






SAF 03 – Risk Assessment 


	Risk Management

	Operation / Work activity being assessed:
	CHANGE-OVER PROCEDURE FROM HFO TO LSFO

	
	 FORMCHECKBOX 
 Routine        FORMCHECKBOX 
 Non-routine

	Generated by: Vessel  FORMCHECKBOX 
 (record the name)
	 FORMCHECKBOX 
Office

	Code number (to be assigned by the Office): 2.14


	FREQUENCY CATEGORY
	
	CONSEQUENCE CATEGORY
	
	RISK MATRIX

	5
	Frequent - Possibility of repeated incidents
	More often than once per voyage
	
	4
	Human losses / fatalities
	Major pollution / 

Full scale response
	Excessive/ high cost damage >$1000000
	Major national &  international impact
	
	
	FREQUENCY

	4
	Probable - Possibility of isolated incidents
	Once per  year
	
	3
	Serious injury to personnel
	Moderate pollution/ 

Significant resources  commitment
	Moderate  cost or damage 

(100000 –1000000$)
	Considerable impact
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	1
	2
	3
	4
	5

	3
	Occasional- Possibility of occurring sometime
	Once per 5 years
	
	2
	Number of minor injuries /  Medical treatment for personnel
	Little pollution / 

Limited response of short duration
	Little cost or damage 

($10000 – $ 100000)
	Slight impact
	
	CONSEQUENCE
	1
	L(1)
	L(2)
	L(3)
	M(4)
	M(5)

	
	
	
	
	
	
	
	
	
	
	
	2
	L(2)
	M(4)
	M(6)
	M(8)
	H(10)

	2
	Remote- Not likely to occur
	Once per 10 years
	
	1
	Few minor injuries
	Minimum pollution /

Little or no response needed
	Minimum cost / damage 

< $10000
	Zero impact
	
	
	3
	L(3)
	M(6)
	M(9)
	H(12)
	H(15)

	1
	Very unlikely- Practically impossible
	Once per  30 years or more
	
	
	
	
	
	
	
	
	4


	M(4)
	M(8)
	H(12)
	H(16)
	H(20)

	
	
	
	
	
	
	
	
	
	
	High=Intolerable Risk   Medium=Tolerable Risk    Low=Acceptable Risk


	Risk Assessment

	
	Risk Identification
	Risk Analysis
	Initial risk evaluation

	No
	Hazard
	Potential

hazardous event
	Existing control measures
	F
	C
	R

	1
	Possible malfunction of FO pumps due to operation with LSFO. Most FO pumps have been designed to operate with a fuel of a minimum viscosity of 2.0 – 2.2 cst. Therefore the use of LSFO could result in:

Shortage of FO pumps capacity. Low viscosity of LSFO increases the amount of leakage inside the pump resulting in a reduction of discharge volume of FO pump (by about 30%).

Leakage of fuel from pipe flanges, equipment seam and other fittings.

Inadequate lubricity due to low sulphur content of LSFO, which could result in overheating of pumps.
	Moderate  cost or damage


	· Investigation by the Office of the vessel’s own resources to cope with the problems arising.
· Relevant references in the Company’s system manuals.

· Seeking assistance by the Office from external specialists, Class Societies and manufacturers.

· First aid equipment ready for immediately used.

· Follow ISGOT regulations, exercise measures to prevent overheating of fuel.
	4
	3
	12

	2
	Concerns during fuel changeover from HFO to LSFO because the pipes and other parts of the FO pumping system are heated when using HFO. MGO flowing through the same hot piping may be vaporized, creating vapor locks and causing irregular fuel flow to injectors, resulting in engine stoppage.
	Moderate  cost or damage


	· Investigation by the Office of the vessel’s own resources to cope with the problems arising.
· Relevant references in the Company’s system manuals.

· Seeking assistance by the Office from external specialists, Class Societies and manufacturers.

· First aid equipment ready for immediately used.

· Follow ISGOT regulations, exercise measures to prevent overheating of fuel.
	4
	3
	12

	3
	Sticking/scuffing of high pressure FO injection components: When changing engine operation from HFO to LSFO, rapid or uneven temperature change could cause thermal shock creating uncontrolled clearance adaptation, which can lead to sticking/scuffing of the fuel valves, fuel pump plungers, suction valves or fuel pump seizure. This can cause an unexpected shut down of main or auxiliary engine(s).
	Moderate  cost or damage


	· Investigation by the Office of the vessel’s own resources to cope with the problems arising.
· Relevant references in the Company’s system manuals.

· Seeking assistance by the Office from external specialists, Class Societies and manufacturers.

· First aid equipment ready for immediately used.

· Follow ISGOT regulations, exercise measures to prevent overheating of fuel.
	4
	3
	12

	4
	Automated combustion control system functions, set up to operate with HFO, not operating correctly after fuel change-over to LSFO.
	Moderate  cost or damage


	· Investigation by the Office of the vessel’s own    resources to cope with the problems arising.
· Relevant references in the Company’s system manuals.

· Seeking assistance by the Office from external specialists, lass Societies and manufacturers.

· First aid equipment ready for immediately used.

· Follow ISGOT regulations, exercise measures to prevent overheating of fuel.
	4
	3
	12

	5
	Vessel is loosing electrical power and main engine propulsion.
	Moderate  cost or damage


	· Investigation by the Office of the vessel’s own resources to cope with the problems arising.
· Relevant references in the Company’s system manuals.

· Seeking assistance by the Office from external specialists, Class Societies and manufacturers.

· First aid equipment ready for immediately used.

· Follow ISGOT regulations, exercise measures to prevent overheating of fuel.
	4
	3
	12

	6
	Sticking / scuffing of high pressure fuel injection components or FO circulating and booster pumps
	· Moderate  cost or damage 

· Serious injury to personnel
	· Investigation by the Office of the vessel’s own resources to cope with the problems arising.

· Relevant references in the Company’s system manuals.

· Seeking assistance by the Office from external specialists, Class Societies and manufacturers.

· First aid equipment ready for immediately used.

· Follow ISGOT regulations, exercise measures to prevent overheating of fuel.
	4
	3
	12

	7
	Inadequate familiarization with the necessary procedures to be followed for safe use of LSFO onboard.
	· Moderate  cost or damage 

· Serious injury to personnel
	· Investigation by the Office of the vessel’s own resources to cope with the problems arising.

· Relevant references in the Company’s system manuals.

· Seeking assistance by the Office from external specialists, Class Societies and manufacturers.

· First aid equipment ready for immediately used.

· Follow ISGOT regulations, exercise measures to prevent overheating of fuel.
	4
	3
	12

	Note F: Frequency, C: Consequence, R: Risk


	Risk Treatment
	Residual risk evaluation

	Hazard No.
	Additional Risk Control Measures
	Responsible
	Action Timeline 
	F
	C
	R

	1
	Replacement or adaptation of FO transfer screw pumps, booster, circulation and feed pumps to accommodate low viscosity LSFO (if necessary); alternatively LSFO may be cooled to increase viscosity, even if this option introduces:
· Additional capital investment;

· Hazards due to failure of cooling system.

Option 1

Installation of Coolers to be considered. Before installation, issue instructions regarding the hazards due to failure of the cooling system.
Option 2

A cooler to be installed onboard vessels with the aim of cooling LSFO so as to increase the fuel viscosity level in order to enable the existing pumps operating with LSFO until their replacement with new ones designed for LSFO.

Option 3

For these reasons, LSFO cooling is not considered as feasible solution.
	Technical manager
	As per suppliers’ schedule for delivery
	1
	3
	3

	
	2, 3, 4.
Option 1

In general, purification of LSFO may not be required. However, some engine makers may recommend purification. In that case, the purifier operational details to be in accordance with the maker’s instructions.

Option 2

Purification of LSFO to be implemented. The purifier operational details to be in accordance with the maker’s instructions.
	Technical manager / C/E
	Prior calling EU Ports
	1
	3
	3

	2
	A. During engine operation with LSFO, since the engine jacket cooling water temperature can be lower than that with the engine operating with HFO, the FW Generator to be checked, temperature carefully monitored and re-adjustment made, if necessary.
	C/E
	During calling EU Ports
	1
	3
	3

	
	B. During the change-over process it may be necessary to re-set or re-adjust various equipment (i.e. control valves, temperature sensors, viscosity meter/ controller, etc.) employed in the monitoring and control systems, unless this is accomplished automatically. Where manually adjusted, this should be in accordance with the engine maker’s recommendations.
	C/E
	During change over process
	
	
	

	
	C. Changeover to take place during daylight and clear of congested coastal or shallow waters.
	C/E
	During change over process
	
	
	

	
	D. ME and AE loads to be maintained as low as possible/practicable to minimize consumption.
	C/E
	During change over process
	
	
	

	
	E. Continuous manned operation of machinery during and after changeover.
	C/E
	During change over process
	
	
	

	
	F. Follow manufacturer’s requirements as regards the fuel change –over procedure for Main Engine and Aux. Engines.
	C/E
	During change over process
	
	
	


	3
	A. During engine operation with LSFO, since the engine jacket cooling water temperature can be lower than that with the engine operating with HFO, the FW Generator to be checked, temperature carefully monitored and re-adjustment made, if necessary.
	C/E
	During calling EU Ports
	1
	3
	3

	
	B. During the change-over process it may be necessary to re-set or re-adjust various equipment (i.e. control valves, temperature sensors, viscosity meter/ controller, etc.) employed in the monitoring and control systems, unless this is accomplished automatically. Where manually adjusted, this should be in accordance with the engine maker’s recommendations.
	C/E
	During change over process
	
	
	

	
	C. Changeover to take place during daylight and clear of congested coastal or shallow waters.
	C/E
	During change over process
	
	
	

	
	D. ME and AE loads to be maintained as low as possible/practicable to minimize consumption.
	C/E
	During change over process
	
	
	

	
	E. Continuous manned operation of machinery during and after changeover.
	C/E
	During change over process
	
	
	

	
	F. Follow manufacturer’s requirements as regards the fuel change –over procedure for Main Engine and Aux. Engines.
	C/E
	During change over process
	
	
	

	4
	A. During engine operation with LSFO, since the engine jacket cooling water temperature can be lower than that with the engine operating with HFO, the FW Generator to be checked, temperature carefully monitored and re-adjustment made, if necessary. 
	C/E
	During calling EU Ports
	1
	3
	3

	
	B. During the change-over process it may be necessary to re-set or re-adjust various equipment (i.e. control valves, temperature sensors, viscosity meter/ controller, etc.) employed in the monitoring and control systems, unless this is accomplished automatically. Where manually adjusted, this should be in accordance with the engine maker’s recommendations.
	C/E
	During change over process
	
	
	

	
	C. Changeover to take place during daylight and clear of congested coastal or shallow waters.
	C/E
	During change over process
	
	
	

	
	D. ME and AE loads to be maintained as low as possible/practicable to minimize consumption.
	C/E
	During change over process
	
	
	

	
	E. Continuous manned operation of machinery during and after changeover.
	C/E
	During change over process
	
	
	

	
	F. Follow manufacturer’s requirements as regards the fuel change –over procedure for Main Engine and Aux. Engines.
	C/E
	During change over process
	
	
	

	5
	A. Complete FO exchange prior entering restricted waters or traffic lanes.
	C/E
	Prior calling EU Ports
	1
	3
	3

	
	B. Initial test to be carried out. Details and individual fuel switching procedure to be established. 
	C/E
	Prior calling EU Ports
	
	
	

	6
	A. Close monitoring of the fuel temperature and viscosity (should not change more than 2 0C per min).  
	C/E
	During change over process
	1
	3
	3

	
	B. Check for incompatibility of fuels. These can be observed at the filters.
	C/E
	During change over process
	
	
	

	7
	A. Extra training to be arranged for crew in order to be familiar with new regulation, procedures and systems:
· Changing-over procedures and new automation specifications.
· Correct storage of LSFO and avoiding mixing-up with the rest ship’s fuels.
	Technical Manager /
Training Manager / 

C/E 
	Prior calling EU Ports
	1
	3
	3

	
	· Perform fuel equipment failure training drill.

· Perform main engine failure training drill, discuss all possible consequences which may arise therefore with Chief Engineer, to perform safety meeting by Chief Engineer with Engineers.
· Perform pollution drill, tests of all equipment and pipes related to fuel change-over procedure, to perform antipollution procedures in compliance with company and international regulations.
	Technical Manager /
DPA /

C/E 
	Prior calling EU Ports
	
	
	

	
	B. Beware while conducting fuel change-over operation, follow safe working practice. Checking working condition of equipment before and during change-over operation. Full familiarization with equipment related to change-over operation in accordance with maker manual.
	C/E
	During vessel’s calling EU Ports
	
	
	

	Note F: Frequency, C: Consequence, R: Risk


	ALTERNATIVE WAYS TO CONDUCT THE WORK (a new RA should be conducted for the alternative way decided)

	


	Are any amendments to IMS required (related to the above Additional Risk Control Measures)?

	Yes  FORMCHECKBOX 
  Describe:

	No    FORMCHECKBOX 



	Contingency plans (to facilitate safe management and recovery of the situation in case of any unplanned occurrences)

	Emergency case
	Contingency Plans

	MAIN ENGINE FAILURE
	REFER TO COMPANY’S SHIP EMERGENCIES (MAIN PROPULSION MACHINERY FAILURE).


	Risk Management Team

	Name
	Rank / Title
	Signature
	Date

	
	
	
	

	
	
	
	

	
	
	
	

	Remarks:


	Risk Assessment reviewed/approved by:

	Name
	Rank / Title
	Signature
	Date

	
	
	
	

	
	
	
	

	Remarks:
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