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[bookmark: _Toc374631042]INTRODUCTION - TECHOP (TECHNICAL AND OPERATIONAL GUIDANCE)
[bookmark: _Toc374631043]PREAMBLE
The Guidance documents on DP (Design and Operations) were published by the MTS DP Technical Committee in 2011 and 2010, Subsequent engagement has occurred with:
Classification Societies (DNV, ABS).
United States Coast Guard (USCG).
Marine Safety Forum (MSF).
Feedback has also been received through the comments section provided in the MTS DP Technical Committee Web Site.
It became apparent that a mechanism is needed to be developed and implemented to address the following in a pragmatic manner.  
Feedback provided by the various stakeholders.
Additional information and guidance that the MTS DP Technical Committee wished to provide means to facilitate revisions to the documents and communication of the same to the various stakeholders.
The use of Technical and Operations Guidance Notes (TECHOP) was deemed to be a suitable vehicle to address the above.  These TECHOP Notes will be in two categories:
TECHOP_ODP.
TECHOP_GEN.
[bookmark: _Toc374631044]TECHOP_ODP
Technical guidance Notes provided to address Guidance contained within the Operations, Design or People (Future development planned by the MTS DP Technical Committee) documents will be contained within this category.
The TECHOP will be identified by the following:
TECHOP_ODP_SNO_CATEGORY (DESIGN (D) OPERATIONS (O) PEOPLE (P).
EG 1 TECHOP_ODP_01_(O)_(HIGH LEVEL PHILOSOPHY).
EG 2 TECHOP_ODP_02_(D)_(BLACKOUT RECOVERY).
[bookmark: _Toc374631045]TECHOP_GEN
MTS DP TECHNICAL COMMITTEE intends to publish topical white papers.  These topical white papers will be identified by the following:
TECHOP_GEN_SNO_DESCRIPTION.
EG 1 TECHOP_GEN_01-WHITE PAPER ON DP INCIDENTS. 
EG 2 TECHOP_GEN_02-WHITE PAPER ON SHORT CIRCUIT TESTING.
[bookmark: _Toc374631046]MTS DP GUIDANCE REVISION METHODOLOGY
TECHOP as described above will be published as relevant and appropriate.  These TECHOPs will be written in a manner that will facilitate them to be used as standalone documents.
Subsequent revisions of the MTS Guidance documents will review the published TECHOPs and incorporate as appropriate.  
Communications with stakeholders will be established as appropriate to ensure that they are notified of intended revisions.  Stakeholders will be provided with the opportunity to participate in the review process and invited to be part of the review team as appropriate. 
[bookmark: _Toc374631047]SCOPE AND IMPACT OF THIS TECHOP
[bookmark: _Toc374631048]SCOPE
TECHOP_ODP_04_(D)_(FMEA GAP ANALYSIS). This TECHOP addresses the wide variation in the scope and quality of DP FMEAs for DP vessels of all types entering service or following conversion for dynamic positioning. 
[bookmark: _Toc374631049]IMPACT ON PUBLISHED GUIDANCE 
This TECHOP impacts MTS DP Vessel Design Philosophy Guidelines Part II, Section 22.
[bookmark: _Toc374631050][bookmark: _GoBack]CASE FOR ACTION
[bookmark: _Toc374631051]WIDE VARIATION IN QUALITY AND SCOPE OF DP FMEAS
All dynamically positioned vessels of DP Equipment Classes 2 & 3 are required to be single fault tolerant in respect of defined failure criteria appropriate to the equipment Class. Fault tolerance should be demonstrated to the satisfaction of the Classification society. These requirements are traditionally satisfied by carrying out a Failure Modes and Effects Analysis (FMEA) which is validated by DP FMEA proving trials. 
There is wide variation in the quality and scope of FMEAs being approved as demonstrating such fault tolerance. Failure to detect single point failures and vulnerability to common cause failures in the design of DP systems leaves the vessel vulnerable to loss of position and heading when the undetected failure mode occurs while carrying out DP operations. 
The potential consequences of such failures depend on the nature of the work but typically include:
Damage to the DP vessel and/or vessels operating in the vicinity.
Damage to infrastructure and subsea installations.
Damage to the environment.
Financial losses.
Risk to life.
Loss of reputation.
Even when a poor quality FMEA is not approved and is rejected by Class the fact that a significant amount of design and construction work has often been completed by the time the FMEA is rejected means that there may be a need for significant and costly rework to correct issues not identified by the FMEA. This can delay vessel delivery and threaten contracts if the vessel is not available to perform the work on time.
Classification societies recognise the importance of a good quality FMEA and the significant risks associated with an incompetent analysis and trials program. Guidance is now available in the form of a recommended practice for ‘FMEA of Redundant Systems’. Such guidance goes a long way to addressing the shortfalls but is not yet universally applied.
Note: In this context the term ‘DP system’ implies all equipment involved in maintaining position and heading including power generation propulsion and control systems. This is the official definition from IMO MSC 645 although the term ‘DP system’ is sometimes used informally to refer to the DP control system.
[bookmark: _Toc374631052]RECOMMENDED ACTION
FMEA stakeholders should review and comment upon FMEAs submitted as part of the approval process. The most effective and objective way to confirm whether a DP FMEA is competent is to carry out a formal gap analysis between the document submitted and the industry guidance on FMEAs referenced in this TECHOP.
A significant deviation from the scope and methodology recommended in the referenced guidance indicates that the FMEA may not have been executed in a competent manner and the DP vessel may not have the required level of fault tolerance.
FMEA stakeholders should then ensure the identified deficiencies are addressed which may require comprehensive rework of the FMEA and proving trials. 
[bookmark: _Toc374631053]SUGGESTED IMPLEMENTATION METHODOLOGY
[bookmark: _Toc374631054]INTRODUCTION
The purpose of this TECHOP is to help ensure FMEAs for DP Vessels:
Are competently executed.
Analyse all DP related systems.
Consider the influence of the industrial mission on the DP redundancy concept.
Are effectively validated by the DP FMEA proving trials.
[bookmark: _Toc374631055]GUIDANCE FOR USE IN THE PREPARATION OF A GAP ANALYSIS
There are several sources of information on the scope and details of failure modes and effects analysis: 
MTS DP Vessel Design Philosophy Guidelines Part II.
DNV Recommended Practice for FMEA of Redundant Systems, RP-D102.
IMCA Guidance M166 – ‘Guidance on Failure Modes and Effects Analysis’, April 2002.
IMCA M206 A Guide to DP Electrical Power and Control Systems.
IMCA Information Note M04/04 - IMCA Study – ‘Methods of Establishing the Safety and Reliability of DP Systems’ – 2004, Appendices D & E in particular.
New sources of guidance are published periodically and further revision of the MTS DP Vessel Design Philosophy Guidelines will reference these sources as they become available. The sources of guidance listed above have been used to prepare the gap analysis table in Appendix A.
[bookmark: _Toc374631056]CARRYING OUT A GAP ANALYSIS
The purpose of the gap analysis is to check the scope and methodology used in the DP FMEA against published industry guidance and not to repeat or correct the analysis. The gap analysis is typically carried out using only the FMEA report itself as source material.
A FMEA gap analysis can be performed using the table in Appendix A. The large number of issues to be checked is indicative of the complexity of modern DP vessels and the number of systems, subsystems and equipment items that influence the redundancy concept.  Checklist items related to the correct application of FMEA methodology are repeated in each subsystem which creates repetition but to restrict these issues to a single table entry is to risk overlooking essential elements of the analysis.
A simple colour coding scheme can be used to identify whether the FMEA issue in the table have been satisfactorily addressed, partially addressed, omitted completely or contains significant errors. Grey can be used to indicate issues that do not apply to the design of the subject DP vessel.
Green – Analysis satisfactory.
Yellow – Analysis incomplete.
Red - Analysis unsatisfactory (analysis omitted or contains significant errors).
Grey – Not applicable.
An example of a significant error would be presenting incorrect failure effects or omitting to analyse a failure mode with effects exceeding the worst case failure design intent. This is not intended to imply a re-analysis of the original design only that there are demonstrable errors in the FMEA.
The gap analysis table includes two types of issues to be checked:
Issues associated with application of DP FMEA methodology.
Lists of equipment and systems which would typically be discussed in a DP FMEA.
A DP FMEA should have sufficient information to allow a complete understanding of the redundancy concept. However, in some cases, when considering items that should be discussed in a DP FMEA it may not be obvious from the FMEA report whether the equipment is not fitted to this particular vessel or it is fitted but the analysis has been omitted. The following rules may be applied to determine the category to assign in the gap analysis table:
If the omission could conceal failure effects of severity greater than the worst case failure design intent it would be categorised as RED.
If the omission would have no significant impact on the severity of failure effects then the issue may be categorised as GREY.   
For example, the absence of discussion of a remote valve control systems may mean that a single point failure associated with all cooling valves failing to the closed position has been overlooked particularly if there is no explicit statement indicating that all valves are manually controlled. However, the absence of the discussion of fuel oil coolers in a system with independent fuel and cooling water systems for each redundant machinery group is unlikely to be significant.
Once the grey entries have been discounted, the ratio of yellows and reds to the overall number of issues can be used to provide an indication of the level of deficiency in percentage terms.
A summary report discussing the problems and major deficiencies can also be provided along with suggestions on how to remedy the analysis and complete it to the required level.
Four columns in the table indicate the DP system arrangements to which each issue applies: There are typically entries in several columns for each issue.
1. Closed busties: A tick in this column indicates that issues should be discussed in FMEAs for all Classes of vessel (2 & 3) that operate their power plant as a single common power system.
1. Open busties: A tick in this column Indicates that the issue should be considered for all Classes of vessels that operate their power plant as two or more isolated systems.
1. DP Class 3 An entry in this column indicates the issue should be considered for DP Class 3 designs. If this is the only entry against a particular issue then it is typically an issue associated with the effects of fire and flooding.
1. Fail Safe: An entry in this column indicates the issue is related to systems which can fail in such a way as cause a drive off, typically thruster controls systems or DP control system, references and sensors.
Note: The most useful time to carry out a FMEA gap analysis is on the draft revision of the FMEA when it is submitted to the vessel owner for review prior to submission to Class for approval. It may be difficult to influence further development after Class has approved it with comments. A similar process can be applied to the DP FMEA proving trials and annual DP trials programs.
[bookmark: _Toc374631057]PROCESS FOR MITIGATING OUTPUT OF DP SYSTEM FMEA GAP ANALYSIS
Figure 4‑1 provides a flowchart which describes the process for mitigating the output of the DP system FMEA gap analysis. There are essentially six steps to be completed if the gap analysis indicates that action is required:
1. Carry out the gap analysis.
Confirm any yellow and red findings by reference to the original vessel design documentation.
Perform additional Failure Modes and Effects Analysis to address the gaps.
If unacceptable failure effects are identified then there are two courses of action depending on whether the vessel is a newbuild or already in service.
If he vessel is already in service at the time of the gap analysis:
1. Develop effective means to mitigate the risks based on the key elements of Design, Operations and People (or combinations of these) 
1. Document the mitigations and evaluate the potential for updating the vessels DP system FMEA as part of the FMEA management process.
1. Manage the mitigating measures.
1. If the vessel is a new-build awaiting proving trials then the DP FMEA and proving trials program should be updated to remedy the deficiencies before the vessel enters service. This process may identify the need for system modifications.             
[image: ]
[bookmark: _Ref369007801]Figure 4‑1	Process for Mitigating Output of Gap Analysis
[bookmark: _Toc361651765][bookmark: _Toc362604721][bookmark: _Toc374631058]CONCLUSION
There is very significant variation in the quality and scope of DP vessel FMEAs currently being approved.  The FMEA gap analysis is a useful quality indicator and should be carried out whenever there is concern regarding the scope, competence and veracity of a FMEA. There is a significant amount of useful guidance on FMEAs and DP system design against which any analysis can be judged. 
[bookmark: _Toc374631059]MISCELLANEOUS
	Stakeholders
	Impacted
	Remarks

	MTS DP Committee
	
	To track and incorporate in next rev of MTS DP Operations Guidance Document Part 2 Appendix 1.
Communicate to DNV, USCG, Upload in MTS website.

	USCG
	
	MTS to communicate- FR notice impacted when Rev is available.

	DNV
	X
	MTS to Communicate- DNV RP E 307 impacted.

	Equipment vendor community
	
	MTS to engage with protection suppliers

	Consultant community
	
	MTS members to cascade/ promulgate.

	Training institutions
	X
	MTS members to cascade/ promulgate.

	Vessel Owners/Operators
	
	Establish effective means to disseminate information to Vessel Management and Vessel Operational Teams.

	Vessel Management/Operational teams
	
	Establish effective means to disseminate information to Vessel Operational Teams.



[bookmark: _Toc374631060]FMEA GAP ANALYSIS tABLE
[bookmark: _Toc374631061]REVIEW OF PREAMBLE
	[bookmark: RANGE!A1:E17]DP FMEA GAP ANALYSIS - FMEA DOCUMENT NUMBER AXXXXX-X

	SYSTEM
	ID NO.
	CROSS REFERENCE 
TO FMEA
	YES / PARTIAL /
NO /
NOT APPLICABLE
GREEN / YELLOW / 
RED / GREY
	CONCERNS

	Applicable rules
	1
	 
	 
	 

	Vessel class notation
	2
	 
	 
	 

	FMEA standards
	3
	 
	 
	 

	Main machinery outline
	4
	 
	 
	 

	Critical activity mode identified
	5
	 
	 
	 

	Redundancy concept overview
	6
	 
	 
	 

	Redundant levels of power
	7
	 
	 
	 

	Previous FMEA analysis
	8
	 
	 
	 

	Vessel modifications
	9
	 
	 
	 

	Worst case failure design intent
	10
	 
	 
	 

	Summary/conclusion
	11
	 
	 
	 

	Action items
	12
	 
	 
	 

	Reference to all software revisions in use at time of proving trials
	13
	 
	 
	 

	Reference to DP FMEA proving trials document
	14
	 
	 
	 

	System drawings
	15
	 
	 
	 






[bookmark: _Toc374631062]REVIEW OF CONTENT
	[bookmark: RANGE!A8:K732]DP FMEA GAP ANALYSIS - FMEA DOCUMENT NUMBER AXXXXX-X

	DESCRIPTION
	APPLICATION
	GAP ANALYSIS

	SYSTEM
	SUB SYSTEM
	ITEMS FOR ANALYSIS
	ID NO.
	CLOSED
BUSTIE
OPERATION
	OPEN
BUSTIE
OPERATION
	DP CLASS
3
	FAIL
SAFE
	CROSS
REFERENCE
TO FMEA
	YES / PARTIAL /
NO /
NOT APPLICABLE
GREEN / YELLOW / 
RED / GREY
	CONCERN

	Marine Auxiliary Systems
	Fuel
	Document reference with revision numbers.
	1
	
	
	
	
	 
	 
	 

	
	
	Location for DP Class 3.
	2
	
	
	
	
	 
	 
	 

	
	
	Description of fuel system and redundancy concept.
	3
	
	
	
	
	 
	 
	 

	
	
	System configuration for DP.
	4
	
	
	
	
	 
	 
	 

	
	
	Analysis identifies redundant groups in fuel system.
	5
	
	
	
	
	 
	 
	 

	
	
	Analysis identifies common points between redundant groups.
	6
	
	
	
	
	 
	 
	 

	
	
	Analysis identifies all failure effects that can propagate from one redundant group to the other.  
	7
	
	
	
	
	 
	 
	 

	
	
	Analysis identifies any protective functions upon which redundancy depends to prevent failure effects propagating. 
	8
	
	
	
	
	 
	 
	 

	Marine Auxiliary Systems
	Fuel
	Analysis identifies any potential hidden failure that could defeat redundancy, including any alarms or standby redundancy.
	9
	
	
	
	
	 
	 
	 

	
	
	Analysis identifies any internal common cause failures and the barriers employed to mitigate them.
	10
	
	
	
	
	 
	 
	 

	
	
	Analysis identifies any external common cause failure and the barriers used to mitigate them.
	11
	
	
	
	
	 
	 
	 

	
	
	The analysis identifies any configuration errors that could defeat redundancy and any barrier to prevent this.
	12
	
	
	
	
	 
	 
	 

	
	
	There is a system drawing that identifies all DP related components, the redundant groups to which they belong and, their interfaces to other systems.
	13
	
	
	
	
	 
	 
	 

	Marine Auxiliary Systems
	Fuel
	The worst case failure for those systems is clearly stated in relation to its effects on generators, thrusters, position and heading.
	14
	
	
	
	
	 
	 
	 

	
	
	There is a link to the proving trials program that confirms the findings of the FMEA.
	15
	
	
	
	
	 
	 
	 

	
	
	Protection against damage for passive components where exempt from failure analysis as part of redundancy concept for DP Class 2.
	16
	
	
	
	
	 
	 
	 

	
	
	A60 separation of redundant groups.
	17
	
	
	
	
	 
	 
	 

	
	
	Watertight separation of redundant groups.
	18
	
	
	
	
	 
	 
	 

	
	
	A60 separation of pipework for redundant groups for DP Class 3. 
	19
	
	
	
	
	 
	 
	 

	
	
	Watertight separation of pipework.
	20
	
	
	
	
	 
	 
	 

	
	
	Storage tanks free of ballast lines etc.
	21
	
	
	
	
	 
	 
	 

	Marine Auxiliary Systems
	Fuel
	Storage and transfer facilities allow fuel to be quarantined. 
	22
	
	
	
	
	 
	 
	 

	
	
	Water detection.
	23
	
	
	
	
	 
	 
	 

	
	
	Day/service/settling tanks.
	24
	
	
	
	
	 
	 
	 

	
	
	Tank level indications.
	25
	
	
	
	
	 
	 
	 

	
	
	Quick closing valves and their panels/levers.
	26
	
	
	
	
	 
	 
	 

	
	
	Fuel modules including DO to HO changeover.
	27
	
	
	
	
	 
	 
	 

	
	
	HFO fuel heating – Steam / technical oil.
	28
	
	
	
	
	 
	 
	 

	
	
	Automated valves.
	29
	
	
	
	
	 
	 
	 

	
	
	Pumps, mechanical and electrical.
	30
	
	
	
	
	 
	 
	 

	
	
	Purifiers.
	31
	
	
	
	
	 
	 
	 

	
	
	Flow meters, supply and return.
	32
	
	
	
	
	 
	 
	 

	
	
	Filters, suction and discharge
	33
	
	
	
	
	 
	 
	 

	Marine Auxiliary Systems
	Fuel
	Low level alarms.
	34
	
	
	
	
	 
	 
	 

	
	
	Pressure alarms.
	35
	
	
	
	
	 
	 
	 

	
	
	Supply lines.
	36
	
	
	
	
	 
	 
	 

	
	
	Return lines with valves.
	37
	
	
	
	
	 
	 
	 

	
	
	Fuel coolers – leaks from cooling water to fuel.
	38
	
	
	
	
	 
	 
	 

	
	
	Electrical supplies to pumps and automation.
	39
	
	
	
	
	 
	 
	 

	
	
	Valve actuation.
	40
	
	
	
	
	 
	 
	 

	
	
	Effects of most common leaks.
	41
	
	
	
	
	 
	 
	 

	
	
	Leak protection.
	42
	
	
	
	
	 
	 
	 

	
	
	Leak alarms.
	43
	
	
	
	
	 
	 
	 

	
	
	Flexible lines.
	44
	
	
	
	
	 
	 
	 

	
	
	Hot surface protection.
	45
	
	
	
	
	 
	 
	 

	Marine Auxiliary Systems
	Remote Valve Control
	Document reference with revision numbers.
	46
	
	
	
	
	 
	 
	 

	
	
	Location for DP Class 3.
	47
	
	
	
	
	 
	 
	 

	
	
	Description of RCV system and redundancy concept.
	48
	
	
	
	
	 
	 
	 

	
	
	Analysis identifies redundant groups in RCV system.
	49
	
	
	
	
	 
	 
	 

	
	
	Analysis identifies common points between redundant groups.
	50
	
	
	
	
	 
	 
	 

	
	
	Analysis identifies all failure effects that can propagate from one redundant group to the other.  
	51
	
	
	
	
	 
	 
	 

	
	
	Analysis identifies any protective functions upon which redundancy depends to prevent failure effects propagating. 
	52
	
	
	
	
	 
	 
	 

	Marine Auxiliary System
	Remote Valve Control
	Analysis identifies any potential hidden failure that could defeat redundancy, including any alarms or standby redundancy.
	53
	
	
	
	
	 
	 
	 

	
	
	Analysis identifies any internal common cause failures and the barriers employed to mitigate them.
	54
	
	
	
	
	 
	 
	 

	
	
	Analysis identifies any external common cause failure and the barriers used to mitigate them.
	55
	
	
	
	
	 
	 
	 

	
	
	The analysis identifies any configuration errors that could defeat redundancy and any barrier to prevent this.
	56
	
	
	
	
	 
	 
	 

	
	
	There is a system drawing that identifies all DP related components, the redundant groups to which they belong and, their interfaces to other systems.
	57
	
	
	
	
	 
	 
	 

	Marine Auxiliary System
	Remote Valve Control
	The worst case failure for those systems is clearly stated in relation to its effects on generators, thrusters, position and heading.
	58
	
	
	
	
	 
	 
	 

	
	
	There is a link to the proving trials program that confirms the findings of the FMEA.
	59
	
	
	
	
	 
	 
	 

	
	
	Protection against damage for passive components where exempt from failure analysis as part of redundancy concept for DP Class 2.
	60
	
	
	
	
	 
	 
	 

	
	
	A60 separation of redundant groups
	61
	
	
	
	
	 
	 
	 

	
	
	Watertight separation of redundant groups
	62
	
	
	
	
	 
	 
	 

	
	
	A60 separation of pipework for redundant groups for DP Class 3. 
	63
	
	
	
	
	 
	 
	 

	
	
	Generator CW valves 'fail as set'.
	64
	
	
	
	
	 
	 
	 

	Marine Auxiliary System
	Remote Valve Control
	Valves for DP essential services fail safe.
	65
	
	
	
	
	 
	 
	 

	
	Engine & Generator Lubricating Oil
(see also Thrusters)
	Document reference with revision numbers.
	66
	
	
	
	
	 
	 
	 

	
	
	Location for DP Class 3.
	67
	
	
	
	
	 
	 
	 

	
	
	Description of lubricating system and redundancy concept.
	68
	
	
	
	
	 
	 
	 

	
	
	System configuration for DP.
	69
	
	
	
	
	 
	 
	 

	
	
	Analysis identifies redundant groups in lubrication system.
	70
	
	
	
	
	 
	 
	 

	
	
	Analysis identifies common points between redundant groups. 
	71
	
	
	
	
	 
	 
	 

	
	
	Analysis identifies all failure effects that can propagate from one redundant group to the other.  
	72
	
	
	
	
	 
	 
	 

	Marine Auxiliary System
	Engine & Generator Lubricating Oil
(see also Thrusters)
	Analysis identifies any protective functions upon which redundancy depends to prevent failure effects propagating. 
	73
	
	
	
	
	 
	 
	 

	
	
	Analysis identifies any potential hidden failure that could defeat redundancy, including any alarms or standby redundancy
	74
	
	
	
	
	 
	 
	 

	
	
	Analysis identifies any internal common cause failures and the barriers employed to mitigate them.
	75
	
	
	
	
	 
	 
	 

	
	
	Analysis identifies any external common cause failure and the barriers used to mitigate them.
	76
	
	
	
	
	 
	 
	 

	
	
	The analysis identifies any configuration errors that could defeat redundancy and any barrier to prevent this.
	77
	
	
	
	
	 
	 
	 

	Marine Auxiliary System
	Engine & Generator Lubricating Oil
(see also Thrusters)
	There is a system drawings that identifies all DP related components, the redundant groups to which they belong and their interfaces to other systems.
	78
	
	
	
	
	 
	 
	 

	
	
	The worst case failure for those systems is clearly stated in relation to its effects on generators, thrusters, position and heading.
	79
	
	
	
	
	 
	 
	 

	
	
	There is a link to the proving trials program that confirms the findings of the FMEA.
	80
	
	
	
	
	 
	 
	 

	
	
	Protection against damage for passive components where exempt from failure analysis as part of redundancy concept for DP Class 2.
	81
	
	
	
	
	 
	 
	 

	
	
	A60 separation of redundant groups.
	82
	
	
	
	
	 
	 
	 

	
	
	Watertight separation of redundant groups.
	83
	
	
	
	
	 
	 
	 

	Marine Auxiliary System
	Engine & Generator Lubricating Oil
(see also Thrusters)
	A60 separation of pipework for redundant groups for DP Class 3. 
	84
	
	
	
	
	 
	 
	 

	
	
	Storage.
	85
	
	
	
	
	 
	 
	 

	
	
	Transfer.
	86
	
	
	
	
	 
	 
	 

	
	
	Filling.
	87
	
	
	
	
	 
	 
	 

	
	
	Sump arrangement.
	88
	
	
	
	
	 
	 
	 

	
	
	Pumps, mechanical and electrical.
	89
	
	
	
	
	 
	 
	 

	
	
	Level alarms and watch-keeping procedures.
	90
	
	
	
	
	 
	 
	 

	
	
	Low pressure alarms.
	91
	
	
	
	
	 
	 
	 

	
	
	Alarm and shutdown modes.
	92
	
	
	
	
	 
	 
	 

	
	
	Alternator bearings.
	93
	
	
	
	
	 
	 
	 

	
	
	Filters.
	94
	
	
	
	
	 
	 
	 

	
	
	Coolers.
	95
	
	
	
	
	 
	 
	 

	Marine Auxiliary System
	Engine & Generator Lubricating Oil
(see also Thrusters)
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