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Executive Summary Suitable for Publication

This document presents the most significant variables, and their quantitative influence, related to the flooding model developed by WP4.

S@S is the acronym for Safety at Speed, a project supported by the European Commission under the Growth Programme of the 5th Framework Programme. The support is given under the scheme of RTD, Contract No. G3RD-CT-2001-00331.

Sensitivity Analysis

1.1 Basis of the Flooding Model

The model for the calculation of probability of flooding following a collision, grounding, striking or from causes other than these (due to wave damage, open bow or stern doors, via down-flooding openings or below the bulkhead deck) is based on first-principles damage stability and survivability calculations, carried out using state-of-the-art tools and methods, as well as on considerations of exposure to this specific type of risk relating to time at sea (as this is expressed by the service speed of the vessel and the distance of the route to travel, which collectively influence the time at sea).  The associated cost model estimates the cost difference of implementation of the safety enhancing features that are related to the critical parameters of the model.

The flooding model is detailed in Deliverables D410, D420 and D430.  A separate user guide has been issued, outlining the functions of the model.
The specific objective of the model is to determine the probability that a high speed monohull would sustain minor (non-flooding) damage or, in the case that flooding occurs, would remain afloat, slowly sink or rapidly capsize, following a collision, grounding, striking incident or flooding from causes other than this.  

The following is an expression of the severity of the outcomes of these possible events:

· Minor and non-flooding incidents: No effects to humans, minor effects to property

· Flooding occurring, remaining afloat: Minor effects to humans, considerable effects to property

· Slow sinking and rapid capsizing: Major effects to humans, catastrophic effects to property

In this respect, the sensitivity analysis presented in the foregoing, looks into the probabilities of these outcomes realising for the various initiating incidents taken into account.  It is highlighted here that the analysis of the sensitivities of the risk levels is carried out using the corresponding aggregate probabilities per event, as these are calculated from the respective models.  

1.2 Key Parameters

The flooding model for outcomes of collision, grounding and striking works on inputs from the following design and operational parameters:

· Service speed
· Length of vessel
· Route distance

· Time entering/exiting ports

· Subdivision characteristics (arrangement of bulkhead deck, number of transverse watertight bulkheads and vertical location of bulkhead deck)

The flooding model for outcomes of incidents other than the above works on inputs from the following design and operational parameters:
· Area of operation
· Rules and bow door configuration

· ISM Compliance

· Turn around time in port

· Sheltered water routes

· Freeboard

· Number of trips per year 

The results of a sensitivity analysis of these parameters is presented in the following sections of this report.  Section 3 of the report contains some considerations on the feasibility of application of design recommendations, to be made using the results of this sensitivity analysis.

1.3 Sensitivity Analysis

The influence of the variation of each design and operational parameter is assessed by keeping all other parameters to their default (SSC3) values.

1.3.1 Flooding Model for Outcomes of Collision

The following tables present the results of the sensitivity analysis of variation of speed for three different route distances.

Table 1: Outcomes of Collisions, Probabilities per Event,

Route Distance 50 miles, Variation of Speed

	Speed
	32
	35
	38
	41
	44

	Minor Incidents
	2.19E-01
	2.16E-01
	2.13E-01
	2.12E-01
	2.13E-01

	Remains afloat
	6.80E-01
	6.83E-01
	6.85E-01
	6.86E-01
	6.86E-01

	Slow sinking
	6.19E-02
	6.23E-02
	6.24E-02
	6.25E-02
	6.25E-02

	Rapid capsize
	9.00E-03
	9.05E-03
	9.08E-03
	9.09E-03
	9.09E-03


Table 2: Outcomes of Collisions, Probabilities per Event,

Route Distance 75 miles, Variation of Speed

	Speed
	32
	35
	38
	41
	44

	Minor Incidents
	1.51E-01
	1.49E-01
	1.48E-01
	1.47E-01
	1.48E-01

	Remains afloat
	7.41E-01
	7.44E-01
	7.45E-01
	7.45E-01
	7.44E-01

	Slow sinking
	6.76E-02
	6.78E-02
	6.78E-02
	6.79E-02
	6.78E-02

	Rapid capsize
	9.82E-03
	9.85E-03
	9.87E-03
	9.87E-03
	9.86E-03


Table 3: Outcomes of Collisions, Probabilities per Event,

Route Distance 100 miles, Variation of Speed

	Speed
	32
	35
	38
	41
	44

	Minor Incidents
	1.15E-01
	1.14E-01
	1.13E-01
	1.13E-01
	1.14E-01

	Remains afloat
	7.74E-01
	7.75E-01
	7.76E-01
	7.76E-01
	7.76E-01

	Slow sinking
	7.05E-02
	7.07E-02
	7.07E-02
	7.07E-02
	7.07E-02

	Rapid capsize
	1.03E-02
	1.03E-02
	1.03E-02
	1.03E-02
	1.03E-02


Table 4 provide a comparison of the results obtained for the 50-mile route distance, using as the reference point the service speed of SSC3 (38 knots).

Table 4: Comparisons of Probabilities per Event, 

Route Distance 50 miles, Variation of Speed

	Speed
	32
	35
	38
	41
	44

	Minor Incidents
	102.92%
	101.05%
	100.00%
	99.58%
	99.64%

	Remains afloat
	99.18%
	99.70%
	100.00%
	100.12%
	100.10%

	Slow sinking
	99.18%
	99.70%
	100.00%
	100.12%
	100.10%

	Rapid capsize
	99.18%
	99.70%
	100.00%
	100.12%
	100.10%


Tables 5 and 6 provide a comparison of these results, using the results for a 50-mile route distance as the reference point.

Table 5: Comparisons of Probabilities per Event, 

Route Distances 50 and 75 miles, Variation of Speed

	Speed
	32
	35
	38
	41
	44

	Minor Incidents
	68.88%
	69.07%
	69.26%
	69.45%
	69.64%

	Remains afloat
	109.10%
	108.83%
	108.66%
	108.56%
	108.52%

	Slow sinking
	109.10%
	108.83%
	108.66%
	108.56%
	108.52%

	Rapid capsize
	109.10%
	108.83%
	108.66%
	108.56%
	108.52%


Table 6: Comparisons of Probabilities per Event, 

Route Distances 50 and 100 miles, Variation of Speed

	Speed
	32
	35
	38
	41
	44

	Minor Incidents
	52.53%
	52.76%
	52.98%
	53.20%
	53.42%

	Remains afloat
	113.88%
	113.49%
	113.25%
	113.12%
	113.07%

	Slow sinking
	113.88%
	113.49%
	113.25%
	113.12%
	113.07%

	Rapid capsize
	113.88%
	113.49%
	113.25%
	113.12%
	113.07%


Table 7 provides the results of the sensitivity analysis of variations of the bulkhead deck arrangement, whilst Table 8 provides a comparison of these results with reference to the arrangement of the SSC3.

Table 7: Outcomes of Collisions, Probabilities per Event,

Route Distance 50 miles, Variation of Bulkhead Deck Arrangement

	 
	Long centre casing, no side casings
	Short centre casing, part side casings
	Long side casings, no centre casing
	Short centre casing, long side casings
	Short centre casing, no side casings

	Minor Incidents
	2.13E-01
	2.13E-01
	2.13E-01
	2.13E-01
	2.13E-01

	Remains afloat
	6.85E-01
	6.86E-01
	6.86E-01
	6.86E-01
	6.86E-01

	Slow sinking
	6.24E-02
	6.20E-02
	6.18E-02
	6.19E-02
	6.21E-02

	Rapid capsize
	9.08E-03
	8.94E-03
	8.88E-03
	8.89E-03
	8.98E-03


Table 8: Comparisons of Probabilities per Event, 

Route Distances 50 miles, Variation of Bulkhead Deck Arrangement

	
	Long centre casing, no side casings
	Short centre casing, part side casings
	Long side casings, no centre casing
	Short centre casing, long side casings
	Short centre casing, no side casings

	Minor Incidents
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%

	Remains afloat
	100.00%
	100.08%
	100.12%
	100.11%
	100.06%

	Slow sinking
	100.00%
	99.33%
	99.05%
	99.11%
	99.54%

	Rapid capsize
	100.00%
	98.46%
	97.82%
	97.96%
	98.95%


Table 9 provides the results of the sensitivity analysis of variations of the number of transverse watertight bulkheads, whilst Table 10 provides a comparison of these results with reference to the arrangement of the SSC3.

Table 9: Outcomes of Collisions, Probabilities per Event,

Route Distance 50 miles, Variation of Number of Transverse Bulkheads

	 
	-3
	-2
	-1
	0
	1
	2
	3

	Minor Incidents
	2.13E-01
	2.13E-01
	2.13E-01
	2.13E-01
	2.13E-01
	2.13E-01
	2.13E-01

	Remains afloat
	6.81E-01
	6.82E-01
	6.84E-01
	6.85E-01
	6.86E-01
	6.87E-01
	6.87E-01

	Slow sinking
	6.60E-02
	6.53E-02
	6.39E-02
	6.24E-02
	6.14E-02
	6.08E-02
	6.04E-02

	Rapid capsize
	9.32E-03
	9.27E-03
	9.18E-03
	9.08E-03
	9.01E-03
	8.97E-03
	8.94E-03


Table 10: Comparisons of Probabilities per Event, 

Route Distances 50 miles, Variation of Number of Transverse Bulkheads

	 
	-3
	-2
	-1
	0
	1
	2
	3

	Minor Incidents
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%

	Remains afloat
	99.45%
	99.56%
	99.77%
	100.00%
	100.16%
	100.26%
	100.32%

	Slow sinking
	105.65%
	104.52%
	102.33%
	100.00%
	98.34%
	97.37%
	96.69%

	Rapid capsize
	102.63%
	102.11%
	101.09%
	100.00%
	99.23%
	98.77%
	98.46%


Finally, Table 11 provides the results of the sensitivity analysis of variations of the vertical location of the bulkhead deck, whilst Table 12 provides a comparison of these results with reference to the arrangement of the SSC3.

Table 11: Outcomes of Collisions, Probabilities per Event,

Route Distance 50 miles, Variation of Vertical Location of Deck

	 
	-9%
	-6%
	-3%
	0%
	3%
	6%
	9%

	Minor Incidents
	2.13E-01
	2.13E-01
	2.13E-01
	2.13E-01
	2.13E-01
	2.13E-01
	2.13E-01

	Remains afloat
	6.85E-01
	6.85E-01
	6.85E-01
	6.85E-01
	6.85E-01
	6.85E-01
	6.85E-01

	Slow sinking
	6.29E-02
	6.28E-02
	6.26E-02
	6.24E-02
	6.24E-02
	6.24E-02
	6.23E-02

	Rapid capsize
	9.24E-03
	9.19E-03
	9.13E-03
	9.08E-03
	9.07E-03
	9.08E-03
	9.02E-03


Table 12: Comparisons of Probabilities per Event, 

Route Distances 50 miles, Variation of Vertical Location of Deck

	 
	-9%
	-6%
	-3%
	0%
	3%
	6%
	9%

	Minor Incidents
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%

	Remains afloat
	99.90%
	99.93%
	99.97%
	100.00%
	100.00%
	100.00%
	100.03%

	Slow sinking
	100.80%
	100.54%
	100.23%
	100.00%
	99.97%
	100.00%
	99.72%

	Rapid capsize
	101.82%
	101.23%
	100.53%
	100.00%
	99.93%
	100.00%
	99.37%


Important points to note following this sensitivity analysis include the following:

· Variation of the maximum service speed (15% of the service speed of the SSC3, yields a variation in the probabilities per event for slow sinking and rapid capsize of maximum 1%.

· An increase of the route distance from 50 to 75 miles, increases the probabilities per event for slow sinking and rapid capsize by 9%, whilst an increase of the route distance from 50 to 100 miles, increases the probabilities per event for slow sinking and rapid capsize by 13%.

· Variation of the arrangement of the bulkhead deck, varies the probabilities per event for slow sinking and rapid capsize by approximately 2%.

· Variation of the number of transverse bulkheads, varies (increases/decreases) the probabilities per event for slow sinking by approximately 2% per variation (addition/removal) of a single bulkhead, whilst it similarly varies the probabilities per event for rapid capsize by approximately 1%.

· Variation of the vertical location of the bulkhead deck is less influential.  The variation is in the range of 1% of the probability per event for slow sinking and rapid capsize over the range examined.

1.3.2 Flooding Model for Outcomes of Grounding

The following tables present the results of the sensitivity analysis of variation of speed for three different route distances.

Table 13: Outcomes of Grounding, Probabilities per Event,

Route Distance 50 miles, Variation of Speed

	Speed
	32
	35
	38
	41
	44

	Minor Incidents
	0.209
	0.207
	0.206
	0.206
	0.207

	Remains afloat
	0.272
	0.259
	0.249
	0.239
	0.230

	Sinking
	0.519
	0.534
	0.546
	0.555
	0.562


Table 14: Outcomes of Grounding, Probabilities per Event,

Route Distance 75 miles, Variation of Speed

	Speed
	32
	35
	38
	41
	44

	Minor Incidents
	0.144
	0.143
	0.143
	0.143
	0.144

	Remains afloat
	0.294
	0.280
	0.268
	0.258
	0.249

	Sinking
	0.562
	0.577
	0.589
	0.599
	0.607


Table 15: Outcomes of Grounding, Probabilities per Event,

Route Distance 100 miles, Variation of Speed

	Speed
	32
	35
	38
	41
	44

	Minor Incidents
	0.110
	0.109
	0.109
	0.110
	0.111

	Remains afloat
	0.306
	0.291
	0.279
	0.268
	0.259

	Sinking
	0.584
	0.600
	0.612
	0.622
	0.631


Table 16 provide a comparison of the results obtained for the 50-mile route distance, using as the reference point the service speed of SSC3 (38 knots).

Table 16: Comparisons of Probabilities per Event, 

Route Distance 50 miles, Variation of Speed

	Speed
	32
	35
	38
	41
	44

	Minor Incidents
	101.69%
	100.47%
	100.00%
	100.10%
	100.65%

	Remains afloat
	109.28%
	104.34%
	100.00%
	96.16%
	92.74%

	Sinking
	95.14%
	97.85%
	100.00%
	101.71%
	103.06%


Tables 17 and 18 provide a comparison of these results, using the results for a 50-mile route distance as the reference point.

Table 17: Comparisons of Probabilities per Event, 

Route Distances 50 and 75 miles, Variation of Speed

	Speed
	32
	35
	38
	41
	44

	Minor Incidents
	68.88%
	69.07%
	69.26%
	69.45%
	69.64%

	Remains afloat
	108.24%
	108.06%
	107.97%
	107.93%
	107.94%

	Sinking
	108.24%
	108.06%
	107.97%
	107.93%
	107.94%


Table 18: Comparisons of Probabilities per Event, 

Route Distances 50 and 100 miles, Variation of Speed

	Speed
	32
	35
	38
	41
	44

	Minor Incidents
	52.53%
	52.76%
	52.98%
	53.20%
	53.42%

	Remains afloat
	112.57%
	112.32%
	112.19%
	112.15%
	112.17%

	Sinking
	112.57%
	112.32%
	112.19%
	112.15%
	112.17%


The following tables present the results of the sensitivity analysis of variation of length for three different route distances.

Table 19: Outcomes of Grounding, Probabilities per Event,

Route Distance 50 miles, Variation of Length

	Length
	78
	88
	98
	108
	118
	128

	Minor Incidents
	0.206
	0.206
	0.206
	0.206
	0.206
	0.206

	Remains afloat
	0.234
	0.249
	0.263
	0.278
	0.293
	0.307

	Sinking
	0.560
	0.546
	0.531
	0.516
	0.502
	0.487


Table 20: Outcomes of Grounding, Probabilities per Event,

Route Distance 75 miles, Variation of Length

	Length
	78
	88
	98
	108
	118
	128

	Minor Incidents
	0.143
	0.143
	0.143
	0.143
	0.143
	0.143

	Remains afloat
	0.252
	0.268
	0.284
	0.300
	0.316
	0.332

	Sinking
	0.605
	0.589
	0.573
	0.557
	0.541
	0.526


Table 21: Outcomes of Grounding, Probabilities per Event,

Route Distance 100 miles, Variation of Length

	Length
	78
	88
	98
	108
	118
	128

	Minor Incidents
	0.109
	0.109
	0.109
	0.109
	0.109
	0.109

	Remains afloat
	0.262
	0.279
	0.295
	0.312
	0.328
	0.345

	Sinking
	0.629
	0.612
	0.596
	0.579
	0.563
	0.546


Table 22 provide a comparison of the results obtained for the 50-mile route distance, using as the reference point the length bp of SSC3 (88 metres).

Table 22: Comparisons of Probabilities per Event, 

Route Distance 50 miles, Variation of Length

	Length
	78
	88
	98
	108
	118
	128

	Minor Incidents
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%

	Remains afloat
	94.08%
	100.00%
	105.92%
	111.83%
	117.75%
	123.67%

	Sinking
	102.69%
	100.00%
	97.31%
	94.61%
	91.92%
	89.22%


Tables 23 and 24 provide a comparison of these results, using the results for a 50-mile route distance as the reference point.

Table 23: Comparisons of Probabilities per Event, 

Route Distances 50 and 75 miles, Variation of Length

	Length
	78
	88
	98
	108
	118
	128

	Minor Incidents
	69.26%
	69.26%
	69.26%
	69.26%
	69.26%
	69.26%

	Remains afloat
	107.97%
	107.97%
	107.97%
	107.97%
	107.97%
	107.97%

	Sinking
	107.97%
	107.97%
	107.97%
	107.97%
	107.97%
	107.97%


Table 24: Comparisons of Probabilities per Event, 

Route Distances 50 and 100 miles, Variation of Length

	Length
	78
	88
	98
	108
	118
	128

	Minor Incidents
	52.98%
	52.98%
	52.98%
	52.98%
	52.98%
	52.98%

	Remains afloat
	112.19%
	112.19%
	112.19%
	112.19%
	112.19%
	112.19%

	Sinking
	112.19%
	112.19%
	112.19%
	112.19%
	112.19%
	112.19%


Table 25 provides the results of the sensitivity analysis of variations of the number of transverse watertight bulkheads, whilst Table 26 provides a comparison of these results with reference to the arrangement of the SSC3.

Table 25: Outcomes of Grounding, Probabilities per Event,

Route Distance 50 miles, Variation of Number of Transverse Bulkheads

	 
	-3
	-2
	-1
	0
	1
	2
	3

	Minor Incidents
	0.206
	0.206
	0.206
	0.206
	0.206
	0.206
	0.206

	Remains afloat
	0.245
	0.246
	0.247
	0.249
	0.250
	0.250
	0.251

	Sinking
	0.549
	0.548
	0.547
	0.546
	0.545
	0.544
	0.544


Table 26: Comparisons of Probabilities per Event, 

Route Distances 50 miles, Variation of Number of Transverse Bulkheads

	 
	-3
	-2
	-1
	0
	1
	2
	3

	Minor Incidents
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%

	Remains afloat
	98.61%
	98.88%
	99.42%
	100.00%
	100.41%
	100.65%
	100.82%

	Sinking
	100.64%
	100.51%
	100.26%
	100.00%
	99.81%
	99.70%
	99.63%


Important points to note following this sensitivity analysis include the following:

· Variation of the maximum service speed (15% of the service speed of the SSC3, yields a variation in the probability per event for sinking of maximum 5%.

· An increase of the route distance from 50 to 75 miles, increases the probability per event for sinking by 8%, whilst an increase of the route distance from 50 to 100 miles, increases the probabilities per event for sinking by 12%.

· Variation of the length of the vessel from the SSC3 length, yields a variation of the probability per event for sinking by approximately 3% per 10 metres variation (increase for smaller length).

· Variation of the number of transverse bulkheads, varies (increases/decreases) the probability per event for sinking by less than 1% per variation (addition/removal) of a single bulkhead.

· Variation of the vertical location of the bulkhead deck and variation of the arrangement of the bulkhead deck is considered as not having any effect in reducing the probability of flooding in cases of groundings.  Similarly, the presence or not of a double bottom, due to its limited high.

· In cases of grounding incidents, probability of capsizing is much smaller compared to collision incidents and to cases of sinking.  For this reason, and due to the high stability of high speed monohulls, only cases of sinking have been considered in the sensitivity analysis for grounding.

1.3.3 Flooding Model for Outcomes of Striking

The following tables present the results of the sensitivity analysis of variation of speed for three different route distances.

Table 27: Outcomes of Striking, Probabilities per Event,

Route Distance 50 miles, Variation of Speed

	Speed
	32
	35
	38
	41
	44

	Minor Incidents
	2.26E-01
	2.22E-01
	2.20E-01
	2.19E-01
	2.19E-01

	Remains afloat
	7.01E-01
	7.05E-01
	7.07E-01
	7.08E-01
	7.08E-01

	Sinking
	7.27E-02
	7.31E-02
	7.33E-02
	7.34E-02
	7.34E-02


Table 28: Outcomes of Striking, Probabilities per Event,

Route Distance 75 miles, Variation of Speed

	Speed
	32
	35
	38
	41
	44

	Minor Incidents
	1.56E-01
	1.53E-01
	1.52E-01
	1.52E-01
	1.53E-01

	Remains afloat
	7.65E-01
	7.67E-01
	7.68E-01
	7.68E-01
	7.68E-01

	Sinking
	7.93E-02
	7.96E-02
	7.97E-02
	7.97E-02
	7.97E-02


Table 29: Outcomes of Striking, Probabilities per Event,

Route Distance 100 miles, Variation of Speed

	Speed
	32
	35
	38
	41
	44

	Minor Incidents
	1.19E-01
	1.17E-01
	1.16E-01
	1.16E-01
	1.17E-01

	Remains afloat
	7.98E-01
	8.00E-01
	8.00E-01
	8.00E-01
	8.00E-01

	Sinking
	8.28E-02
	8.30E-02
	8.31E-02
	8.31E-02
	8.30E-02


Table 30 provide a comparison of the results obtained for the 50-mile route distance, using as the reference point the service speed of SSC3 (38 knots).

Table 30: Comparisons of Probabilities per Event, 

Route Distance 50 miles, Variation of Speed

	Speed
	32
	35
	38
	41
	44

	Minor Incidents
	102.92%
	101.05%
	100.00%
	99.58%
	99.64%

	Remains afloat
	99.18%
	99.70%
	100.00%
	100.12%
	100.10%

	Sinking
	99.18%
	99.70%
	100.00%
	100.12%
	100.10%


Tables 31 and 32 provide a comparison of these results, using the results for a 50-mile route distance as the reference point.

Table 31: Comparisons of Probabilities per Event, 

Route Distances 50 and 75 miles, Variation of Speed

	Speed
	32
	35
	38
	41
	44

	Minor Incidents
	68.88%
	69.07%
	69.26%
	69.45%
	69.64%

	Remains afloat
	109.10%
	108.83%
	108.66%
	108.56%
	108.52%

	Sinking
	109.10%
	108.83%
	108.66%
	108.56%
	108.52%


Table 32: Comparisons of Probabilities per Event, 

Route Distances 50 and 100 miles, Variation of Speed

	Speed
	32
	35
	38
	41
	44

	Minor Incidents
	52.53%
	52.76%
	52.98%
	53.20%
	53.42%

	Remains afloat
	113.88%
	113.49%
	113.25%
	113.12%
	113.07%

	Sinking
	113.88%
	113.49%
	113.25%
	113.12%
	113.07%


Table 33 provides the results of the sensitivity analysis of variations of the number of transverse watertight bulkheads, whilst Table 34 provides a comparison of these results with reference to the arrangement of the SSC3.

Table 33: Outcomes of Striking, Probabilities per Event,

Route Distance 50 miles, Variation of Number of Transverse Bulkheads

	 
	-3
	-2
	-1
	0
	1
	2
	3

	Minor Incidents
	2.20E-01
	2.20E-01
	2.20E-01
	2.20E-01
	2.20E-01
	2.20E-01
	2.20E-01

	Remains afloat
	7.01E-01
	7.02E-01
	7.04E-01
	7.07E-01
	7.09E-01
	7.10E-01
	7.10E-01

	Sinking
	7.92E-02
	7.80E-02
	7.58E-02
	7.33E-02
	7.16E-02
	7.06E-02
	6.99E-02


Table 34: Comparisons of Probabilities per Event, 

Route Distances 50 miles, Variation of Number of Transverse Bulkheads

	 
	-3
	-2
	-1
	0
	1
	2
	3

	Minor Incidents
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%

	Remains afloat
	99.17%
	99.34%
	99.66%
	100.00%
	100.24%
	100.39%
	100.49%

	Sinking
	107.98%
	106.38%
	103.30%
	100.00%
	97.66%
	96.28%
	95.32%


Important points to note following this sensitivity analysis include the following:

· Variation of the maximum service speed (15% of the service speed of the SSC3, yields a variation in the probability per event for sinking of much less than 1%.

· An increase of the route distance from 50 to 75 miles, increases the probability per event for sinking by 9%, whilst an increase of the route distance from 50 to 100 miles, increases the probabilities per event for sinking by 14%.

· Variation of the number of transverse bulkheads, varies (increases/decreases) the probability per event for sinking by approximately 3% per variation (addition/removal) of a single bulkhead.

· Variation of the vertical location of the bulkhead deck and variation of the arrangement of the bulkhead deck is considered as not having any effect in reducing the probability of flooding in cases of strikings.  

· In cases of strikings incidents, probability of capsizing is much smaller compared to collision incidents and to cases of sinking.  For this reason, and due to the high stability of high speed monohulls, only cases of sinking have been considered in the sensitivity analysis for striking.

1.3.4 Flooding Model for Outcomes of Other Causes

Since the overall frequency per ship-year for the events of accidental flooding is in the order of 1 in 1,000 years (using average input values, the relevant fault tree yields a frequency of 1.5E-03 per ship-year), this type of incidents is considered not to be much influenced by variations of design and operational parameters.  Furthermore, comparison of this overall frequency with the overall frequency per ship-year for collisions, grounding or strikings, yields a difference of at least one order of magnitude (historical data for high speed craft operation).  As it is also explained in the following section of this report, variations of design and operational parameters are likely not to result in cost-effective safety enhancing measures.  This risk model has been included for reasons of completeness of the overall flooding model.  In any case, a limited sensitivity analysis has been contacted to explore the variation of some of the figures.

Table 35 contains the variation of the probabilities per event, for an average sea state considering the operation of the stern door and the presence or not of a bow door or three alternative configurations of bow visors, for 660 door closures per year (this corresponds to 2 route trips per day, through out the year).  Table 36 contains the same variations, but for 990 closure per year (this corresponds to 3 round trips per day for half the year, and 2 round trips per day for the rest half of the year).  

Table 35: Other Causes of Flooding, Variation of Door Configurations

660 Operations per Year

	
	660 doors closures per year, no bow door or visor
	660 doors closures per year, bow door
	660 doors closures per year, bow visor, two barriers overlapping
	660 doors closures per year, bow visor, two independent barriers
	660 doors closures per year, bow visor, three independent barriers

	
	
	
	
	
	

	Due to wave damage
	
	
	
	
	

	
	
	
	
	
	

	Remains afloat
	2.58E-02
	2.60E-02
	3.45E-02
	2.76E-02
	2.67E-02

	Slow sinking
	9.92E-03
	9.97E-03
	1.20E-02
	1.03E-02
	1.01E-02

	Rapid capsize
	3.97E-03
	4.44E-03
	1.55E-02
	6.32E-03
	5.15E-03

	
	
	
	
	
	

	Through open doors
	
	
	
	
	

	
	
	
	
	
	

	Remains afloat
	7.64E-04
	4.56E-03
	1.12E-03
	1.14E-03
	1.14E-03

	Slow sinking
	1.91E-04
	6.65E-04
	2.33E-04
	2.38E-04
	2.38E-04

	Rapid capsize
	0.00E+00
	4.75E-04
	4.66E-05
	4.75E-05
	4.76E-05


Table 36: Other Causes of Flooding, Variation of Door Configurations

990 Operations per Year

	
	990 doors closures per year, no bow door or visor
	990 doors closures per year, bow door
	990 doors closures per year, bow visor, Two barriers overlapping
	990 doors closures per year, bow visor, Two independent barriers
	990 doors closures per year, bow visor, Three independent barriers

	
	
	
	
	
	

	Due to wave damage
	
	
	
	
	

	
	
	
	
	
	

	Remains afloat
	2.58E-02
	2.60E-02
	3.45E-02
	2.75E-02
	2.67E-02

	Slow sinking
	9.92E-03
	9.94E-03
	1.20E-02
	1.03E-02
	1.01E-02

	Rapid capsize
	3.97E-03
	4.43E-03
	1.55E-02
	6.31E-03
	5.14E-03

	
	
	
	
	
	

	Through open doors
	
	
	
	
	

	
	
	
	
	
	

	Remains afloat
	1.15E-03
	6.82E-03
	1.68E-03
	1.71E-03
	1.71E-03

	Slow sinking
	2.86E-04
	9.94E-04
	3.49E-04
	3.56E-04
	3.57E-04

	Rapid capsize
	0.00E+00
	7.10E-04
	6.99E-05
	7.12E-05
	7.14E-05


Design Recommendations

The sensitivity analysis detailed in the previous sections of this report yielded variations with respect to probabilities per event of 1 to 5% for the related design parameters and up to 14% for operational parameters.  Any design recommendation to be made is based on the cost-effectiveness of the proposed alteration, which is calculated using the CAF criterion (where the difference in the Potential Loss of Life (PLL) is introduced as the measure of risk).  The CAF criterion is presently € 3 million, which means that any safety enhancing measure yielding a CAF value much greater than this, is considered to be non cost-effective and is not recommended for implementation.

PLL is calculated on the basis of the frequency per ship-year of the potentially catastrophic event (which is calculated as the probability per event times the overall frequency per ship-year for a certain category of incidents) and the number of people on board.  Table 37 contains some calculations in this respect, for representative frequencies per ship-year of catastrophic events.

Table 37: Representative PLL Calculations

	Frequency
	%
	People
	Fatalities
	PLL 

	(per ship-year)
	Fatalities
	on board
	(per event)
	(per ship-year)

	1.00E-03
	75
	800
	600
	6.00E-01

	1.00E-04
	75
	800
	600
	6.00E-02

	1.00E-05
	75
	800
	600
	6.00E-03

	1.00E-06
	75
	800
	600
	6.00E-04


Applying the reductions in risk levels from the sensitivity analysis to these representative PLL values, we can estimate the CAF value per € spent implementing the safety enhancing measure.  When the latter is considered in relation to the CAF criterion value (€3,000,000 above the CAF value per € spent), the expenditure justifying this safety enhancing measure can be estimated.   Tables 38 to 41 contain these calculations for fatality reductions 1% to 10% for the four representative PLLs of Table 37.

From this analysis it can be concluded that for catastrophic events having a frequency in the order of 1.00E-03 or 1.00E-04 per ship-year, safety enhancing measures that reduce the fatality rates even by 1% may be cost-effective to consider for implementation (Tables 38 and 39).  Using statistical data for high speed craft operations, catastrophic flooding incidents initiated by a collision, grounding or striking, broadly fall under this category, and the model developed for the project is in agreement with this figures.  The expenditure figures of Tables 40 and 41 directly imply safety enhancing features that are not cost-effective, hence not recommended for implementation.  The frequency per ship-year of these incidents relate to catastrophic incidents from flooding from other causes.  

It is highlighted, however, that a detailed analysis for the expected cost and benefit should be carried out to reach a decision for a design recommendation.  The considerations made in this section explore sensitivities, serving only as a guide. 

Table 38: Estimated Expenditure, PLL = 6.00E-01 (per ship-year)

	PLL
(per ship-year)

	Fatalities
Reduction
%
	Fatalities
Reduction
(per ship-year)
	Reduced
PLL
(per ship-year)
	CAF
per € spent

	Expenditure
in €


	6.00E-01
	1
	6.00E-03
	5.94E-01
	167
	18,000

	 
	2
	1.20E-02
	5.88E-01
	83
	36,000

	 
	3
	1.80E-02
	5.82E-01
	56
	54,000

	 
	4
	2.40E-02
	5.76E-01
	42
	72,000

	 
	5
	3.00E-02
	5.70E-01
	33
	90,000

	 
	6
	3.60E-02
	5.64E-01
	28
	108,000

	 
	7
	4.20E-02
	5.58E-01
	24
	126,000

	 
	8
	4.80E-02
	5.52E-01
	21
	144,000

	 
	9
	5.40E-02
	5.46E-01
	19
	162,000

	 
	10
	6.00E-02
	5.40E-01
	17
	180,000


Table 39: Estimated Expenditure, PLL = 6.00E-02 (per ship-year)

	PLL
(per ship-year)
 
	Fatalities
Reduction
%
	Fatalities
Reduction
(per ship-year)
	Reduced
PLL
(per ship-year)
	ICAF
per € spent
 
	Expenditure
in €
 

	6.00E-02
	1
	6.00E-04
	5.94E-02
	1,667
	1,800

	 
	2
	1.20E-03
	5.88E-02
	833
	3,600

	 
	3
	1.80E-03
	5.82E-02
	556
	5,400

	 
	4
	2.40E-03
	5.76E-02
	417
	7,200

	 
	5
	3.00E-03
	5.70E-02
	333
	9,000

	 
	6
	3.60E-03
	5.64E-02
	278
	10,800

	 
	7
	4.20E-03
	5.58E-02
	238
	12,600

	 
	8
	4.80E-03
	5.52E-02
	208
	14,400

	 
	9
	5.40E-03
	5.46E-02
	185
	16,200

	 
	10
	6.00E-03
	5.40E-02
	167
	18,000


Table 40: Estimated Expenditure, PLL = 6.00E-03 (per ship-year)

	PLL
(per ship-year)
 
	Fatalities
Reduction
%
	Fatalities
Reduction
(per ship-year)
	Reduced
PLL
(per ship-year)
	ICAF
per € spent
 
	Expenditure
in €
 

	6.00E-03
	1
	6.00E-05
	5.94E-03
	16,667
	180

	 
	2
	1.20E-04
	5.88E-03
	8,333
	360

	 
	3
	1.80E-04
	5.82E-03
	5,556
	540

	 
	4
	2.40E-04
	5.76E-03
	4,167
	720

	 
	5
	3.00E-04
	5.70E-03
	3,333
	900

	 
	6
	3.60E-04
	5.64E-03
	2,778
	1,080

	 
	7
	4.20E-04
	5.58E-03
	2,381
	1,260

	 
	8
	4.80E-04
	5.52E-03
	2,083
	1,440

	 
	9
	5.40E-04
	5.46E-03
	1,852
	1,620

	 
	10
	6.00E-04
	5.40E-03
	1,667
	1,800


Table 41: Estimated Expenditure, PLL = 6.00E-04 (per ship-year)

	PLL
(per ship-year)
 
	Fatalities
Reduction
%
	Fatalities
Reduction
(per ship-year)
	Reduced
PLL
(per ship-year)
	ICAF
per € spent
 
	Expenditure
in €
 

	6.00E-04
	1
	6.00E-06
	5.94E-04
	166,667
	18

	 
	2
	1.20E-05
	5.88E-04
	83,333
	36

	 
	3
	1.80E-05
	5.82E-04
	55,556
	54

	 
	4
	2.40E-05
	5.76E-04
	41,667
	72

	 
	5
	3.00E-05
	5.70E-04
	33,333
	90

	 
	6
	3.60E-05
	5.64E-04
	27,778
	108

	 
	7
	4.20E-05
	5.58E-04
	23,810
	126

	 
	8
	4.80E-05
	5.52E-04
	20,833
	144

	 
	9
	5.40E-05
	5.46E-04
	18,519
	162

	 
	10
	6.00E-05
	5.40E-04
	16,667
	180





























