02-008 Tekmar | 675 | 675
9. 4-off | GW shim set PN-955-02-009 Tekmar | 116 | 464
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Half height platform cylinder seal kit PN-955-03-002
Half height platform cylinder hose kit PN-955-03-003
Wire assembly PN-955-03-004
Hinge pin & bush set PN-955-03-005
Clear com unit PN-955-03-006
Strip light unit PN-955-03-007
Flood light PN-955-03-008
Fixed camera PN-955-03-009
Pan & tilt camera PN-955-03-010

" Latch cylinder

PN—955—04-001

2. | 1-off | Latch cylinder seal kit PN-955-04-002 Tekmar 170 170
3. [1-off | Latch cylinder hose kit PN-955-04-003 Tekmar 750 750
4. |1-off | Latch cylinder hydraulic fittings kit PN-955-04-004 Tekmar 275 275
5. | 1-off | Latch cylinder pin & bush kit PN-955-04-005 Tekmar 260 260
6. | 1-off | Latch cylinder grease kit PN-955-04-006 Tekmar 160 160
7. 1 2-off | Small split nylon prong PN-955-04-007 Tekmar 733 1466
8. | 2-off |Large split steel prong PN-955-04-008 Tekmar 834 1668
9. |1-off | Subsea camera PN-955-04-009 Tekmar 3000 3000
10./ 1-off | Proximity switch PN-955-04-010 Tekmar 208 208
~ 11.|1-off | Cursor carriage roller set PN-955-04-011 Tekmar 866 866
12.[1-off | Cursor arm cylinder (extend) PN-955-04-012 Tekmar 1342 1342
13.[1-off | Cursor arm cylinder (open/close) PN-955-04-013 Tekmar 1142 1142

Dafoss valve bank

~PN-055-05.001 |

1. ff)
2. | 1-off |Danfoss valve bank (7-off) PN-955-05-002 Tekmar 5489 5489
3. |2-off |Ball valves PN-955-05-003 Tekmar 130 260
4. |1-off |Flow divider PN-855-05-004 Tekmar 1315 1315
5. |1-off |PO check valve PN-955-05-005 Tekmar 117 117
6. | 5-off | Counter balance valve PN-955-05-006 Tekmar 164 820
7. |1-off | Reducing valve PN-955-05-007 Tekmar 72 92
8. | 1-off |Hydraulic fittings kit PN-955-05-008 Tekmar 1950 1950
Moonpool Door System
1. | 1-off | Central door cylinder PN-955-06-001 Tekmar | 2792 2792
2. | 1-off | Central door cylinder seal kit PN-955-06-002 Tekmar | 150 150
3. | 1-off | Central door cylinder hose kit PN-955-06-003 Tekmar | 375 375
4. | 1-off | Central door hinge kit PN-955-06-004 Tekmar 933 933
| 5. | 1-off | Central door roller system PN-955-06-005 Tekmar 3666 3666
6. |1-off |Central door latch bushes PN-955-06-006 Tekmar 333 333
7. \1-off |Side door large roller PN-955-06-007 Tekmar 1416 1416
8. | 1-off | Side door small roller PN-955-06-008 Tekmar 1116 1116
9. 2-off | Side door sheave set PN-955-06-009 Tekmar 2350 4700
10.| 1-off | Side door cylinder PN-955-06-010 Tekmar 2242 2242
11./1-off | Side door cylinder seal kit PN-955-06-011 Tekmar 170 170
12/ 1-off | Side door cylinder hose kit PN-955-06-012 Tekmar 425 425
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Tem | Qty |  Descriptio " Specification | Sup ce | Total Price

el (DA | - ety AR | N B g e RTINS %) | (GBP)
1. |1-off | Push-pull Cylinders PN-955-07-001 5878
2. |1-off | Push-pull Cylinder pin & bush set PN-955-07-002 Tekmar 466 466
3. [1-off | Clamp cylinders PN-955-07-003 Tekmar 2683 2683
4. |1-off | Clamp cylinders top pad PN-955-07-004 Tekmar 833 833
5. | 1-off | Clamp lower clamp assembly PN-955-07-005 Tekmar 1233 1233
6. | 1-off | Rotary pallet motor PN-955-07-006 Tekmar 858 858
7. | 1-off | Push-pull hydraulic fittings PN-955-07-007 Tekmar 1920 1920
8. | 1-off |Rotary pallet hydraulic fittings PN-955-07-008 Tekmar 650 650
9, |7-off | Counter balance valve PN-955-07-009 Tekmar 417 2919
10,/ 1-off | Knuckle & pin set PN-955-07-010 Tekmar 2050 2050
11./1-off | Pilot valve PN-955-07-011 Tekmar 78 78
12.| 1-off |Flow divider PN-955-07-012 Tekmar 1315 1315
13.2-off |Ball valves PN-955-07-013 Tekmar 130 260
14.| 2-off | Sequence valve PN-955-07-014 Tekmar 275 550
15./ 2-off | DCV PN-955-07-015 Tekmar 164 328
16. 1-off | Throttle valve PN-955-07-016 Tekmar 155 155
17. 2-off | Reducing valve PN-955-07-017 Tekmar 169 388
18. 1-off | Manifold PN-955-07-018 Tekmar 373 373

Table 20 Spare part recommendations for MHS -general
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CUSTOMER ORDER NO: 11413

HDUK PROJECT NO: UKS 002031-02

Recommended Spares List Date: 11/04/2011
REF aTy HD PART NO. ITEM PART NUMEER DESCRIPTION
HYDRAULIC SYSTEM COMPONENTS
E1 1 UKS007 D00-074 ATEKW 4P 3155M 440VI3PHMEDH=z BS (IE1 W22) 176kW E-MOTOR {160kW AT S0Hz)
110w AIC HEATERS
E2 1 UKS007 000-073 151kW 4P 3155M 440V/3PH/E0Hz BS (IE1 W22) 151kW E-MOTOR (132kW AT 50Hz)
110v AIC HEATERS
DC1 1 UKS004 D02-127 R90.50x125-P500601.95/98sh DRIVE COUPLING
P1 1 UKS001 001-040 PL A4CSG 355 EPGIA0R-VZBE5FGE4N-51326 CLOSED LOOP PISTON PUMP
F2 1 UKS001 001-045 PL A4CSG 355 EPGIA0R-VZBE5FGE4N-51906 CLOSED LOOP PISTON PUMP
P3 1 UKS001 001-038 A10VO2BDFR3I1RPSCE2KD OPEN LOOP PISTON PUMP
VB 2 UKS002 007-059 KSDER1CB/MHNDV CETOP 3 POPPET DCV
2 UKS002 012-031 GZ37-4 24VDC 22W 24vDC COIL
VT 1 UKS002 006-015 DBETRE-2X/350G24K31A1M PROPORTIONAL RELIEF VALVE
N 2 UKS002 D04-078 NFDC-LAN-DBT FLOW CONTROL WALVE
V10 2 UKS002 002071 AWE 10 D3X/CGE24NIKS CETOP 5 DCV
14 2 UKS002 D02-053 4AWE B DEX/OFEG24NIK4 CETOP 3 DCV
V15 1 UKS002 007-055 CDAB-XBN SHUTTLE VALVE
Vari il UKS002 001-069 DBDS 20 G1x/315 RELIEF VALVE
W24 2 UKS002 008-011 206010 GAUGE ISOLATOR
Al 2 UKS008 001-013 S5B6330-02.5A1/112-330A-8 2.5L ACCUMULATOR - 9 BAR PRE-CHARGE
G1 2 UKS005 003-009 0-400 BAR GAUGE
G2 2 UKS005 D03-036 070 BAR GAUGE
G3 2 UKS005 003-034 0-250 BAR GAUGE
051 1 UKS005 D02-043 MLG-5TD-29-00-16-00 SIGHT GLASS
T51 1 UKS005 001-049 TA3430 TEMPERATURE SENSOR
FS1 1 UKS005 002-052 SG51.XASGBCPY LEVEL SWITCH
H1 1 UKS005 004-001 HBX115/B KW IMMERSION HEATER 110w
HE1 1 UKS006 002-012 JHE00-3932-8 HEAT EXCHANGER
TP1 4 UKS011 002-024 SMKE20-9/16 UNF-VE TEST POINT
P51 4 478 2377-759 DS-307/SCHNV2, 5-55 Bar PRESSURE SWITCH
PT1 2 UKS005 003-052 PN2020 PRESSURE TRANSDUCER / SWITCH
2 UKS005 007-007 WT-VSPA2-1-2XNVINTA AMPLIFIER CARD
EC3 1 UKS014 001-018 E-2031-09 HMC 100 ACTIVE HEAVE CONTROL UNIT
REPLACEMENT ELEMENTS (12 MONTHS)
REF aTy HD PART NO. ITEM PART NUMBER DESCRIPTION
SF1 4 UKS003 007-022 0280 D 010 BNAHC 10p FILTER ELEMENT
q WD S D.OV-L24 FILTER SWITCH
SF2 4 UKS003 007-049 2600 R 010 BNAHC 10p FILTER ELEMENT
1 WM 2 D.0-24 FILTER SWITCH
SF3 20 478 3233-622 400-10 10p FILTER ELEMENT
1 478 3233-544 2.2 BAR FILTER SWITCH
SAB 4 UKS003 004-016 DC4 AlR BREATHER
ELECTRICAL SYSTEM COMPOMENTS
1 MAIN ENCLOSURE
1 MCCB 1 - 12504 (3VL77T122DE)
1 Door Interlock Handle for MCCB 1 (3VL9800-3HG-05)
1 MCCE 2 & MCCB 3 - 3154 (3VL47312DK36)
1 MCCE 4 & MCCB 5 - S00A (3VL5702-2DK36
1 160KW Soft Starter (3RW4074-66B634)
1 200kW Soft Starter (3RW4075-66B34)
1 C5 - Qil Heater Motor Circuit Breaker (3RV1011-1KA10)
il C5 - Qil Heater Contactor (3RT1017-1AF01)
il C6 - Space Heater Motor Circuit Breaker (3RV1021-4CA10)
1 C6 - Space Heater Contactor (3RT1025-1AF00)
1 PSU 1- 24VDC Power Supply 20A (110V-24VVDC) WIPOS P1 24-20
PS5l 2 - 24VDC Power Supply 10A (110V-24VDC) WIPOS P1 24-10
PSU 3 - 32VDC Power Supply 104 (110V-32VDC) PULS Q3510
TX1 - TC 3KWVA/S : Transformer Primary 380-215-440V, Secondary 110 3KVA
1 TX2 - TC 7T50VAJ3 : Transformer Primary 380-415-440Y, Secondary 230V 750VA
1 MCB 1 Primary Transformer Double Pole - 404 Type C
1 MCB 2 Secondary Transformer Double Pole - 324 Type C
il MCB 3 Container Light Circuit Double Pole - 44 Type C
il MCB 4 110V Socket Double Pole - 10A Type C
1 MCE 5 PLC Supply (24VDC) Double Pole - 6A Type C
1 MCB 6 24VDC Control Circuit Supply Double Pole - 10A Type C
1 MCB 7 24VDC Solenoid Circuit Supply Double Pole - 20A Type C
1 MCB & Primary Transformer 750 A Double Pole - 6A Type C
4 MCB 9 Secondary Transformer 750 VA Double Pole - 44 Type C
1 MCB 10-23 Solencid MCBE Single Pole - 2A Type D!
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1 MCB 24 Amplifier Card Supply Double Pole - 8A Type C
1 MCB 25 Water Valve Single Pole - 24 Type D
4 ESR1 - Pilz Safety Relay PNOZX3 - 24VDC
1 RO-R14, R16-R23. R25-R?9, R40-R43 - Relays 24VDC_ 2 pole + Base (G2R2)
1 R15 - Relay 24VDC (MY4IN)
1 R24 - Wieland Flare Relay 24VDC (Sckt: 80.063.4021.1 + Relay: BB2N-1CH-5)
1 R32-R35 - Relays 24VDC. 4 Pole + Aux 4 Pole. (3RH1140-16840 + 3RH1911-1GAD4)
1 ESR2 - Relay 110VAC, 2 Pole + Base (G2RZ)
1 ESR3 - Relay 24VDC (MY4IN)
1 EHGOGD Heater |
1 ETR 202 (For Regulating Heaters)
1 MEMO S6HD (MF36001) + Analogus Qutput Module (IFS6004 )
1 Current Transducer - TM31H30
1 Current Transformer - TASI (TASE4) 1250054
1 Current Transformer - TABB (TAIBB) 30075A
1 Current Transformer - TAIG (TAKDO0) 500/54
THRU/THR2THR3/THR4 - Thermistor Relay (TERT)
I
MAIN ENCLOSURE INDICATIONS
1
1 White Indicator Light - Contol Voltage On (Lens - 3583501-66A60)
1 White 24\VDC - LED (35B3400-1PE)
1 2 Position Switch - Local Control Requested OfffOn (3SB3500-2KA11)
1 2 Position Key Switch - Cabin Control Overmride Switch (358500-4A011)
1 2 Paosition Switch - Container Heating OffiOn {35B3500-2KA11)
1 Green Pushbutton - Pump Start (35B83500-0AA41)
1 Red Pughbution - Pump Stop  (35B3500-04421)
3 Emergency Stop - 40mm Twist Release (35B3500-1HA20)
3 N/O Contact Block (3583400-0B)
MW/C Contact Block (3583400-0C)
PLC HARDWARE
1
1 Q Series - Power Supply - 24VDC PSU SVDC Out (QE3P)
1 Q Series - CPU - (QD1CPU)
1 2 Series - Digital Input Module - 32Pt Input 24VDC Source (QXE1)
1 2 Series - Analogue Input Module BCH (Q88ADI)
1 Q Series - Digital Cutput Module - 16Pt Relay Output (QY10)
1 Q Series - Profibus Slave (QJ71PBS3D)
1 O Series - Blanking Module (QGED)
1 6Pt Terminal Block (AGTBXIGE)
1 Amir Terminal Block Cable (AC10TBE)
1 10.4" HMI Touch Screen Including Cable (AGP3500-T1-D24 + CA3-CBLQ-01)
4-20mA Signal Splitter Terminals (MCR-SL-UI-2HNC Ref: 2864176)
SCAM RECO
1
Scan Reco Remote Centrel Unit.
OTHER ITEMS
1
1 Profibus Redundancy Module (ABE RLMD1)
1 Amplifier Card Helder |
1 Container Space Heater
Container Emergency Lighting

Table 21 Spare part list for winches
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Recommendations

1.

For the MHS the spare part could be divided into main area- one that stay on board the vessel

and the second that would be stored in the base

Plan for alternatives for the long lead items

Develop a criticality evaluation flowchart could be developed and each item could be
evaluated based on this. The main criteria for selection are

Criticality of the equipment- could it potentially stop the ongoing operation

Lead time

Location of manufacture- if the vessel in operation can it picked easily from the current
vessel location

Legal requirement of the equipment

Redundancy of the equipment on the vessel- could vessel equipment be used instead (ex. Use
of vessel crane instead of main winch )

Size/weight of the equipment

Cost of the spare

Availability in local market- vessel working in the north of Norway need to stock up more
spares as the availability of the spare there could very limited

Handling facilities in the base

Use of supply boats in the locations
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8. Human Resources - Attributes, Training and Assessment

The supervisors and technicaians for the system are the most important members for the use and
maintenance of the system. The industry has identified a few of the generic

requirements/Attributes
Maintenance personnel should be:

* Fully conversant with the machinery they are required to maintain and its hazards - hydraulic,
mechanical and electrical aspects needs to be covered . « Able to communicate clearly with other

personnel on site;
* Properly instructed and trained. Especially the MHS system drivers

» Familiar with safety systems and cultures of Technip.s Aware of their responsibilities under the

Health and Safety at Work Act and supporting regulations;

» Trained and competent in the pre use inspection, correct wearing and limitations of their

personal protective equipment. (TCIG,2008)
Training

All tower crane maintenance personnel should be trained in a set of skills to enable them to work
safely on site and participate effectively in the maintenance process of MHS. There is special
requirements for training for the operations of the control systems and the high pressure
hydraulic systems on deck. Working at height training and rigging trainings are also needed for

the personal involved.

» Understanding basic health and safety requirements, including the risk assessment process

especially on the vessel

» Basic crane Slinging and signaling;
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* Tool skills are important - including the selection and use of tools Hydraulic and electrical

fitting

The MHS should have a supervisor , operator team which is applicable for a mobile asset of this
size. When such a huge asset is mobilized on a vessel a dedicated team of technician has to be
associated with the asset to perform the offshore operation and perform the maintenance
activities. They would work on the maintenance job cards and report back to the base office with
a planned shutdown maintenance activity, which will be coordinated by the base team. The lack
of supervisors and operators could be the primary reason for the lack of maintenance of the

system and the present issues with the MHS..

The MHS system needs supervisor with electro hydraulic background who can take of the
system along with doing the maintenance part of the system. The MHS also needs operators for
control systems. The control system operator need the similar skills as the offshore crane
operator anf the best option would be to have the crane operator of the vessel trained for the
MHS as well which could reduce the offshore manning of the vessel.

No personal should use the system without proper training or brief introduction to the system.
They have to know the capabilities and limitations of the system along with the knowledge of the
possible hidden dangers within the system. Also a psychological approach to the job could be
made. There detailed task descriptions are made based on the studies made to job design is
developed keeping in mind the physical and psychological limitations of human. Emotional

exhaustion correlated negatively with job performance (Wright & Cropanzano 1998).

The management should also develop a [performance evaluation criteria for the supervisory team
SO as to ensure that they are aware of the benchmarks that’s been set and would like ot achieves
those goals as much as possible. This is also regarding the HSE policies and target levels. It is
important for objectives, strategies, actions and measures must evolve over time (Dixon, et al
,1990). This stage prepares the ground work for the implementation of the performance system.
Manufacturers need a framework to balance all of the elements required for performance

management success (Aberdeen group, 2004).
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9. Challenges and lesson learnt/ Recommendations

The MHS is a potential market leader in the Inspection maintenance and repair market because
the capacity of the system and the features that would make it suitable for application in a wide
spectrum of operations. But before it could attain its full potential and to be seen as a reliable
tool by the industry it has to be modified and all the systems upgraded to meet the arduous task

of offshore operations.
Challenges to the project

The MHS as a system has various stake holders , Technip — the asset owners . Tekmar- the main
contractor for the design , fabrication and delivery of systems, MJR- subcontractors for HPU .
bosch rextrot- subcontractors for control systems , Leibus- subcontractors for wires and winches
and various other smaller subcontractors who have been involved in the fabrications and deliver
of the system. To get all the needed information to complete a technical evaluation has been a
challenge. The each of the subcontractors had different set of specifications. | went through each
of these and compare them with the relevant standards and suggest for modification where it was
seen necessary. Having various subcontractors makes it even more challenging to get the
information. This highlights the need for having a focal point for each subcontractors and all the
information to be available in line with the client/ asset owner document numbers and document
control systems. There are also issues regarding the updated revision of the document issued
with the equipments. Its seems that in the industry only the hard copies are stored which without
the back up of soft copies stored safely could be a dangerous situation (especially coming to

tracking the changes.)

The MHS is a complex system with very many different fields of engineering coming along and
acting in unison to obtain operational success. The main task was to understand each of these
systems and their interfaces with each other in detail. While performing the technical evaluation
it was challenging to identify potential issues that could hamper the reliability and safety of

operations. The study saw a wide spectrum topics including
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Structural engineering —

Integrity of the primary structural components of tower

Padeye verification. Detailed design of the Padeyes and verifications of the existing
padeyes.

Bolted joints — use of slotted bolt holes and fit up during mob , modification of the
damaged/burned holes. Dimensioning of the bolted holes based on the maximum

deflections of the tower.

Electrical engineering

Power requirement of the individual subsystem for the complete operation of the MHS
tower

Vessel interfaces of the MHS- the MHS used approx 2MW power which on a average
ship is very high load. Also when the MHS is working in AHC mode it can give back the
power to the ship. The ship must be able to be receive the power or should have facility
to burn the extra power received.

Generator selection for testing and for the future use if the capacity of the vessel seems

insufficient

Rigging

Design for the various lifting operations planned for the testing phase

Working at heights

Hydraulics

Modifications for the HPU units and the connections to the operations systems on the
tower
Modification to the piping arrangement

Modifications to the deck plans in the future
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Wire integrity management
e Checking the main and guide wire winches and specifying the maintenance schedule
e Understanding the wire inspection techniques . unspooling lubricating and re spooling of

the wire onto the main winch.

Corrosion and material technology
e Modification of the HPU for corrosion prevention
e Corrosion prevention of the tower structures
e Painting
e Evaluation of the use of anodes for the MHS systems and having proper earthing of the

components to the vessels.

Maintenance strategy
e Developing a maintenance strategy based on condition monitoring techniques. Keeping
in mind the organizational structure and resources of the company

Studying all these various aspects and coming up with solutions has been a very extracting yet
rewarding experience where in | got to study the various topics and discuss in detail various
subject experts. To come with the recommendations, | had to physically survey most of the part.
And had to learn in detail about the offshore operations and interfaces of all the subsystems. It
has helped to gain a detailed overview of the various segments in the industry. But it has been
challenge to communicate effectively with the various subcontractors and to obtain information
about the various subsystems. Also there has been pressure to meet the expectations of the

various stakeholders of the system including the owner , fabricator , operator etc.

As an extension of this thesis, | have been asked to take to be a part of the asset management
group of Technip where MP8 would be used to monitor the maintenance of all the assets of the
Technip Stavanger. The maintenance schedule would be developed in detail and would be

updated in the MP8 system that we would be used to monitor the assets of Technip.
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There have been issues which have been highlighted during the review of the system during this
thesis. From a project management perspective it has been a challenge because of the large scope
of work and the amount of subcontractors involved in the project. As it was seen during the
evaluation lot of the issues could have been avoided if a better subcontractor follow up was in
place. The challenges were magnified due to the geographical distances as the product was
fabricated and assembled in the UK where as the management was based in Norway. Also some
of the work that seem to have occurred could be a result of schedule pressures on the vessel and

the cost involved on the mobilisation of the tower on the vessel.

e The quality control and assurance need to be managed by the clients /parent company . It
emphasis on the need for resident quality surveyor when it’s a long term project .

e Need for higher quality surveillance in case for fixed cost projects

e Emphasis on the need for resident quality surveyors

e More focus functional test , especially check on the tolerances in the moving parts

¢ Final acceptance test (FAT) to be more thorough

e Plan for a more efficient mobilisation with proper quality checks

For the technical evaluation, the system was studied in detail along with the documentation.
Fabrication intolerance have been the major issue in the system along with lack of timely
maintenance. Each of the main items was studied in detail to come with a detailed maintenance
plan. The design of the faulty elements have been reviewed and modification proposed where the
design seem to have failed. There are have been various recommendation to improve the safety
in the system. Also coming up with more ergonomic designs for better efficiency during
operation. Some of the items have to be modified to account for faster mobilisation. The
mobilization time is critical for the vessel and the asset owner and each day saved could

potentially save million during the life time of the MHS
The technical recommendations are:
Functionality of MHS

e Crowded deck around the tower main structure, with various accessories and hoses in the

HPU. Look at the option of using permanent hard pipes or hanging the hoses to the tower. —
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This quite common in offshore construction vessel that around the secondary items, like the
MHS which are installed at a later stage, the deck area is crowded causing substantial
tripping hazards. Better planning and used of hard pipe permanently attached to the tower
needs fabricated for the future.
Providing with a dedicated custom made tool kit of the unit including safety harness to be
installed on the port side of the vessel — along with the main structure
Heating for the HPU is important. use signal lights outside HPU to confirm power
availability to HPU at all times. HPUs in the North sea sectors need this facilty so as to
ensure they are heated to required temperature at all times.
Cable protection for the wires on deck —Plan to carry spare deck cable protectors onboard
Color the possible trip hazards for easy visibility- to be implemented in all offshore
facilities.
Remodel the funnel near the sheaves , the receptacle for the crane block . It needs to provide
better guidance to the crane block- to be used in all offshore application where the crane
blocks have to go in to the structure. Test prior to sailing whether the crane blocks can go

into the receptacles in bad weather.

Sheave and positional system for MHS

All exposed sheave shaft to be greased weekly and covered to prevent grease loss and
ingress of dirt and dust

Weekly checking of the sliding modules for misalignments and debris ingress

Weekly Checking the Teflon friction pads for general conditions, thickness and debris
Make permanent lift plans for the guide wire positioning modules with dedicated rigging
Weekly checking of the exposed jack screws for alignment, lubrication and debris. Needs

to be covered when not in used

Use of Rollers offshore

Weekly check of the roller lubrication —It should not be tight and not lubricated
Specify the allowable play on the roller itself
Specify the safe working capacity of the rollers on the itself

Specify the rigidity of the shaft along with the maximum loading
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Close monitoring of tolerances during assembly —check point for quality surveyors

Wires maintenance offshore

Weekly checking of the state of lubrication of the wire

Any lubrication and service dressing should be compatible with the original lubricant
used by the wire rope manufacturer. Manufacturers should advise whether pressure
lubrication is suitable for a specific wire or, if not, what method of lubrication and
lubricant is recommended. Pressure lubrication needs to be carried out, with care, by
operators trained in using the equipment.

During the testing phase where additional smaller wires need to be attached to the bigger
wire few points need to be noted

As the wire ropes are removed and shortened from drums for maintenance and testing
purposes, it is important to re-spool them correctly with proper pre tensioning.

Also alarms, cut-outs and other control equipment will require to be preset and checked,

after each spooling.

Gripper pads on skidding system

Gripper pads modification for better grips with the beams — Proper testing with rated load
to find out beam bending.
Weekly checking of the general status of the gripper pads

Modifications of the gripper pads for corrosion resistance

Skid Rails on deck and platforms

Look of unusual scratches on the skid rails . debris could be stuck between the pads and
skidrails

Cover the areas skid rail location when there substantial deck activity. Ex. grinding on the
deck cause the debris over the equipments

It’s found that the speed of the push pull units is limited. Takes too much time during
offshore operation .Look at the possibility to improve the speed of the units

Check the levels above deck — It has to be flat at each mobilizations have to be ensures

because of deck irregularity
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Pallet on deck /offshore facilities

Permanent additional sacrificial plates to be bolted on the pallets. Drill sea fastening
holes on all the pallets

The speed of travel is limited. uses lots of time during offshore operation

Special warning signals on deck when the pallets are operating to warn the people on
deck

Barrier off the area when the pallets are moving

Painting specifications

Touch up of the system whenever possible. Thorough checking of the systems every 6
months
The prequalification documents need to be followed also for temporary installation.
Cathodic protections which need s to be used along with the coating system 7.There are
two options that could be looked into in the future. More stringent follow up
o Adding new cathodic protection to the system itself . the amount of anodes
needed has to be analyzed using proper engineering techniques . the anode will
be useful when we have the MHS outside the vessel ,like we have during the
recommissioning phase . Also we can have a full control over the corrosion
prevention system
o Connecting the MHS to the ships protection system .even though its a cheaper
option , the capacity of ships cathodic protection need to be analyzed and proper
connections have to be established . Also the tower would not have any
protection system if it on the quay side for extensive modification work. The

complete over the protection system could be lacking

Spare parts

For the MHS the spare part could be divided into main area- one that stay on board the
vessel and the second that would be stored in the base

Plan for alternatives for the long lead items
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HPUs and piping in general
e Use stainless steel pipes especially inside HPUs and area where there are constant human
contact
e Avoid using zinc coated pipes. They should not be cold bended after coating and left

without proper extra coating. The coating needs to be monthly checked for damages

This thesis report is written to highlight all the details, bringing to light the various aspects of
designs along with the various issues that needs to be rectified, making it a reference for the
industry in future. This was done taking into considerations the sensitiveness of various

stakeholders in the project.
Conclusion

The aim of the thesis was to assess and evaluate a complex system with regards to integrity,
reliability and propose modifications which could be used widely in the offshore industry. The
MHS highlights the importance of having resident client quality supervisors who can check and
ensure the quality of the products received. The technical recommendation given could be used
in the asset management of similar systems and in the maintenance of the interfaces of the
various subsystems. The integrity issues have been address which would result in a more reliable
system operational offshore. Some of the issues where in the basic design, while most of them
were related to the interfaces and quality of components used. All these issues have been
identified and the various recommendations to solve them have been listed in the thesis. These
recommendations have been based on my personal offshore experience and also results of
detailed technical discussions with various industry pioneers based on the codes, standards and

industry self imposed regulations and various leading company specification.
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ﬁ WYMARK BRITISH, EUROPEAN & INTERNATIONAL PATENTS
TECHNICAL THE

INFORMATION GREASOMATIC'96

yr—— SELF CONTAINED AUTOMATIC LUBRICATOR

A GREASOMATIC '96

is a salf-gjacting canister of lubricant designed 1o screw into a
grease nipple socket or other lubrication point, and discharge
its content of 120 ml of lubricant in a contralled continuous flow,
for a preselecled pericd of between one month and twelve
manths. It is driven by gas that is generated by slow galvanic

Curation sating dial
andlocking bution

chemical reaction. It is completely seli contained and needs no Exqpansion

fallible pumps, motors, springs, batteries or electronic circuitry. charmbar

HOW IT WORKS e

Built into the top of sach GREASOMATIC are a zincimolybde- alemant

num galvanic element and a flexibla rubber expansion chamber Ecirclyts

containing a mildly acidic liquid slectrolyie, The unitis activated Pubber

by injecting the galvanic elemant into the electrolyte. The gas enmveings

generated gradually expands against a piston, to extrude the Piston

lubricantslowly but surely into the bearing towhich the GREASO-

MATIC iz fitted. The electrolyte and gas remain hermetically Lubricant

sealed within the expansion chamber to prevent contamination chambsr

of the lubricant. |
relindwvahe

HOW THE DISCHARGE RATE IS CONTROLLED

The discharge duration of a GREASOMATIC 86 is dependant % BSPthread

on the rate of ges generation. This is govemed by the configu-

ration of the galvanic slement. The GREASOMATIC 96 has a Transitcag

unique adjustable galvanic elemant. Bafore activation, this is
held in the underside of the cap and is connected to the contral
Uk:'lob on lhell exlne’riur r?:.rdthi unnaﬂ':;baﬁnﬁs ¢nntrt:||;kn?ib adjusts
& prolrusion of a shaped electrode o provide the appro- —

priate rate of gas generation for the discharge duration set on Indlicator shows Qvarml Wi 159 men
the dial. Settings of 1, 2, 3, 4, 6, 8 or 12 months duration are dschenge - . " a8sg
available, (These periods apply at an ambient ternperature of

about +20°C and will be varied by abnormally high or low
temperatures - see overleal).

An unactivated GREASOMATIC'S96

ACTIVATING A GREASOMATIC "96

After the discharge duration has been set, the red locking button
is depressed to secure the setting and disconnact the control
knob from the dial. Five further clockwise retations of the control
knob than cause the element to be injected into the electrolyte
to start the GREASOMATIC working.

MONITORING THE LUBRICANT DISCHARGE LEVEL

Throughout the working life of a GREASOMATIC'SE an indicat-
ing ring on the ejection piston shows through translucent
windows in the body to enable its lubricant lavel 1o be monitored.

HOW A GREASOMATIC IS INSTALLED

The lubricant outiet in the base of a GREASOMATIC '86 has a
1% BSP malethreadto enable itto be screwed by hand to fit tightly
into a standard grease nipple socket. Adaptors are available
to enable GREASOMATICs to be fitted into sockets of other
sizas. With the ald of extension tubes (of at least 5 mm intamal
bore and up to 2 metras in length), they can easily be installad
ata distance from the lubrication point. This is particulary useful
when it is desired to group a number of GREASOMATICS
together on a panel for ease of access, orwhen itis necessany
o Isolate them from extremes of temperature or from excessive
vibration. Two or more units may be coupled together in order
to increase the supply of lubricant to a bearing. A GREASO-
MATIC will work in any position and need not be mounted
uprighl. It can be mounted on its side or upside down. It can
be fitted to rotating or moving machine pars, providing the
movament is not viodent enough fo cause the plastic base o
break. A GREASOMATIC will work indoors or out of doors -
it will even work under water or encased in ios |

A working
GREASOMATIC ‘96

Thasacificlal
BN

galvanic element

USE IN PRESSURISED SYSTEMS

It a GREASOMATIC Is to discharge into a pressurised system
(such as a high pressure pump bearing or a comprassed air
ling), itis essential toisolate the GREASOMATIC from the back-
prassure by fitting a non-return valve (Accessory GA 17), and
the pressure in the system must be relieved periodically to
permit the GREASOMATIC to inject lubricant. This can
normally be done at the end of the days work. In such
clroumstances a GREASOMATIC injects lubrcant intermdt-
tently rather than cominuously.

ACCESSORIES & FITTINGS

A wide range of fittings is available to facilitate the
installation of GREASOMATICs, These are nor-
mally semi-permanent fixturas that are left in situ
when spent GREASOMATICs are replaced. Full
details of the current range may be found in the
separateinformation sheet entitled GREASOMATIC
‘86 Accessories and Fittings in which some
typical mounting assemblies are also illustrated
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DAILY LUBRICANT INPUTS AND DISCHARGE DURATIONS AT VARIOUS TEMPERATURES

The nominal discharge durations of 1, 2, 3, 4, 6, 8 or 12 months apply at an ambient temperature of +20°C and will vary
if the unit operates at abnormally high or low temperatures, Guidance on the approximate discharge durations (and
the intarrelated daily lubricant inputs) that can be expectad at various temperaturas is given in the char below. Valuas
far intermediate temperalures may be obtained by interpolation.

Dial Average ambient tempearature at the location of the GREASOMATIC (not that of the bearing)
setting | -10°C LOC L [HI0G +20°C +30°C HOC
1 0.5.ml daity " |1 mi daily o 2'midaiy’ | 4 mi daily B midaity . )
for 8 months |- “for 4 months | for2 months | for 1 menth | for.0.5 months,
2 025mically | oSmidaly | imidaly | 2midaily | Amidaly | smidaly
for 16 months | for 8 months | for 4 monins | for 2 months | for 1. manth- - | for 0.7 months
3 |o2micaly | O3midaly | O7midaly | 13midally | 27midaly | amidaly -
for 24 months | for 12 manths - for 8 months | for 3 months | for 1.5 months | for 1. month.
4 : 025midaily | 05midaly | 1midally | 2midaly | 3midaly =
for 16 months| - for'8 monihs | for 4 months |- for 2 months | for 1.3 months
8 ‘02midaily. | 03midally | 0.7 midaily | 1.3midaily | 2midaiy
“for 24 months) - for 12 months| for 6 months | for 3 months © | for 2 months
8 “025midally | 0.5midaily | 1midaly | 15midaly
for 16 months, for 8 months | for 4 months | for 2.7 months
12 S 02midally, | 03 mldaily | 0.7 mldaily 1 mi daily
for 24 montha for 12 months for & manths | for 4 months
+14°F +32°F +50°F +68°F +86°F +104°F

WORKING PRESSURES

Under normal conditions a GREASOMATIC'SE operales at a low pressure of less than 1 bar, The exact pressura Is
determined by the resistance to flow of the lubrication channels and the bearing. (The main reason a grease gun s
designed to axert very high prassure is to overcome the high resistance of the greass nipple itself - with the nipple
remnoved, the lubricant should flow freely). If old lubricant has stiffened in & neglected bearing, the GREASCMATIC's
prassure will build up until the obstruction is cleared and lubricalion can begin.

THE PRESSURE RELIEF VALVE

In the event of a complete blockage of the lubrication channels, the GREASOMATIC's intemal pressure will build up
to about € bars at which level the pressure relief valve will operate as a safely measure and release lubricant from the
base. This prevenls overprassurisation and serves as a waming that no lubrication is taking place.

USE AT EXTREME TEMPERATURES

A GREASOMATIC'SE can be installed at any ambient termperature between -20°C and +80°C. If a GREASOMATIC
is required 1o lubricate a bearing operating at a temperature outside this range, orif It Is desired o adjust the discharge
rate and lubricant dosage for a bearing operating within that temperature range, the GREASOMATIC should be Installed
glsawhare in a mare mederata temparature and should be connected to the bearing by extansion tubing. The lubricant
selacted must always be suitable for use at the temperature of the relevant bearing of course. If a GREASCMATIC9G
] raqulledltuwrk'ln widaly fluctuating termperatures, this will present no problem but the lubricant input rate will fluctuate
accordingly.

LUBRICANT FILLINGS

A GREASOMATIC'98 can be filled with almost any type of lubricant. However many widely used greases are prone
to oil-soap separation when subjected to sustained light pressure in 8 GREASOMATIC. This can lead to a serious
curtailment of the GREASOMATIC's working (ife. It is therefore essential to use only greases or gels that have been
tested and approved for use in GREASOMATICs if the discharge rates and working lives queted above are ta be realised
in practice. Such considerations do not apply to oils, and GREASOMATICs filled with vidually any type of oil or fluid
lubricant will funclion satisfacterily. For datails of approved high performanca lubricant fillings, see the separale
publications entitled GREASOMATIC'96 Standard Grease Flllings and GREASOMATIC'96 Standard Ol Fillings.

SPECIAL FACTORS WHEN USING OIL FILLINGS

The handling of GREASOMATICS with oil fillings is not quite as straightforward as in the case of those with grease fillings
because liquid will run out of the GREASOMATIC during installation unless simple precautions are taken. One method
I8 to install the GREASOMATIC upside down with the discharge outiel uppermast, using if necessary an inverted
maounting assembly. Allernatively, an oil filled GREASOMATIC'9E can be installed with its discharge outlet downwards
il a non-return valve (Accessory GA17B) is fitted. This will only parmit tha oil to discharge drop by drop as the inlernal
prassure rises above 0.3 bars. If the oll = to be injected into a long rising lubrication channel, the fitting of a non-raturm
valve iz essential or the ofl will run out of the system whenever a spent GREASOMATIC is replaced. It should be bome
in mind whan handiing an oil filled GREASOMATIC that once the transit cap has been removed, the GREASCMATIC
must be held upsida down. If itis to be instalied with the discharge outiet downwards, the non-refurn valve must be fitted
to it (rather than to the bearing) before inverting the combined GREASOMATIC and valve assembly and fitting it to the
bearing. Full datails of the non-return valve and an Inverted mounting assembly are given in the publication:
GREASOMATIC'96 Accessories & Fittings,

CAUTIONARY NOTE

GREASOMATICs are made to the highest standards of accuracy and consistency, and the information in this and other
GREASOMATIC'®S publications is pravided in good faith, However the conditions in which GREASOMATICs are used
and the lubrication needs of different bearings can vary so widely, that no responsibility can be accepted for any loss
or damage lo machinery or equipment as a resull of inadequate lubrication provided by a GREASOMATIC. Where
continuous lubrication of a bearing is a critical requirement, it is essential lor tha user toinspect and ensure that lubrication
is adequate. This is made easy by the discharge level indicator that shows through the translucent windows in the
GREASOMATIC'DE.

Wymark Ltd, Telaphone: 01242520868,
Runnings Aoad Industrial Estate, Cheltenham, GLS1 8NG, England. Telefax: 01242515825,
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20 January 2009 STANDARD GREASE FILLINGS
Grease MP Multi-purpose grease.

A high quality, muilti-application, long life grease with excellent adhesive qualities and water resist-
ance. It is capable of absorbing moderate levels of water without softening or changing consistency.
Greasomatic label marking:  Grease MP

Basis: Mineral oil with Calcium sulpheonate / carbonate complex thickener,
Colour: Tan.

Consistency: NLGI 2.

Temperature range: -25° to +165°C / +13° to +325°F.

Drop point: +304°C / 57T9°F.

Worked penefration: 276 at 25°C (IP 50).

Water resistance: Fully resistant at +90°C (DIN 51807).

Timken OK load: 37 kg/60 Ibs minimum.

dN factor: 500.000

Compatibility: Miscible with other lithium, caleium or lithium/ealcium base greases.
Grease FG For use in processing foodstuffs and pharmaceuticals.

A synthetic grease that has been specially formulated to provide outstanding lubrication in the food
processing industry. 1t is recommended as a multi-purpose lubricant across all food processing
applications. NSF Registration No. 135799,

Greasomatic label marking:  Grease FG

Basis: Synthetic oil with calclum sulphonate complex / carbonate thickener.
Colour: Tan.

Consistency: NLGI 2.

Temperature range: -40° to +200°C [ -40° to +392°F.

Drop point: 304°C - 579°F.

Worked penetration: 294 at 25°C (IP 50).

Water washout: Fully resistant at 80°C (ASTM D1264).

Shell 4 ball weld load: 500 kg (IP 239).

dN factor: 500,000,

Dynamic corrosion resistance: 0:0 (EMCOR}) (IP 220).

Copper corrosion: 1A.

Compatibility: Mixing with other greases not recommended.
Grease HT For very high temperatures.

A specially formulated grease for maximum lubrication at very high temperatures.
Greasomatic label marking:  Grease HT

Basis: Mineral oil'synthetic oil mixture : incrganic gel.
Colour: Green-brown.

Consistency: NLGI 1.

Temperature range: =107 o +210°C / +14% to +410°F.

Waorked penetration: 310 - 340 at 25°C (IP 50).

Base oil viscosity: 1500 - 2000 cS5t at +40°C {DIN 41562).

Water resistance: Fully resistant at+80°C (DIN 51807).

dN factor: 250,000,

Compatibility: Mixing with other greases not recommended.
Grease EPM For extreme pressure conditions.

A high quality, multi-application, long life premiumn performance, all season, extreme pressure grease,
containing 3% molybdenum disulphide for protection against vibration and shock loading.

Greasomatic label marking: Grease EPM

Basis: Synthetic oil with synthetic lithium complex thickener plus 3% MoS2.
Colour: Grey-black

Consistency: NLGI 1.

Temperature range: -40° to +170°C / -40° to +338°F.

Drop point: +305°C / +581°F .

Worked penetration: 324 at 25°C {IP 50).

Water resistance: Fully resistant at +20°C (DIN 51807).

Timken OK load: 27 kg / 80 Ibs minimum.

dN factor: 500,000

Compatibility: Miscible with other lithium, calcium or lithium-calcium base greases.

]
andar Greases Continued overleaf
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Grease 0G Open gear grease.
A soft, smooth and extremely adhesive grease for lubrication of open gears. It has excellent water
displacing properties and is particulary suitable for gears operating in wet or humid conditions.

Labelmarking: Grease OG

Basis: Solvent refined mineral oil with aluminium soap thickener.

Colour: Black.

Consistency: NLGI 0/1.

Waorking temperature range:  -30° to +70°C [ -22° 1o +158°F.

Worked penetration: 320 - 350 at 25°C (IP 50).

Water spray resistance: < 0.5% loss (ASTM D404).

Compatibility: Mixing with cther greases not recommended.

Grease CS For chaindrives and slideways operating inarduous conditions

in which 0il SC would be unsuitable.

A semi-fluid grease incorporating extreme pressure additives and anti-oxidants to provide effective
lubrication with good corrosion resistance. It provides a water repellent protective film.

Label marking: Grease CS

Basis: Mineral hydrocarbons : lithium soap : 2% MoSZ2.
Colour: Dark green.

Consistency: NLGI 00/000.

Working temperature range:  -10° to +100°C / +14° to +212°F.

Worked penetration: 420-450 at 25°C (IP 50).

Base oil viscosity: 500 cSt at +40°C (DIN 41562).

Compatibility: Mixing with other greases not recommended.
Grease WP Waterproof grease.

A high performance, strongly adhesive, extremely waterproof grease, containing extreme pressure and anti-
wear additives, corrosion inhibitors and anti-oxidants. Specially developed for use in water and sawage
treatment plants, marine and off-shore applications and other hostile water environments.

Label marking: Grease WP

Basis: Blend of refined mineral hydrocarbons, synthetic polymers & lithium soap.
Colour: Pale green.

Consistency: NLGI 2.

Working temperature range: -20° to +130°C / -4° to +266°F.

Drop point: +180° C (IS0 2176).

Worked penetration at 25°C:  265-285 (IP 50).

Base oil viscosity: 1000 cSt at +40°C (DIN 41562).

Water resistance: Fully resistant at +90°C (DIN 51807).
Water washout test: 1% max.

Rust test: Me.1 rating.

Timken OK load: 25 kg / 55 |bs.

Speed rating: 2500 rpm max.

dN factor: 250,000

Compatibility: Miscible with other lithium base greases.

All the above standard grease fillings are produced for Wymark under rigorous quality contral by major
manufacturers of advanced lubricants. They have been tested in the Wymark Laboratory and found to be
free from oil-soap separation (see below) and have therefore been approved for use as GREASOMATIC
fillings. The performance figures are provided in good faith for guidance only and are not intended to
constitute a guaranteed specification.

Other grease fillings

GREASOMATICs can be filled with other types of grease. However, many widely used greases are prone
to oil-soap separation when subjected to sustained light pressure in single point lubricators such as the
GREASOMATIC. This can lead to a serious curtailment of the lubricator's working life. It is therefore essential
for other greases or to be tested and approved in the Wymark Laboratory if the discharge rates and working
lives quoted in the GREASOMATIC Technical Information Sheet are to be realised in practice.

Other packings
All the above greases are available packed in suitable cartridges and cans or kegs, for use when blocked
bearings are being purged prior to installing a GREASOMATIC

Wymark Ltd, Telephone: 01242 520966
Runnings Road Industrial Estate, Cheltenham, GL51 8MNQ, England. Fax: 01242 519925,
www,wyrmark.co.uk Email:sales @ wymark.co, uk
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APPENDIX 2  Checklist for inspectors

Module handling system Page 169



Check list of the inspectors

Module handling system — study
Appendix-1
Shambhu Jayakumar

Lifetime Limiting Criticality . Current Design oo
Mechanisms Categary Effect Mitigation Standards Likelv Shortfall Comments
[Firucture: Boom
12573 Part 1: : . . ]
Fati Hich Could lead to a collapse of the | Operational Records, NDE, Inspection, BE?_E 3 SP'u'td %L]IQ-ES; non ductile behaviour, crane likely to be at the
angue = boom and a dropped load. PDG493 Assessment = GDPES 2 end of its fatigue life
Protective Coating, Comosion Allowance, | BS2573: Part 1: 1983: . . . .
Corrosion High Could lead to a collapse of the Strengthening of vulnerable areas or de- | Section 4.2 and Llovds Comrosion more likely due to unrectified paint
= boom and a dropped load. = = . N defects
rating Fules
Unattended minor damage may progress to more
Damage High Could lead to a collapse of the |Securing arrangements for boom in stowed serious defects. Procedures should include
= = boom and a dropped load. position ensunng that the boom is securely stowed when
out of service
Could lead to the boom
Loose Fittings High becoming detached and may | Type of fitting, maintenance, inspection
lead to a dropped load.

Structure: Whip Hoist Structure

Could lead to a collapse of the

Operational Records, WDE. Inspection,

B52573: Part 1: 1983:

non ductile behaviour. crane likely to be at the

boom and a dropped load.

required.

Fatigue High whip hoist jib and a dropped PD6493 Assessment Section § and Lloyds end of its fatizue Life
load. Rules =
Could lead to a collapse of the | Protective Coating, Corrosion Allowance, | BS2573: Part 1: 1983: Comosion more likely due to wnrectified paint
Cormosion High whip hoist jib and a dropped Strengthenmg of vulnerable areas or de- | Section 4.2 and Lloyds defects P
load. rating Rules
Unattended minor damage may progress to more
. Cl:>11l.|:1 lea_d foa collapse of the Secuning arangements for jib in stowed serious defects. Procedures should include
Damage High whip hoist jib and a dropped = S g . L
= = “load position ensuring that the whip hoist 1s securely stowed
- when out of service
Could lead to the whip hoist ib
Loose Fittings High becomuing detached amd may | Type of fithing, mamtenance, mspection
lead to a dropped load.
Structure: Boom Bearing
Damage Hish Could lead to a collapse of the | Ewaluate risk and strengthen/de-rate if
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Lifetime Limiting
Mechanisms

Criticality
Category

Effect

Mitigation

Current Design
Standards

Likely Shortfall

Comments

Structure: Apex/A-Frame

Possible collapse of the apex/A-

Operational Records, NDE, Inspection,

BS2573: Part 1: 1983:

non ductile behavicur, crane likely to be at the

Fatigue High frame and a dropped loadboom. PD6493 Assessment Smonguﬁ Lloyds end of its fatigue life
i : Protective Coating, Corrosion Allowance, | B52573: Part 1: 1983: . - . .
Comosion Hich Possible collapse of the apex/A- Strenethening of vulnerable areas or de. | Section 4.2 and Llovds Comosicn more likely due to unrectified paint
= frame and a dropped loadboom. = = . / defects
rating Fules
. Could_lead toa collapse of the Evaluate nisk and strengthen apex if Unattended minor damage may progress to more
Damage High apex/A-frame and a dropped T A S EE
= = ; required. serions defects.
loadboom.
Could Iead fo components on the
I . apex/A-frame becoming . . . )
Loose Fittings High detached and may lead fo a Type of fithng, maintenance, Inspection
drovwed load

Structure: Superstructure

Could lead to a structural falure

Operational Records, NDE, Inspection,

BS2573: Part 1: 1983:

non ductile behaviour, crane likely to be at the

collapse or loss of crane.

required.

Fatigue High collapse or loss of crane. PD6493 Assessment Smonguﬁ Lloyds end of its fatigue life
. Protective Coating, Comrosien Allowance, | B32573: Part 1: 1983: . o . .
Comosion Hich Could lead to a structural failure Strenethening of vulnerable areas or de- | Section 4.2 and Llovds Comosicn more likely due to unrectified paint
= collapse or loss of crane. = = . / defects
rating Fules
. Could lead to a structural failure| Evaluate nsk and strengthen locally if Unattended minor damage may progress to more
Damage High ST - - Y Prog
= = collapse or loss of crane. required. senions defects.
Structure: Substructure
) ) . BS2573: Part 1: 1983: . . o op
- . Could lead to a structural failure| Operational Records, NDE, Inspection, . non ductile behaviour, crane likely to be at the
Fatigue High Section 2 and Lloyds . . e
= = collapse or loss of crane. PD6493 Assessment Fules end of its fatigue life
. Protective Coating, Comrosien Allowance, | B32573: Part 1: 1983: . o . .
Comosian High Could lead to a structural failure Strenethening of vulnerable areas or de- | Section 4.2 and Llovds Cormrosion more likely due to unrectified paint
= collapse or loss of crane. = = . ’ defects
rating Fules
. Could lead to a structural failure| Evaluate nsk and strengthen locally if Unattended minor damage may progress to more
Damage High = g i ¥ Prog

serions defects.
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Lifetime Limiting
Mechanisms

Criticality
Category

Effect

Mitigation

Current Desizn
Standards

Likely Shortfall

Comments

Structure: Base-Plate Connections

Could lead to a structural failure

Operational Records, NDE, Inspection,

BS2573: Part 1: 1983:

non ductile behaviour. crane likely to be at the

collapse or loss of crane.

required.

Fatigue High collapse or loss of crane. PD6493 Assessment Section SRiﬂTd Lloyds end of its fatigue life
. . __|Protective Coating, inspection/replacement | BS2573: Part 1: 1985 . _— . .
Comosion High Could lead to a structural fatlure * Strensthening of vulnerable areas or de- | Section 8.7 and Llovds Comosion more likely due to unrectified pamt
= collapse or loss of crane. = = ! defects
rating Rules
. Could lead to a structural fallure| Evaluate sk and strengthen locally if Unattended minor damage may progress fo more
Damage High = y AP

senons defects.

Structure: Pedestal Pintle

Could lead to a structural failure

Operational Records, NDE, Inspection,

BS2573: Part 1: 1983:

non ductile behaviour. crane likely to be at the

Replacement, NDE mspection records

Fatigue High collapse or loss of crane. PD6493 Assessment Section SRiﬂTd Lloyds end of its fatigue life
) . |Protective Coating, inspection/teplacement | BS2573: Part 1: 1985: . . . .
Cormosion Hich Could lead to a structural fatlure _ Strengthening of vulnerable areas or de- | Section 8.7 and Llovds Comosion more likely due to unrectified pamt
= collapse or loss of crane. = - o defects
rating Rules
. Could lead to a structural fallure| Evaluate sk and strengthen locally if Unattended minor damage may progress fo more
Damage High T ; e T
= = collapse or loss of crane. required. senions defects.
Hoist/Luffing: Hook
. . Design mformation, Crane history/records, a0
Fatigue High Could lead to dropped load. Replscement, NDE inspection recor, B52903
End of life assessment
Damage High Could lead to dropped load. B52903
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resulting in damage to rope

repairTeplacement

Lifetime Limiting Criticality — Current Design oo
Mechanisms Categary Effect Mitigation Standards Likely Shortfall Comments
Hoist/Luffing: Hook Block Assembly
Fatisue High Sudden failure which could lead Desig;!l ].J.l.fol'].ll.'.lD'OD_ Crane hisror:.'-"rec ords, BS4534
to dropped load NDE inspection records. End of Life
aAssessment
Sudden faihure which could lead
Carmosion ish to dropped load., or seizure Prqreetil:e_ Coating, p_Iesen‘ation. BS4534 Comosion and limited use
= which could lead to a load hang- mspection and mantenance may cause sheaves to seize
up
St fathwe which coy.ld lead Evaluate nsk and provide Possibility of progressive
. to dropped load. or seizure . o A ) - N =
Damage High 1o securmg/protection if required. nspection B54334 damage storm due lack of
= = which could lead to a load hang- = 3 = .
up = and maimtenance early attention
Water mgress, Hich Water passing seals could lead Type of seal, maintenance, dramage BS4534
condensation = to comosion holes/channels -
Hoist/Luffing: Sheaves/Pullevs
Could lead to sheave jamming, Inspection, maintenance Erosion may cause sheaves
Erosion High damage to rope, rope jumping - : B54334 i
= = = repairTeplacement to 777
the sheave
Could lead to sheave jammmng, " inten. Possibility of progressive
Damage High damage to rope, rope jumping Inspec Lo, ].t]:.ﬂ.].ll :u::ce. B54334 damage storm due lack of
the sheave repalrep acemen early attenfion
Hoist/Luffing: Sheave Pins
. . c Du.ld lead to s . faﬂm o ) M.atenal se_lecuon__ Prote;tu\e - Possible pitting due to lack Pin should be comrosion resistant material
Comosion High selzure and sheave jamming | coating/slesves, Inspection, maintenance, B54334 = ; - -
= S = = - of early attention wherever possible
resulting in damage to rope repairreplacement -
Erosion Hish Could lead to sheave jamming Inspection, maintenance, BS54
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Lifetime Limiting Criticality e Current Design o
Mechamisms Category Effect Mitiga tion Standards Likely Shortfall Comments
Hoist/Luffing: Rope Compensator
. . Sudden failure could lead to Design inl.fommt?nn_ Crane hiamq":m.: ord,
Fatigue High NDE mspection records, End of hife
= = collapse and dropped load.
assessment
. . Sudden failure could lead to I'«Iater?al -'JE."lf'll:tlDll M.:d preservafion, . )
Corrosion High mspection, maintenance, Late detection of corrosion
= collapse and dropped load. .
repairTeplacement
Erosion Hich Sudden failure could lead to ]uspect.m.l. mamfenance,
= collapse and dropped load. repairTeplacement
Damage Hich Sudden failure could lead to Protection, wchou mamtenance, Prosressive storm damage
= = collapse and dropped load. repairTeplacement = =
Hoist/Luffing: Drums
. Design information, Crane history/Tecords,
Fatigue Hish Sudden faie coud ladto |\ inspection zeconds Eud o e
= = collapse and dropped load/jib. ) ’ BSMAT9CI422t0
assessment 174
Erosion High ciﬂ“fd:“e Eﬂd";: “”‘ﬂddlfji..‘i; inspection, maintenance. BSMA 79C142210
e e GrOppec Foact b repairTeplacement 424
Damage Hich Sudden failure could lead."t.o Protection, wchou. mamfenance, BSMAT9Cl422 1o
= = collapse and dropped load/jib. repairTeplacement 114
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Lifetime Limiting Criticality SN Current Design o
Mechamisms Category Effect Mitigation Standards Likelv Shortfall Comments
Hoist/Luffing: Ropes/Pendants
Fati High Sudden failure could lead to Inspection, maintenance, BS302: Part 3,
ahgue & collapse and dropped load/jib. repair/replacement BS464, BS6570
C Hish Sudden failure could lead to . i . 1 : B5302: Part 3,
reep & collapse and dropped load/jib, | [FPECHION. MAIMENANce, [eplacemen BS464, BS6570
. . Sudden failure could lead to Rope type (zinc coated), inspection, BS302: Part 3, Comosion due to loss of
Corrosion High g . — protective coating, stagnant
= collapse and dropped load/jib. maintenance, replacement BS464, B56370 . S
water due to lack of use
. . Sudden fatlure could lead to . . BS302: Part 3,
Erosion High collapse and dropped loadijib. Inspection, maintenance, replacement BS464. BS65T
N it Sudden filure could leadto | C721e Stowing amangements, loca BS302: Part 3, Promescive d
amage & collapse and dropped loadjib. |  PFOMC O, HSPECHOL, mAenance, BS464, BS6370 pgressive damage
replacement
Hoist/Luffing: Rope Anchors
. - Sudden fatlure could lead to mspection, maintenance.
Fatigue High collapse and dropped load/jib. repair/replacement
C Hish Sudden fatlure could lead to ) i - 1 :
Teep = collapse and dropped load/jib. Inspection, maintenance, replacemen
c - Hish Sudden fatlure could lead to Desi terial servati Comoston due to loss of
orrosion = collapse and dropped load/jib. sign. ma 5 Preservanan protective coating
. Sudden fatlure could lead to Crane SIOWINg aTan geiments, local
Damage High protection, inspection. maintenance,
= = collapse and dropped load/jib.
replacement.
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Lifetime Limiting Criticality e Current Design o
Mechanisms Category Effect Mitigation Standards Likely Shortfall Comments
Hoist/Luffing: Luff Rams (IF)
. . Sudden failure could lead to . . ) Corrosion due to loss of
Comosian High collapse and dropped load/jib. Design, materials, preservation protective coating
Mechanism: Brake Assemblies
Comosion High Sudden failure could lead to nspection, maintenance, Service brakes to BS
= release of load/jib. repair Teplacement MATICL44
Erosion Hish Sudden failure could lead to Inspection, mamtenance, Service brakes to BS
= release of load/Jib. repairTeplacement MATICL44
Mechanism: Gearboxes * Dependant on position of brake whether cricial or not
Fatioue High Sudden failure could lead to repaj.r-‘re];allzzcn?:; ﬁmmm:i{;mecﬁon Manufactures
= = release of loadib. should apply hralI' . Instructions
Mechanism: Couplings
Fatioue High Sudden failure could lead to repaj.r-‘re];al]zzcn?:; ﬁmﬂcgmmﬁon Mamufactures
= = release of loadfib. should apply brikes Instructions
Mechanism: Drive Shafts
. . Sudden failure could lead to L mspection, marntenance, .
Fatigue High air/replacement, ov d protection
= = release of load/jib. TepamTEp Ispeecp
- should apply brakes.
Slew Ring Assembly: Slew Ring
Could lead to slew rng failure . .
Fatigue High and loss of structure above slew . Inspection, malnfenance, M.mufncpues
= = rins repairTeplacement, restraining devices Instructions
Could lead to slew ring failure . .
Erosion High and loss of structure above slew hspecgm iaienance. Mmu.t‘n-:ltmes
= rine TepairTeplacement Instructions
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Lifetime Limiting Criticality e Current Design "
Mechanisms Category Effect Mitigation Standards Likely Shortfall Comments
Slew Ring Assembly: Slew Ring Bolts
Fatizue Hieh Could lead to bolt farlure :auﬂ . Inspection, majmep.jnce. . BS3607 BS4464
= = loss of structure above slew nng | repairTeplacement, restraining devices
Condition momtoring, mspection,
Creep High Could lead to bolt failure and maintenance, repairTeplacement, B53692, BS4464
loss of structure above slew ring Testraining devices
Could lead to bolt fil q Bolt material, preservation, cormosion Undetected onset of
Cormosien High #20 Lo botl favure an allowance, inspection, maintenance, BS3692, BS4464 osELe
= loss of structure above slew nng - - . commosion
©| repar/replacement, restraining devices.
Slew Ring Assembly: Slew Bearing - Pintle mounted only
Could lead to beaning
Cormosicn High faihure/collapse and seizure of | Seals, lubricant type, restraining devices. NE::UI Actures Undetected onset of
= . ; = tructions COITOSIon
slew drive system.
o . . Co.u]d lead to bmg Col_ldmon mnmton_n:g_ nspection, Mamufactures Brinelling due fo lack of
Brinelling High falure/collapse and seizure of maintenance, repair'Teplacement, . =
= = L T . Instructions movement
slew drive system. restraining devices.
. . C o.u.ld lead to bemj.ng Co]._ldmon m::-mtoqn:g. mspection, Mamfactures
Damage High falure/collapse and seizure of maintenance, repair'Teplacement, .
£ = R o i Instructions
slew drive system. restraining devices.
Water mgress, Hieh Beanng failure due to comosion | Seals, lubricant type, restraming dewvices, Mamufactures Undetected mgress of
condensation = damage. drainage channels. Instructions water
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Lifetime Limiting Criticality e Current Design oo
Mechanisms Category Effect Mitigation Standards Likely Shortfall Comments
Slew Ring Assemblv: Slew Drive Chain (TF) - Pinfle mounted only
. . Could lead to drive chain failure Inspection, mamtenance, 5
Comosion High and loss of slew drive. Tepair’Teplacement. BS 288
. . Could lead to drive chain failure Inspection, mamfenance, 4
Erosicn High and loss of slew drve. TepairTeplacement. BS 288
. Could lead to drive chain failure Inspection, mamtenance, 5
Damage High and loss of slew drive. Tepair’Teplacement. BS 288
Slew Ring Assembly: House Roller Assembly - Pintle mounted only
Could lead to housing failure . .
Fatigue High and loss of stcture above slew . Inspecticn, maimienance, Mmu.fac_hue&
“ = rins repair/Teplacement, restraming devices Instuctions
. Could lead to housing failure Inspection, maintenance, Manufactures
Damage High . = . - . .
N - and seizure of slew drive system. | repairTeplacement, restraiming devices Instructions
Could lead to housing failure . .
Loose Fitings High and loss of stcture above slew . Inspecticn, maimienance, Mmu.fac_hue&
E = rins repairTeplacement, restraming devices Instuctions
Hydraulic: Rams
. . Damage to seals resulting in loss N-Iurena.ls. coalings, protective bellows, Mamufactures Undetected onset of
Corrosion High N = mspection. mamfenance, . '
= of contrel or fimetion - Instructions COITosion
repairTeplacement.
Water mgress, Hich Contamination of o1l by Ol type, seals, mamtenance, dramage Manufactures hﬁre‘t&f na;: of
condensation = condensation channels. Instructions condensanan due fo
nffequent use
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inspection. Local operating procedures

mechanical damage

Lifetime Limiting Criticality e Current Design o
Mechamisms Category Effect Mitigation Standards Likely Shortfall Commenis
Electrical: Earthing
Failure of connection. loss of
earthing, loss of circuit Material protection. proper prevention of B53467, BS6004. Increased nisk of
Creep High  |protection increased sk of loss | o0 P~ P B PE PR BS6007, BS6141, | wndetected cormosion
of protection agamst mdirect epe B57211. damage
contact.
Damage Hish Fire or electric shock rik | " earth commection) cable protection, BST430 Undetected storm damage
= = cable routes. Local operating procedures =
Electrical: Lightening Protection
Damage Hish | fire, electric shock or explosion | . L2 Protection amangements, BS6651 Undetected storm or

Control & Instrumentation: PLC's/SLI (IF)

Selection of equipment, location, local

Undetected storm or

Damage High Loss of control or signal emors puckectin, vibeation isolatice B53400, BS3435 vibeation damage
S o . Increase nsk of
Water HETESS, High Loss of control or signal emors Enclosure demgn-sea]mg. ma B53400, BS3435 | condensation in unheated
condensation = = condensation heaters apaces
General Safety Features: Emergency Stops
Damage High Failure to operate or umintended |  Hardware type, location, mspection, BS)DDI;B_S 7335,
. el BS7671
operation mainfenance. Undetected damage
. . Ry ) oz . Increase nisk of
Water ineress. Failure to operate or unintended | Hardware type, location, inspection, BS_\]DI__I B_S 7533, condensation in unheated
e . operation mAIN{EnAnce. B5T671
condensation High spaces

General Safety Features: Overload Al

arm

Water ingress,
condensation

High

Failure to operate leading to
structural overload

Hardware type, location, anti condensation

heaters, mspection. maintenance.

B553490, B53435

Increase nisk of
condensation in unheated
spaces
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Lifetime Limiting Criticality — Current Design "1
Mechanisms Category Effect Mitigation Standards Likely Shortfall Comments
General Safety Features: Hoist Limit/Stop
Faihure to stop at end of travel Robust hardware, local protection, B97535. BSEN 60047
Damage High resulting in damage and dropped component duplication, inspection, o 5 | Undetected damage
load maintenance. i
General Safety Features: Luffing Limit/Stop
Faihure to stop at end of travel Robust hardware, local protection, BS7535. BSEN 60047
Damage High resulting in damage and dropped component duplication, mspection, e 5 | Undetected damage
load maintenance. i
General Safety Features: Slew Limit/Stop
Failure to stop at end of rotation Robust hardware, local protection. BS7535. BSEN 60047
Damage High resulting in damage and dropped component duplication, inspection, e 5 ' Undetected damage
load maintenance. i

General Safety Features: Slack Rope Protector

Damage

High

Failure to operate or unintended
operation

Hardware type, location, inspection,
maintenance

Lloyds Chapter 7 (cl

6.5.5

Ceneral Safety Featw

res: Ladders and

Wallewavs

Corrozion

High

Collapse leading to injury or

Matenals selection, preservation system,
inspection. maintenance,

Undetected deterioration

fatalify -
- repairreplacement
Damage Hish Collapse h?:ld:l.l:t;_T to mjury or ]JJSpECtlDlL mamntenance,
= = fatality repairteplacement.

General Safety Features: Safetv Harness

Ageing, Degradation

High

Failure leading to mjury or
fatality

Material gquality. stowage, mspection,
maintenance, repairTeplacement.

General Safery Features: Drivers Escape Gear

Ageing Degradation

High

Failure leading to injury or
fatality

Matenial quality, stowage, mspection,
maintenance, repairTeplacement.

http://www.hse.gov.uk/research/otopdf/2001/0t001088.pdf
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