
DATABASE ANALYSIS 

The analysis approach described herein, attempted to use the strengths of the two databases and minimize the effects of their weaknesses.  Since the Lloyd’s database is believed to capture the types of incidents and types of vessels occurring worldwide, it will be used to help establish the historical analysis for the Coast Guard’s efforts relating to international regulations.  It is important to establish this type of information for the decision-makers because 90% of the port calls made in the US are made by foreign flagged vessels (Gilbreath, 1997).  One of the Coast Guard’s primary business areas is to maintain effective port state control.

For the Coast Guard’s efforts affecting regulations on U.S. flagged vessels, the data contained in the MSIS database is more appropriate.  These data as a whole cover all the types of vessels subject to the regulations.  The database’s percentage of incidents by vessel type differs significantly from the Lloyd’s data.  This is due to the differences in the incidents recorded in the databases.  Lloyd’s does not gather information on vessels making only coastal or inland waterway voyages.  Lloyd’s also looks only at merchant vessels, while the MSIS also includes recreational vessels of applicable size.

In the past ten years, there have been a number of significant changes to the international fire safety requirements, Safety of Life At Sea (SOLAS) regulations.  These changes include the requirements for sprinkler systems in passenger vessel’s accommodations and assembly spaces, adoption of the International Safety Management (ISM) code, and other changes.  The full compliance dates for these changes vary, and some are not required for the next 5 to 10 years.  Yet, these changes are already appearing in some vessels.  Therefore, the database’s time frame originally selected for this analysis was the last five complete years (1993 to 1997).  Upon receiving the databases, it was found that three quarters of 1998 existed in the data from Lloyd’s database.  Almost the complete year of 1998 existed in the data from the MSIS database (except for potentially some incidents post-dated in early in 1999.  The additional time was included in the analysis as it provided the most up to date and relevant information.  This should increase the likelihood that improvements in vessels, due to implemented regulatory changes, will be evident.

Where information is available on the population of a type of vessel, the probability values for an incident have been calculated.  Analysis of most of the Lloyd’s database information includes probability values where appropriate.  Given the uncertainty with population values for the ‘fleet’ that the MSIS database covers, no probability values have been determined.  

Where appropriate, a Pareto analysis of the data has been performed to identify the categories with the highest probabilities of casualties.  This analysis is displayed as Pareto diagrams.  Pareto analysis is a prioritization technique that identifies the most significant items among many.  The analysis employs the “80-20” rule, which states that 20% of the causes produce 80% of the effects.  The technique can be used in both a system-level analysis as well as a component level analysis.  The analysis technique is named for a 19th century Italian economist, Vilfredo Pareto.  He observed that 80% of Italy's wealth was owned by 20% of the population.

The vessel types used for this analysis are tank, fishing, freight, passenger/ferry, tug/OSV, recreational, and another category for miscellaneous types.  The tank vessel category consists of all bulk liquid carrying vessels.  This includes crude and product oil tankers.  It also includes chemical carriers.  The fishing vessel category comprises of all types of vessels associated with harvesting food products from the sea.  This includes trawlers, factory, processing, and freezer vessels.  The freight category includes dry bulk cargo, general cargo, container, roll-on roll-off (RoRo) and refrigerated cargo.  The passenger/ferry category includes all vessels whose primary function includes the transport of passengers across the water, including ferries which transport passengers with some cargo and vehicles.  The tug/OSV category includes all vessels whose primary function is to transport other vessel types or offshore support vessels.  Offshore support vessels include crew, supply, anchor handling, standby safety vessel, and other vessels associated with the offshore exploration and production of oil and gas.  Recreational vessels are large privately owned vessels.  Their size makes them fall within certain regulatory requirements. The MSIS database contains information on vessels in this category; Lloyd’s database does not include this type of vessel.

LLOYD’S INCIDENTS ANALYSIS 

The Lloyd’s Casualty System (CASMAN) database query resulted in 782 fire and explosion incidents for the five and three quarters (5 ¾) of a year time frame.  In 1993 the world fleet size was estimated to be 80,655 vessels as published in Lloyd’s Register of Shipping World Fleet Statistics, 1997 (Lloyd’s, 1997).  The world fleet size was estimated to be 85,494 vessels for 1997.  World fleet data for 1998 was not available during this analysis.  The average increase in world fleet size per year was 1.4%.  The median number of registered ships in the seagoing merchant world fleet for those years was 82,890 vessels. This results in a fire and explosion incident rate for the world fleet of 0.94 %.  The breakdown of the incidents by type of vessel and the world fleet population can be seen in Figure 1.  The incident rate per year and frequency of occurrence (incidents per week) is shown in Figure 2.  It shows that there is an average frequency of a fire or explosion occurrence of 2.6 times per week for those years. There is no established increasing or decreasing trend evident during this period.  

Figure 3 shows the cumulative incidents and frequency of occurrence for the seven vessel types used in this analysis.  There are no data for recreational vessels in the Lloyd’s database, so none is shown in the figure.  The frequency of occurrence is displayed as the number of days between incidents.  Freight, tank, and fishing vessels clearly have the lowest number of days between occurrences.  These high occurrence rates for these vessel types clearly identify them for further analysis.

Another method of assessing the fire and explosion incident rate is to calculate the percentage of vessels disposed of due to fires and explosions from the total number of vessels that have been disposed.  Another way of saying this is, how many of the vessels removed from service were due to fires or explosions?  Figure 4 shows the percentage of vessels disposal of by fires and explosions from the total number of vessels disposed of by type of vessel.  The figure shows that passenger/ferry vessels and the “other” category of vessel types have larger percentages (12% and 10% respectively) of disposals from fires and explosions.  This area might warrant further investigation because the exact cause cannot be determined from the data.

The higher fire/explosion disposal to total disposal ratio for these vessel types cannot just be attributed to the lower overall population of these types vessels.  It could be related to an actual higher fire and explosion incident rate these types of vessels are experiencing.  Alternatively, it could be attributed to a higher demand for these types of vessels, which is causing a decreased disposal rate, as their service life is extended.  Lloyd’s Register of Shipping World Fleet Statistics, 1997, lists “25 years old and greater” category as having the largest number of vessels.  This does lead to some credibility to the latter possibility.  However, this data is only a one-year summary and doesn’t reflect an actual trend.  This issue will be brought out before the panel and their interpretation will be sought.

MSIS INCIDENTS ANALYSIS 

The Coast Guard’s Marine Safety Information System (MSIS) database query resulted in 1250 fire and explosion incidents for the full 6-year time frame, 1993 through 1998.  The incident rate per year is shown in Figure 5.  There appears to be a slight downward trend in the number of incidents per year.  The trend, however, does not consistently decline, as can be seen by the small increase of six incidents in 1997.  This is less than a three percent increase from the prior year.
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Figure 1– Lloyd’s Database & World Fleet
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Figure 2 - Lloyd’s Incident rates 
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Figure 3 - Lloyd’s Incident and Frequency Rates
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Figure 4 - Disposals by Fire & Explosions
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Figure 5 – Incidents per Year in MSIS Database

Due to the range of vessels, multiple flags and vessel registry requirements included in the MSIS database, there is no accurate way to estimate the size of the fleet of vessels from which these incidents result.  A breakdown of the number of vessels by vessel type can be seen in Figure 6.  It also shows a Pareto analysis graphic display of the incident types.  The vessel type categories of Fishing, Tug/Tow, Passenger, and Freight make up nearly 80% of the reported incidents, with fishing vessels accounting for the largest percentage, 33.6%.  Note the MSIS database does contain information on recreational vessels, not included in the Lloyd’s database.

A comparison by the vessel types in the two databases cannot be easily made.  A breakdown by vessel type as a percentage of each of the databases’ incidents can be seen in Figure 7.  In addition to the recreational vessel category, there are significant differences in all other vessel type categories.  At first appearance, it would seem that the two databases are incompatible for analysis.  However, despite the inherent difference in the kinds of vessels for which information is collected on in the two databases, comparisons can be made. 

From the descriptions of the databases above, the differences in Figure 7 can be justified by the fact that the MSIS database includes a vessel type not in Lloyd’s, as well as vessels making voyages explicitly excluded by Lloyd’s.  The inclusion of non-ocean going fishing vessels, passenger vessels, freight vessels, and tow vessels in the MSIS database certainly explains the differences for those vessel types.  These non-ocean going vessels would include barges and the associated tow/push vessels, whose voyages are predominately on inland waterways and coastal routes.

The MSIS database includes a large population of passenger vessels that Lloyds does not include.  This includes ferries, coastal excursion (e.g., cruises along the coast, and whale watching), and large dinner cruise or gaming vessels.  The inclusion of these additional vessels in other vessel types changes the overall population, which affects the remaining types (e.g. tank vessels).
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Figure 6 - MSIS Cumulative Incidents by Vessel Type 
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Figure 7 - MSIS & Lloyd’s Vessel Types by Percentage

INCIDENT LOCATION ANALYSIS 

The concurrence between the two databases becomes apparent when analyzing them  for the locations of the initiation of the fire or explosion incident.  Figure 8 shows the percentage of incidents by location in a Pareto diagram for the Lloyd’s database.  Pareto analysis shows that incidents in machinery spaces, cargo areas, and the undefined areas are the location of 86 % of the incidents.   The largest majority of these, 51 % of the incidents, occurred in machinery spaces onboard the vessels.

Figure 9 shows the percentage of incidents by location in a Pareto diagram for the MSIS database.  The Pareto analysis identifies machinery spaces and cargo areas as accounting for almost 75 % of the incidents’ locations.  Again, a majority of these, 57 % of incidents, occurred in machinery spaces.  

For direct comparison of both databases, Figure 10 shows the percentages for each side by side.  There is good agreement between the two databases for the initiating locations found.  The percentage of unknown locations is higher in the Lloyds database due to the nature of the reporting method being less structured than that of the MSIS.

From this analysis, it is clear that a more detailed investigation into the causes of the incidents in machinery spaces, cargo areas, and accommodation areas is needed.  Identification of ignition sources in each of these areas should identify any common causes.
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Figure 8 - Cumulative Lloyd’s Database by Location of Origin
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Figure 9 - Cumulative MSIS Incidents by Location of Origin 
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Figure 10 - MSIS and Lloyd’s Location Percentag
The following document is excerpted from a thesis submitted to the faculty of the Worcester Polytechnic Institute in May 1999 entitled “Risk-Based Fire Research Decision Methodology” by Richard L. Hansen.
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