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PREFACE

This report is a Final Report on a study of commercial vessel
survival systems under Task Order No. 10, Contract No. DOT-CG-23223-A
conducted during the time period from July 2, 1973, to February 20, 1975
The work was performed by the Columbus Laboratories of Battelle Memorial
Institute under the auspices of the U. S. Coast Guard, with
Mr. Ralph Buxton serving as program monitor. The principal

investigator and task leader was Mr. Joseph V. Baum.
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1.0 INTRODUCTION

1.1 General Background

This study was conducted in response to the recognition that there
have been relatively few innovations in ship survival system applications
in contrast to significant changes in ship construction and apparently
significant changes in survival systems applied to other forms of trans-
portation. The aims of this study are to enhance safety for personnel on
board commercial vessels by a systematic approach. This is in consonance
with other national safety programs to conserve and protect our human (as

well as physical) resources.
Prior studies that were building blocks for this program include

M) aa

and, A Statistical

A Study of the Requirements for Survival on the Great Lakes,

(2)

Analysis of Merchant Vessel Abandonment Procedures,

(3)

Study on Ship Lifesaving Effectiveness . The preceeding study on require-




ments for survival on the Great Lakes was used to develop procedures used
during this study. Also, many of the results are applicable to the comm-

ercial vessels included in this study.

1.2 Scope and Purpose

The scope of this study includes the definition of functional require-
ments for survival systems on commercial vessels, the determination of the
effectiveness of existing survival systems, and the identification of defic-
iencies of existing systems. Functional requirements are defined as state-
ments of functions that are required to be performed by survival systems
based on need and not limited by the capabilities of existing survival system
equipment. The study was applied to commercial vessels subject to Coast
Guard inspection including consideration of new vessel types which might be
classed as inspected vessels. The study included consideration of uninspected
vessels subject to Coast Guard cognizance. Pleasure craft and recreational

boats were not included in this study.
The purpose of this study included the development of method-

ologies/analytical techniques and results for use in structuring future
RDT&E program plans for commercial vessel survival systems and equipment

and for evaluation of postulated improvements to survival systems.

1.3 Contents

This report includes a summary of the results, sections on
methodology, vessel classes, vessel and survival system trends, casualty
data, casualty data analysis, and casualty profile simulations. Results
are presented on functional requirements and recommendations are presented.
Appendices are provided for details on casualties and computations.

A computer program listing, Fortran program card deck, and a
manual of instruction for the GERTS IIIC simulation program used in the
analysis were transmitted on September 19, 1973. Also, an Interim Progress

Report was transmitted on October 17, 1973.




2.0 SUMMARY OF PROGRAM AND RESULTS

A brief summary of the program effort and the results achieved
are presented in this section. Additional details are presented in

following sections.

2.1 Summary of Objectives

The objectives of this research effort were to study commercial
vessel casualties from the viewpoint of personnel safety needs and develop
functional requirements for survival system equipment and information on
the effectiveness and deficiencies of current survival systems.

These objectives were achieved and in addition recommendations
are presented for achieving improvements in survival systems. The meth-
odology and techniques used in this program may also be useful in future

U. S. Coast Guard research and development programs.

2.2 Methodology

The methodology used for this program consisted of three general
steps:
(1) Collection and analysis of data
o Vessel classes and trends
e Survival equipment trends
e Casualty records
(2) Simulation of casualties
e Vessel abandonment associated with vessel
casualties
e TFalls from vessel into water
(3) Preparation of results
e Conclusions and recommendations

e Survival system functional requirements

The data collected and analyzed were mainly from U. S. Coast

Guard sources, however, data on vessel and survival equipment trends were




obtained from other sources. Casualty simulations were performed using
an available network analysis technique programmed for computer use. The
program results were formulated considering data analysis and casualty
simulation results., It was initially anticipated that the casualty
simulations would be major determining factors in the formulation of the
results, however, sufficient data were available that the data analysis

results were dominant in the formulation of the results,

2.3 Data Collection

Data on vessel classes were obtained from U. S. Coast Guard
publications on rules and regulations for the various vessel classes under
consideration. For this study vessel classes were selected consistent
with U. S. Coast Guard vessel classes but not detailed according to all
subdivision criteria. Machine searches were made of NTIS and DDC files
and copies of selected documents were ordered to obtain data on commercial
vessel trends and survival system equipment trends. Open literature and
other data sources were also searched for information on these subjects,

Data on casualty cases involving vessel abandonment and/or
personnel deaths relating to the use of survival system equipment on
commercial vessels were obtained from U. S. Coast Guard files maintained
by the Information and Analysis Staff of the Office of Merchant Marine
Safety, Casualty case files for Fiscal Years 1973, 1972, and 1971, were
scanned and cases involving vessel abandonment and man overboard situations
were selected for use in this study. Data summaries were prepared for
the selected cases. The information sought for the summaries included
casualty definition data, environmental data, and a brief narrative of
events included personnel data., Approximately 780 summaries were prepared.
Because of the relatively large numbers of cases involving fishing vessels
and tugs, not all available cases involving these classes of vessels were
summarized. Also, some case files of interest involving commercial vessels
were not summarized when pertinent data were obviously missing (data on
number of personnel involved, use of survival equipment, etc.). About 40
U. S. Coast Guard Marine Board of Review cases were also available and used.

The dates of occurrance of these cases were between 1959 and 1971.




We believe that the vessel casualty and abandonment data base
compiled represents more than three years of experience for major vessel
casualty and abandonment situations and includes an adequate representation
of abandonment cases for smaller vessels such as tugs and fishing vessels,
Also, for the man overboard situation, we estimate that the data base
includes about 72 percent of these types of cases reported in the selected

three-year time period.

2.4 Data Analysis

A brief analysis was made of information contained in Statistical
Summaries of Casualties perpared by the U. S. Coast Guard for Fiscal Years
1973, 1972, and 1971. Significant results of this analysis show yearly
averages of:
e 184 deaths due to vessel casualties
e 114 drownings due to vessel casualties
e 111 deaths due to falls from vessel into water
e 104 drownings due to falls from vessel into water.
In addition it was determined that:
e About 657 of vessel casualty cases involve
uninspected vessels
e About 73% of deaths involve uninspected vessels
(It is important to note that there are significantly
more uninspected vessels than inspected vessels in
commercial service--on the average of four to one
for vessels over 5 net tons)
e About 567 of vessel casualty cases are in daylight
e About 527 of deaths due to falls from vessel into
water are in daylight
e About 77% of deaths due to vessel casualties are
due to casualties when the vessel is underway
e About 71% of deaths due to falls from vessel into

water occur when the vessel is underway.




Analyses of data obtained from the vessel casualty cases studied
are summarized in tabular form. Considerably more detail is presented in
other sections of this report broken down according to vessel classes and
casualty types. At the onset of this program, it was anticipated that
vessel casualties involving fires might reveal some differences in vessel
abandonment events. The most significant differences found are in the
numbers of persons lost prior to vessel abandonment, and the relative usage
rate for life rafts, Table 1 is a summation of data analysis results for
all vessel casualty and abandonment cases studied showing data summarized
on a vessel casualty case basis. Personnel actions were not completely
trackable for all these cases due to incomplete records.

Table 2 is a summation of data analysis results on vessel
casualty cases studied that included cohesive data on personnel actions.
The data analysis results shown in this tabulation were particularly useful
in developing input data for the vessel casualty and abandonment simulations.

There are many significant items shown in these tables and in the
more detailed data base from which the tables were derived. Data on vessel
casualty situations are generally in agreement with data derived from the
U. S. Coast Guard Statistical Summaries. 1In addition, it is concluded that:

e Persons successful in abandoning by use of

group survival equipment or by direct transfer have
a very high chance for survival

e Most of the persons abandoning and lost are persons

who jumped into the water without floatation

e Except for tugs and barges, a relatively high per-

centage of vessel casualty and abandonment cases
occur in ocean waters with the vessel underway

e Radio calls for help were reported for less than

1/3 of the cases studied. Also, for about 1/3 of
the cases potential rescue vessels were on scene
or nearby

e The chance of survival for persons jumping into the

water for vessel abandonment situations is significantly
higher than for personnel who fall from a vessel into

the water




TABLE 1. ANALYSIS OF CASUALTY DATA FOR ALL CASES STUDIED
(DATA ON PERSONNEL EVENTS INCOMPLETE)
60
&'a )
g% g
E — E &0
Vessel Casualty Case Events gL 53
g & 9 >
c - £ —
(Note: Data for all events were not 2 = 28
generally available from each “3 ol -
case studied) o w ° 0w
w oo w o a9
0n v N 0w n N
U @ R
>0 R > O
Number of Casualty Cases Reviewed 365 82
Average Vessel Age (Years) 22,4 1752
Percent Vessels Inspected 15.2 14.1
Percent Cases at Night (Not Day) b 20077 30.4
Percent Cases in Ocean Waters 83.5 (743
Percent Cases at Dock or Tied Off 7:4 8.8
Percent Cases Radio Used to Call for Help 28.8 23,2
Percent Cases Lifeboat Launch Attempted 1958 27.9
Percent Success Rate for Lifeboat Launch 77.4 88.2
Percent Cases Life Raft Launch Attempted 25,4 17.6
Percent Success Rate for Life Raft Launch 78.6 7520
Percent Cases That Personnel Jumped Into Water 36.7 40,8
Percent Cases That Personnel Used Transfer or Other 352 40,8
Percent Cases That Personnel Remained on Board 5.0 12.8
Percent Cases That Rescue Vessel is On Scene or Near 3230 32,9
Average Visibility (Miles) 6.85 8.1
Average Wind Velocity (Knots) 21.48 13.6
Average Wave Height (Feet) 6.11 3.3
Average Air Temperature (F) 58.11 63.4
Average Water Temperature (F) 54.84 61.3
Average Number of Personnel Abandoning per Case 7.4 1320
Percent of Personnel Abandoning that are Saved 91.4 9841
[, '
Number of Persons on Board 2677 1349
*Number of Persons Abandoning 2366 1192




TABLE 1. (Continued)

a0
P = Ee)
C A =
g > @
Vessel Casualty Case Events b ED
o > o
g e g >
(Note: Data for all events were not g o
generally available from each 20 2E
case studied) - e
Qo w ®w U 0w
w U U 20 V]
[0 I ¥ (I T ¥
U @ O @
> 0 m > O I
*

Number of Persons Attempting Lifeboat Launch 368 225
%

Number of Persons Successful in Lifeboat Launch 287 221
*

Number of Persons Attempting Life Raft Launch 388 57
*

Number of Persons Succeeding in Life Raft Launch 327 44
%

Number of Persons Attempting Transfer or Other 1136 346
*

Number of Persons Successful in Transfer or Other 1134 345
%

Number of Persons Jumping Into Water 521 232
*

Number of Persons Jumping With Floatation 325 153
*Number of Persons Jumping Without Floatation 158 81
*

Number of Persons Saved From Lifeboat 230 536
*

Number of Persons Saved From Life Rafts 381 47
%

Number of Persons Saved From Water (With Floatation) 257 150
*

Number of Persons Saved From Water (W/O Floatation) 74 60
%

Number of Persons Remaining Aboard and Lost 128 162
e

Number of Persons Abandoning and Lost 204 44
L3

Number of Persons Abandoning and Saved 2162 1170

Data on numbers of persons involved were incomplete.




TABLE 2. ANALYSIS OF CASUALTY DATA SHOWING PERSONNEL EVENTS

FOR CASES WITH DATA AVAILABLE

b0
oo Py
o o o
22 |t
) =)
2 g
B 5 B2
] )
Personnel Events <0 22
z -
=] i
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Persons Attempting Abandonment by Lifeboat 203 81
Number Failing 45 0
Number Succeeding 158 81
Number Saved 197 81
Number Lost 6 0
Persons Attempting Abandonment by Life Raft 381 29
Number Failing 10 0
Number Succeeding 371 29
Number Saved 378 29
Number Lost 3 0
Persons Jumping Into Water 519 74
Number Jumpimg With Floatation 367 28
Number Saved 346 28
Number Lost 21 0
Number Jumping Without Floatation 126 45
Number Saved 86 37
Number Lost 40 8
Others Saved 25
Others Lost 1 0
Persons Using Transfer or Other Means 1943 140
Number Saved 1936 140
Number Lost 7 0
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TABLE 2. (Continued)
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Total Number of Persons Abandoning 3046 324
Total Number Saved 2968 316
Total Number Lost 78 8
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The relative severity of the environment apparently
has an adverse effect on the chance of personnel
survival

The average environmental conditions for all casualty
cases appear rather mild and representative of average
weather conditions expected. Worst case conditions
reported were; wind-180 knots, waves-40 feet, air
temperature-0 F, water temperature-32 F, Estimates
were made of "severe' conditions not expected to be
exceeded in 90% of casualty cases., These are:

(1) Winds up to 56 knots

(2) Waves up to 36 feet

(3) Air temperature down to 30 F

(4) Water temperature down to 34 F

Analysis of data obtained from casualty cases involving falls

from vessel into water (man overboard) are summarized in Table 3.

of the significant items shown in this table are:

Relatively few persons were wearing floatation

(1ife preservers)

Very few persons were saved. It is suspected

that additional persons may have been saved and
casualty reports were not submitted

The use of floatation appears to enhance the chance
of survival

Either the retrieval time must be reduced or the
average time to drown must be increased to improve
the chance of survival

In about 30 percent of the cases, the person falling
into the water was not seen and not discovered
missing until later

Environmental conditions are apparently an influencing
factor on the chance of survival. Of those saved,
only about 207 were saved when the winds and waves

were worse than the calculated average values.

Some




12

TABLE 3. ANALYSIS OF CASUALTY CASES INVOLVING
FALLS FROM VESSEL INTO WATER

1]
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Events < @
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Number of Persons in the Water 266
Number of Persons Saved 30
Number of Persons Lost 236
Number of Persons Wearing Floatation 25
Number of Persons Wearing Floatation and Saved 7
Number of Persons Seen to Fall 135
Number of Persons Seen in Water 136
Number of Persons Missing and Presumed Overboard 85
Number of Persons that Sank Immediately 22
Number of Cases that Floatation or Life Lines were Thrown 81
Number of Persons that Did Not Attempt to Reach Floatation 20
Number of Cases Involving Other Quick Rescue Attempts 93
Rescue Attempts Using Vessel (Relatively Long Time) 46
Rescue Attempts Using Vessels Small Craft (Lifeboats) 12
Rescue Attempts Using Other Vessels 49
Average Estimated Time to Drown (Minutes) 3.73
Average Estimated Time to Save (Minutes) 5.43
Percent Cases at Night (Not Day) 46.6
Percent Cases in Ocean (Not Inland) 58 .9
Percent Cases Vessel Underway S
Average Visibility (Miles) 7.86
Average Wind (Knots) 11.40
f\verage Wave Height (Feet) 3.30
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TABLE 3., (Continued)
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Average Air Temperature (F) 57.75
Average Water Temperature (F) 57.16
Percent Cases Involving an Inspected Vessel 33.03

Average Vessel Age W7
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e Worst case environmental conditions reported were;
wind-55 knots, waves-40 feet, air temperature-10 F,
and water temperature-30 F. Estimates were made of
"severe'" conditions not expected to be exceeded in
907 of the cases. These values are:

(1) Winds up to about 27 knots
(2) Waves up to about 10 feet
(3) Air temperature down to about 32 F

(4) Water temperature down to about 35 F.

2,5 Casualty Simulations

An available network analysis program, GERTS IIIC (Graphical
Evaluation and Review Technique Simulation) was used to simulate casualty
events and compare results considering hypothetical improvements in survival
system equipment. Casualty profiles (activities and events) were formulated
for vessel abandonment and man overboard situations. Inputs for the
simulations from data analysis results were used to establish '""baseline"
cases representative of existing commercial vessel casualty experience.
Hypothetical improvements in survival system equipment were then simulated.

Results of the vessel abandonment simulations are summarized
in Table 4. Hypothetical improvements in survival system equipment were
simulated and the results are shown in other sections of this report. The
simulation of the hypothetical improvements were significant only to indicate
that of the improvements considered (1) increased usage of group survival
equipment, (2) increased usage of personal floatation, and (3) reduced time
for rescue are likely to result in an increase in the percent saved.

Because the percent saved is already high, the simulation results were
not considered to be precise indicators of the relative extent of improve-

ment expected.
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TABLE 4. SUMMARY OF RESULTS OF CASUALTY PROFILE SIMULATIONS
FOR VESSEL CASUALTY AND ABANDONMENT

Percent Saved
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Large Fishing Vessels 91 95
Small Fishing Vessels 92 93
Passenger Vessels 96 99
Freight Vessels 92 97
Tankers and Barges -- 80
Tugs/Towboats 96 95
Platforms and Drilling Vessels 97 --
Miscellaneous Vessels 82 92
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The results of the man overboard simulations are shown in Table 5.
For the baseline case, representative of current experience on man over-
board casualty events, the computerized network simulation provided an
output of 12 percent of personnel saved. The hypothetical improvements
that wer investigated are listed with the resulting changes in the per-
centage of persons saved. The most promising types of improvements are
(1) improved retrieval capability (simulated by hypothetical reductions
in retrieval time and hypothetical increases in the percentages of persons
retrieved on short term attempts), (2) increased usage of floatation, and
(3) combinations such as improved communications (reduced percentage of
persons not seen to fall overboard) and improved retrieval capability.
It is interesting to note that simulation of improved thermal protection
without increased use of floatation did not result in substantial improve-

ments in the percentage saved.

2.6 Recommendations

There are three general areas for U. S. Coast Guard actions
recommended from the results of this study:

e Promulgate procedures and develop equipment to
reduce the occurrance and improve the survival
rate for personnel who fall overboard

e Promulgate procedures and foster equipment
developments to increase the successful usage of group
survival equipment for vessel casualty situations

® Foster innovations in commercial vessel operations
and equipment to achieve increased and faster
response of potential rescue capabilities for

vessels in distress.

There are many details associated with these general action
areas that were recognized and included in other sections of this report.
It is anticipated that it will be necessary to promote survival system
equipment improvements for various problems to achieve the desired results
of overall reductions in personnel losses from commercial vessels. Some

more specific recommendations are briefly indicated here.
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TABLE 5. SUMMARY OF RESULTS OF CASUALTY PROFILE SIMULATIONS
FOR FALLS FROM VESSEL INTO WATER

Relative
Results Increase
(Percent over
Simulation Saved) Baseline
Baseline Case 127
Improved Communications and 197% 58%
Resulting Reduced Retrieval
Time
Improved Retrieval Capability 247, 1007%
Improved Initial Alarm Method 1