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INTEGRATING ENVIRONMENTAL IMPACT INTO FUTURE
TANKER DESIGN PHILOSOPHY

Henry S. Marcus, Professor of Ocean Engineering, Massachusetts Institute of Technology

BACKGROUND

The grounding of the Exon Valde:
focused attention in the United States and
much of the world on the problem of vil
spills from tanker accidents. The passage
of the Ol Pollution Aat of 1990 in the
United States, concem in other countries,
and recent acinities at the International
Maritime Organization (IMO) of the
United Nations are leading the way to
finding new proceduresto use inthe tanker
design process. Howewer, the author feels
that what is also needed 15 a wew design
philosophy. Elements of this philosophy
v wu include concern for all categories of
ot spills from tanker accidents. more em-
phasis on performance criteria greater use
ol probabilistic applications of data bases,
and an ongoing comprchensive rescarch
programme. The IMO Comparative
Tanker Design Study is bricfly mentioned
in this paper as a prime cxample of an
activity moving in the direction of such a
new design philosophy.

Professor John Harrald of George
Washington University has studied the
evolution of regulatory safety concerns and
has produced the diagram shown in Ex-
hibit 1. Although naval architects have
designed ships for many hundreds of vears,
the idea of explicitly studving the impadt of
ship design on oil spills from tanker aca-
dents is relatively new. Professor Harrald
feels that the Tomev Canvon accident in
March 1967, spilling more than 100,0X)
tons of crude oil into English coastal
wale,s, represents a turning point in
mantime history. Since this time the focus
of manitime safety regulations has shifted
from concern about the safety of the ship
(and its personnel and cargo) to concern
for the external safety and environmental
impacts caused by a release of the cargo.

Since the Torev Canvon accident,
many international and national initiatives
have taken place which reflect this shift in
concern, The IMO Conferences of 1973
and 1978 together produced fundamental
changes in the way tankers arc designed
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and operated. However, the high leved
of research activity in the 1970s did not
become a major international ongoing
activity through the 1980s. Recent
cvents have again turned attention to
the design of tankers to avoid oil spills
from accidents. While this objective is a
noble one, the ideal design approach is
not obvious. An important aspect to be
considered is the different types of ac-
cidents, or scenarios, that may result in
oil spills.

DIVERSITY OF TANKER
ACCIDENTS

There is no “typical” tank vessel acadent
seenario that keads to pollution. Nonethe-
less a general understanding of the causes,
nature and consequences of accidents
should aid in sclecting the measures most
useful in preventing or reducing pollution.

The number and volume of major ac-
cidental spills from tanke s have decrcased
significantly during the last decade. Tanker
accident rates - collisions, groundings, fires
and cxplosions, structural failures and
other incdents causing loss of life and or
polletion - were particularly high from 1976
o 197 before retuming to a lower fewel
throughout the 1980s. However, the
volume of oil spilled continued 1o vary an-
nually.

The rate of serious casualtics to oil and
chemical tarkers (6000 GRT and above,
roughly cquivalent to 10000 DWT and
above) reported by the IMO) was 1.92 inci-
dents per 100 operating tankersin 1988, An
analysis by the National Academy of Scien-
ces (NAS) Committee on Tank Vessl
Dsign, comparing the number of serious
casuakiics worldwide for the same tanker
population and the cstimated metric ton-
miles of scaborne trade for crude oil and
products, shows a relatively steady decline
in tnis ratio between 1983 and 1988 (as
presented in Exhibit 2).

The vast majority of casualtics do not
result in pollution, Only 5 per cent (S18) of
the accidents reported in an assessment of

9.276 accidents resulted in oil outflow
(Llovd’s Register of Shipping, 1990).
{In 18 per cent (1.701) of the cases in-
formation was insufficient to determine
whether pollution had occurred.] At
the request of the NAS committee,
Llovd's analyzed its database of casual-
ties resulting in outflow greaver than 30
tons from tankers 10,000 DWT and
targer. The results, covering 370 pollu-
tion-rclated accidents. are broken
down by cause in Exhibit 3. These data
show that worldwide ground-
ings ‘strandings and collisions ram-
mings (contact) cause roughly equal
numbers of major pollution incidents
(thosc resulting in spillage of more than
30 tons, or approximately 104060 gal-
lons) for tanker sizes considered by the
NAS committce. This finding 1s also
vahd when considering spilled volume.

US Verus Borldwide

In US waters, for tankers over 100600
DWT. grounding events clearly dominate
interms of both numbers of accidents, and,
particularly, volume spilled as shown in
Exhibit 4. This should be no surprise in
view of the shallow access 10 Gulf of
Mexico and East Coast ports. Examples of
shallow-water groundingsinclude the Ao
Merchant in 1976 (approximately 25,000
tons outflow), the Ahvenuy in 1984 (7,389
tons outflow), the Esso Puerto Rico in 1988
(4,050 tons) and the American Trader in
1990 (97510ns). These groundings account
for a large portion of accidental spills from
tankers that have occurred in US waters
since 19%).

Compared to worldwide spillage from
major pollution incidents, major oil spills in
US waters are relatively low in volume,
whether measured in terms of thousands
of metric tonnes as presented in Exhibit §
or in terms of pereentage of world volume
as shown in Exhibit 6. The years 1982, 1984
and 1986, when particularly high or
average US spillage coincided with un-
usually low world spillage, arc exceptions
to this. There is no evidence of a corrcla-




tion between US and world losses.

The cmratic nature of pollution is also

illustrated in Exchibit 7. A few very large spills
dominate the total outflow, comprising near-
Iy 95 per cent of spallage, but they comprise
less than 3 per cent of the events. In addition
10 the major groundings noted previously,
the 13-year US recond s influenced strongly
tw 1hc Bumah Agate (19M), the Puerto
Rican (1983), the Georgia, and the Obrmpic
Glory (both in 1930). The record of outflow
from smaller spills (under 30 tons or 10,00
gallons) in US waters shows significant im-
provement since the 19 and has remained
relatively constant, between 0.1 and 02
thousand tons, sincc 1953,
Since 1984 the total annual volume of small
spills has been less than S per cent of the
major spills. However, the reverse has been
true regarding the number of incidents: On
average, there have been over S times as
many spills as major spills.

The few but calamitous large spills, such
as from the Exxon Valdez, emerge dearly
from the statistics, but the smaller spills that
are not among the top 50 may ako have
significant environmental consequences. In
1989 and carly 1990), four tanker spills over
2A00M) galkns (equivalent to 650 tons of
crude, or 600 tons of fucl oil) occurred near
the continental US coast. These received
much public attention and were noted by
Congress prior to passage of the Oil Pollu-
tion Act of 199). These spills were:

o The World Prodigy, which grounded and
spilled ) tons (also reported as high as
1,365 tons) of light fuct ol off southern
Rhode Island in 1989. Fortunately, most
of the ol evaporated quickly, but some
local environmental damage was sus-
tained

® The Presidente Rivera, which grounded in
the Delaware River near Marcus Hook,
Pennsybvania, in 1989 and spilled ncarly
N0 toms of fuel oil. Local emironmental
damage was sustained.

o The Rachel B, which collided wath a coas-
tal towed barge and lost more than 800
tons of partially refined crude in the inter-
section of the Houston Ship Channel and
Bayport Ship Channcl.

o The American Trader, which grounded
onc mile off of Huntington Beach, Califon-
nia, n 1990 and spilicd an cstimated 1,200
tons (15,000 gallons) of bght aude. Whike
over a third of the ight Alaskan arude oil
was recovered, local pollution and beach
damagr was sustained.

o The B Nautibies, which grounded in the
Kill van Kull waterway, New York Har-
bor, in 1990, and spalled over A0 tons of
fucl.

s Anather acadent demomstrated how a
spall smaller than those listed (23) tons)
may be damaging. capture the public at-
tention and cause mternatonal repercus-
sions when occurnng in an cookogcally
sensitive arca. In 14988 the barge Nesticca
was struck whike under tow on Puget
Sound, and the hull was breached. The
released od, which floated inshore and
affected beaches and shorelines in
Washington, reached well along the coast
of Vancouver Island, Canada, and caused
significant short-term shoreline damage
over much of the island and adjacent
Puget Sound arcas.

These accidents underscore the need to
consider, when developing new design and
condition of vessels (and their arcas of
operation) cngaged in the brisk import and
cnastal petroleum trade.

Vessel Size and Age

The IMO) database for the world tanker fleet
provides a farge sample of incidents, both
polluting and non-polluting, inmost accident
categories to offer some valid msight about
accidents and tanker charactenistics over a
15-year period ending in 1958,

The size of the tankers most common in
US waters — 50000 to 100000 DWT - is
within size range of the worst overall
workdwide casualty rate of all sive categorics
hased on IMO) data. The casualty rate for
collisions and groundings for this size range
is about cqual to that for all tankers, but the
rate for fires/explosions cxceeds the average
by 33 per cent (a rate of 0.76 per 1) ships
per year compared (o 057). Unfortunately,
data rclated to many firc and explosion
causcs are cither lacking or inconclusive.

There is some evidence of a link between
vessel age and serious casualtics: older ves-
scls have more accidents, particularly
fires/explosions and structural/machincry
damage, However, the rate for oollisions is
relatively constant for all age groups. There is
noclear cvidence of alink between the rate for
cargo-related oplosions (range 0,18 - (0.25)
and ship age betwoen S and 25 years,

Safetv of Life
Fircs and cxplosions arc the major ac-
cidental causc of injurics and death aboard

tankers. Any constderation of tank ves-
sel hull design configurations and
operations must take into account the
influcnce on risk to the crew of fire and
cxplosion. Untortunately, there is hitle
accident data that might relate crew
casualties to the cause of the acadent
or the environment, or that might allow
detailed analysis of how ship structure,
compartmentation and arrangements,
ventilation and safety systems relate to
fatalitics and injurics. The NAS com-
mittee recognized. however, that steps
to reduce pollution from tank vessels
should not be taken without regard to
the safety of the ship's crew.

Again, the 199 analysis condudted by
IMQO provides the only comprehensive
guidance available to the commitiee. Over
the 15-year period 1974-1988 there was an
annual average of six major incidents.
There was a noticeable reduction in cargo
fires and explosions during the vears 1986
through 1985, which suggusts that the in-
ternational requirement for inert gas sys-
tems is having a paositive effect. Carga fires
represent about a third of all tanker fires
(others occur mainly in the pump room or
machinery spaces) and pose the greatest
hazard to the crew.

The IMO) analysis in this arca covers not
onlyotland chemical carricrs, but also com-
bination and gas carriers. Over the 15-year
period, 1,200 fives were lost - an average of
81 persons per year. Of these deaths, 67 per
cent (R29) resulted from fires and ox-
plosions, and over half of these (481) were
duc to cargo fires and explosions. 167 lives
were lost because of fires and explosions
on ships under repair, incleding K3 in a
single casualty in 1978,

The fatality record does not clearly reflect
the effect of sccondary causes such as a fire
or foundering following a collision. Sceon-
dary causes account for the loss of many of
the 149 persons linked to collisions over a
15-year period.

APPROACH TO DESIGN
CRITERIA

There appears to be great advantages to
using performance rather than design
criteria as part of the tanker design
philosophy. Design criteria prescribing
certain technological solutions tend to " fix”
technology at a point in time, thus inhibit-
ing innovation and removing the incentive
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to advance ship technology and design.
Performance standards tend to promote
new development interms of structural and
operational innovations that will result in
mecting or surpassing the standards.

The significance of performance stand-
ards can hest be explained using the ex-
ample of the automobile industry where,
for instance, safety standards were adopted
in the United States m the carly 197k All
pissenger cars are currently required not
to exceed a deceleration of 20 g (215 981
m,see at the Earth's surface) m a 30 mke-
per-hour head-on collision with a riggd bar-
ricr. There are also other requirements
concerning, for example, intrusion of the
steenng wheel intothe passenger compart-
ment. Each auto manufacturer took a
slightly different approach tomecting these
standards. and the highly competitive
market resulted in many innovative and
ingenious approaches to crash-worthiness.
Whik the perdformance standards for cars
are checked and enforeed through man-
datory compliance tests, no such fuli-scale
tests are possible for tank vessels. There-
forc. an alternative, purely analytical
method should be developed to accept or
reject a given tank vessel design.

Because routine full-scale testing of
tankers is prohibitively expensive, it is more
practical to cstablish relative performance
standards with respeat to a chosen design,
rather than absolute criteria. Such a refer-
encevessel could, for example, be a suitable
double-hull ship (the new standard for new
tankers traveling in US waters). In the
automobile industry, cstablishment of
worldwide performance criteria was
preceded by a decade of rescarch and
development by regulatory agendes and
the industry. Interested partics within the
maritime comniunity could launch a similar
rescarch programme, where one focus
would be to establish cquivalence cntena
for choosing alternative designs based, for
cxample, on the amount of cargo lost. The
cffectiveness of altemative designs could e
examined in a wide range of collision and
grounding scenarios. Additional small-
scale and possibly iull-scale static and
dvnamic tests would he necessary o
calibrate vanous theorctical models and to
obtain the scaling relationships.

Reflections On The Oil Pollution Act ()f
1990
There arc two major factors eal arise when
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reviewing the Oil Pollution Act of 1990.
First. the US Congress has chosen the
“technical fix” solutior. Rather than to
focus on better training of crews or im-
proved operational procedures in ap-
proaching ports (c.g.. greater use of
one-way traffic lanes). Congress has
chosen a passive technical system for
new tankers that is easy to conceptually
understand and to confirm. Of course,
to obtain the optimal bencfits from the
double hull, it must be properly
designed. constructed, maintained,
opcrated. inspeeted and repaired.

The second key factor in that the law
basically takes a design standard rather
than a performance standard approach. A
particular design - the doubke hull - is
mandated, although a reference to an
cqunalent design is mentioned, leaving the
door open to other possible alicrnatives on
which Congress would hawe to vote. While
it s obviows that the purpose of the Ad is
to reduce ol spills, evaluation criteria are
not defined.

This approach amounts to finding the
answer without knowing the question. The
answer is dguble hulls, but which of the
following questions did Congress wish to
address: What ship desigr: will prevent all
outflow of oil from an Exon Valdez —type
accident? What ship design will reduce oil
spilled by 70 per cent (or 30 per cent) inthe
event of an Exxon Valdez — type accident?
Is it more important to focus on the huge
number of small spills or the tiny number of
huge spills? These questions reflect fun-
damental policy issucs that Congress newer
cxplicitly addressed.

One of the problems with a design stand-
ard is that it is difficult to evaluate another
design as “cquivalent” if the critena are not
explicit. Conceivably another tanker design
could be cqual or superior to the double hull
by any possible measure of performance. In
that casc, the newdesign wouldbe equivalent
orsuperior tothe design standard. However,
in almost any cvaluation between two design
approaches, cach will have its own strengths
and weaknesses, requiring atrade-offamong
possible perfarmance characieristics. Infad,
the NAS commilice was unable to find a
tanker design that was environmentally su-
perior to the double hull for all conceivable
accidents, but suggested that the inter-
mediate oil tight deck design deserved fur-
ther consideration.

Work by the Marine Board and others

leads to the conclusion that the double
hull is superior for preventing oil spills
from minor groundings that do not
penctrate the inner hull (ic.. the huge
number of small spills). On the other
hand. the intermediate oil tight deck
should be superior in groundings where
the inner hull of the double-hulled ves-
scl would be penctrated (ie., the tiny
number of huge spills).

IMO Comparutive Study
The IMO Steening Committee onCompara-
tive Tanker Desgn is undertaking a com-
parson of the double hull design with the
intermediate ol tight deck (abso called the
mid-height deck) design. The IMO ap-
proach to this problem emphasizes three
arcas of research: (1) better understanding
of data from previous acadents; (2) more
sophisticated calculations of oil outflow and
damagy: stahility in defined groundings and
collisions; and (3) model tank tests to simu-
late various grounding and collision
scenarios. The analysis of previous accident
data will provide a better understanding of
the severity and frequency of certain types of
acadents (and possibly other related infor-
mation). The calculations allow rescarchers
representing the vanous Urited Nations'
delegations to discuss the most appropriate
approaches to the problem. In addition,
more cffort is being focused on ihese types
of calculations than has been done to date.
Both a simplificd method for oil outflow
calculations and the use of a probabilistic
analysis methodology are being utilized.
The model tests represent an advantage
inthat larger scale models will be used than
in previous tests. The tests performed in
static water conditions will allow valida-
tion of the resuns from the calculations.
The results from the model tests with
dynamic conditions, simulating currents or
waves, will lead to advances in the under-
standing of what happens in these ar-
cumstances. The IMQO Steering
Committee is also looking at future gencral
guidelines for tanker design.

NEW RESEARCH FOCUS

Naval architects traditionally have not
designed tank vesscls at the detail level to
withstand groundings and collisions.
While the technology base is adequate
and there are internationally recognized
standards for the design of vessels to as-




surv their integrity during normal operat-
ing conditions, current design practice
docs not address in-process acadent be-
havior, which aircraft and automotive in-
dustries refer toas “crash-worthiness.” The
statc-of-the-art in understanding fun-
damental forees and structural reactions
duringlank vessclacadents is imited, par-
ticularly for groundings. Similarly, al-
though computer models exist for
estimating structural damage in particular
scenanos, these models have naot been
validated with actual acadent data or full-
scale testing.

To better understand actual vessel per-
formance and to mowe in the direction of
cstablishing performance standards, more
basic knowledge is required. "Perfor-
mance standards” have mcaning only if
there is a mechanism to test various
proposed designs apainst these standards;
there must be a way to quantitatively
predict damage to any design and the
vessel's post-accident performance.

Present analytical methods rely on
simplificd assumptions and limited num-
bers of primitive control parameters, local
to the site of impact. Conscquently,
damage projections are but gross ap-
proximations, lacking both the detailed ac-
curacy required to gquantify results beyond
dircctional ranking, and the sensitivity to
reflect any but the most major changes in
assumptions and/or control factors.

Greater Understanding of Structural Be-
havior
Tank vessels vary significantly in structure,
cven within similar design types. Differen-
ces in basic structural arrangements, scan-
tlings and detail, both individually and
cumulativcly, wall result in different failure
scquences and post-accident vessel condi-
tions. Expericnce proves this, but present
technology cannot project it beyond gross
generalitics. Basic theoretical rescarch is
nceded into relevant material behavior
leading up to micro-clement failure and
progressing through major structural
cnergy dissipation into ship structures.
Models of detail sequence behavior must
be enlarged (1) to encompass the full
varicty of ship structures, (2) to refles the
global changes during the accident
process, and (3) to account for the cargo-
structurc-water interface phenomena as
the vessel’s integrity is assaulted.

Al present, dynamic progressions arc

defined through rudimentary static
study of single-step movement from the
intact state to local detail failure. This
is an inadequate and misleading ap-
proach if there is to be any attempt to
meet dynamic performance standards
of integrated structures. The path of
structural failure follows the movement
of destructive foree as it stresses con-
tiguous local structure into plastic
deformation, rupture and ultimately,
failure. As the dissipating force moves
into peripheral structure the process is
repeated, moving like cracks insplitting
sheet ice, sceking out the weakest path
of resistance before dissipating in non-
destructive stressing of steel. The
projection path and extent of destruc-
tion remain quantitative unknowns,

To achieve an understanding of struc-
tural behavior that 1s adequate to develop-
ment of vessel performance standards,
specific needs must be met:
¢ Improved analytical techniques are re-

quired to understand the hull rupture

initiation process. a key controlling fuc-
tor in whether cargo will be spilled.

Present analyses include making

simplificd assumptions and using

limited numbers of paramcters. In
properly designed hulls, rupture may
not be inevitable; to that end, further
rescarch also should be directed
towards developing innovative hull
matcrials and structural configurations.
® Improved capabilitics are needed for
predicting the vertical, lateral and
horizontal extent of damage sustained

1o the ship bottom (of both single and

doublz hulls). Current methods include

making simplificd assumptions. Im-

proved methods would also help deter-

mine owtflow {rom breached tanks,
determine stability of damaged ships
and plan salvage of stranded ships.

To make design tools available, a
dewelopment programme would need 1o
integrate theory, modeling, tructural test-
ing and verification with historical acadent
data. Other than the fast aspect, all of these
are within the ability of academia and in-
dustry. Unfortunately, verification is not
possible with existing databases and is not
part of industry practice.

More Detailed Casualty Databases
The preceding discussion points oul
another significant need. The NAS com-

mittee  found  cxisting  casoalty
databasces incomplete and’or muslead-
ing: of the dosens of acadents refer-
enced in the study, not one is publicly
documented to serve as an adequate
resouree for the most general accident
descniption.

Records lack the detail documentation
(vessel speed or description of grounding,
obstack:, for example) that would help re-
late a particular seepano to the exact
damage done. Such information is cother
considered proprictary (frequently for
legal reasons), or is recorded in an over-
simplificd form or not at all. In addition,
there s seldom any database link between
general acadent staiisties (such as the
number or volume of spills) and the sup-
porting details (vessel deseription, initial
cause of acadent, extent of Jumage in
structural terms). An acadent analwsis
typically must rely on manual <carch
through incomplete records from
numcrous sources (such as the US Coad
Guard, shipbuilders, operators, classfica-
tion societics ead manne casualty or-
ganizations). Theretore,  better
procedures are needed for inspecting
newly damaged ships, induding detailed
determination of collapse, tearing of struc-
ture and full photographic coverage. This
type of inspection, if mandatory, would
provide an cngineering and statistical
data bank that could cnhance undcr-
standing of the phenemena involved and
lead to improved designs.

Rescarch leading to ostablishing o
mandated damage-assessment protocol
should be undertaken; complete and ac-
zurate cause-and-cffect datawould cnable
development of an accurate vessel perfor-
mance model. This rescarch would re-
quire the cooperation of engineers, ship
repair facilitics, ship owacers and
operators, and legal experts.

Public Policy Aspects
Engincers and naval architeas are typical-
ly more comfortable dealing with technical
rescarch objectively than issues relating to
public policy. However, unless one tanker
designis found that is superior to alf othens
in all respeets, trade-offs must be made
between the streagths and weaknesses of
alternative designs.

Conscquently, @ is incumbent upon
the maritime community to work more
closely with public policy makers. There
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iy o dual role here. First, how does the
public st prionitics among alternative
vpesol rsks wath ditferent tanker desyns?
Sceond, the maritime community must be
willing to cducate public polcy makers
and the public in general, as to the od-
vantages of different desigms and the trade-
olls to be made. Note that in order tor a
tanker design to be recognized as
cyuivalent to the double hull desem under
the Oil Pollution Act of 19930, the US Con-
gross must pass new legslation xctiing such
policy. Asone might imagane, neither Con-
press nor the staffers that work with Con-
gress are known for their knowkedse of
naval architecture.

Another policy sue deals with in-
tegrating tanker dosign mto an overall as-
sesment of tanker design, construdion.
operation, inspection and mamtenance.
Focusing on only one aspea wall not ensure
manitime safety as well as an integrated
approach.

Rescarch on the Influence of Tank Con-
fents

Ship structural behavior following an aca-
dent v mtluenced by cargo and ballast
status. Tank contents affect not only total
ol mass, but also the performance of
the containmoent structures as they process
damaging forees. The effect may be cither
toinhibitor toevacerbate structural falure
and resulting oif outflow. The interaction
of tank contents with the sequence of
structural fatlure is neither understood nor
takenaerioush ntoaccount: the isue is o
more than an aside in post-accident inves-
tigations. Rescarch into the impact
phenomena of tank contents (or lack
thereol) will be required to quantity post-
accident vessel status accurately.

The computation models to be
developed for predicted potential oif out-
flom from a damaged ship should link
kinctic encrgy, structural configuration
and the exent of damage. More rescarch
is needed in determining the relationship
betweenextent of damage, relative hydros.
tatic pressure, tank size and oil outfllow,
More accurate and complete analvses
based on past accidents in combination
with a simplificd deseription of probable
events, may be appropriate.

In addition, more research is needed
1o understand the dynamic mixing of sca
and cargo in a damaged cargo tank fol-
lowing an accident. Forces contributing
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to this process, which can lead to greater
cargo outflow than explained by hvdros-
Latic pressure, are poorh understood.

Mexdels for Restdaal Strengyit

Calculation of the resenve strength of par-
tially damagred hulls is an essential aspect of
managing yroundings, as the ship mus be
untoaded. sab aged and browsht toacepar
dock. Procedures for evaluating progres-
sive collapee of 3 hull girder, subjeated to a
combimation of sl water and wave loads,
need further dewelopment and applicaton.
Such modelshawe been developed for off-
shore ail plitforms. Some non-lincar finite
cement programmes can be used, but they
need further refinement if they are to be
practically applicd and more widely used.

Full-Scale Test to Destruction

A carclully planned and fully instrumented
full-scale grounding test woukd contribute
subtantially to understanding of tank ves.
sel structural response under traumatic
stress. Each vear anumber of tankers reach
the end of therr useful life eyeles. Possibly
one or moreaf such tankers could be con-
verted into experimental ships and sub-
jected (o a controlled grounding.

An anslogous crash test of a fully instru-
menicd Boeing 707 was sponsored by the
Federal Aviation Ageney with industrial
imvobvement. The knowledge gained from
the “testto destruction” of an instrumented
surplus tanker would advance all of the
structural rescarch arcas that have been
wenuficd. (The Netherlands government
ias announced that it s sponsoring the
(ull-scale testing of barges in acadents.)

Sunvnary of Reseanch Needs

The technoloygy base must be enhanced
across the spectrum, from oxploratory re-
scarch to proof-of-concept development.

The result of the rescarch projects
deseribed shoukd be a reliable mechanism
that can, irrespective of o vessel's details,
accurately projed structural and cargo be-
havior as a function of vessel design in any
selected accident seenano. Whether the
aceident s o grounding or collision, the
model must performwithinthe envelope of
the grven operating cavironment.

The neeas include: (1) an integrated
understanding of the dyaamics of ship
structural failure down to the micro lewl
and related factors; ( 2) long-range rescarch
in Lalure theory (interactive behavior of

over-stressed integrated  structures in
association with hvdrodvnamic foads):
{3) protocols leading to mandatory ¢n-
grneering documentation of casualties;
and (4) computational models resulting
in vuttlow predictions.

In Japan. Norway, the US and other
countries, future rescarch programmes
are being planncd. Hopelully, the
martime community will commit wself to
an ongoing, continuous citort of improv-
ing the tanker design process. Countrics
should cooperate in comprehensive,
multi-vear research and development
programmes that would result in com-
putational models for predicting vessel
structural response duning an acadent
and conscquential cargo outflow. These
arc the engincerning tools basic to
development of vessel performance
standards.

These provrammes should (1) define
the documentation, procedures and
protocols that would remedy the absence
of quantificd engineering casualty data,
(2) ¢nsure adequate theorenical
knowledee and application technolowy to
design tank vessels to meet performance
standards, and (3} achieve optimal pollu-
tion control by integrating use of design
alternatives with operational and cleanup
options.

The scope of such programmes would
require the cooperation of government,
the engineening and computer scienee
communitics, kegal experts, shipbuilders,
shipowiers and classification socicties.
The author feels that the IMO is the body
best positioned to coordinate such an im-
portant and international cftort.
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EVOL! N OF REGULATOR NCERN

CONCERN ABOUT SAFETY OF
PASSENGERS
(LOSS OF LIFE FROM FIRE,
EXPLOSION, SINKING)

4

CONCERN ABOUT SAFETY OF
CREW
(LOSS OF LIFE, INJURY)

CONCERN ABOUT LOSS OF VESSEL
AND CARGO
(ECONOMIC LOSS)

4

CONCERN ABOUT PUBLIC
IN AREAS AROUND WATERWAYS
(THREAT FROM TOXIC CARGOES)

EXHIBIT 1

Source: John Harrald and Kristen Harrald, “A Systems Approach to
the Problems of Maritime Safety,” Ccnference on Commitment to
Success, sporsored by American society for Engincering
Management and National Council of Systems Engineering,
Chattanooga, TN, October 1991.

EXHIBIT 2. Worldwide rates of serious casualties to oil/chemical tankers
1974-1988 (6,000 GT and above). Source! International Maritime
Organization Analysis of Sarious Casualties to Sea~Coing Tanl.ers,
1974-1988, Tonnage-distance analysis was prepared by the NAJ
committee based on IMO casualty statistice and Internationa!
Association of Independent Tanker Owners for miles data, Casualties/
trillion ton-miles data covers period 1975-1988,

Casuallies 1 100 Tankers

Tanker Casually Rate
1974 - 1988

Casualies / Trithon Ton-Miles

EXHIMT )

Major Oil Spills from Tankers and Causes
Number of Incidents and Volume-World
1976 - 159
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Thousands of Metric Tonnes

FXHIBIT &

Major Oil Spills trom Tankers and Causes
Number of Incidents and Volume-US Waters
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Source: USCG/Temple, Barker & Sloane
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GENERAL INFORMATION

OVER THE HORIZON

The Techno Superliner research project
reaches half-way point. In July [989 seven
lcading Japancse shipbuilders and the
Japanese government formed the Tech-
nological Rescarch Assoctation of the
Techno-Superliner. The goal of the 10
hillion yen (USS 73.1 millon) budget is to
develop an occan-going transportation
vessel with the ability to carry 1000 ton-
ncs small-fot, high-value cargo at a speed
of 50 knots and over a range of SO0 nauti-
cal miles. In the rescarch project the fol-
fowing are identificd as priority arcas:
Hull form and structural analysis; new
matcrials; propulsion plant and control
svstems: and hydrodynamic perfor-
mance.

Two hull forms are currently being
studicd, termed TSL-F and TSL-A. The
TSL-F is in development under the
auspices of Kawasaki, NKK, THI,
Sumitomo and Hitachi Zosen in conjunc-
tion with the Institute for Technical Re-
scarch of Ships. The concept is a foil
hyvbrid, which consists of a combination of
main hull. fully submerged lower mono-
hull. fully submereed foils and struts. in
operation the main hull is Bifted out of the
water by the submerged hull and the foils,
thus reducing resistance. A 1:20 self-
propelied scale model of the vessel has
alrcady been tested and the results show
that waves of heights in the range 6 1o 12
metres, the predicied (and design) wave
height range for the proposed routes, had
litle effect on speed. Propulsion for the
TSLAF is supplicd by a water-jet system
powered by gas turbine engnes.

Rescarch into the second bull concept,
the TSE-A, 1s carricd out by a tcam from
Mitsui and Mitsubishi. The concept is
similar to that of a surface cffea ship
(SES). which means that the vessel is
primarily supported by an air-cushion with
bow and stern scals and additional
buoyancy from two hulls, The vessel s
intended to have a cargo capacity of 150
TEU (twenty-foot container equivalents)
all placed on the upper deck. Preliminary
dimensions are: length 127 metres; beam
27.2 metres; depth 11 metres; draught off-
cushion S metres and on-cushion 1.4
metres. The propulsion system is similar to
the TSL-F - water-jets driven by gas tur-

bincs - and arr cushion s created by
four separate gas turbines. To mect the
design critena for the TSL-AL operation
in wawve heights between 4 and 6 metres,
the vessel & fitted with four sets of mation
controd fins and a nde control system.

Papers deseribing the Techno Super-
liner project were presented at the Fast 91
conference (the fird Intemational Con-
ference on Fast Sca Transportation)
held at Trondheim, Norway, in Junc.
The papers are available from: Tapir
Publishers, Vollabakken 15, 7030
Trondheim, Norway. (The Mator Ship,
September 1M pp. 55-36)

Seaborne transportation of liquid
hydrogen. One current tocal arca for
federal German mantime rescarchisat-sea
transportation of hquid hydrogen.
Hyvdrogen s viewed ay a future energy
souree as it does not produce any harmful
exhaust s whencomertedtoenengy. The
problem s that hvdrogen has 1o he
transported 1n a hiquid state. Since
hvdrogen hiquefies at extremely low
temperatures - below 23PC (23.15K) - this
causes severe problems related 1o
matcrials and insulation technologies.
Current rescarch into the subped is per-
formed by the Euro-Quebee Hydro
Hydrogen Pilot Project, which is a4 con-
tinuance of an carlier pre-teasibality study
to cvaluate the possibility of supplying
hwdrogen generated bw Canadian hydro-
power to Europe for conversion to
clectricity. The objecive of the current
phase of work is to demonstrate the
feasialiiy of the complete projed. includ-
ing hydrogen manufacture in Canada,
transport to and utilization in Europe, and
ceonomic assessment of the entire projeat.
The rescarch relating to the at-sea
transportation is undertaken by Gernianis-
cher Llovd in association with the Thyssen
Nordscewerke vard and the August Bolien
shipping line. (MaK Toplaterne, No. 03-
w),)

CONFERENCES

The fifth Safety at Sea and Marine
Electronics Exhibition and (‘onference
(SASMEX '92) is to be arranged in London
inthe period 7-9 April 1992, The conference
and exhibition, which cover a wide range of
safety-related topies, are supported by the
International Maritime Organisation

(IMO) and other mantime organzations,
Infornusion can he reaened from: SAS-
MEX 1992, Quceensway House, 2
Queensway, Redhill, Surrey, RHT 1OS,
United Kingdom.

The second Intermational Congress on
Enenyy, Environment and Technolgical
Innovation i to be held in Rome, laly, in
the peniod 12-16 October 1492, Among the
topicy cnered by the congress are tech-
nologicad innovation in the produdion. aon-
version and tramport of energy. such as aw
matertab for eneny and cleancal, themuil
and mechanical cnergy from various sour-
ces. The ather mam topies are technokwscal
nnovation and cmironment, such i prods
v processes, kind uwe and habwtat. Intonma-
toncan be recened from: Studio EGAL Viale
Tk, 19 00196, Rome, k.

The second international ENS (Environ-
ment Northern Seas) Conference and Ex-
hibition is 1o be heki in Stavanger, Norwa
inthe penod 24-27 August 103, The con-
ference wall focus on practical solutions
to environmental problems across dil-
ferent sectors and geographic boun-
daries. The scope of the conference wall
be broadened to also include environ-
mental challenges in the northern-maost
waters, that is. the Bazents Sca, the Polar
Basin and the West Atlantic. Information
can be received from: ENS Sceretarat,
P.O. Box 410, N-H01 Stavanger, Noraay.

DESIGN DEVELOPMENTS

US Ohl Pallution Act (OPA) 1990 | egiskation
threatens tanker desm development. OPA
{see lead articke), established o standard
speafying that design allernatives for tankers
should “provide protection... cqual 1o or
greater than that prosided by double hudly”
There are, however, no gencrally asccepted
criteria for evaluating such cquivalency,
is prevalent thinking in the shippine in-
dustry that double-skinned design s not
necessarily the best solution, and that aca-
dents cannot be provented by vessel design
soltions akone. Vessel owners are con-
cerned that international and national
regulations will inhibit design development
through foang technoiogical solutions and tha
they do nat recogmie all sspeds of polhaion
mitaions.

Two separate studics have been carried
out on this subject. The first was o Study
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undertaken b the US National Rescarch
Council{ NRCYintothe preventionof tanker
spills by design (lcad article). and the
seeond was a dudv by an industny joint
wuorking group established by Intermation-
al Chambor of Shipping (105), Intertanko
and Oi Companies International Manne
Forum (OGCIME) o develop proposals
relating to tanker desgm and pollution
provention measures. The report from that
studv concludes that the “need o make
continuous effort towards improving ship
safety and emvironmental protection is
widelv accepted. However. the statistieal
evidence., coupled wath expenience and the
rosearch that has boen undertakens does not
ndicate the need for a major revision of the
Marpol provisions at this stage”

Intertanko is proposing that the US
authortics aceepta "honzontal bulkhead res-
cue ank design” which it cliims offers a
higher degree of muarine environmental
protectionthan double skinned desigm. The
Intertanko proposition is developed from
a Mitsubishi design, which is deseribed
below.

POLIS (Pollution Limitation System)
Aeveloped by a HHamburg-based engneer,
M. Paraskevopolus, is designed for instal-
Lation in cxsting tanker vessels. The system
cvacuates oil from damaged tanks into spe-
cialrescue tanks, which are connectedtoall
cargo tanks. A system of pumps maintains
apartial vacuum n the reseuc tanks and in
case of pink damage a combination of
vacuumand gravitational foree evacuatesthe
cargo from the damaged tank. Necessan
reseue tank capaaty amounts to only 4 per
centoftotaltank capaaty. and the sswemean
be fitted withont dry-docking and without
speciatist skills.

POLMIS (Polluiion Minimizing Sstem),
developed from POLIS by the same inven-
tor, is infended for new vessels. Along with
the vacuum-hased rescue tank system from
POLIS, POLMIS abwo features a new tank
desizn in which the midships and Largest
tanks hive o Veshape and are entirely iso-
Lted from the outer shedl. (The Motor
Ship, July I'M11.pp. 32.35)

Mitsubishi Heavy Industries new mid-
deck tanker cannot spill. MHI has long
investigated various tanker structural
configurations that would prevent or
mipimize ol outflew from damaged ol
tanks. The end result was the mid-deck
tankcr, which has doubic sides 1o accom-
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modate water ballast and to protect agzainst
collision. The mid-deck s located below the
water-line s that the hvdrostatic pressure
mnside the bottom tank i lower than for
the water vutside. In case the bottom tank
ruptures, water will push its way mto the
tank. thus creating a scal between the oil
and the ruptured skin. MHI has com-
parced the pedormance of the mid-deck
tanker to that of a double-skinned tanker in
a number of seenanos, and found that they
are grossdy equivalkent n terms of protection
tor smaller damages. but that the double-
sidod mid-dedk tankens would pedormbetter
in the event of a binrer damage. MHT hopes
that the desun can be acaepted under the
cquialeney provisions in the OPAL (Marine
Lag, January I'M1 pp. ).

NEW VESSELS

You'll pever replace sail..” Natling ships
scem to be in the wind again, at least in the
cruise mdustry. Two four-masted barquen-
tines for luxuny cruising in the Canbbean
and Mediterrancan are currently being
built tor White Star Clippers NV, of Brus-
sels. Belgium, by the Langerbrugge
Shipvards of Ghent. The ships named Star
Fhver and Star Clipper, are designed by the
Dutchnaval architeets RAL, R McFarlane
and R.Nugtern. High prionty was given to
ensure agood sailing performance. and the
vessels are expeaed to reach speeds ex-
ceeding 15 knots (speed when using engine
alone i 11 knots). The sails are not com-
puter-controlled, distinguishing it from
other modern sailing cruise vessels, and the
passengers are encouraged to help wath sail
handling if they wish. Each ship can accom-
modate 1M passengers in predominantly
double cabins, Bt remains to be seen
whether this brings new wind in the sails for
sailing vessels. (Shipping World & Ship-
builder, November )91, pp. 374-37X).

V-CAT test ot completed. This new high-
speed catamaran from the Japanese NKK
Corporation has met performance expectas-
tions. The vessel consists of o Voshaped hull
andthinside-drutstoimprove sailing perfor-
manc., and i ullimately o carry 20 pas
sengers at i senice speed of 0 knots, NKK
built & 10 metre test boat which can caimy
wven passengers, this making it possible for
pekential customers to imaggne the standards
of performance of the full sized veswl,
Predicted performance of the eventual full

size vessel was found to be: a maimum
speed of 8 knots: litle running trim
cven at high speeds: small wake: and a
turning radius at full speed of about
three boat lengthe wath negheible in-
clination of the hull when wrning. The
rocking motion is slight even inwaves as
high as three metres. (Small Ships,
November December 1991, pp. 23)

Raddison Diamond is the wordd's first
twin-hull cruise ship. A 129.5 metre long
cruise ship. the Ruddivon Digemondd. is now
utider construction at the Rauma Yards of
Finkind. and will be defivered to Damond
Cruee this spring. The vessel represents a
new approach to cruise ship desiyn
cordingz to Mr. Tuomas Routa of Diamond
Cruise Limited’s technical product
development division, the vessel wall have
no rolling motion and will have improved
heave and pitch behanvior compared to that
for traditional. mono-hull cruise ships. Four
computer-controlled fin stabilizers will be
mounted to ensure even better comfort for
the passengers The vesselhas agew of 177,
will carry 33 passengurs in 177 cabiny, and is
to operate m the Carbhean from the port of
San Juan in Pucrto Rico. { The Motor Ship,
August 101, pegre 24).

ac-

Five 5535 deadweight tons (dwt) ferries
for commerdal vehicles arc to be built by
the lalian shipbuilder Fincanticn of the
Finmare group. The ferries will corry up to
13 commercial vehicles of a standzrd
length of 123 metres at a speed F10.1
knots, Vehicle lanes are widened fron the
standard 2.7 metres 1o 3.1 metres for casy
loading and unloading. Accommaodation
for M) passengers will be in doable-berth
cabins. The ships will be buik u: the Paler-
ma vard and are to be delivered in the
period between late 1992 and 194, (The
Motor Ship, July 191, pigee 7).

TECHNOLOGICAL
MENTS

IMPROVE-

Tank support construction isolates
tanks for high temperature cargoes, Fin-
gineening Centrum Groningen and (SD
International, both of The Netherfands,
have developed atank support construe-
tion to prevent problems asociated with
the proximity of high temperature car-
goes, such as asphalt, coal tar and creosote,
to low temperature sca water, These car-




goes are, due to low viscosity, carried at
temperatures of 2000C and above, such
that the support construction needs o
absorb heat dissipated from the cargo
tank and reduce 1t to an acceptable
level ot the hull in order to minimize
thermal stresses. Along with other struce-
tural requirements, the new support con-
struction also aims (o solve problems
known in carlier integrated tank designs,
such as the tendeney of the cargo to
solidify on the hull plating, and encrgy
loss from the cargo. The new tank sup-
port consteuction consists of muluple
super-imposed layers of different
materials. Steel plates 25 mm thick act
as tank legs surporiing a compuosite start-
ing on the outside wath a layer of EDPM
rubber, then silicon rubber, and finally
an injection-moulded sheet of Ultem
23N, a fibre-reinforced resin and rubber
developed By CSD. (The Motor Ship,
October M1, page 58).

Tripled TBO with synthetic oil. The
MEN ER VAG. aFrench o) passenger
ferry, is sawd to have cut its maintenance
costs in half by changing to syathetic oil.
The ferry s operated by Compagnic
Murbihannaise et Nantaise de Naviga-
tion (CMNN), Nantes, for the Depart-
ment of Morbthan in Brittany, The ferry
shuttles passengers between the French
port of Quiberon and the islanas of
Houat and Hoedic at journey distances
of 2 kms and 30 kms. Equipped by two
Povaud 520-1. diesel engines, the main-
tenance and repair (M&R) codts of the
engnes mitially averaged USS HO00 pa
vear. In 186, after draining the mineral oil
and refilling with the synthetic Mobil-
gard 120, the jollowing results were
achieved: M&R costs on the diesels
dropped to an annual average of US$ 0,500,
Where previously there had been one over-
haul a year, with the new lubrication oil
there has been only one overhaul in three
years. In addition, the oil consumption
decreased by 27 per cent. (Marine Propul-
sion, July/ August 1991, page 32).

Propeller polish saves 12 per cent fuel.
UMC International Ple tested propeller
polishing on the Cunard liner Queen
Elizabeth 2. After monitoring fuel con-
sumption on six voyages, International
documented fuel savings of some 12 per
cent, 485 tonnes per day, at speeds be-

10

tween 27 and 29 knots. The approach
includes polishing cach of o five-
blude propellen onae with coarse grade
abrasive. and again with finer grade
abrasive. The second polish gives a sur-
face finish of T micron (0001 millimeters)
centre line average. rendering o sig-
nificant increase in propeller etficieney.
(Marine Propulsion, January Februan
I, payze 6).

Self-polishing coating gives better tir.-
free anti-fouling. The Courtaulds Coat-
ing group. based in the United Kingdom,
hasdeveloped anew tri-butyl-tin (TBT)-
free scelf-polishing copolvmer (SPC)
anti-fouling called Intersmooth tin-iree
SPC, which they claim waves the highest
degree of fouling controi currently avail-
able from 4 TBT-free anti-fouling. In-
ternational cxpeets that up to XS per cent
of all coated vessels will return to dry-
dock in a satisfactory condition com-
pared to the 70 per cent expericnced
when International’s older TBT-free
anti-fouling, called Intenviron BO, s used.
Anti-fouling containing tin is causing -
creased environmental concerns sinee
they luve adversary effects on sea-life in
harbour arcas. International legislation is
expected that will restrict the use of tin i
anti-foulings for ves.cls. (The Mator Ship,
July 1M1, page 13).

Coating eliminates cancer risk. Jotun
Protective Coatings (JPC), UK, has
developed a new modificd-cpoxy hallast-
tank coating which climinates the danger
of cancer experienced with tar-cpoxy
coatings. The coating, Balloxy HB Light. is
chimed to offer good penctration- and
water-resistance, and s also said (o gy
extended corrosion protection. Twa ver-
sions of the coating, are available: a stand-
ard type which may be usced in
temperatures down to 1PC, and a winter
version for temperatures down to 5°C.
(The Motor Ship, May 101, page 12)

NOTEBOOK

A commercdial submarine SAGA [, built
by the French underwater experts Comex,
has completed trials. The submarine is in-
tended to be a feasible alternative to ex-
peasive diving support vessels for
underwate operations associated with ol
exploitiion. Ithas a hyperbaric compan-

meat cquipped tor $toodivers.and can
operate without any external support
during cperation, starting the journey
at a port and remaning on work siie for
scveralwecks. The submanne s 28 metres
lene, has asubmicrged displacement of 330
tonnes, and © able to operate at depths
reaching 00 metres. Comex chims that
the energy stored oo board is equnalent o
that Nored i the hattenies of & 2000 tonne
military submanne. SAGA 7 represents
the first commeraial use of the Sierling
cheed-cvele engne (75 KW) which was
developed by Kodkumes Marmne ofSweden tor
underwater propubsion. and i seen by
Comexas atest bed for the development of
larger commerctal submarines able (0
hanadle heavy equipment and possibly used
tor the development of ail ficlds in deep
waters and under permancent ice.
(Marine Propulsion International,
Mayv June I'WI, page 4).

A new "Total Comfort” concept for cruise
ships i presented by MacGREGOR-
NAVIRE snew Maninz Cranes Elevators
Division in the cruise and Ferry sector, It
ts based on exasting well-proven technol-
vy incorporatedinte dvanced solutions
for on-board logistics, and 1s meant 1o
upgrade the level of comfort tor both
passengers and crew, Jes Boldsen, the
product director of the new division,
deseribes parts of the Total Comfort” con-
copt through 4 hyvpothetical scenario:;
“When checking in their baggage, pas-
senEers are given a magnaetic clectronic
ID card which indicates baggapge tag,
cabin number and other data relevant for
serving the indwidual. Baggage will be
taken h) automatic conveyor system and
dirceted to automatic baggage ac
cumulation and distribution systems, all
controfled and monitored by computers
recerangther input fromthe baggge s,
However, Total Comfort” also includes
extensive use of escalaiors and panoramic
clevators, aiming to give the passengers a
fecling of control and comfortat all imes,
Boldsen highlights the importance of
good planning and the participation by
interior architects in the carly stage of
the design process. Based on detailed
analyses of all traffic aboard the ship
MacGREGOR-NAVIRE can pian “Total
Comfort” concepts for both exasting, ships
and  new buildings.  (MacGREGOR-
NAVIRE Marine News, May 101, pp.8-9),
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