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ABSTRACT

This report exandnes the nroblem of human error in
merchant marine safety. It 18 organized into two parts, with
Part I treating the conclusions and recommendations and Part II
the supportive information and aralytic techniques.

The study employz & literature review, a data base
evaluation, job descriptions, casualt - flow diagrams, and an
in-depth survey in its overall analysis.

The recommendations are aired at developing countexr-
measures against human acts of commiesion. or omission that lead

to merchant marine casualties. Recommendations arc made in 21
specific areas.
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FOREWORD 1

The Maritiwe Transportation Research Board (MIRB) has a
continuing program in merchant marine safety. This report on human
error completes a study started in 1971 in which industry, govern-
ment, and labor have cooperated. However, the greatest contribution
to the study wae that of the seamen who had the interest and took

the time to respond to the questionnaires and interviews of the study
team.

B e

There is no final solution to the quest for safety in the
. U.S. merchant fleet. Continuous evaluation 18 necessary to meet the
1. challenges of an ever-changing technology. The problems of merchant
~1 marine safety cannot be treated unilaterally by the United States.

International action ic necessary for effective accident prevention.

This study suggests actions for a foundation Lo a continu-
ing safety program for the U.S. merchant fleet. Tho MIRB hopeg thot
this program will eventually become international.

The members of the Panel on Human Error in Merchant Marine
Safety are to be ¢ongratulated for an excellent gtudy. I also wish
to express my appreciation to the staff and the review committees
for their fine work on the report. I am particularly grateful to

the Chairman of thie Panel, Mr. Barry D. Margetts, for his long and
dedicated service.

G,

RT L]

R. J. Pfeiffer

Chairman

Maritime Transportation
Research Board

s i a arikanke b e [ b b ML S ks

June 1976

45030 e LB e it e e i b & <,

v i
1

RO . i Atnkcetc Naln bbbl



;tf
F
.L
,E

YT TR RO TT CWETT TR TE TTT  os en

PREFACE

Marine casualties and their effectz, including loss of life as well
as ecological and cost congideratione, are far more serious than lg realized;
this is eapecially disturbing since at least 80X of casualti. s are related to
human error. With increasing numbhars of large veezels being built ~~ very
large crude carriers (VLCCa) and liquefied natural gas carriers (LNGs), etc,~-
early action is requirzd to avoid the potentially catastrophic results if
present casualiy trendy ccntinue. For example, & VLCC loss off the U.S. coast
could cost in the onder of $100,000,000, excluding environmental damage, while
effective countermessuren to significantly reduce casualties related to human
error can be developed and implemented at a fraction of this cost.

The Panel recognized that in mow: cases reccmmendations similar to
our own have already been made and in fact implementation may alraady be under
way. In those casee, it is the Panel's intent to reinforce that work to en-
sure its prompt and effective complation.

The Panel's recommendations are directed to the U.S. maritime com-
mynity with the hope that the United Statesg will take a position of leadership
by adopting them and striving for similar early international action.

I sincerely appreclate the comscientious contribution made tp this
otudy by all panel members; without their active participation the issues
concerned could not have been adequately addresged.

The level and scope of marine axperience collactively represented
by the Panel was impressive; In fact both ys, ~hologists, Dra. Hartlett and
Hulbert, had thc opportunity to make voyages uboard ships to observe marine
operations firsi~hand. 7T am also particularly grateful to the liaison mem-
bers for their knowledge and helpfulness.

We were extremely fortunste o have a Project Manager who diligently
kept the objective in mind an! ensured that everything necessary was completed
with a high level of competence.

To participate in a study so vital to the maritime community has
been rewarding and I sincerely hope that th: Panel's efforts will contribute
to improving safety at sea,

Barry D, HMargetis
Chairman
) Punel on Homan Error in
June 1976 Merchant Marine Safety

[
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PART T

CHAPTEL 1

INTRODUCTION

Problem

A Washington Post article on August 7, 1972, said that ships of the
world's merchani: marine were sinking at the rate of a ship a day. Thin rather
alarming statement was confirmed in Lloyd's Register of Shipping, Statistical
Tables for 1972, which showed that 377 ships of 1000 guyngs tons and over were
lost through casualties in 1971. Although the nuwber of vessels lost has de-
clined slightly, according to Lloyd's Statistics (371 in 1972 and 363 in 1973),
losses stlll average approximately one per day.

In fiscal year 1974, the U.S. Coast Guard (USCG) reported 199 deaths
and 3,388 merchant marine casualties involviug 5,413 vessels under its jurisdic-
tion. Since 1972, the USCG has recorded a 31X increase in the number of vessels
involved in merchant marine casualtiles.

The total cost of merchant marine casualties, excluding human lives
lost, has been estimated to exceed $300,000,000 per year for the U.S. ocean-
going merchant fleet alone. This cost is small, however, compared to the
potential for destruction. For instance, in December 1917, the merchant ships
IMO and Mont Blanc collided in Halifax Harber. Their hazardous cargoes
exploded and eventually : laimed the lives of 1,600 people, completely devas-
tating the city of Halifax. By comparison, the San Francisco earthquake claimed
452 l1ives.

The prospects for safe merchant marine operations in the future are
not promising. Projections of trends show that over 75,000 merchant vessels
totaling over 400,000,000 gross toms may be plying the world's trade routes
by 1980. Tf current tonnage loss ratios continue (0.35%), some 1,400,000 gross
tons of shipping will be lost in 1980.

Perhaps even more disturbing i{s the fact that vessels in hazardous
cargo carriage (tankers, chemical carriers, liquefied natural gas carriers,
etc.) are the fastest growing segment of the world's merchant marine. Tankers
constitute 42% of all steamships and motorships. Large tankers, with their
reduced maneuvorability and greater cost associated with thely casualties, are
rapidly becoming a larger percentage of world total tonnage. In 1974, therc
were 419 vessels of 200,000 DWT and over as compared with 293 in 1973. At
the same time, some of the merchant fleets that are growing most rapildly are
those with the least regulation and the poorest safety performance., ¥For in-
stance, Liberla, with the world's largest and fastest growing merchant fleet,
lost 281,931 gross tong in 1973, representing 0.567 of ity active tonnage.
This was the poorcst performance of the major maritime nations.

Merchant mariuve casualtles often result from a number of factors
involving a serieg or combination of events and ciycumstances. However, i1n
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most cases, humin error or pargonnel fault 1s a contributing, if not fundamental,

factor. According to Lloyd's Register of Casualty Returns for 1973, the great-
est number of vessel logses can be traced to groundings, collislons, fires. and
founderings, all of which invariably involve human judgment. In 1972, th-
chalymen of the Amerlcan Hull TInsurance Syndicate revealed that 837 of tue
Syndicate's claims paywents were for human-error casualties, USCC figui.ces fox
flscal yecar 1974 show that only 5% of vessels involved in casualties cilted
muterial or mechanienl failure as the primary cause. These and other data
point to the overviding importance of human performance in the operntion of

our merchant fleecis.

Concern for public safe%y, the preservation of our environment, and
the high cost of vessel casunlties make safe merchant marine operations an
important matter.

Background

The Maritime Transportation Research .ioard (MTRB) has a continuing
interest in merchant marine safety brcause of the growing national and inter-
national concern over merchant marine casualtieg.

In December 1970, a panel of the MTRB published a report entitled
Merchant Marine Saféty.“G Among the conclusions drawn by the panel was one
citing personnel fault as the mczt frequent cause of merchant marine casual-
ties. Accordingly, the 1970 study recoimended that more research be under-
taken to define and understand human error.

In October 1971, the MIRB authorized further research into the causes
of casualties resulting from human error. In early 1972, the Board formed the
Panel on Human Frror in Merchant Marine Safety.

The first meeting of the Panel was held in Washington, D.C., in
June 1972, The Panel was directed by the Board to develop a program of re-
search and training countermeasures to veduce the incidence of merchant marine
casvalties caused by human error. The Panel broadened this charge to read:
"pruviding recommendations that will lead to the development of countermeasures
against human acts of commiscion ov omission that lead to merchant marine
casualties",

The Pancl concentrated on seafarers in the oceangoing merchant marine;
stevedoring was excluded., Tts initial work included data base surveys, litera-~
ture reviews, development of cagsualty flow diagrams, and construction of job
descriptions.

Farly in its deliberations, the Panel concluded that 1t needed a more
appropriate data base on which to conduct Lte annlysis. The Panel reviewed
available informaiion on human error and decided that existing data were not
detailed enough. Vor the wost part, existing merchant marine casuvalty data
were by-products of adjudlication and did not deal cousistently with the basic
causes of human ervor. Ton fact, {n many cases, the term "human error' ox
"persoonel fault” was the most detailed information available. Furtherncre,

R
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the Panel -'as convinced that full uisclosure of the events leading to casualiles
was seldom possible in a regulatory or judicial forum.

The Panel concluded that a major doia collection program was needed,
not only to set priorities for research but also as a basis for the resezarch
iinelf. Accorxdingly, the Panel submit i« ' an interim report recommending a
comprehensive survey as a means of devr} ' primary human-error data. The
interim report was directed to the U.S. »3 itiwme Administration for action in
June 1973.

FPET [ P

b The Panel meanwhile began trlals of interview and questiommaire

. techniques on experienced licensed officers attending refresher courases at

- two union schools. The results of these surveys provided valuable background
,1 and were helpful in preparing advice for the National Maritime Research Center
‘ (NMRC) on the in-depth surwey.

o The Maritime Administration acted on the Fanel's recommendations in
March 1974, sponsoring an in-depth survey through the NMRC at Kings Point,
New York. The survey is discussed in detail in Chapter 8.

The Panel assisted the NMRC in evaluating proposals submitted in
response t0 & request for proposal. The NMRC selected Lakeview Research of
Peekskill, New York, to undertake the project. The contract was awarded in
May 1974. The Panel continued to assist the NMRC by monitoring Lakeview's
progress through July 1975, when the survey was completed.

In developing its conclusions and recrmmendations, the Panel relied
heavily on the collective experilence and judgm .it of its wembers, literature
review, job descriptions, existing and newly developed data, and analyses.
Figure 1 shows the process followed by the Panel in conducting its analysis
and in developing its re.ommendations.

Since the in-depth survey was an important if not major part of the
supporting information, the Panel calls attention to the following limitations
of that survey:

.1, The questionnaire was a self-reporting type. Sclf-reporting
questionnaires are subject o the blases of the respondent. Bias due to
amivlguity of behavioral language {(e.g., terms such as fatigue or panic) is
also a possibildity.

2. Sinecc only 25.6% of the questionnaires were returned, the response
does not weprescnt the entire population of seafarers. Rather, it is a sample
of 359 persons who voluntarily returned the questionnaire. It hao a higher
percentage of younger, better educated, personnel with higher watings than the
overall group of morchant seamen. Although thiis could be regarded as a limita-
tion, these regpondents, because of thelr education and ratings, may be more
knowledgeable and bettor equivped to observe casualfies than the typilcal mer-
chant seaman.

The Statistical Packaga for the Socisl Sciences, developcd by the }
Natlonal Opinion Rescawrch Ceoater, Unlversity .of Towa, was used for testlng the




e

T W T N WO e

TR ATy e e

Recommendations

Conclusions

In-depth Survey Project Analysis

Interim Report X

Union Schoaol Survey Analysis

Existing Statistical D.ta Base Evaluation

Casualty Flow Analysis

Joh Description Evaluation

Literature Reviow

FIGURE 1

$IUDY_INIFGRATION DIAGRAM




T T

e gz ey

VI ST

T -

-~

i o

T

-5-

data. For the reader who is interested, every reasonable statistic for each
variable has bheen computed and can be found in Volume II of the Lakeview
Research Study "Human Causal Factors in Maritime Casualty and Near Casualty in
the Unlted States Merchant Marine".%?

This study has been organized into two parts to separate the con-
clusions snd recommendations from the more detailed treatment of the supportive
information and analyses. The purpose of this geparation is to improvo the
readability and accessibility of the recommendations. Part I contains the
introduction to tire study and the conclusions and recommendations, in Chapters
1 through 3. Part II contains the literature review, data base survey, job
description, casualty flow techniques, and the in-depth survey, in Chapters 4
through 8. The school surveys are covered in Chapter 8 as a part of the
in-depth survey.
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CHAPTER 2
CONCLUSIONS

The objective of the scudy was to determine the underlying causes
of caoualtile:’ resulting from human error in the U.S. merchant marine.

Thes Panel has -elied heavily on the literature review and the in-
depth survey to arrive at its conclusions. Although they are not cited in
the narrative for the conclusions, the casualty flow diagrams and the job
descriptions helped greatly to clarify the relationship between human error
and casualty and were the major tools for developing the conclusions and
recommendations.

For the purposes of this study, the Panel has defined human error
as "the commission or orission of acts by maritime personnel that cause or
contribute to merchant marine casualties or near-casualties'.

In general, the Panel concluded that the tolerance for human ertor
{'as decreased greatly with the introduction of large, fast, and highly sophis-
ticated ships and the consequences of human error have beccme greater. While
the probability and consequences of casualties have incressed dramatically,
the means for countering human error in wvessel operations have not kept
pace.

The Pansl has concluded that 14 factors are either mainr or potential
causes of casualties or near-casualties. These factors sre listed below and
defined with a short narrative to support the inclusfon of each z8 a contri-
butor to human~errcr casuslties.

1. Inattention

Inattention 1s a lack of full vigilance to the dutles or responsi-
bility aseigned. It may be related to a condition or situation that results
ix a crew member being distracted from his primary or necesuary duty or
respongibility. Inattention was foumd to be particularly serious in v .itch-
ke 2ping.

Inactention war cited either directly a¢ indirectly in many of the
reporte reviewed. A Dunlap Associares etudy found that glowness in react-
ing to early signs of dasger suggests that conning officors would bHenefit
from practice in meeting emergency sitrations presented on a simulsator or a
trainer. Mara3 has suggested changi ; operational procederes to free the
wate on watch to puvform the collision~azvoldance tashk during perviods of heavy
workload. He als wsuggaesty that ion Limited visibility one operator is re-
quired solely for collisicn avoidance and a second for positicn fixing.

|
1
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In commenting on the collisior of the 5. S. African Neptune with the
Lanier Bridge in Brunswick, Georgia, the U.S. Coast Cuard held that the third
mate was not remiss because at the time of the incorzect rudder application
he was entering an engine order in the bell book.

Respondents to the in-depth survey ranked inatteniion first ameng
13 identfflied causes of human error.

2. Ambiguous Pilot-Master Relationship

This refers to the confriion in authority and responsibility that
often results when a pilot assume:; control of a vessel in a haivor or cocastul
sltuation.

Several references to this problem were found in the literature.
For ingtance, Madsen, Nicastro and Schumacherd3 guggested that a checklist of
information be exch: iged betw.en the pilot and master immediately after the
pllot has boarded the vessel. Thay aleo suggested that a qualified pilot-
master should assume control of long-haul vessels that are in congested pilot-
age waters. This new position would replace the conventional shiy's master
position as the pinnacle of a mariner’s career.

Confusion concerning the status of the watch officer while a pilot
ig aboard is of such importance that it receives special emphasis in the
Intergovernmental Maritime Consultative Organization Operational Guidance for
Navigational Watchkeeping’® which notes that despite the duties and obliga-
tione of a pilot his presence on board does not relieve the cfficer on watch
from his dutles and cbligations for safety of the ship.

The in-depth survey contained nur .rous responses pointing out ambi-
guities in the responsibiiities of the pilot and captain in pilotage waters.
When asked if a dangerous incident had ever resulted from a conflict between
the captair. and the pilot, 40% of those reaponding to the quaestion answered
"yes". The interviews provided nuaserous incidents of confusicn or comtra-
dictory orders from the pilot and master that resulted in casualties or
near~casualties.

3 Inefficient Bridge Design

Thigs refers to the generally poor instrumentation and overall design
of ship's control stations (bridges). Although there has bicen some progress
in centralizing bridge contyrol conscles, overall bridge design has not kept
pace with the increased control requirements for modern vessels. Efforts to
standardize on moderr bridge desilgns have been hampered by tradition and by
strong personal preferences of the owner and owner's representatives.

The literature review produced numey wus cltations of requirements
for improved bridge design and/or navigation e wipment. For instance, Mara3®
found that, during the docking and undocking opcration, it is essential that
inforration be available to the captain of a ship in a format that can be
quickly evaluated (l.e., not scattered throv jhowt the wheelhouse, chart room,
and bridge wings). Mara alsoc sugsests that equipment displays and work aspace
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required bg the mate be designed around the radar display. Volume V of the
game study” concludes that a centralized console on the bridg~ controlled by

a single, wseated operator increased the effectiveness of deck officers com~
pared with mors conventional bridge layouts. In Volume IV of the same study 3%
complated in 1969, Mara indicated that the location of controls on a zhip's
bridge is critical. 7Twenty percent or more of a deck officer's time can bhe
spent obtaining informatica or implementing action through controis.

4, Poorxr Operational Proceduras

This refers to the fallure of meny deck and engine watchstanders
to observe conaistent profeasionsl operating standards in the ccnduct of their
duties.

There were several referencas found throughout the literature om
oparational procedures. Barrow® stated that bridge organization for condi-
tions encountered was extremely informal, with duties imprecisely stated or
not stated st all. He also noted that failure to plot targets has repeatedly
been a factor in casualties between vessels equipped with radar.

In its review of the collision of the S. S. African Neptune with
the Lanier Bridge, Brumswick, Georgia, the National Transportation Safety
Board recommended that a conference be held before sailling prior to maneuver-
ing through high~riak areas,

A review of casualties in a foreign flag fleet showed that ships'
officers were spparently failing toc make af .ective use of all operational
equipmint provided for safe navigation and piloting.

The in-depth survey cited a number of instances where operational
procedures were not followed or were followed improperly. When asked 1f a
casualty had ever resulted from a failure to follow operational procedures,
26% of those answering the question said “yes". When askec why the procedure
was not followed, 32X of those anawering indicated that the seaman performing
the duty "did not want to bother",

5. Poor Physical Fitness

This refers to the lack of standards for physical fitness for key
personnel in operating positions aboard ship. High standards are neceasary
because of the strenuous requirements of some positlons and because medical
attention usually is not immediately available. It is obvicus that in key
operating positions in both the deck aad engine dapartments a high level of
physical fitness is required to emsure alertness in waitchkeeping.

Job descriptions tend to confirm the existence of long periods of
continucus work, some of which reduire a high level of physical staming and
endurznce.

The average age for operating personnel 1ln the United States Map-
chant Marine i approaching 50 snd the vange extewnds Into age 70.
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In the in-~depth survsey, 14X of thuse responding to the queation
indicated that a casualty or nesr-casualty had resulted from a sudden illness
of scmeone aboard ship. Of those responding, 31% identified the helmsman as
the person taken 1l1l. Of those responding to a question concerning excessive
height and weight, 14X indicated that those factors had contributed to emer-
gency aituations. In one interview, a captain stated that he felt many cur-
rent officers cannot move with sufficient agiiity to climb ladders and
adequately inspect hatches and hulls.

6. Poor Eyesight

Although closely asaociated with physical fitness, poor eyesight
merits individual emphasie. Obviously, in key seagoing positions where eye-
sight is essential to safe and efficient oneration, crew members should be
reaquired to pass visual acuity tests periodica 'y as a requireaent for con-
tinved employment.

Twenty~three percent of thoge responding to the question in the
survey indicated that impairad eyesight of scmeone on the bridge had been
related to an emergency condition. Of those responding to that question, 33%
identified the pilot and 25X identified the master as the individual experi-
encing the impaired eyesight.

7. Excessive Fatigue

Excessive fatigue has been defined as drowsiness or loss of vigi-
lance due to long work periods and/or lack of sleep. The job descriptions
show that some positions aboard ship require unusually long hours, particu-
larly for those 1aving both watchstanding and loading and discharging
respongibilities.

The literature review countains many references to the problems
assoclated with fatigue. Lockheed Georgials, in a 1964 study, concluded from
ivs experiments that perlods of sleep loss degrade performance. Its experi-
ments showed that the performance of subjects workiug a 16-~hour day, 4 on,

2 off, wan depressed more by an extended period of sleep loss than thav of
subjects working on a 4 on, 4 off achedule.

The Gceancgraphic Institute of thhingtnns“ concluded that Washing-
ton state pilots should have specified rest periods and should he examined
physicelly each year.

In the in-depth surviy, when seamen were asked if excegsive fatigue
had contributed to a near-casu “ty or casunlty, 31% of those vesponding to
ile question angwered "yes'. Poofiicular concern was exprernsed for the long
periods that captains and chief waies sre continuwusly on duty while docking
and undocking, transiting canals, etc. In one interview, it was said the
chief mate suffers from chronic fatigue, "he is mp when they bring the ship
in, he will work all day and will be on the anc’ :r in the evening when the
ship goea oug".
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8. Excessive Alcchol Use f

et g

This refers to the apparent high incidence of intoxication by crew
members in watchstanding or duty status.,

More than half of those responding to the questionnaire indicated
that drunkenness of a crew member, cfficer, or pilot was u factor in a casu-
alty or near-c gsualty. Also, there were numerous descriptive commenis in the | §
quedtionnaire .ad in the interviews that referred to excessive use of alcohol ’
aboard ship. The seriocusness of the prcblem is perhaps best summarized by
the response of one maater who said, "it is a rart of the code of the sca to
protect drunk officers. Some day I may be in the same situation'.
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9. Excessive Persounel lurnwver
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Personnel turncver has been defined as the movemenc of cr2w members
among varlous vessels. This is particularly common among licensed deck offi-
cers. Exceaslve turxnover leads t» many instances in which crewmen may oper-
ate vessels with which they have had 1dittle or no emperience. In the Panel's
judgment this leads to an incompatibility im the wman-machine relationship aud éw’
increases the probability for human error. :

EE Y
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There were nunssrous citatione in the literature relating o persen- ‘
3 ‘ nel turnover. Madzen, Nicastro and Schumacher 3 gugpested that sou= type of -
y i written and performance examinatfion be required of crew wenbers to demonstrats : f
: proficiency in the class and size of vessel involved. They also recommeaded Lo
5 periodic proficiency checks to naintalin iicenwves. i

! In the survey, 78% of those responding to the question felt that ‘ g
‘ there was a relationship between personnel turnover and casualties. In sev~ C
¥ eral interviews, rotary shipping and high personnel turnover were identified '
as problems. One interviewee summarized the problem: "At one time there -
were very similar shipe and very similar cargoes; men could take what they i

‘ learned from one ship to amother shijp. Handling characteristics, engine room, '
3 . and routines were all similar. Today, however, the fleets ond cargres arz

| . heterogeneous. A mate from a 500-foot ship can bid and get a 4L on &

2 900-foot ship”.

3 10. High Level of Calculated Risk

| Calculated risk is defined for this report as knowing acceptance
P of rigk in operational situations to m2et personal or corporate priorities.

: The acceptance of risk wns found by the Panel to be a signfficant causal fae-
§ tor in merchant marine casualties.

A number of Iinstances were found in the literature in wiulsh opave
atirg personnel were willing to base decisions on iwcomplete ivformavioa,
Dunlap Associlates? found that 67% of the conning officers of large vesaels
and 427 of the conning officers of small vessels made their decisiowe to
maneuvver on the basis of incomplete inforwmation, sithey about the status
of their own veusel cr the gtatug and intention of othexr vessels.
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Barrow? indicated that many collisions occurring in low visibility
are cauced by a combination of excessive speed and a failure to plot radar
targets in the vicinity.

The in-depth survey provided geveral instauces where risk taking
contributed te a casualty or a near-casualcy. For instance, when asked to
select among 12 criteria usged by companiees for grading a captain's performance,
402 of those responding to the question indicated that making schedules was
the prime criterion. When asked how companies feel about meeting schedules
in poor conditions, 50X of those responding said that there was strong pres~
sure to meet schedules. Almost all of those responding reported sailing on a
ship that they personally knew to be unseaworthy.

Perhaps the most revealing dieclosure from the interviews was that
of a company that in 1969 dropped a safety program that offered a good bonus
to tugs and crews with the least accident claims, because the program resulted
in decreased productivity and a slowdown in task completion.

11. Inadequate Lights and Markers -

Lights and markers are defined as vessel navigation lights and chan-
nel lights and markers used for navigation purposes. The Panel determined
that Inadequacies of these aids were sgignificant contributors to merchant
marine casualties. It was algo the Panel's contention that the state of the
art of maritime lights and markers is not consistent with our technological
capabllities. Conclusions on channel markers came primarily ¢rom the in-depth
interviews. Of those responding to the gquestion, 5354 saild ¢hey found that
nshore lights camoflage running lights of other vessels on clear nights.
lespondents ?ist.d range lights, channel markers, vadio communications, and
channel lighes, in that order as the navigation alJds needing most improvement.
Better and strouger lights, radar reflectors, and more and better ranges were
recwmended fur the buey heacon and light tower system along the coast of the
Unitew Stntes. Of those responding to the question, 29% said they had experi-
enced 8 casually ov aess-cosualty because & channel light fLa a harbor was
confusing or wisleading.

12. Misuse »f Radav

HMisuae of rcadar 1g defined here as a misinterpretation ov improper
vperation of radar aids. The paradox of the redav—-assisted colifsion is well
knowm and iy & peralstent problem.

In addicion to personal experience of tae Panel wmewbers concerning
the wisuse of rauday, theve wers several relevant citations in the liteveture
review, & Tink Dlvisaon, Singer General Procigion, c., study?® pubiishod
im 1969 com ‘uded that the introduction of new radar hardware has not reduced
aceidents. 1t aloo concluded that thewe was evidence that the lsck of proper
training has presentad the affective use of radar,

Mexad® gugpested that o cause o, collfsions might be that radar con-
tacts can excsed the opswator's srocessing capabilify. He alsc noted that
investigation .. collision visk based on the time vequived to detect a
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colligion course showed an 89% probability of detecting a single collision
course when only one collision course was pregsented among other targets. How-
ever, there is cnly a 38X probability that the oparator will detect the third
of three simultansous collision courses.

A proprietary study of cagualties for a foreign flag fleet indicated
that radar equipment was not being properly maintained.

It ie apparent from the in-depth interviews that the techniques for
using radar and the types of equipment used are not consisteant throughout the
U.S. merchant marine, Yhen asked what kind of radar display they preferred,
55% of those responding indicated relative motion, ship's head up; 23% indi-
cated relative wotion, north up; and 237 indicated true motion, stabilized.
Fifty~-aseven percent of those responding said they had difficulty dividing
thelr sttention hetween the radar and other bridge duties. One of the diffi-
culties in using radar is swmmarized in this response by a master: "In my
experience as a port captain, I found that radar caused more accidents than it
eliminated. Men rely too heavily on radar and fail to keep a good lookour."

13. Umcnrtain Use of Sound Signals

Uncertain use of gound signals is defined for this study as the
general failure to empley souud signals as required by the rules of the road.
Much of the difficulty 1s in the amblvalence that the crews feel for the value
of such signals and in the customary avoidance of sound signals in all but
emergency situations.

The following examples were found in the literature. Dunliep Asso-
ciates® said that many corning officers of vassele in the sample studien
appeared reluctant to change the status of their ships or to sound danger
signals at a time when such actions could have been effective. Mara3® noted
that the operator is unreliable in determining the azimuth of a given sound.

The in~depth survey confirmed the seriousness of the problem.
Thirty-two percent of those responding to the question indicated that fellare
ty uae sound signals contributed to a casualty or near~casuvalty. In rid tlon,
crews are ambivalent about the value of sound gignals, since the majox’ =i, 9%,
fecl that they are of limited usefulress. The seaman’s opinion of the wep
fulness of sound slgnals can best be summarized by this quotation by a mas. .
responding te the question: "VHF is better. Sound signals ave O.K. ay a
last resort and/or for legal protection.”

14. Inadequacies of the Rules of ihe Road

Rules of the road are considered to be inndequate when rules are a
source of, rather than a counte..easure to, human-error ~agsualties. The Panel
noted that, because U.S. rules have bean revised and are now being considered
at the interxnational level, conclusions on this subject would be prenature.

The in-depth survey showed that there is conalderable dissai.icfaction
with the rules of the voad. Of those raesponding to the question, 29% sa’d
that they had been in a sitwation where strict obedience to the rules of the
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road was a contributing factor to e marine casualty or near-casualty. Almost
half of those in the sample feel justified in deporting from the rules to meet
normal expectations and operations. One of the chief complaints concerning
the rules of the road can perhspe bewt be summarized by this quotation from a
deck officer: "Over and over again you have the rigbt-of-way, you know it's
a collision course, you uust hang on until the next to the last moment.”

Inadequate Da:a Base

*ha Panel connluded that the merchant marine casualty data main-
tained by the U.S. Zoast Guard and other government regula*ory agencies are

inadequate for casgualty analysis.

This conclusion came from the Panel's efforts to develop the neces-
sary data on which to base its analyais, conclugicng, and recommendations.

A Maritime Transgportation Req&frch Board report completed in 1973,
entitled Merchant Murine Casualty Data ', contained recommendations for a
program to improve the collection and use of merchant marine casualty infor-
mation. i suggested that a national merchant marine casualty data system be
established by consolidating existing data collections and sysiems. The
syatem should create a formal relationship between all organizations collect-~
ing merchent marine casualty data and should be designed to make the most
efficient use of available resources. The U.S. Coast Guard would be given
the responsibility to form and mansge this system.

The Panel noted thint as of this date no action has been taken on this

highly degirable and necegaary function.
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CHAPTER 3

RECOMMENDATIONS

The Panel's recommendations are based directly on the conclusions
drawn in Chapter 2. In general, they are directed to the government agencies
the Panel thought most appropriate for the action required. Specific research
is recommended where knowledge is incomplete or vhere criteria and standards
for increased regulation have not been adequately developed. In some instances,
direct action is suggested where the Panel felt that enough information is
avallsble on which tc make decisiomns and further study would be of limited use.

The recommendations are listed in priority order by categories. The
recommendation categories axe listed in priority order as assigned by a sub-
panel (a detailed explanation of the priority assigoment is given in Appendix
I1):

Categories

Vigilance

Pilot-master relationship
Bridge design

Operating standards
Physical qualifications
Vessel familiarization
Boredom and job satisfaction
Fatigue

Calculated risk

Alcohol use

Radar

Sound signals

Lights and markers

Rules of the road

Data base (not rated)

The 21 study recommendations are given in the following under the
essigned p:iority headings.

Vigilance

1. The U.S. Coast Guard should take Immediate action to require
that anti-~collision devices be installed aboard cceangoing merchent vessels
to reduce human-error casualties stemming from lack of vigiluance.

Pilot-Master Relatlonship

2, The U.S. Coust Guavrd should propose changes o leglslaiion and
regulations to resoive the ambilgaity in the authority and respomaibilivy of
pllots and mesters,
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Bridge Design

3. Experimental programs should be started by the Maritime
Administration to improve the instrumentation and desiga of vessel bridges.
For example, cockplt-type control bridges should be developed and tested on
simulatcrs. Designs with potential for incre:.ing safety should be installed
for operational testing on selected ships bedn: Luilt under subsidy.

Operating Standards

4. ‘ibe Maritime Administrat'i~a should develop programs to use its
simulator facilitins at Kings Point, New York, for experiments to develop opti-
mal bridge manning and bridge cperating procedures, by vessel type, for typical
high-risk navigational situations. The purpose of the experiments would be to
standardize operational procedures in the U.S. merchant marine.

5. The U.S, Coast Guard should formalize bridge and engineering
operating procedures for ships in the U.S. merchant marine and take action to
enforce use of these procedures.

6. The U.S. Coast Guard should develcp critcria and standards that
would include operational proficlency checks for bridge and engineering watch-
standers, either aboard ship or with simulators, for issuing and renewal of
licensas.

7. The Maritime Adminigtration should be continuously aware of the
development and evaluation of U.S. Coast Guayd cwitsria and standards for
licenzes to develop proper education, training, and vetraining programs.

Physical Qualifications

8. The U.S. Coast Guard should develop comprehensive physical
requirements, including visual aculty, by job description and vessel type
to establish physical examination criteria. The criteria should be opera-
tionally tested before adoption. Entry of women into the seagoing work force
should be considered in establishing physical examination criteria.

9. The U.S. Coast Guard should establish a program requiring
annual physical examinations for active seafarers as soon as physical exami-
nation criteria are established.

Vesgel Familiarization

10. The Maritime Administration should develop a system for quali-
fying crew members by vessel type. The program should consist of (a) needs
asgessment by vessel type and job classification; (b) development of train-
ing requirements; (c) avaluation of effectiveness; and (d) a plan for assigning
crew members to ships for which thoy arve qualified. This program should
inciude a pilot project covering a wide varlety of vesgol types and result in
recomwendations, to the U.S. Coast Guard, for regulations on crew qualifica-
tion by vessel type and job classification. This is an immediate wneed thot
should be wnt as gooi as woosible.
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11. The U.S. Coast Guard should be aware of Maritime Administration
research in vessel familiarization and fellow through by establishing a pro-
gram for qualification of key crew members by vessel type.

Boredom and Job Satisfaction

12. The Maritime Administration should pursue a comprehcnsive pro-
gram of research to increase job satisfaction, reduce boredom, and improve
on-duty performance as a means of increasing vigilance aboard ship and as a
way to attract and retain high-czliber geafarers in the merchant marine.
Research might include such ceii-aptie as job enrichment, minimizing effects of
family separation, and famlly wacceptance of job.

Eégigue

13, The Maritime Administration should conduct research into fatigue,
to include effects of duty cycles for specific tasks, physiological day-night
cycles, and chronic or long-term fatigue.

Calculated Risk

1l4. Calculated risk results from unreslistic performance require-
ments, inaccurate perception of operating conditions, or a combination of
both. In any case, where there is a gap between required and actual behavior,
research should be undertaken to reduce this gap. Such research should have
two purposes. First, a program is needed to examine the effects that per-
formgnce requirements such as rigld adherence to schedules have on safety.
Performance expectations may have to be revised in the interest of safety.

A secoend program should examine ways to improve compliance with safety regu~
lations, to increase awarenesg of general principles of safe operation, and
to imbue the crews with a commitment to sofety.

Alcohol Use

15. The Maritime Administration, together with the National Institute
on Alcohol Abhuse and Alcoholism, should undertake research to determine the
causes of, and effectilve countermeasures agalnst, alcohol and drug abusa aboard
ghips of the U.S. merchant marine.

16. U.S. operating companies and U.S. unicns should iIncrease their
efforts to control alcohol abuse by establishing procedures and enforcing
exlsting rules to discourage c¢rew members from performing duties while under
the influence of alcohol.

17. The Maritime Administration should establish standards for
rerformance, maintgnance, and use of radar to facilitate the tramsfer of
skills from ship to ship. This should be done in consultation with the
Radio Technical Commissior on Marine Services concorning ongoing research
in this aresa.
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Sound Sipnals

18. The U.S. Coast Guard should consider taking action internationally
to relegate sound signals to use in emergency situations only.

Lights and Markers

19, The Maritime Administration and the U.S3. Coast Guard jointly
should sponsor research and experiments to improve savigation aids and markers,
including navigation lights on veusels., The obicciive should be to develop
8 new genernfiion of navigation aids and improv its to vessel navigation
lights that can be recommended for internation:.. implewentation.

Rules of the Road

20. The U.S. Coast Guard should continuously review the rules of the
raoad to compare with current practice. A semiannual report of the results
0i the review should L made by the U.S. Coast Guard relating the rules to
casualty experiencz. The report should set forth recommendations for appro-
priate revisions or enforcement,

Data Base

21, The U.S. Coast Guard should move immediately on the recommenda-
tion of the Maritime Transportation Research Board report on Merchant Marine
Casualty Dota to develop a national merchant marine casualty data system.

The data from actual operations should be suppliemented with simulation data.
Accidents should be programmed into aimulators as a means of ctablishing
underlying causes.
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PART II

CHAPTER 4

'LITERATURE 'REVIEW

The Panel's first step in evaluating human error as a csuse of
merchant marine casualties was to review currently available literature. Ma-
terial was screened for facts, conclusions, and recommendations with direct
bearing on human error in merchant. marine safety.

The literature review covered materizl available through mid-1975,
including newspaper and professional journal articles where appropriate. The
material is discuseed here chronologically.

Sore of the articles reviewed refer to "large" and "small" vessels.
Not all authors wscd the same basis for this distinction, and in some cases
no definitioa of "large" or "small" was offered.

Literature dc.iling exclusively with statistics on merchant marine
casi:altles, such as Lloyd's Register of Shipping Statistical Tables, is treated
in Chapter 5 under Fxisting Statistical Data Base.

A summary of the in--depth swrvey conducted by Lakeview Research enti-
tied "Human Causal Factors in Maritime Casualty and Near Casualty in the
U.5. Merchant Marine", Volumes I, II, and III, is discussed in Chapter 8.

Human Engineering Operations Research Peisonnel Planning, Dunlap and
Associates, Inc., 1959, °

This stndy was done to assess the value of marine casualty recurds
as a spourc: of data, based on a small sample of collision records. The fol-
lowing significant polots are abstracted from the study.

Fifry-eight percent of the 26 officers in tlie sample who were con-
ning their vessels by radar interpreted the relative motion situation correctly.

Communications performance of the vess ls in the study is pooxr. Only
30% of the transmissions by large vessel:; im the sample and only 26% of the
transmissions by the small veseels warc received and understood.

All najor collislon-avoidance actions of the sampled vessels occurred
within two miles of a target vessel and not earlier.

Under conditions where initial detection was made by radar, the
vessels of the samplc made as many course changes in the direction of the tar-
get as away from it,

In 902 of the canes sampied, 8 passing agreement was wot establishod.
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Sixty-~seven percent of the conning officers. of the large vessels aud
42% of the conning officers of the small vecsels made thelr decislons to maneu-
ver on the basis of incomplete information, either about the status of their
owm vessel or the status and intentions of the other vessel.

Many conning officers in the sample appeared reluctant to change
the status of their ship or to sound danger signals at a time when such actione
could have been effective.

Slowness in reacting to early signs of danger sugeests that conning
officers should practice meeting emergency aituations in & simulator or a
trainer.

Combined Effects of Sleep Loss and Demanding Work-Rest Schedules on Crew
Performance, Human Factors Research Labor tory, Lockheed Georgia Co.,
June 1964, 10

This report describes experiments on sleep and crew performance.
The following points are abstracted from its conclusions.

Subjects working a 12-hour day (4 on, 4 off) are able to maintain
their performanice at a higher level when subjected to an extended period of
sleep loss than subjects working 16 hours per day on a 4 on, 2 oif schedule.
The imposition of a period of sleep logs degrades performance., If a period
is anticipated in which emergencies are more likely, the 4 on, 2 off schedule
: hould be nsed only with extreme caution.

Human Factors in Ship Control, Volume I, Analysis of Ship Operations,
Operator Capabilities, and Recommended Briﬁgg Arrangements, Mara, Thomas D.,
General Dynamics Corporation, January 1968,

This report was made to develop human factor guidelines for merchant
marine bridge design. The following significant points are abstracted from
the report.

It is esgential that information be available to the captain of a
ship in a format that can be quickly evaluated (i.e., not scattered thrnugh-
out the wheelhouse, chart room, and bridge wings). Information that should
be avallable in the wheelhouce and both wings includes ship speed, rudder
angle, distance from pier, pilot order, and helm response; adequate comaun*ca-
tion facilitles to all deck officers and the helm are also required.

In a docking maneuver the mate spends much of his time logging speed
changes. At night this is particularly troublesome because the task requires
a light source that can affect the dark adaptation of all persons in the wheel-
house. The report reccmmends that pilot requests for speed changes be rocorded
on data logging equipment. The task could also be sirwlified by tape record-
ing the requests for speed changes.

Some steering commands might not be heard when given by the pilot
from the wing. An intercom system belween the wings and the wheslhouse ilo
recomended to eliminate this problem.
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The degign of a station oxr operator position thet contains &all
pertinent information on ship location and status is desirable.

Information that is needed but not now availehle includes watcr
depths several thousand feet in front of the ship, the intentions of other
vessels, particularly in a multi-ship crossing situation, and passing dis-
tances of vessels when they are hidden from the ship's bow.

Coastal piloting may impose a heavy worklecad on the mate. Position
fixing plug maneuvering in traffic constitutes au cxceptionally heavy work-
load. Changes in operational procedures shoild be made to frce the wmate on
watch from heavy workloads in restricted wate.s for collision-avoidance duties.
During periods of limited visibility,twc mates or a mate and the captaiu
should be on the bridge at all times., One officer. is required solely for
colliaion avoidance and the second for position fixing.

Other equipment, displays, and work space required by the mate must
be designed around the radar scope. Collision statistics ca radar-equipped
ships indicate that decisions are not alwaye effective ir. the current system,
suggesting a nead for review of radsr navigation practices.

Refiative ard true motion displays are quite different in presenta-
tion form, yet each s recommended by experienced personnel as the better
display for the same : ‘tuation,

Vigilance is probably lower on the open sea than in restricted
waters.

Very little is known about the visual requirements for deck officers.
A further study of these capabilities is neceasary.

Regearch into sound locating capabilitieg has found that human beings
have limited ability to determine the azimuth of a given sound.

The optimal bridge design from a human factors point of view would
be a structure like an aircraft control tower with a 360-degree view. Within
the bridge, the mate and the helmsman would be seated at a console.

‘“he following eduipment would be located at the mate's console in
the optimally designed bridge:

i. Computer-aided radar;

2. Forward-searching sonar;

3. RPM control;

4. Automatic speed and course ent:sy devices;

5. Communications;

6. Navigation system and latitude/longltude reud-out;
7. Televiaion monitors;

8. Digital display unit;

9, Whistle coutrols;
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10. Speakers;

11, Ship's alarm aand 1light panel;

12, Collapsible marnual steering wheel;
13. Remote-control windows;

14, Leg microphone; and

15, Speedomster.

Human Factors in Ship Control, Volume V, Radar Utilization Capabilities,

Cocper, Kichard B., Carey, B. G., and Mara, T. D,, Ceneral Dynamics
Corporation, 1968, 5

The objective of this research is to maximize the degree of ghip
control that can he exercised from the bridgo. Abstracts of the major puints
mad: by the etudy are as follows.

A centralized console bridge, controlied by a wningle, seated opera-
tor, improves deck officer performance.

Subjects free from operational Hias (uo previous radar experience
except for training) controlled the ship more effectively when they used the
true-mction radar presentation.

Use of computer-generated target true course and speed vectoxs sig-
nificantiy increases radar effectiveness for colllision avoidance and conuing.
Electronically displayed targut labels on the radar improved conning per-
formance by providing continupus target identification.

During conditions of heavy workload on watch, a reduction in ship
speed from 25 to 15 knots led to improved detection of target threats only
vhen true-motion radar was used. When observers of relative-motion radar were
overburdened, a comparable reduction in sghip speed did not result in improved
target-handling capabilities. Targets that emerge as high-risk threats verify
that small angles of approach off the bow or stern are the most difficult to
handle.

Deck officers trained in true-motion radar should be encouraged to
use the true-motion display. Operators should be permitted to select either
true or relative motion, north-stabilized,or ship's-head-up presentations.

Human Factcrs in Ship Control, Volume IV, Simulation Tests, Mara, Thomas D.,
and Cooper, Richard B., Geuneral Dynamics Corporation, April 1969, 3"

This report describes the results of a simulation program to study
bridge equipment and arrangements. The following are some major points of
the study.

Tha design and arrangement of equipment on the bridge significantly
affect co 1 In restricted waters and in landfall. Centralizing displays
and controis In a single operator position 1s proposed to improve operatox
control. PYesition track display systcus and integrated track collision-
evoildance systems will help to control the accident rate.
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-of excessive speed and a falluve to plot cther ships in the vicinity.
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Location of controls on a ship's bridge is. critical; 20X or mwre
of a deck officer's time can be spent obtaining information and acting on it
through controls.

Ty

B R

Collision-avoidance and positicning requirements can each demand
the complets attention of ona men in restricted waters. The conning officex
is so0 busy in rxestrictsd watsrs that the bridge must bhe laid out to avoid
time loss.

The oquipment priorities derived from the "at sea" study and the
sizulation are as follows:

1, A central operator comtreol station with secondary
stations for additiomsl operators that provide
a clear view of the surroundings.
2. Autom-tic position plotters.
3. Repeatiny information displays for the wings.
4. A method or reading bearing to target and naviga-
tion markere at the prime operator’s station, -
5. A second radar on the bridge. 5
6. A tape recorder log with inscribed time line to
replaca the handwritten one.
7. An open-locp commumication system for instant
communication between bow and bridge and wings
anZ wheelhcuse.
8. Ship phones aud ship-to-shore phones at zll deck
officers’ etations.
9. Ship's apeed and course change controls located at
the wheelhouge and chart room stations.

The advanced hridge concept is shown in Figures 2, 3, and 4.
Programs Tor Analyzing and Redr:iung the Influence of Personnel Failure

on Marine Casuvalties, Paper presented at l4th Annual Tanker Conference,
American Vetyolewn Institute, Barrow, Winfred W., Capt., May 1969. 2

This paper discusses the following points about persomnel ~“ailure
fn rexchant marine casualties.

Collieiong ocourving in low visibility are caused by a combination
Erldge organizatlon for conditiong encountered vag, extremely infor-~
mal , wiith Jduties lwprecisely stated or not stafed at all.,

Failure to plot tar’  ¢s has repeatedly vesulted in casualvies ba~
tween vedsels equipned with rovluy

ROy SRS S

There ds o bigher stabllicy of operating personnal on tonkery,
especlally dn the coaotol. tuade, thaa op dry carpo vessels., This is attxid-
uted to such factows ag mmpaﬁyﬂw benefics, company imake, aad Joyalty.
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General Asrangement of Wheelhouss and Wings.

FIGURE 2
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Fvidence of this stability also appears in statistics prepared by the Marine
Index Buraau, which gshow that injury and illness frequency rates for tanker
personnel are msasurably lower than those for dry cargo vessels.

Changing Shipboard Duties and Recoumendations for Training Modern Ships'
Deck Officers, Link Division of Singer General Precision, Inc., June 1969. 26

B T N N N TR

™iis study was conducted to develop recommendations for training and
trainiag support to prepare for the changing duties and licensing concepts
for modern,ghips' deck officers. The following points were made in the report.

New radar hardware has not reduced accidents.

There is evidence that lack of proper training has prevented effec-
tive use of radar. There is a requirement for training in true motion as well
as relative motion presentations and the plotting of proper target ship posi-
tion, vector diagrams, and relative plots.

ki

Radical differences amoug duties and rcsponsibilities of ships' deck
of ficers make traditional on-the-job training uncontrollable aand outmoded.

N
A st ks

Use of simulators is the best way to train deck officers.

et

Deck officers receive insufficient refresher training, training for i)
professional advancement, and tralning for state of the art familiarization T
with new equipment and procedures. {

Merchant Marine lafety-~A Study of the United States Merchant Marine
Regulatory System, Ship Safety Panel, Maritime Transportation Research
Board, December 1970, 6

e bty

Merchant Marine Safety is an analysis of the effectiveness of the
U.S. Merchant Marine Safety Regulatory System, in which an examination is made
of duplication of rules, regulations, inspections, and approvals within the .
multi~agency system. The study also compares U.S. safety standards and per- ]
formance with those cf other maritime nations. The following is a summary. of
the conclusions and recommendations of the study.

FEENY
kst rtd

There are at least five government agerncles involved in varying
degrees in the regulation of safe design, construction, and operation of the
- U.S. merchant fleet. Each of these agencies is situated in a different de- i
partment or iIndependent agency of the federal government., They share no common § i
executive authority other than that of the President of the United States. p
Adwinistration of U.S. merchant marine safety regulation; could be made more
efficient by eliminating unnecessary duplication in regulation ond enforcement
procedures among the several government and nongovernment regulatory bodies.

Among the fleets of four coumtries studied, the U.S. subsidized 3
fleet is constructed and operated under the highest degree of safety reg:ia-
tion, followed by the U.S. unsubsidized fleet and the fleets of the United
Kingdom, Italy, and Liberia, in that order. Each of the four countries stud-
ied places some degree of rellance on classlfication societies to act on
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behalf of the government in administering and enforcing portions of its safety
rules snd regulations. Of these, the United States places the lcast reliance
on clagsification societies and Liberia and Italy place the w- .

A comparison of 7 years of partially edited ship loss records in
Lloyd’s Register of Shipping showed that, of vessels of 1,000 gross tons or
over, the United Kingdom lost fewer ships as a percentage of its active fleet
than the other three nations astudied. The United States, Italy, and Liberia
followed in that order.

E ‘ USCG casuvalty data for U.S. vessels of over 1,000 gross tons show

’ that of 14 categories of primary cause, the most frequently occurring are
errors of licensed or certified personnel and equipment failures due to normal
wear. When all primary causes of casualties to U.S. commercial vessels over
1,000 grosas tons were separated into three categories (personnel fault, equip-
ment failure, and other), persomnel fault was the most frequently occurring
cause. ﬁ

The Panel recommended that the Public Health Service, the Maritime
Adminigtration, the Federal Communications Comm!ision, and the Department of : z
labor delegate their maritime safety authority to the USCG and that all activi-~ ‘j

ties relating to maritime safety come under the direct authority of the USCG
Commandant. In addition to authorizationg already delegated, such as load line
certification authority, the Panel recommended that the U.S. Coast Guard dele-
gate to the American Bureau of Shipping the authority to perform all regula-
tory functions associated with ship structure and machinery, including design
approval, detail plan approval, inspection survey, and certification. The
Panel alsc recommended that the Coast Guard retain responsibility and authority
for all of tha safety regulatory functions such as life saving, fire control,
stability in subdivision, dangerous cargoes, casualty investigations, and
licensing, certification, and discipline of seagoning personnel.

Py

. xhecth

1 It recommended that the USCG intensify its marine safety activities [
| with respect to testiag, certifying, ond licensing personnel with the objec- :
b tive of reducing btuman error. It also recommended that the Maritime Adminis-

; tration support appropriate research in the areas of personmnel training, vessel

4 operation, and ship design, with the specific objective of reducing human error

a8 a cause of vessel casualties. o

{
3 The Panel recommended that immediate steps be taken to institute a
% uni form international data collection and analysis system with respect to
3 casualty, loss, death, and injusxy statistics. The United States should take
3 ‘ the initiative in this regard and develop a proposed system. L

Quotes from Risk Analysis of 0il Tramsportation Study, Oceanographic X B
Institute of Washington, Pacific Northwest Sea, Voivn 5, No. 4, 1972, 53

The article suumarizes the conclusions of the report on oll trang-
portation and handling by the Oceancgraphic Institute of Washington.

Historical accldent data show that human error as the basic cause or
contributor to an accident with man-machine systems universally varies from
35% to 80%. There are volumos of regulations and rules relating to a maviner's
qualifications aad certification, yet there is no regquirement to demonstrate
proficiency, elther iniltially or periodically.
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Cne of the consistent findings of the post facto investigations of
accidents by the National Tramsportation Safety Board is that there is no sin-
gle cause of 2 transportation accident of any kind.

Fox the Puget Sound Vessel Traffic System to be truly effective,
participation must be mandatory.

In view of the technolegical advances of our time, it is hard to
accept that the rules of the road are concerned with proper execution of whis-
tles.

According to court decisions, 99% of all collisions are caused by
failure to obey the rules of the road, and no one, not even an admiralty law-
yer, fully understands the rules and their various legal interpretations. The
legal interpretations could not possibly be understood by a master or watch
officer who may have only seconds to decide which rule should be applied to a
given set of circumstances.

0il Recommendations to State Laegislature, Oceanographic Instituie of

M IR PR
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Washingtcn, Pacific Northwest Sea, Volume 5, No. 4, 1972, °

This articie summarizes the recommendations of the Oceanograpliic
Institute of Washington coucerning the reduction of risk in oil transporting
systems. It recommends that Washington state pilois have specified rest peri-
oda and will be examined physically each year. Training courses for pilots
should include radar training and courses in maneuvering bulk carriers, such
as those conducted at Gremoble and Wageningen.

fviation/Marine--A Study of Contrasts, Paper presented to the 17th Annual
Tanker Conference of the American Petroleum Institute, Madsen, Nicastro,
and Schumacher, May 1972. 3

The purpose of this paper was to contrast marine and aviation pro-
cedures in sych areas as licensing, discipline, and testing. An abstract of
the major points follows.

It appears desirable to stiffen international maritime licensing
requirements to include:

1. Performance testing of some sort under both normal
and stress conditions prior to igsuing a license;
2, Perilodic proficiency checks to maintain a license; and
3. Some restrictlon as to size and clase of ship the
individual is licensed to operate, i.e., some type
of written and performance examination to demonstrate
proficiency and competence in handling the size and
class vesasel involved.

Some type of formal training should be required before sn officer
can advance in grade. For example, this should take the form of simulator,
navigation, or collision-avoidance training. Some form of periodic recurrent
training should be required to validate licenses. Thig should take the form

i i we 3K,
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of simulator training or perhaps at-sea shipboard training experiences in
maneuvering and even collision-avoidance via video tape.

Some specific operational recommendations made in the paper include:

1. Radars must be turned on in pilotage waters.

2, Position fixes must be taken and recorded at intervals
not greater than one half the time it would take to
cover the distance to the nearest shore.

Fathometers must be turned on in pilotage waters.

4. Early and continuous contact must be made with harbor

radar advisory aervices. 1

b IR —

(93]
.

E 5. Harbor and radar advisory services must be advised if {
1 it is necessary to change frequencies at any time. {
i 6. The master must check the bearing and range accuracy
of his radar in every port, as well as the accuracy

, of his Loran/Decca. i
3 1
‘ This paper algo included these more general operational recommenda- ';
E’ tions: L
E 1. Establish mandatory traffic separation lanes in heavily i

: traveled international waterways.
: 2. [Establish English as the universal maritime language.
All communications between pilot and master, pilot
? and local advisory services, and pilot and tug should
‘ be carried out in English. Radio/voice communication
& should be clearly audible to the pilot and the master.
i 3. Prepare preplanned route information for freguently
3 traveled trade routes.
; 4. Encourage national governments to place coded radar
& transponders in fixed key positions as an aid to
#? navigation in pilotage waters.
5. Encourage the development of a checklist of information
to be exchanged between the pilot and master immedi-
ately after the pilet has boarded the vessel.

Because the officers and crew of vessels in long-haul service sail
i in congested waters infrequently, perhaps a specifically trained and qualified
‘ pllot-master should assume command of long-haul vessels entering congested
EW pilotage waters. This new position would replace the conventicnal ships'
| mastexr position as the pinnacle of the mariner's carcer.

PR R ) St n e Tl e e N kit ek ot <t ditiiaini i)

Collisions within the Navigable Waters of the United States——

1 Consideration of Alternative, Preventive Measures, Proceedings

1 of the Marine Safety Council, Department of Transgortation,
U,S. Coast Guard, Volume 29, No. 8, August 1972. /5

] This article 1s a summary of a special study undertaken by the
National Transportation Safety Board to provide an overview of the problem of
ce lliglons. The following points werce discussed.
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Personnel error is the most {requently cited as the probable cause
of colligions. However, the underlying reasons for the ervor are of greater
importance when considering preveative action. There is a need for tools to
assist the mariner in coping with increasingly complex decisioans.

g 7
e D e et

A complete colligion-avoidance system provides position determination, ]
vessel identification, surveillance, rapid data processing, communications,
and decigion making. An effective vessel identification system is required.
The use of transponders in developing an accurate and economically feasible
vesscl identification system should be pursued.

L T T DT

i The rules of the road are in need of revision.

The Radio Technical Commission for Harine Services, Committee 65, is ‘
developing general standards for shipboard collision-avoidance systems.

=y

Navigation in Navigable Waters, Vessel Bridge-to-Bridge Radio Telephone
Regulations, Proceedings of the Marine Safety Council, Department of ‘
Transportation, U.S. Coast Guard, Volume 29, No. 8, August 1972, p. 161, 75 '

T R

This article reviews ameandments to the vessel bridge-to-bridg. radio
regulations. The following requirements are set forth in the amendments.

bridge~to~bridge radio teleplones. ;

2. Vessels subject to the Act will be equipped with |
at least one single channel transceiver capable

1 of transmitting and receiving.

3. Vessels with multi-channel equipment will be required
to guard the bridge-to-bridge radio telephone
frequency as well as the VHF natiomnal distwresc
calling frequency required by the Federal Communi-
cations Commission.

! 4. The regulations become effective on January 1, 1973.

|
}
! 1. These regulations require the use of vessel

i Analysis of Pilot-Error Related Alrcraft Acclidents, Kowalsky,
- Nestor B., October 1972, <V >

| This was a preliminary study analyzing the causes of alrcraft acci-
E dents from which the following conclusions are abstracted.

Of the alr carrier accldents analyzed, the largest number were
classified under man, followed by environment and machine in that order. Under
the clagsification map, crew coordination was the most frequently occurring
element, followed by experience, fatigue, and tralning in that order.

pedo s o 50

Merchant Marine Casualty Data——A Recommended Program for lmproving the
Collection and Use of Mcrchant Marine Casuslty Information, Panel on
Merchant Marine Casualty Daia, Maritime Transportation Research Board,
1973.

2 Thic 1s a purvey of existing collections of merchent marine casualty X
data aud thelr agssoclated systema. The study panel congidewved the need for ‘
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cagualty «ata and the capabililiies, costs, and beneflits associated with its
proper collection and digsemination. The report's conclusions and recommenda-
tions are directed toward collc :ting valid data and organizing existing public
and private data collections inio a national federated system. The following
prints were emphasized in the zeport.

It is difficult to collect valid information regarding a casualty
because witnesses and parties to the Investigation are concerned with their ,
personal or employer's liability. Thc¢ « 1s no well-defined plan for coordi- !
nating ccllection, processing, or analysis of merclhiant marine casualty sta- :
tistics within the government.

Most of the elements necessary for a comprehersive casualty data
system are avallable. The U,S. Coast Guard data base should be expanded to
include various indicators of personnel and equipment exposure iime and a
greater level of detail on causes of personnel fault., An improved casualty
data system is an immediatc voed that cannot wait on the prolonged period of
confusion that would be atteundant on a major shift in responsibility from one
group to another. Many persons and organizations object to the concept of
having both the casualty-investigation and data~collection fumctions in tbe
U.S8. Coast Guard. However, the alternatlve agencies appear to be less than
enthusiastic about assuming investigation, collection, and analysis responsgi-
bilities., The National Transportation Safety Board's role as an overseer of
Coast vuard investigations 1s a reasonable safeguard againgt parochial inter-
estg that might impede full and objective casualty irvestigation and analysis,
at lenst for the time being.

A natilonal merchant marine casuality data system should be established
by forming a federation of existing data collections and systems. The system
should create formnl relationships among all organi-ations collecting merchant
marinz casualty data wmd ghould make the most efflcient use of available
regources. The Coast CGuard snould Le given the responsibility to form and
manage the system.

The Coast wuard, as manager of the gy :tew, should approach govern-
ment and private collectors of merchuant warine casuvalty daia to determine the
extent and basis of their participation and to dovelop compatible means of
coumunication. In addition to its role as manager of the system, the Coast
Guard should continue to be the primary government agency for investigating
merchant marine casusliles and for collecting merchant marine casualty data.
In addi:ion, it should ke the clearinghouse and distribution center for the
system. Casualty data acquired by the USCG as well as ¢rend and pattern analy-
#es should be transmitted to the National Maritime Regeowch Center (NMRC) on
a periedic baslis. The NMRC should periodically disseminate fts research find- _
ings to the maritime community. |

Upon egtablishing a national system, the U.S. Coast Guard shoald :
work iu the Intergovermmental Maritima Consultative Ovganiszatioa (IMCO) for ;
an intermational system that corresponds to the level of dotall of the U.S. ~
syster.
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Basic Principles and Operational Guidance for Navigational Watchkeeping,
Proceedings of the Marine Safety Council, Department of Transportation,
U.S. Coast Guard, Volume 31, No. 9, September 1974, p. 176.

This article describes IMCO's efforts to strengthen and improve stan-
dards of training and professional qualifications of mariners,

The Maritime Safety Committee of IMCO established a Subcommittee on
f- dards of Training and Watchkeeping in 1971, Ammex A to the Subcommittee's
roport 18 e.titled "Basic Principles to be Observed in Keeping a Navigational
Watch" and containg the Subcommittee's recommendations on this subject., The
recommendations are advisory in nature and may become the subject of an inter-
national confercnce tentatively scheduled for 1977.

5 basic principle of Annex A is that a master is bound to ensure
that watchkeeping arrangements are adequate. It recommends that the watch
system provide sufficient rest for the watchstanders to avold fatigue.

Navigation and look-out standards are also included in the Annex.

A Study of Tanker Total Losses, 1964~1973, McKenzie, Arthur, Tanker

Advisory Center, October 1974. "%
This survey of tanker losses makes the following podints:

Human factors appear to be the dominant cause of strandings, col-
lisions, and fires in the cargc tanks. Maeters of tankers should be required
by law to conduct drills at least monthly for officers and crew on the causes
and prevention cof fires in cargo tanke and engine rooms. Courses of inatruc~
tion in these subjects sultable for shipboard use should be igsued to each
tanker by the appropriate regu.atory agency.

Every offlcer and crew of a tanker should be required by law to
attend a government-approved fire-fighting safety training course to learn the
correct usc of each plece of shipboard fire-fighting equipment.

Thirteen Minutes, Proceedings of the Marine Safety Council, Departmeni:

of Transporiation, U.S. Coast Guard, Volume 31, No. 10, October 1974, /®

This article reviews collisicn of the 8. S§. African Nepture with the

-Lanier Bridge in Brumswick, Georgla. The article makes the following points:

The investigators found the cause to be the helmsman'c error in
applying right rudder to & "left rudder" order. The lapse in time between the
incorrect application of rudder and the time it was detected was a contribut-
ing cause, Fvidence of megligence in the helmsman's actions was found. -

The ¢hird mate was not held remisc because at the time of the incor—
rect rudder application he was entering an engine order in the bell book.

The National ransportation Safety Board noted that the wheelhouse
arvangemmnt prevenied eilfective wonltoring of the helwm,
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The NTISB recommended that a pre-saill conference be held prior to
maneuvering through high-risk areas.

Status Report on Merchant Marine Licensing Examination Program,

el Sl LA S

Proceeilings o7 the Marine Safety Council, Department of Tramsportation,
U.S. Coast Guard, Volume 31, No. 10, October 1974, 76

This article summarizes the Coast Guard's experience in introducing
a new type of licensing examination for second and third mates and second and
third assistant engineers. Some highlights of the article are:

The Coast Guard recently changed its testing procedure from an
egsgay-type examination to a multiple-choice test. Examinations for master,
chief mate, and chief and first assistant engineer are also under revision.
The new test items were written by licensed officers.

Muring the phase~in period, the candidate had the option to be
reexamined with the superseded essay-type exsmination if he failed on his first
attempt with the new multiple-choice test. Early results indicated that
approximately 50% of those tested with the multiple~choice eéxamination attained
passing scores. Another 25% of the total candidates have received licenses
as a result of exercising the option to be retested with an essay-type examina~
tion. The passing rate on previous examinations was around 75%.

Future dovelopments in the maritime industry, as well as research
conccrned with human error presently under way, may well dictate the need for
including proficiency demonstrations as a prerequisite for certain licenses.

Operational Guidance for Navigational Watchkeeping, Proceedings of the
Marine Safety Council, Department of Transnortation, U.S. Coast Guard,
Volume 31, No. 10, October 1974, ’

This article reviews IMCO's progress in establichin: new standards
of watchkeeping and training. Some of the report highlights are the follow-
Ing:

In early 1970, an IMCO working group urged that steps be taken to
strengthen and improve standards of training and professional qualifications
for mariners. A Subcommittee was established in October 1971. The recommenda-
tions are advisory but may be the subject of a conference tentatively scheduled
for 1977. Annex B to the report of the Subcommittee on Standards of Training
and Watchkeeping provides operational guidance for officers im charge of a
navigatic watch.

Guldance covers taking over the watch; pericdic checks of naviga-
tioral equipment, sutomatic pllot, electronic navigational aide, echo sounders,
and navigational records; radar navigatlon in coastal waters, clear weather,
and restricted visibllity; calling the master; navigation with pilot aboard;
watchkzeping personnel; and ehip at anchor.

The section concearning navigation with the pllot aboard states that
despite the duties and obligations of a pllot, hils prescnce on hoard does not
relieve the offiecer of the watch from hile dutleg.
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IMCO Recommsndations for Vassel Pérdonnal Handling Hazardous Materials
: in Bilk, Preceedings of the Marine Safety. Council, Departmeit of
Tranapos%gtion, U.S. Coast Guard, Volume 32, No. 2, Februaxry 1975,
p. 29.
This article reviewa IMCO's progress toward improving sta.dards of
training and professional qualifications for handling hazardous mate.ials and
noxious chewicais in bulk. The article makes the following poiats:
; In early 1970, an IMCO werking group urged action to strengthen and
; improve standards of training and professional qualifications of mariners.
’ This recommendatiorn was prompted by the rise in maritime cacualties and pollu-
tion. The Maritime Safety Committee of IMCO has made recommendationz on train-
ing and qualifications of pasrsonnel handling hazardous chemicals in bulk. An
international conference un the subject is tentatively scheduled for 1977.
The public will be given an opportunity to exprese its views before these
recommendations will be implemented in the United States.
IMCO's document recommends that administrations require officers and -

4 ratings to undergo special trainming and complete minimum periods of service on
suitable ships to qualify in cargo operations. It also recommends training

in elementary physics, chemistry, and toxicity, as well as in the hazards
associated with handling volatile and toxic materiils.

Amendment to Regulations (Maneuvering Characteristics), Proceedings of
: the Marine Safety Council, Department of Transportation, U.S5. Coast
S Guard, Volume 32, No. 3, March 1975.

This article announces amendments to f( leral regulations concerning
maneuvering characteristics, setting forth the following requirements.

Maneuvering information must be displayed in the p!lothouse on ocean
| and coastwigc tank ships of 16,000 gross tons or over. Infoimation must be

| displayed on full and half speed, turning ci-cle diagrams to both port and
starboard, time and distance to stop from half and full speeds, speeds at which
| auxiliary devices such as bow thrusters are effective, and other information.

- Maneuvering information must be provided for normal and ballast conditions for
various combinations of weather, current, and hull conditions.

IMCO Urges Trial Use of Standard Marine Navigational Vocabulary,
Proceedings of the Marine Safety Council, Department of Transportation,
U.S. Coast Guard, Volume 32, Ne. 3 to No. 5, March, April, and May 1975.77

This is an article on difficulties in intexnational marine communi-
cations. It makes the following comments.

The International Telecommunications Unlon, ir 1974, deslgnated
Channel 16 as the VHF-FM Imternational Distress Safety and Calling Frequency.
In U.S. inland waiers, the Bridge-to-Bridge Radic Telephone Act of 1975 requires
ships to be capablie of transmitting ead receiving on Channel 13, also.

! The last wajor obstacle to effoctive ship-to-ship commmwication i8
the language baryier between ship's evews of differing notionalities. The
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Maritime Safe‘y Committee of the Intergovermmental Maritime Consultative
Organization (IMCO) has developed a standard marine navigational vocabiiary

for use on a trial basis. After concluding that the English language is the
closest to a univergal tongue among the world's mariners, the working group

of : ICO has drafted a glossary of standard nautical terms and phrases in
English to be ueed in all ship~to-ship communications. A standard vocabulary
will also allow non-English-speaking watchstanders to communicate phonetically.
IMCO has asked all member governments to conduct trials of the vocabulary and
the U.S. Coast Guard has asked that the vocabulary be placed in handy reference
for use on U.S. ships. The use of the vocabulary is not mandatory.

Use of Merchet Marine Radar by Deck Officers, Mara, Thomas D., Paper
presented to i.e Federal Come mmications Conmi’ssion and the Radio Technical
Commission for Marine Servicis, March 29, 1968.

In this paper, Mara discusses the use of radar by deck officers in
operating merchant vessels. Mara concludes that a cause of collisions might
be that the number of radar contacts has exceeded the operator's processing
capabilities. Investigation of colligion risk based on time required to detect
collision courses ghowed an 89% probability of detecting a single collision
course when only one collision course was presented among other targets. How-
ever, the probaiility of the operator's detecting the third of three simul-
taneous collision courses is only 382,

Casualty Review of Foreign Flag Fleet (because of the proprietary
nature of this study, neither the sponsor nor author can be revealed
nor can the nationality of the fleet be identified).

Some 75 casualties were analyzed from the year 1970, with the
following conclusions.

Most collisions and groundings occur during twilight hours, with a
high incidence of collisions and groundings during the chief or first mate
wat es.

When analyzed by nationality of the officer on watch, officers of
one national extraction showed a high incildence of collisions, while those
from anothey showed a hizh incidence of groumdings.

Exceasive reliance is being placed on lycal pilots.
Ships' officers are apparently not making effective use of all

operational navigation and piloting equipment provided. Radar equipment is
not being properly maintained.
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CHAPTER 5

EXISTING STATYSTICAL DATA BASE

Previous MIRB reports have diecussed the statistical dsta base for
mexchant marine casualties in sowe depth. A 1970 report entitled Merchani
Marine Safety“® and a 1975 report entitled Merchant Marive Casualty Data S
cited numerous deficiencies in data with particuler emphosis on lack of usable
personnel-related information,

The 1973 report recommended that a National Merchant Marine Casualty
Data System be establigshed by forming a federation of existing data collec-
tions and systems. It further recommended that the systems, which would be
under USCG management, include indicatora of personnel and equipment exposure
time and a greater level of detail on the causes of personnel fault.

To date no significant aciion has been taken to improve the data base
at the federal level. The primary sources of casualty information are etill
fragmented and incomplete. For purposes of this study, four data collections
are reviewed: Lloyd's Statisticei Tables, the U.S. Coast Guard Annual Statis-
tics of Casualties, the Marine Index Bureau's Statistical Analyses, and the
U.S. Department of Commerce Seamen's Fmployment Analysis.

Lloyd's Register of Shipping Statistical Tables constitute the major
source of intermational casualty statistics. Lloyd's provides no personnel
statistics, however. For purposes of this study, they have been useful only
in evaluating the overall safety performance of the U.S. merchant fleet.

According to Lloyd's 1974 Statistical Tables, the U.S. merchant marine
loat 21 vessels (100 gross tons or over) for a total of 30,940 gross tons dur-
ing 1973.% This loss is 0.21% of the total U.S5, merchant fleet tonnage. U.S.
safety performance ranked behind that of 14 other countries listed by Lloyd's.
Among the traditiomal maritime powers, the United States ranked behind Great
Britain, France, Germany, Japan, Netherlands, MNorway, USSR, and Sweden. Of
the major maritime powers, Liberis, Greece, Italy, and Panama showed pocorer

. perforiiance.

U.S. merchant marine safety performance can be seen in perspective
in Figuxe 5, which sbows the percentage of tomnage lost by the seven largest
maritime powers (Liberia, Japan, Great Britain, Norway, Greecc, USSR and U.S.)
from 1967 to 1973. The performance varles from year to year, with the United
States registering a good performance in 1978. The U.S. performance, vwith
peaks in 1969 and 1971 and valleys in 1970 and 1972, closely resembles that of
Liberia, Norway, and Greece; Japan and the United Kingdom reglster somewnat
of a counter-trend.

- :
Lloyd's Reglater of Shipping, Statistical Tables 1974, November 1974, p. 7l.
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Lloyd's Statistics show that in the period 1967 to 1973 Great Britain
) loat 78 vessels totaling 175,732 gross tons, compared to a U.S. loss of 108
> vessels totaling 246,072 tons. During this time, the United States hae operated
‘ a smaller merchant fleet than that of the United Kingdom in both numbers of
ghl s and total gross tonnage.

Since human error is the largest single cause of merchant marine casu-
alties, it might be concluded from the Lloyd's Statistics that U.S. crews do
not perform as well as those of the United Kingdom.

The USCG Annual Statistics of Casualties are publisiied each year in
the January iasue of the Proceedings of the Marine Safety Council. They con~
stitute the major source of U.S. casualty statistics. The data are compre-
hensive but difficult to apply directly to human-error analysis because of the
way they are categorized, usually by a single cause.

Ny

1
&
4
3

Any absolute reliance on these data assumes that all casualties are
reported, all are correctliy categorized, and estimates are accurate. These
criteria are rarely met in any data base and are subject to.question in this
case. For instance, the USCG admits some inconsistencies and is particularly
concerned about dollar loss estimates. There is rarely only one cause for a ;
casualty. Normally a chain of causes can b2 traced and assignwent of a single !
cause is a highly subjective judgment. :
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Table 1 is a comparison of various types of vessels, casualty loca- ’
tions, und casualty costs resulting from material failure. It is assumed that
3 most casualties not classified as material failure invelve some element of !
3 human error. Therefore, Table 1 gives an indication, by inference, of the
magnitude and incidence of casualtiea relatid to human error.

2 et e T B b kil

Items 1 and 2 in Table 1 show the number of casualties and the num- ;
ber of vessels., A casualty, such as a collision, may involve two or more ves- P
sels, and therefore the number of casualties is less than the number of ships o
: involved. Since the conceran is with crew performance aboard ship, the vessel D
: figure is more meaningful. In the vessel category, the 152 material failure :
3 suggests that 857 of the casualties may have involved some type of human error. o
| This figure is comsistent with a 1972 estimate that 85% of the amount paid :
f% out in U.S. insurance claims annually was related to human failure52

Perhaps the data on vessels totally lost are thn most meaningful. )
The loss of a vessel rarely escapes reporting, and these ¢ota, although com- i
prising relatively few vossels, exclude minor groundings and machinery mal-
functions, The 162 to 18% material casualtles for FY 1974 tend to support the
reneral estimate that 85% of merchant veesel casualtles are human-cryor caused.

1? ‘ Cormnrison of items 18 to 23 im Table 1 confirms bellefs that human i
: cwror 18 mor. prevalent in inland operations than off shore. 1
@ 3
y Other possible concluslons that might be drawa freri Table 1 are that E

larger ships are moxe likely than smaller vesgels to be involved in humsn-erwor
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TABLE 1

MATFERIAL FAILURES IN
MERCHANT MARINE CASUAILTIES

USCG Annual Statistics of Casualties FY 1974

Number Percentage ;
Attributed Attributed !
. Total to Material to Material
; Category " _Number - Fajlure =~ Failure
'l 1. Number of casualties 3388 756 227
: 2, Number of vessels 5413 820 15%
3. Number of inspected vessels 1763 . 338 19%
4. Number of uninspected vessels 3650 482 13%
5. 1Inapected vesgsels totally lost 54 9 162
6. Uninspected vessels totally lost 298 55 18%
7. Foreign vessels 288 16 05%
8. Inapected freighters 488 148 302
9. Inspected tankers 210 58 282
10. Uninspected tugs 1395 87 06%
11, Vessels over 10,000 tons 711 155 22%
12, Vessels 1,000 to 10,000 tons 951 9% 10%
13. Vessels over 500 feet 848 i89 22%
14, Vessels less than 10 years old 2210 302 14%
15. Vesagels 10 to 20 years old 1209 163 137
16. Vessels 20 to 30 years old 915 156 17%
17. Vessels 30 years and over 1079 199 18%
18. Atlantic Ocean casualty 168 55 332
19, Pacific Ocean casualty 371 187 502
20. Gulf Ocean casualty 136 45 352
I 21. Inland Atlantic casualty 603 87 142
1 22, Inland Gulf casualty 659 85 132
5 23. Inland Pacific casualty 476 157 337
T 24, FEstimated loss (vessel)
rl i x 1000 $101,090 $14,779 15%
[ 25. Estimated loss (cargo)
x 1000 $ 12,287 $§ 786 062
; 26, Estimated loss (property)
‘ x 1000 $ 41,272 § 746 02%

27. Total estimated loss :
x 1600 $154 ,649 $16,311 11% ;
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accidents (items 10, 11, 12, 13) and that vessels in the 10- to 20-~year-old
category have the lowest percentage of material failure (items 14, 15, 16, 17).

The Marine Index Bureau is a commercial depository for illness and
injury data on personnel in the U.S. merchant marine. The Bureau publishes a
statistical .ralysis of these data. The March 21, 1975, snalysis stated that
"employment aboard deep-—sea U.S. flag vessels reached a 50-year low in 1974".
In 1974, there were, on the average, 24,900 seafaring jobs. In 1925, there
were 56,600 seagoing jobs, and in 1945, the peak during World War II, there
were 161,000 seagoing jobs. The analysis shows that as job totals decline
the rate of reported illnesses and injuries rises.

For 1974, 1llness and injury affected 68.1% of the seagoing work
force. The most numerous illnesses reported were respiratory infections (5.562
of the seagoing work force), gastro-intestinal (4.39%), arthritis (2.54%),
skin (2.24%), and teeth (2.13%). The most prevalent injuries reported in 1974
were contusions, etc., to extremities (9.57% of the seagoing work force), back
sprain (6.47%), extremity fracture (4.85%), and head contusions (2.49%).

Reported injuries by type of accident were 13.9% falls on the same
level, 13.1% assault or altercation, 12.5% slip (not fall) or overexertion,
12,2% struck by an object, and 11.8% foreign hodies in the eye.

Of particular interest to this study are the data in Table 2 on
psychoneurosis, epilepgy, alcoholism and drugs, suicide, and faintimg or
dizziness. . L .

TABLE 2 : j

. SELECTED STATISTIC. JN THE
HEALTH OF THE U.S. SEAGOING WORK FORCE

Percentage of all Ratings

Category No. of Cases 1974 of Total Work Force % &

Deck Engine Total all { ;

Officers Officers ‘Ratings = 1970 1971 1972 1973 1974 oy

Paychoneurosis 8 15 235 1.16 0.90 0.83 0.88 0.94 é 2
Fpilepsy 3 2 39 0.14 0.10 0.13 0.12 0.16 i

Alcoholism; drugs 3 4 47 0.34 0.19 0.23 0.20 0.19 I3
Suicide 0 1 2 0.03 0.02 0.01 0.05 0.01 g
Fainting; dizziness 5 17 194 0.77 0.60 0.69 0.7 6.78 :

AL R e e i Al AT

Statistics held by the U.S. Department of Commerce, Office of Mari-
time Manpower, on average ages of seagoing personnel ars particularly pertinent
to this study. As Table 3 shows, the average oge for all major categorles i
continucs to climb and is approaching 50 years in each majoer job category. §
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CHAPTER 6

JOB DESCRIPTIONS

To gain a proper understanding of human error in the merchant marine,
it was necessary to develop a clear and consistent description of the various
types of work aboard ship. Although most of the Panel members had some form
of shipboard cxperience, they.needed job descriptions as a starting point for
examining the sources of human error.

Job descriptions for merchant marine activities have been documented
in meny forms and levels of detail. Many are vague and the data seldom include
exposure time, Tt appeared to the Panel that, if there were to be any apprecia-
tion of the opportunity for human error, some measure of exposure was required.

A payroll automation project undertaken.by MTRB4* in 1968 was studied
by the Panel as a possible source. of data on hourly exposure by tasks. From
these data, a typical work routine was restructured for 25 jobs over a 12-day
coastal voyage on a 37,000 DWT tanker with a crew of 37. This material was
then organized into the job descriptions given in Tables 4 through 9. Because
the job descriptions were taken from payroll data, the hours may be somewhat
inflated. For instance, excused absences are paid time in which work was not
actnally performed. Also, in some cases a full hour might be paid for less
then a full hour's work. The tables list work routines for six jobs, i.e.,
licensed deck, unlicensed deck, licensed engineer, unlicensed engineer, radio,
and stewards. The licensed deck jobs exclude the master but include the chief
mate, the 2nd mate, and the 3rd mates. Table 4 shows that in this case the
chief maie's position included watchetanding. When excused absences are de-
ducted from the total lours pald, the chief mate was working more than 12 hours
a day on widely varying tasks, In addition to watchstanding, the chief mate
supervised cargo stowage snd tank cleaning and tended to administrative matters.
The 2nd and 3rd wates worked approximately 9 hours per day after excused
absences are deducted. Their primary duties were watchstanding, with some time
vorked on cargo stowage and discharge.

The unlicensed deck jobs aboard the tanker were ordinary seaman (08),

.able~bodied seaman (AB), and boatswain. Examples of these jobs in Table 5 show

that all wnlicensed deck personnel were assigned maintenance tasks, including
chipping, painting, and cleaning. In addition, some of the jobs require watch-
standing, with some sen standing watch and performing maintenmance tasks simul-
taneously. Ezxcluding excused absences, the watchstanders on average were paid
for wore hours per day than the day workers. The ABs aboard shiyp rotate as
helnsmen and therefore serve a key conning function. Tn the examples provided,
the quartermaster, sble-hodled seaman (QM/AB), and the able-hodied secaman (AB)
were pald approximately 14 and 12 hours per day respectively.

The licensed eagineering jobs aboard the tanker included the chief
Do shown dn Table 6,
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the routine watchstanding duties are covered by the 2nd and 3vd amsisteit
engineers. The chief engineer averaged approximately 8 hours per day pui-
warily in supervisory functiomns. The watchstanders also perform maintenance
and repalr work.

The unlicersed engineering jobs aboard the tanker are the chief
pumpman and 2nd pumpman, enginemzn, and wiper, as shown in Table 7. The
engineman is the primary unlicensed watchstander.

The radioman averaged 11.1 hours per day in the example shown n
Table 8.

The steward's jobs are all maintenance and hotel functions. Job
descriptions for the chief steward, chief cook, 2nd cook, galleyman, measmemn,
and utilities are shown in Table 9.

Overtime provisions in maritime labor contracts provide an incentive
for long work hours aboard ship and in some cases the number of overtime hours
worked are at the discretion of the individual, consisteut with sound manage-
ment and supervision.
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