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INTEGRATING ENVIRONMENTAL IMPACT INTO FUTURE 
TANKER DESIGN PHILOSOPHY 

Hen~· S. l\larcus. Professor of Ocean Engineering. Massachusetts Institute ofTechnolo~· 

BACKGROU~D 

The grounding of the fa .. 1:m1 l aide: 
f1l(.u.,c:dat1cntion in the: linit.:d Stalc:s and 
mud1 tif the world on the pmhlcm of oil 
spills from t;mkc:r a<.'l;dcnts. The pa."-~~ 
of the Oil Pollution A<.1 1if 1990 in the 
l'.nited Stah..-s. concern in other <.·ounlrics.. 
and recent acti\itics at the: International 
Maritime Organi1ation (IMO) of the 
l'nitcd '.'iations arc leading the way to 
finding new pr1l(.-cdur<.'S II 111-;c in the tanker 
desi!!Jl prtKl.~"- Howc\t:r. thc author feel., 
that what is also needed i., a 1~-.'\\ des~ 

philosophy. Element... of thi.o; philosophy 
'·. ~·'-' mdudc Ctln<.l:rn for all categories tif 
oil spills from tanker ;1c<.;dcnlo;_ more em­
ph;l'is 1 lfl ~rf1 irmance <.Titcria. greater u.~ 
11f prohahilisti<.· application." of data ha-;cs., 

and an ongoing compn.:hcn'iiw rcscard1 
progr;;mmc. The IMO Comparative 
Tanker D<.-sign Study io; hricny mentioned 
in this paper a.s a prime example of an 
a<.1i\it~ m1J1.ing in the: dirc<.1ion of such a 
new design philosophy. 

Professor Johr1 Harrald of C icorgc 
Wa.shin!-'lon University has siudicd the: 
cvolut ion of rcgulatorysafcty<.·onccrn<, and 
has produced the diagram sho\\n in Ex­
hihit 1. AltholJ!!h n;1val architccLo; have 
designed ships for many hundred-; of years, 
the idea of expli<.·itlystu~in!!thc impa<.1 of 
ship design on oil <,pills from tanker an.i­
dcnts L\ rclati\dy new. Pmkssor Harrald 
feels that the Tom').· Canyon ac<.idcnt in 
March l'lh7. spillin!! more than llXl,!Ul 
tons of crude oil into En!!lish coastal 
watc. '· rcp1csenls a turning point in 
maritime history. Since this time the f1Ku' 
of maritime safety rc!!lJlation .... ha.., shifted 
from rnnccm ahimt the safety of the ship 
(;mJ its pcNmnc:I and cargo) lo l·on<.·crn 
for thl· external safety and emironmcntal 
impact.. cau ... cd hy a release oft he e<1r!!o. 

Since the 7i>m'.\' Canyon accident. 
many international and national initiative.' 
h?.VC takl·n plot<.\: which renect this shift in 
concern. The IMO Conferences of 11m 
and 1'>7X to1~ethcr produced fun 1lamental 
cllilnges in the way tankers arc dc...,~d 
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and o~ratcd. Howcwr. the high b·cl 
of research acli\ity in the: l971ls di<l not 
hccomc a major international ongoing 
acti\ity thniugh the ltJXlls. Recent 
events have again turned attention to 
the design of tankers lo amid oil spills 
frnm accidents. While this ohjl.·ctiw is a 
nohle one. the ideal design approach is 
not oh\ious. An important as~ct lo he 
considered is the different typc:s of ac­
cidcnh. or scenarios. that may result in 
oil spills. 

DIVERSllY OF TASKER 
ACCIDE~TS 

There is no "typic-.ir lank vcr.scl ac<.;Jent 
su:n.uiti that !..:ads to pollution. !'oncthc-
1~'\. a general under.;tanding 1 if the callsl.'S. 
natu.rc and con~qucnces of accidents 
should aid in scl1xting the mca. ... un:s most 
u.scful in prl·vcnting or reducing pollution. 

The numhcr and ml..unc of major ac­
cidental spills from tan kc •shave decreased 
significantly during the la.'\I decade. Tanker 
ac<.;dcnt rates - colli.-.ions, gn iunding.'\. fires 
and explosion.-;. stru<.1ural failurer-. and 
other in<.;dcnts cau.'\ing k~s of life andor 
pollution - wc~e particularly high from I 1flh 
hi 191> hcforc returning to a lower bd 
throughout the 1980s. However. the 
volume of oil spilled continued to vary an­
nually. 

The rate of scriou.s casualties to oil and 
chemical tar.kcr.; (ti.om C iRT and ahiwe. 
roughly equivalent to 10.!XXl DV•T and 
abO\i:) reported hy the IMO wa.o; l .'J2 in<.·i­
dcnl'> per llXJ operating tankers in l'JHX. An 
analysis hy the National AcadcmyofScicn­
ccs (NAS) Commincc on Tank Vc.,'iCI 
De.sign. comparing the numhcr of serious 
ca .. ualtics worldwide for the same tanker 
population and the csiimatcd metric ton­
rnil.:.s of scahome trade fo! crude oil ;md 
pniduct~ show.r. a rclati\dy steady decline 
in tni' ralio hctwccn NIH and l'JK.lol (as 
presented in Exhihit 2). 

Tnc \'iL'il !'1ajority of ca.<;Ualtics do nol 
rc..,ult in pollution. Only (1 f(:r cent (518) of 
the au.idcnt~ reported in an ac,.i;cs.sment of 

'>.~76 accidents resulted in oil outflow 
(Lloyd's Register ol Shipping. 1990). 
!In IX ~r cent ( l.701) of the 1:a~.es in­
formation was insufficient to determine 
whether pollution had occurred.I At 
the request of the NAS commince. 
Lloyd's anal~-,ed its datahasc of casual­
ties resulting in outllow grcalcr than .10 
tons from tankers lOJlOO DWT and 
larger. The re~.ults. clwering :no pollu­
t ion-rdated accidents. arc hrokcn 
down h\ cause in Exhihit 3. These data 
show that wurldwidc ground· 
ings 'strandings and <.·ollision'> 'ram­
mings (contact) cause roughly equal 
numhcrs of major pollution in<.·idents 
(those resulting in spillage of more than 
·"l tons. or approximately lll.000 gal­
lons) for tanker si1cs considered hy the 
NAS commincc. This finding is also 
valid when considering spilled rnlumc. 

US I t'l":\m Jforldi\idt• 
In US waters, for tankers over lllJl!lll 

D\\ T. grounding evcnti-. ck:arly d1 iminatc 
in terms ofhoth numhcr.; 1 if a.:<.;J.:nL,, and 
particularly. mlumc spilled a.' ~ho\\11 in 
Exhihit .J. This should he ~.1 surpri.-.c in 
\icw of the shallow acccs." 10 C iulf of 
Mexirn and Ea.<,t l"oa<,t ports. Exampb of 
shallow-water grounding.s include thcA1','t'l 
.\1£'n:lra111 in )1)76 (approximately :!5.10 I 
ton~ outnow). the A/muu in H)H.t (7 .. W> 
tons out no\\·). the Euo Piu:rto Rico in l'IHX 
(.J,O.'iO ton~) and the A111t•rica11 Trath•r in 
l91Xl (97'.'i tons). These grounding.., account 
for a large portion of accidental spills from 
tankers that have ocrnrred in l rs waters 
.. ince NXI l. 

Compared to world\\idc spill.1~e from 
major pollution incident<,, majoroil spills in 
US waters arc relatively low in volume. 
whether measured in terms of tho1L.-.and ... 
nf mctrk tonnes as prc.scntcd in Exhihit 5 
c 1r in terms of percentage of world volume 
as shown in Exhihit 6. The years 11)82, I 1>X4 

and 19~1. when particularly high or 
average US spillage nJincideJ with un­
usually low world spillage, arc exa:peion' 
to this. There is no :.:\idcnce of a corrcla-
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lion h.~n US and ~\lrkl k'6..'it...><;. 
Thc L'Trdlic nalun: of pollution is also 

iDUSlrdled in Exhihit 7. A foW\\.'rylargcspiils 
dominate the tlllal outfkWl,comprisingncar­
ly 95 pc..-r a:nt of spillage. hut thi:y u:mprisc 
less than 3 per cent of the L'\'Cnts. In additilll 

to thc major groundi~ Dl.llL-d prt.'\ixNy. 
the I~~ US rco:ll'll is influenced stmngly 
hy the &umolr AIPlt' (NN), thc Piu:rto 
Rican ( 1~). thc Gerlf1ia. and the Ol)mpic 
Gby (luh in t•")). Thc record of outfkWI 
fn:m smaller spiils (under .J) tons or 11),lrn 

gallons) in US wdlers shnws significant im­
pnl\'Cntenl since thc t~ls and hac; remained 
relali\'Cly constanL between 0.1 and 02 
thousand torts, since NG. 
Since 1~ thc total annual nilumc of small 
spills hac; h.'Cll llAc; than 5 per a:nt of the 
major spilk. HrM'C\'Cr, the l"C\l.'rsc ha<; hccn 
true regarding thc nurnh.-r of incidcntc;: < >n 
a\\.-ragc. tlk..-rc ha\'C hccn O\t:r 50 times as 
many spills a.c; major spilk. 

The fLw hut calamitous large spilk. such 
as fn:m thc Exxnn V""-'z emerge dearly 
from the statistia;, hut the smaller spiils th3l 
arc Dl.ll arOl.lllg thc top ~) may also ha\'C 
significant envimnmcnlal consequcoo...-.;. In 
l<M> and early 1'1X), four tanh.'f spills O\'Cr 
21nrm gallom (cquivalcnl to@ tone; of 
crude, or taJ lOll.'\ of fuel oil) occurred near 
thc cuntincnlal US coast. These rca:i\'Cd 
much public attention and 'IM:re Dl.lled by 
Congreo.c; prior lo pac;..c;agc of the Oil Pollu­
tion Ad of JC}Xl. These spill-; 'IM:re: 
• Thc llilrld Pmdig;, which grounded and 

spilled 'XU l<lllS (al'il1 reported as high as 
1 .. 165 l<lllS) of light fuel oil off southern 
Rhode Island in 1cHJ. FortWlalcly, l1nil 

of the oil L'Vllporatcd quickly, hut some 
local environmental damage wac; sll'i­
laincd. 

• The ftt!fidente Rivem, which grounded in 
the Delaware RM:r near Marcuc; Hook, 
Pcnr.'i)'lvania, in )<HJ and spillcJ nearly 
cxu tine; of fuel oil. Local emironmcnlal 
damage Wd.'\ Sll'\laincd 

• The Raclk'I 8, which collided with a coa.c;­
tal t<°M'Cd barge and hit more than lfll 
line; of partially refined crude in the inler­
scdKlll of the Hnu.c;ron Ship Channel and 
Bayport Ship ( 'hanncl 

• The Amnicon Tfrldo, which grounded 
one mile <~ofHimti~<lll Bcach,Calif:r­
nia, in ICJXI ancl spilled an c.<ilimaled 1,Jll 
ln111i(JJ5,(lllj!;dlm-;)oflif'JU crude. While 
<M:r a third of lhc lif1Ju Ala.'ikan crude oil 
Wd.'i rcaM:rcd, local pollution and hcadi 
~ wao; sllilaincd 
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• Thc 8.L i\'otllillts. whid1 g.r<llllkk.-d in the 
Kill \'all Kull waterway. N1.·w Yl:irk Har­
hor, in l.,U, and spill-d 1 ll.'Cr 71 ll tons of 
fuel 

• AOl.llhcr aL'ridcnt de1111.111Slr.111.-d how a 
spill smaller than thlN.' listed (.!J) tun') 
may he~ <.etplUIT tX puhlic al­

lenbllll and cause inlemal.R lllal n:perrns­
sk lllS when 1niuring in an ecuk~ 
scll.'\iti\e area In No!X the haf!,1'.: 1"t'ltltffa 

W'.l'\ st.ruck while under low llll Pugt1 
Sound, and thc hull wa.o; hn:adll.-d. The 
released oil, whidt fk1all-d ilMlirc and 
affected hcaches and shorelines in 
\\ac;hinglon, n:adll.-d \\'CU along thc n ia.'il 

of Vancouwr LcJand. Canada, and call'iCd 
significant short-term shoreline damage 
ll\'Cr much of the island and adjacent 
Pugt.1 Sound arcao;. 

Tht.."iC acridcnL'i undcrsuirc thc need to 
consider. when d..'\l.'loping lll'W dl.."iign and 
operational practiro;, the typl.."i, w.cs, and 
condition of \'C~c;clc; (and their area> of 
operati<111) engaged in the bri<;k import and 
ma.'\lal petroleum trade. 

Ve.m'/ Size mul ~ 
The IMOdalaba.'iC fortheworkl tanker fleet 
provides a large sample of iocidcnt\, holh 
polluting and 01.111-polluting, in most acridcnl 
categories to offer some valid irNght ahoul 
accidcnLc; and lanker characteristics lll.'Cr a 
t~~ period ending in t•~. 

The site of the tankers most common in 
US W3lers - ~),Ill> lo JIX),lll) D\\T - i'i 
within size range of the worst overall 
worldwide cac;ualty rate of all site calL'goricr. 
ha.'il.'d 1111 IMC> data Thc cac;ualty rate for 
cuili.'\kinc; and grounding; for this we range 
is ahout ~!ual lo that for all tanker.;, hut the 
rate for fll'c.vexpbionc; exa:cdo; the a\\.:ragc 
by 33 per a:nt (a rate of 0.76 per JIU ~ip; 
per }'!at compared lo OS7). Unfortunatdy, 
data related lo many fire and cxpl<lliio.m 
callc;cs arc either lacking or incondll'ii\'C. 

There i'i !.lime L'\ldcncc of a link hclwccn 
\\:.<,.<icl age and seriou.'i casualties: older \\:.'\­
scls have more accidents, particularly 
firc.'i/explosi1ms and structuraL'machincry 
damage. H11M..'\'CI', th: rate for colli.<.Mn; io; 
rclalM:Jy on<ilant f1.- all ~ grouJY>. There io; 
nodcarcWlcnccof a link ~nlt.: r.ilc for 
car~.-rclalcd cxpln;iln; (r~ 11.18 - 0.2'1) 
and ship age ~tv.u:n 5 cmd 2'i )'Cars. 

Safetv of Life 
Fires and explosions arc the major ac­
'-idenlal call'\Cofinjuricsanddcalh aboard 

tankers. Any consider al inn of lank \C,..­

scl hull de..,ign configuration.., and 
opcralions musl lake into account the 
influcnce on risk lo the crew of fire and 
explosion. l r nfortunalcly. there is linle 
accident dala thal mighl reble ne1o1. 
casualties lo the cause of the an:idenl 
or the emirnnmenl, or that might allo1o1. 
detailed analysis of how ship strul:lun.:. 
compartmenlalion and arrangcmenh. 
\·entilation and safely systems rdatc lo 
fa1ali1ies and injuries. The l'ir\S rnm­
minee rccogni1ed. howe\er. 1hat ..,tep" 
lo reduce pollution from tank \e ... -.cl-. 
should nol he taken without regard lo 
lhe safely of the ... hip's crew. 

Again. the l'~J analy~ .. is c<mdu1.1l:d by 
IMO pro\ide.., the only compr.:hen. ... iw 
guidance available to the mmmittee. ( )ver 
the 15-}"Car period l'J7+ l'JSX there wa.'\ an 
annual average of six major inlidenls. 
There was a notio.:ahlc redu'-1K m in cargi 1 
fll'es and cxplosion.c; dW"ing the year.., 198'1 
through l'>HX, which s~>csts lhal the in­
lemalional requirement for inert ga..., s~­
lcmc; i'i having a ptl'iilivc effe(.1. Carg1 lire.-. 
represent about a third of all I.inker fire.' 
(others occur mainly in the pump room or 
machinery spaccc;) and pose the greale...i 
hvard lo the crew. 

The IMO anal}!>i'i in this area u1wrs nol 
only oil and chemicalcarricrs, but al"' m im­
binat ion and ga.c; C<trricrs. C >wr the 15-year 
period, I ,2m li\·c.o; were ltl!il - an awrage of 
81 person-; per year. Of thc.o;c dcath.'i. ti 7 per 
ccnl (X~J) resulted from fires and ex­
piosion.'i, and 1l\"cr half of these (~I) were 
due to cargo firc.'i and explosions. 1<17 livc.'i 
were lost hccalL'iC of fires and expl1 l'iioll'\ 
on ships under repair. including ~'-' in a 
single ca.'iually in l'J78. 

The fatality rcct ll'd dt JC.\ m ll clearly renel1 
the cfTcd of sect 111dary ca11<.e.' sU<.·h a' a 'ire 
or foundering folkJWing a colli'iion. Scum­
dary ca•.i<ics acu 1unl for the h,, of many of 
lhc 14'> person. .. linked lo ::olli<,ions ma a 
15-ycar period. 

APPROACH TO DESIGN 
CRITERIA 

There appears lo he greal .id\·•mlages lo 
using performance ralhcr lhan de ... ign 
criteria as part of the lanker design 
philosophy. Design crilcria prcscrihin~ 
certain ledtnok igical ~ 1lu1 ions I end 10 .. tix .. 
lcchnok-.gy al a ptiint in 1ime, thl1'i inhibit­
ing innovalion and remo\ing the inccnli\.\: 
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to a<hann: ship tec.:hnok1gy an·l d:~. 
Perfonnanl'C Slane.Jani.; lend to promote 
nl'Wdl-..dopmcnt in tcrm.-;l1f strUl1ural and 
oper.itional innma1ion.-; 1ha1 Viii! result in 
ml-cling or surpa,.;ing the standards. 

The significanl'C of pcrfonnana: stand­
ard-; can hest he explained u.'iing the ex­
ample of the aulomooile indu..;try where. 
for instaoc-c. safc!yslandards \lll:rc adopted 
in the Unilcd Stall.-s in the early J'f711s. All 
Jl<r...;cngcr l"ars ari: <.1.1rrcntly required not 
to CXl'Cl.-<l a dec.:cleration of :!fl g (g i-; 9.81 
m.'St:c2 at lhe Earth ·s surfa<.'C) in a 30 milc­
pcr-hour ht.:ad-on colli.'iion Vlilh a ~d tiar­
ri:r. There arc al'il.l other requirements 
con<.'Crning. for t.:xamplc, in1rusion of lhc 
steering wheel intl 11he pa.-;..<iengcr mmpart­
menl. Each auto manufacturer took a 
slightly dilkn:nt approach 10 meeting these 
standards. and the highly competitive 
markcl rc.-;ultcd in many inno\'atnt: and 
ingenious apprnad1cs lo cra.-;h-\11\lrthincs..-.. 
While 1hc performance standards for c.ars 
arc ched;cd and cnforo.:d through man· 
datory compliance tests. no such full-scale 
tc.<il'\ arc pos . ..ihlc for tank vcs.o;cl'\.. There­
fore. an alternalive, purely analytical 
method should he dl'Vdoped to accept or 
rcjet.1 a giwn tank vcs.<iel d:sign. 

Bccau.<;c routine full-scale testing of 
tankers is prohibit ivcly cxpcn.-;ivc, it i-; more 
practical to cstahlio;h rcla~t: performance 
standard-; with rc.o;pcct to a chosen d:sign. 
rather than ah•;olutc criteria Such a rclcr­
ence \t:s.o;cl could for <.-xample. he a suitahlc 
douhk-hull ship (I he nl'W standard for new 
tankers trawli~ in US waters). In the 
automohilc indu ... try, cstahli.<;hment of 
worldwide pcrfor:nancc criteria was 
preceded hy a dee. ade of research and 
dcn:lopmcnl hy rc-gulatory agcncic..-. and 
the indu.<;try. lnll·rcsted parties within the 
maritime community could launch a similar 
research programme, where one focu.<• 
would he to c.<;lahli-;h equivalence criteria 
for choosing alternative dc..-.ign.., hai-.cd. for 
cX<tmplc, on lhc amounl of cargo kll'.1. The 
clfo<.1ivcncs.<; of alternative dc.'\ign'i could he 
cxamined in a wide range of collisi1m and 
grounding 'ccnario,. Additional small­
'calc and possihly ;·ull-~lc static and 
d;namic tests would he necessary lo 
calihratc various theoretical model., and lo 
ohcain lhc scaling rclalionships. 

Rt'flrctim1~ <Jn 711r Oil PoU11tio11 Act Of 
/WO 
Then· arc two major factors 1 :.at arii-.c when 
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rc\icVling the Oil Pollution Act of 1')90. 

First. lhc l!S Congress has cho~cn the 
"technical fix" solutior.. Rather than to 
focus on heller training of crews or im­
proved opcratinnal pron:durcs in ap­
proaching ports (e.g .• greater U.'iC of 
one-way traffic lanes). Congress has 
chosen a pas.'\i\·e technical system for 
new tankers 1hat is easy to conccplually 
understam! and to confirm. < >f course. 
to ohtain the optimal hencfils from the 
douhlc hull, it must he properly 
designed. constructed, maintair.cd. 
operated. inspected and repaired. 

Th.: ~c.ond key fac...1or in that the law 
ha..ically takes a design standard rather 
lhan a performance standard approach. A 
particular dc.c;ign - the douhlc hull - i.'\ 
mandated, although a reference to an 
equivalent design i-; mcntioocd, lea\ ing lhe 
door open to other pos.'\iOk: allcrnativcs on 
whid1 ( 'ongrcss would have to \Ute. While 
it is ohviou:.; thal the purpose of the Act L'\ 
to reduce oil spillc;. l"\·aluation criteria arc 
not defmed. 

Thi-. approach a1nolllll'i to finding the 
an'i\llt:r without knowing the question. The 
ans\11\:r i.-. diJUhlc hull<;, but Vlbich of the 
fol10V1ing question.'\ did Congrcs.-. wi-;h to 
addres.'\: What ship design will prc'-1.:nl all 
outflow of oil from an Ex:wr1 Valdez - type 
accidcnl? What ship design will rcdua: oil 
spilled hy 71) per ccnl (or.]() per cent) in the 
c\ent of an F.xxtH1 Valdez- type accid:nt? 
hit more important to focu..-. on the huge 
numher of small spill.-. or the tiny numher of 
huge spill-;? These question.-; reflect fun­
damcnlal policy i-.suc..-. that Congrcs.-. ncwr 
explicitly addrcs.c;cd 

One of the prohlcm.-. with a dc.'iign Sland­
ard i.., that it i.., diffl<.-ult to l"\aluatc another 
dc.-.ign a.<; "equivalent" if the criteria arc nc.JC 
explicit. ( 'onccivahly an<JChcr tanker d<..-'iign 
could he equal or superior to the douhlc hull 
hy any pof,'ilblc mca<;urc of performance. In 
lhal ca.-.c, the n<."W<.k....-c;ignwouldhecquivalcn1 
or superior lo the dc..-.ign slandard H111M."\t:r, 
in aln11\'il any 1..-..aluation hct\11\:Cn two dc.'iign 
approachc.c;. each will ha\lt: it., <"M11 slrengtho; 
and wcaknc. .... '\l:..<;, requiring a trade-off among 
p<ll'..'ilnlc perf .. irmancc charactcri<;ti<. ..... Inf act., 

the NA~ commiu~· wa<. unahlc lo find a 
tanker de.~ !hat wa.<o cnvironmcnlally su­
perior to the douhlc hull for all conccivdhlc 
accidcnls, h..rt suggcsled that the inter­
mediate oil light deck dc.'iign dc..-.crvcd fur· 
ther con'iidcration. 

Work hy !he Marine Soard and 11Chcrs 

leads to the nmclusion that lhe douhle 
hull is superior for prc\·cnting oil spills 
from minor groundings !hat do not 
penetrate the inner hull (i.e .• the huge 
numhcr of small spills). On the other 
hand. the inlermediatc oil tighl deck 
should he superior in groundings where 
the inner hull ofthe douhlc-hullcd ves­
sel would he penetralcd (i.e .• the tiny 
numhcr of huge spills). 

IMO Cm1pa1Ulin· Study 
ThclM<>Stl-cring('ommittccllll('ompara­
tiw T ankcr Dt.."iign is Wldcrtaking a mm­
parison of the douhlc hull d<.."\igJt with the 
intermediate oil tight d:d: ( abo called the 
mid-height d1..tl) design. The IMO ap­
proach to !hi<; prohlcm empha...U.CS three 
area.'\ of n.."iCNch: ( 1 ) heller lllldcrstanding 
of data from prl"\ious a<.ridcnlo;; (2) more 
~-.phisticated cakulatiom of oil oulflow and 
damage stahilily in dcfir.cd gr~ and 
mllision<;; and (3) mod:I tank tesl'i to simu­
late various grounding and collision 
sccnaric.~ The anaJr.;i.t; of prl"\lOU.'i accident 
data will pnJ1.idc a helter understanding of 
the Sl.."\t:rity and fn:qucncy of certain typ.~ of 
accident.-. (and JXY-"ihly other related infor­
mation). The calculation.-; allow researchers 
representing the \'3rious Ur.itcd Nations' 
delegations lo di'iCU.'\.<; the m<N appropriate 
approaches to the prohlcrn. In addition, 
n11:irc effort L'i being focu.<ied on these types 
of calculations than ha-; heen done lo date. 
Both a simplified n.cthod for oil outflow 
calculation.-; and the U'iC of a probabiti. .. 1ic 
analysi.o; methodology arc heing utilv.cd 
The m11dcl tests represent an advar1l~t: 

in thal larger scale modcl'i will he u..-.cd than 
in prl"\iOll'i tests. The tcSls performed in 
static waler condition~ will allow valida­
lion of the results from the calculation<;. 
The results from the model tests \llith 
dynamic condition.<;, simulat illf, currents or 
waves., will lead to ad..-ancc.-; in lhc undcr­
stauding of what happen.-; in these <.v­
cu mst a nces. The IMO Steering 
Committee L'> al<;(l l<Klking at fut urc gcni:ral 
guidelines for lanker dc[>ign. 

NEW RESEARCH FOCUS 

Naval archilects traditionally have not 
designed tank vcs.o;cls at the derail level to 
wilhstand groundings and collision<.. 
While the technology hasc is adcqualt• 
and there arc internationally recognized 
standard'\ for the design of vessels to a.<.-
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sun: their ;nll.-grity during nonnal operat­
ing condition<,. rnm:nt design pradit.-c 
dot.-s not addres.o; in-pnx-css <K"l-ident lic­
ha\;or, v.hich airt.r.ift and automotive in­
du'itric.o; refer lo as" t.Ta.'ih-worthincs.o;." The 
state-of-the-art in understanding fun­
damental foru:s and strut.1ural rcat.1io!'L'i 
during tank ws.o;cl an.-idenls i.o; limited par­
ticularly for groundings. Similarly, al­
t hough computer models exist for 
estimating structural damage in partK.-ular 
scenarios, these modclo; have mil hccn 
v.ilidatcd ~;th at.1u.tl accident data or full­
scalc testing. 

To licttcr understand actual vcs.'iCI per­
formance and to mo\\: in the dirct.1ion of 
cstahlishing performanu: standard<,. more 
hasic knowledge i.o; required. "Perfor­
mance standard-;" have meaning 1mly if 
there is a mechanism lo test variouo; 
proposed designs againo;t these standard-;; 
there must he a w-.iy to quantitati,dy 
predict damage lo any design and the 
ws.o;cl"s ptl!\t-accident performance. 

Prco;cnt anal~1ical methods rely on 
simplified a.o;.o;umptiono; and limited num­
hers of primitive control parameters, Ioctl 
to the site of impact. Consequently, 
damage pmjel1ions arc hut gms.o; ap­
proximation<,. lacking hoth the detailed ac­
curacy required lo quantify results hcyond 
directional ranking. and the scn.'iiti\ity to 
reficl1 any hut the m11!\l major changes in 
a.o;.o;umption.o; and/or control fa<..1ors. 

( in•ott•r Untlersto11tli11g <f Stmcturol &­
hcn ior 
Tank vcs.-.clo; vary significantly in structure. 
even within similar design types. Differen­
ces in ha.'iic strn11urai arran1,tcmcnts, scan­
tling.o; and detail, hoth indr.idually and 
cumulatively, will result in diffefl'nl failure 
scqueno:s and Jll~l-accidcnl ves.o;cl condi­
tions. Experience pr.ives thio;, hut present 
technology cannot pn~ect it h<..-yond gro!i.'\ 
gencralitic.o;. Basic theoretical r;:.o;caffh i' 
needed into relevant material hehavior 
leading up to micro-clement failure and 
progressing 1.hrough major structural 
energy dis.o;ipation into ship .strul1Urcs. 
Modelo; of detail sc~1ucncc hchavior mu<it 
he 1:nlargcd (I) to cncompa.o;s the full 
variety of !'hip structures, (2) to rcflccl the 
glohal changes during the accident 
proccs.c;, and (J) to account for the cargo· 
structurc-wdtcr interface phenomena ao; 
the VCli."<!l's integrity L'\ ao;.o;aultcd 

At prc:o;cnt, dynamic progn:.<;.o;ion.'\ arc 
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defined thrnugl- rudimentary .. 1atil" 
study of single-step m1wcmcnl from the 
intact st;.itc to local detail failure. This 
is an inadcquatt· and misleading ap­
proach if there is lo he any attempt tu 
meet d~11amic pcrformam.:c slam.lards 
of integrated structures. The path of 
stru<..1ural failure follo\\-s the movement 
of destructive force as it strc .. sc.:s nm­
tiguous local structure into plastic 
deformation. rupture and ultimately. 
failure. As the dissipating fort.·c moves 
into peripheral structure the pn1ces.o; is 
repeated, moving like cracks in spliuing 
sheet ice, seeking out the weakest path 
of resistan<..·e hdorc dis.sipating in non­
dcst ructivc stressing of steel. The 
projection path and extent of dcstrllc­
tion remain quantitative unkno\\11s. 

To achiL'\·c an understanding of struc­
tural hehavior tk:l is adequate to UL'\d1 ~ 
ment of n:s.~I performance standard<;, 
speL-ific needs muo;t he met: 
• Improved analytical techniques arc re­

quired to un<lcr.'iland the hull rupture 
initiation pnx-cs.<;. a key controlling f.ll'­
lor in whether cargo \\ill he spilled. 
Present analyses include making 
simplified assumptions and u .. ing 
limited numhcrs of parameters. In 
properly designed hullo;. ruptun· may 
nul he inc\itahle; to that end further 
research also should he dircl·tcd 
towarus developing innovative hull 
material-; and structural amf~'llration'i. 

• Improved capahilities arc needed for 
prcdic•ing the vertical, lateral and 
hori.tontal extent of dam~e su'ilaincd 
to the ship hottom (of hoth sin!!le and 
douhl:.: hullo;). C. 'urrcnt method., include 
making simplified a. .. sumption ... Im­
proved method-; would al'"'4 l help deter· 
mine ou1now from hrcachcd tank ... 
determine stahility of damaged ~hips 
and plan salvage of stranded shir.-. 
To make design tools availahlc. a 

de~lopment programme would need to 
integrate; theory, modeling. strul1ural test­
ing and vcrifical ion \\it h historic<il al·lidc nl 
data. Otherthan the la.o;I a.'>pcl1, all of these 
arc within the ahility of ac<idcmia and in­
duc;try. Unfortunately, verification is nol 
flllS.'\ihlc with exio;ting dataha.<;es and i.s not 
part of indu.o;try practice. 

Morr Detailed Casualty Dutahu.ft:f 
The prccedin~ discussion points out 
another significant need. The NAS com-

millec found exi .. ting 1.:a .. ualty 
datahascs innlmplcte and.or mi .. lcad· 
ing: of the do1ens of a1:1:idcnts rd~·r­
cnced in the study. not one is puhlidy 
documented to serve as an adequate 
re .. ourn: for the most ;!encral alTidcnt 
de~Tiptiun. 

Rct.1lrd'> lu:k the d1.:tail Jocun1cntalion 
(\\...">."Cl sp1.:i.:d or dcSt.Tiption of !!f1lunding 
1.lh..lade, for i.:xamplc) that w11ulJ help ri.:­
late a particular ..c.-nari1 l to thi.: cX<it.1 
damage: done. Such inform;1tion j_, c.:olhcr 
considered proprii.:tary (frequently for 
le~l rca.'il•lls). or io; ri.:cordcd in an 11wr­
simplilicd form or nol at all. In additi1lll. 
there i_o; ~ldom any dataha.o,c link hetwi.:i.:n 
general anidcnt sta!io;tics ('uch a. ... the 
numhcr or \·nlumc of spill") and the 'UP­
Jlllrling detail" ( ws..-...:1 di.:-;nipt i1 m. initial 
cau'iC of .:Kt.-idcnL extent ,lf Jam;~c in 
.,trUl1Ural term,). An ac~iJcnt ;maly~i .. 
typically must rdy on manual ..carch 
lhrnugh incomplete rec11rd .. from 
numcro11s sourn:s (suc.:h a..; the l 'S C1la." 
( iuard . .,hiphuildcr' opcrali lrs. cb. ... ..ilic.:a­
lion s1x-ic1ies <•11d marine l·.i-.u.1h\ 11r­
gani1at ion.,). Thcrcf11rc.:. bc:ltc.:r 
prot.·i:dur~·s arc needed f1lr in,pcdin!-! 
nc\\iy damagi.:d ship... induding dc.:l;1ikd 
dctcnninalion of collapse. tc<1rinc of 'truc­
turc and full photographic.: W\c.:ragc:. Thi' 
type of in.,pc<..1ion, if mandatory, wnuld 
pro .. idc an engineering ;md !-.l;t1i .. 1il·al 
data hank that could rnhanl·c undc:r· 
standing of the phenomena involved and 
lead to impnwed dc.,ign-.. 

Research leading tu c:-.t;ihli ... hing a 
mandated dam•tge-a..,_..c.._.,mcnl pr11hx-ol 
should he undertaken; rnmplclc and ;K·­

::uratc cau..c-and-cffcl1 da1;1 w1 lUkl en;1hk: 
dcwlnpmcnt nf an accurate \'c.._'ll:I perf1 lf -
m;mct· model. This rc.\carch w11uld re­
quire the cooperation 11f c.:n¢necrs ... hip 
repair Lsl·ililil s. ,hip 1•\\ncr., and 
operator ... and lcg;1I expert .... 

Public Polu)· .·h11c·11s 
Engineers and n.tVal archilcl1' arc 1ypil·;1l­
ly more rnmfortahlc de;iling with lcchnir;il 
rc!learch ohju:tiwly th;m j,.,un relating 10 
puNic p11liq•. However. unk.,., t>Rl" t;tnkcr 
dc~gn is founJ I h.11 i., superior 111;sll1 ll hc.:r. 
in all rc.,pect, trade-off., m1L'll he m.1lk.· 
hctwccn the strength., and wc;iknl'"c' 11f 
ahcrnativc desi~ ... 

('onscqucntly. it i~ inrumhcnl upon 
the maritime community lo work more 
clo~dy with puhlic poliq m;ikcr .... There 
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i, ;1 Ju<tl n>k: hL·n:. Fir ... t. h,M dll:, the 
puhlil: 'ct pri.>ritiL·s <iml>n!! altcmati\·c 
typc,,,f ri,k, with Jitkrcnt tankcrl.k~!!fl-'·-• 
St.·l,•nd. thL· maritime nmmmnity mlt>l ix· 
\\illin!! hl cduG1lc puhfi,- pnlil~· m;1kr' 
;md thl· puhlk.· in !--'l'.n<.:ral a.' lo the a<l­
\ ;mla!!l"'- • lf dilkrl·nt d1.·,~'ll' ;imhhl· tr;iJc­
, ,lh hl he madl·. "•lll" that in ,1rdcr f,1r a 
tank.:r Joi!!n Ill he rc'"-''!!ni1cd as 
.:qui\ ak·nt h' thL· '" luhk: hull dc ... ~'11 unJcr 
thl· (>ii p,lllUtilm Al11>f" l1Jllll. the l 'S l 'tlO­

!!r•·,, nn1" pa'' nt•w k!!i-,fat i, in x·t: in!! ... uch 
pnli'-~- .-\s,>nL· mi!!ht im.a¢nc. nL·ithcrl ·nn­
!!rl·,, nur the ,t;1fli:r ... that w,1rk with l"•lll­
!!fl"'-' ;irL· knll\\11 for their kn,1\\b.lg.c of 
n;1\al an-hitcl1ttrc. 

.-\n11thcr (llllil~ i."uc deal' with in­
t<.:!!f.ttin!! tanker dc,..~n int11 an overall a.'­
....:,,ml·nt , ,r t .mka 'k"i!!"- '-"' '"-" rul1 illn. 
11per;11i1>n. in ... pel1k>n .mJ maintcnano.:. 
hll-u ... if1!!• •n ••nly 1 >n.: .L,(lCl1 will n'>l cn,urc 
n1.1ritinw -.;1li:t~ ;L' well a ... an intq!J";ilcd 
aprr••ach. 

Rt'\t"urth 011 clr1· lnjl11.·11ff1f T11J1k <i•:r­
ccm.~ 

Ship ... 1rm.1ural hd1;1\i,1r f1llklwi~;in ani­
J..-nt i, inll11L·n~·.:J hy Glr!!o ;md halla." 
,1;1111 .... Tank ,·11nll'nh affn1 ll•ll ''"I~ h\lal 
\L"'-'d m.L". hut .11~1 the perfnrm;m'-·c of 
1hc ,·,in1ainm'-·n1 -.trulturc' a.' they pnll·c,, 
Jam;1!!ir-!! f11rL'-""· The dkl·t ma~ ix· l·ithcr 
h' inhihit 11rh ''"'l:.Knha1,· ,,ru,·tural failure 
. mJ rL·,uhi"!! 1 iii 1111111. iw. The in1cr;11..1i1 in 
,,f !;ml.. contcni... with the -.cqucnn.: of 
,lmd11r.1I failur1.· i:-. nci1h..-r un<l.:r ... 110.1 mir 
1.1k,·n ... cri1l11 ... ly in111an:11unt:1h1.· i ...... uc is n11 
m11r1.· 1h;m an '"'id.: in Jlt"'l-;1n·iJcn1 inve:.­
ti!!alinn,. R1.·,..-;trl·h in111 the imp.Kl 
phen11mcn;1 11f !;mk .-.mtl·ni... (or brk 
thL·r1.·ol) .... 111 he rL·quirnl to q1Lmlify l"''"'­
.1nidcn1 ''"'"·l ... 1;1111 ... ;1n-ura1d~. 

Th1.· l·ompu1.11i11n nwJ.:b 11• hr 
J1.•\t·l,•1l<.:<l f11r prnlidcd (lllll."nlial 11il 11ul­
llow fr. 1m .1 d;im;•!!•·d ,hip ... h, 1ukl link 
kindic rn1.·r!--~· 'lructural t·1inli1-111rali1•n 
and th1.· .:xh:nl of dam;i!!<.:. \furl." rc~":arrh 
i., nn·Jed in dl·h:rminin,i.: the rd11ion.,hip 
lll"l\\i:i:n l"Xt1.·n1 of J;1m.~r. rcl.11iw hyJn 'I!\· 
talil· prc.,,url.". t;mk 'ill· anJ oil outflow. 
\111r1." ;n:nir;i1,· .md l·ompk·tl." ;inaly-..:, 
h;i"'-·d on p;L,I ;1.·•·idt·n1~ in n1mhin;1tion 
\\ilh ;1 ,implilinl de."-·rip1i11n of prohahll." 
e\enh, may Ix· ;1ppropri;t1e. 

In addition. more re~art·h i~ needed 
111 undl.·r~t;inJ !hi." J~11amir mixin~ of "c" 
;md l·ar~o in ;1 J;im;i~eJ G1r~o t;ink fol-
111 .... in~ an an·idcnl. h1rl·e~ l·ontrih111in~ 
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"' thi... pn''-""· \\hi'-·h ...-.m ka<l hl !!f<.:.tll:r 
Glf!!" 1•utfl,,.... than 1.·xpl.tin.:J hy hydms­
t.llil- prc"urc. arc (ll.lt.lf"l~ undl·r,hlllli. 

.\fodd> Ji"" Rt·.,1.b11li Srmrgrlr 
l 'ak-ult1i,lll of lhl· n .. "'-LTW ..in:~th, .r· par­
l iaUy J;im~l·d hulb j_, an c'-.cnlial;L'(l\.:l 1 • lf 
marugifl!! !!fl°'U~. a.' the ~ip nuN he 
uni, lO.tdcd. ~ ~cd and t>n 'lf!!ht h l a iL"pair 
Ji lt.:k. Pro,:.:Jur1..-s for '-"·alualifl!! pn ~'1"1.·, . 
siw n>lla(l>C ,,fa hull girder. suhjl_·,1.:J hi a 
n lffihinalion of "1 ill waler and wa\\: lrnJ.,. 
need fun her ocwl, lpmenl and "Pl .liG1ti1 lll. 
SUl·h m•idd\haw ticcn d.:wl..ipt.:J f,lf" 1>IT­
... 1hlr<.: 11il pla1f,lf"11l,_ Some non-linear linilc 
clement prc~!ramm1..-s Gtn tic ll"--d. t>ut I hey 
need funher rdincmcnl if the\· arc hi tic 
pra'-1k.-;1l~- applied and rn•lf"<.: widely ll-.cd. 

F11l/-S,·1.1k Tc-st co Dt·>tnKti1m 
A L"ardully pfanncd anJ fully in-.1rumcn1.:J 
full-~;1k ~oundinµ li:st wnulJ wnlrihutc 
... uN;tntially hl unJ.:NanJi~ of 1.mk \C"· 
..cl slrlk.1ural r1.'1'('1lln'l'. under lr;iurnatic 
"lr1..-s.,. Each year a numt>crof tanker" reach 
the <.:Oll of their LL-.dul life l:d.: .... P1"'-..iNy 
0111..· ''r m, lf"1.· ... if ... ul·h t.mkr... n lllld he u >n­

wrt1.·J into 1."xp<.:rimrnlal shir- ;mJ ,uh­
j<.:l1<.:d hl .t wntrolk:J ~11undin~ 

An analogoll' na.~ 11.·st 11f a ful~ in!>lru­
mc nt 1.·d B. ll:i~ 7117 w;L' "Ill m ..... m·d hy I hi." 
Fcdcr;1I .-\\talkin A,i.:c"'-:· with indll..,.ri;1l 
inv11iwmcnt. The lm11wkd,i.:c µ;1inl·J fnim 
lhl· "1c,t 1odc..,.rul.1i11n .. ,,fan in!'>lrum1.·nt1."<l 
surplu' l;mkcr \\ould .1J\;tnl"I." all ,,f lhl' 
strul.'tur;tl rc--c;irch ;trl.'.t.' lhJt h;iw hci:n 
iJentilicJ. (The 'i:thcrl.mJ., ,i.:11\cmmrnl 
h;t, ann11unl'cd that it i' "(ll'n,,irin!! thi: 
full-'l·;ik lc,lin,i.:, ,ft,ar!!e:. in acliJ1.·nh.) 

S1mv11af\· 11· R1va1t"l1 .\· •. ,·,Li· 
Thi." 11.·l'hnnt.~ ha...: mu_,( Ile 1."nh.mlul 
;1.-ro,, thl." 'pn·tmm. fn1m 1."xpl11r;1h1ry ri:­
"";ifl"h ''' pr1-..1f-11f-l·1mn:p1 J1."\d11pmcnl. 

The rl·,uh nf th1.· rl.",l.";trl'h pr11jn"h 
,k.,lTihcd .J1t1ukl t>c a rdi;1hk mcl·h;mi.;m 
1h;11 l'.m. irrl.""('l·rti\c of" , ... _,..er ... J,·1;iiL,, 
;u:<.·ur;itdy projct1 "ml1Ural .md l~lr_i!o Ix·· 
h;i\ior .L'i" hm1.1ion nf \C.,...cl •k:~!!Jl in ;1m 
...dcd1.·J ;in·id1.·n1 ... n:n;1ri11. Whether the 
.irl·i,knt i' a wounding 11r 1.·111li ... ion. the 
modd mu:.i pl'rform wi1hi11 thi: cmdop<: of 
1hc _l!i\cn opcratin_i! l·minmmenl. 

The necu' indudc: (I) an inlq~rah:J 
undeNandin~ nf the J~n<1mK.-:. of .. hip 
'lrul"luritl foil1m· d1M11 lo the miao k:wl 
and rdilted fat·tor.;; ( :!) long-r;i~i: rc.'l'<trt•h 
in foilur•· lhwry (inlerotl1iw h.:havior of 

,wcr-.. trc ... s.:J in!q!ral.:J "lrUl"lUrl."" in 
a!>"''l.·iati•ln \\ith hyJniJynamic ltlaJ ... ): 
(.\) pr,lhll.'lll ... kaJin!! hl manJah1ry cn­
!!inccrin!! Jon1mcnlati•in •lf ..-..... u.1ltic ... : 
and ( ·O l·nmpulatinnal m,.Jcb rc ... ultin!! 
in 11utll,l\\ pr.:Jil.·1i,1ns. 

In Japan. '.\nrway. thi: t ·s anJ •llhcr 
nlUnlric ... fulurc roc;trl'h pn'!!rammi:., 
Jr<.: hcin!! pl;inm:J. H,lpdully. the 
maritime wmmunitywill l"llmmit i1 ... df10 
an ''"!!oin!!- l·•mtinmlu ... dfort of impnw­
in!! the tanker dc ... i!!n prr11.:c''- (. '11un1rics 
...hnulJ nwp.:ratc in l'llmprchcn ... i\·c. 
multi-year rc .. cafl"h and Jc\d11pmcn1 
11nigrammes that would result in l.'llm­
putalinnal m • .Jds for prcdiL1ifl!! \c"d 
strul1ural rc.,p.m.'i<.: durifl!! an anidcnl 
and nin-.cqucntial Glf!!ll •lUtllow. The...: 
arc the cn!!inc.:rin!! hlllls t>a.,ic t.• 
<lcvdnpm1.·n1 ,,f \c ... sd pcrform;tnl"<.: 
... 1anJarJ.'i. 

The...: pn'!!rammcs sh,iulJ (I) Jdinc 
thl." J,,,·umcntati1ln. pr11•:1."Jurc ... .ind 
pr,11tll·nL, th;tt wnuld remedy thl." ;ih....._·nl·I." 
.,f ljUJntili1.·J rn¢nl.".:rin!! L·asualty data. 
(Zl ensure aJcquall' th1."or1."ti.:;1l 
kn1 l\\lcd!!c and applil·a1i1 in [L·,·hn< 111 ~y h l 
dc ... i!!Jl l;mk \'1.",,cb 111 ml."<.:! pt.:rf11rm;m,:c 
... 1;mJ;1rJ., .• mJ (_\) ;Khin·I." optimJI f'll'llu­
ti11n omtrnl hy inte!!rotli~ LL<.<.: of J..- ... i!!Jl 
;1ltcrnatiw:. with operational anJ dcanup 
npti1>n,.,_ 

Thi." "-"•'I'll: 11f ... ud1 pn'!!f;tmmc,. w11ukl 
rn1u;r1.· the n-..iperation of !!•Wl."rnml."nl . 
I he rn_i!inc.:rin!! and nirtputl."r "-·i,·nl·l' 
wmmunitic .... k!!al 1."\l'll:rt ....... hipbuil<l1.·r, 
'hi('ll 1w ncr ... and d.1"-,ilil';1tion "'"-"ll"lic,_ 
Th,· ;iulh11r kds 1h;111he l\H) i!'> the lltxlv 
l>c" pt""ili1m1."d 10 l."ll<lf<linotll." !>lll'h an im-
1111n;mt ;md intcm;1ti~•n.1I dl11rt. 

\C .K,ClWl.UK;~ \!~SIS 

Thi." ;111th11r "'-'f\i:J ;L, 1h1.· l "h,1irm.m of th1.· 
'.\;11i11n;il A,·;11kmy11fSl.·i,·n.-.-., < ·, 1mmi111.·1.· 
11n T;mk \"1.·,,.d Dc'i!!n Jurin,i.: ih J.'i­
m11111h lik Tlwrd11r1.". it is n111 ,urpri:-.ing 
th.ti th1.· \i1.·w, cxprc"'l."d in !hi.' !"-•per ;ire 
l·1in:-.i.;ten1 with lhe .:1m1mi111.-e·., lin.11 
r1.·porl. Tanl..t'r Spill!!: Prt~t'nlion Hy 
l~!!ign. Exhihib Z 1hn111~ 7 11f thi ... papn 
haw ticrn takl."n dirrdly from the "iAS 
r1."('ll1rt ;L' wdl .1~ .1 'i~ilir;ml am1n1nt of 
thl' h:xl ( mul'h of ii wrh;1tim). Jlowe\1."r. 
the aul hor h;t, a1ld1."d hi~ ow11 opininns lo 
parts of this preM:ntiltion. ( 'on-.cquently. 
other l·ommillee mrmticrs or the ~AS 
may not a~ee with "'ml' 'lilkmenl' in 
this paper. 
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EVOLtmON OF REGULATORY SAFETY CONCERNS 

CONCERN ABOtrr SAFETY OF 
PASSENGERS 

(LOSS OF LIFE FROM FIRE, 
EXPLOSION, SINKING) 

' CONCERN ABOtrf SAFETY OF 
CREW 

(LOSS OF LIFE, INJURY) 

' CONCERN ABOtrr LOSS OF VESSEL 
AND CARGO 

(ECONOMIC LOSS) 

' CONCERN ABOUT PUBLIC 
L'l AREAS AROUND WATERWAYS 

(THREAT FROM TOXIC CARGOES) 

EXHIBIT 1 

Source: John Harrald and Kristen Harrald, "A Systems Approach to 
the Problems of Maritime Safoty," Ccnforence on Commitment to 
Success, sponsored by American society for Engineering 
Man:igement and National Council of Systems Engineering, 
Chattanoo~a. TN, October 1991. 

EXlllBIT 2. Worldwide rate• of aeriou1 caaualti•• to oil/chamical tanker• 
1974-1988 (6,000 GT and above). Source1 International Maritime 
Or1ani1ation Analy1ie of Serioue Ce1ualtie1 to Sea-Coin& Tani.ere, 
1974-1988. Tonna1e-di1tance analyeie wa1 prepared by the NAJ 
co1111ittee baaed on lHO caaualty etati1tic1 and lnternationa! 
Aa1ociation of Independent Tanker Owner• for mil•• data, Ca1ualtlea/ 
trillion ton-mil•• data cover• period 1975-1988. 
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GENERAi. iNFORMATION 

OVER THE HORIZON 

~ Tn.·hno Superliner ~arch projn:t 
l'TacMs half·w-.ly poinL In July l'~l SC\l"n 
kading Japanl·sc shiphuildl"rs and thl" 
Japanl."sc gowmml"nt formed the Tn·h­
nologjl·al RL."si:aH"h A'iSOl.;a1ion of lhl" 
Tl"chno-Supcrlinn. Thl" j!Oal of thl" Ill 
hillion yen ( l rss TH mi lion) hudg.l"t i.qo 
dewlop an 1lCc.:an-going transportation 
ws.o;cl \\ith the ahility lo carr~1 l.IUl ton­
nc.:s small-lot. hi!!h-value cargo al a speed 
of 50 knots and mw a range.: nf 51)1) nauti­
cal miks. In thl" re<.t:arl·h prujl·l1 thl" fol­
lowing an: identified as priority areas: 
Hull form and strul1Ural analysi ... : new 
matc.:riak propul,ion plant and nmtrnl 
sy ... h:ms: anJ hy<lrodyn;imil· perfor­
mann:. 

Two hull fnnm ;ire currently hcing 
studied termed TSL-F and TSL-A. The 
TSL-F is in d1.:wlopmenl under the 
.iuspices of Kawasaki. NKK. IHI. 
Sumitomo;md Hitachi Zoscn in conjunc­
tion with the ln.stitute for T el·hnical Re­
si:arch of Ship... The nim:ept is a foil 
hyhrid which nin'i."-' of a wmhination of 
main hull. fully suh1n:rged l11wer mono­
hull. fully suhmerged foil, and ... truts. in 
operation the main hull i ... lifted out of the 
w;11er hy th~· '>Uhmerged hull and the foil, 
thu.s reducing resistance. A l:.~11 sdf­
propelk:d !\Cale model of I he •xs.o;cl h;L' 
already hcen le.sled an<l the resulrs show 
that waws of heights in the rani-.'C (1 to 12 
metres. the predil1ed (and des~) wa\'~ 
hei¢tt range for the pro(ll1'-ed routes. had 
little effe<-1 on ... peed. Propulsion for the 
TSL-F is ... upplicd hy a water-jct ... y-...tcm 
Jlll'M:red hy gas turhine en¢nes. 

Re...c;m·h into the second hull l·om·ept. 
the TSL-A, is c;irricd out hy a team from 
Mitsui and Mitsuhishi. The wncepl is 
... imilar lo that of a surface cflel1 ship 
(SES). whil·h mean~ that the ves...cl is 
primarily Mlpported hy ;m air-ctLshion with 
how <tnd stern seals and additional 
huoyanly from two hulls. The vcs.-.cl is 
intended lo haw a cargo c;1pacity of 1)11 
TEU (twenty-foot i.:onlainer equivalents) 
all phtl-cd on the upper deck. Prdiminary 
dimensions arc: length 127 metres; hcam 
27.2 metre.'; depth 11 metres; draught off. 
cushion :'i metres and on-cushion 1.4 
metre .... The propulsion ~y.;tem i'> ~imilar lo 
the TSL-F water-jets dri\\:n hy g;t~ tur-

Ii 

hine... and air l·u~hi,1n is nl:;itnl hy 
four Sl'par<ik ga~ turhint·~. To mwt thc 
desi!!n niteria for thl· TSL-A.11perati11n 
in wa\'e hci!!hls hctwern-1 and h metre-... 
the \'l's.SCI t. lined \\ith four Sl"b of m1\lk1n 
contml lin.s and a rid: c1 intn ii s~'!.lem. 

Papt·r~ tkMTihing the Tl"l-hno Supcr­
liner pr1 ijl"l1 Y.l:rc prt~ntl."d at thl· EL-;t .. , I 
rnnkrcnn· (the fiN lntemation;1l l ·on­
fcrence nn Fast SL."a Tran~Jll1rt;11i11n) 

held at Trondht."im. Norway. in Junl.". 
The papers arc a\'ailahlc from: Tapir 
Puhlishers. Vnllahakkrn 15. 711.'0 
T ron<lhcim. Norway. (The Motor Ship. 
Sl"ptemlll"r l'l'>I. pp. 55-:'(1) 

Seaborne transportation of liquid 
hydn~n. One l·urrent focal an.:a for 
federal< inm;tn m;1ritiffil" rcSL."arl·h isat-SL."a 
tran ... p11rtati11n nf liquid hydr,i!!t"n. 
lfydn 1!!l"n i, \'icwcd <L' a future rnergy 
source as it docs mll prndun: any h..1rmful 
l"xhau.sl !!"' when.convertcd lo l"nc'!--'Y· lbc 
pfllhkm is that hydrn!!l"n ha' 111 he 
1ran,p11rtc1l in a liquid stall". Sinrl" 
hydmgen liquelil~ al exlremdy low 
ll"mpcraturl"s-hck1w :!..'ilr("(:!..l 15K) thi ... 
causl"s si.:Vl"rl" prohlcms rclakd to 
mall"rials and insut11i11n tn·hnnln~l",. 
Current rcSl"arch inh 1 the 'uhjl"l1 i, Jll'r­
formcd hy thl" Euro-Oud1n· lfydro 
Hydrogen Pil1ll Projel1. whirh i' a nm­
tinu.ance of an i.:arlil"r pre-fcasihility sru<ly 
to e\'aluatl" the JlllS.'iihility of ... upp~ing 
hydrogen gcncratl"d 11y ( ";madi;tn hydro­
powt." r lo Europl" for nmvasion to 
da1ril·i1y. The nhji.:l1ivi.: of tl:e l1Jrrcnl 
phase of work is lo demonstrate lhl" 
fca.'\ihili;y of thl" l'llmpk:tc projcl1. indud­
ing hydro~tcn manufacture in ( ·anada. 
transport to an<l utilit4tlion in Europe. and 
ei.:onomk ;L.-..sc~'menl of the i.:ntire projcl1. 
Thl" rl."search rclatinit 111 thl" at-sc;1 
tr;tn,p11rt;1ti11n i, undertaken hy ( icrni;mis­
rhcr Lloyd ir. <1sMlC~11i11n with the Th~scn 
N1 ird.~e~rke yard and I he AU!-'llsl Bolten 
shipping line. (l\laK Toplatrmr. No. fi\-
90.) 

The fifth Safety at Sea and Marine 
Dtttrcmics Exhibition and ( · onfrrrnct' 
(SASM•:x '92) i. .. 10 he arra~·<l in I A1ndon 
in the period 7-•> April 1•1112. The mnfercnt·c 
an<l exhihition. whi4·h <:1M:r a wide ra~ of 
'ltfety-rchttcd lopi< .. , arc supported hy the 
lnte;national Maritime Or~anisalion 

(l\t< >I an..I olhc..·r 111;.1ritimc 11r!!'mit;11iun-.. 
lnli.1n11~tlkin l-;tn Ill.: rt·n:i\c..·d fr,1111: SA.\­
\t L\ 1'1'12. Oun·n ... w;1~ ll1.1u't'. 2 
()occn. ... w;i~. Rnlhill. Surrl"~. Riil l<)S. 
l . ni1t·d Kill!!~ 1111. 

The M"Ctmd lntl'ITI&ltional ( -,~~ on 
Ennio·. Emimnml'llt and Tn:hnoh..;t~tl 
lnno\alicNI is 111 be hckJ in Rt1me. Italy. in 
the pcri,id 12-lhC k11h:r 1'112. r\rno~ the 
tiipil~ O.l\l:fl"d hy tht.: l'~c.:"' ;iri.: let·h­
nolt~-;tl inn..l\~li.111 in the pruJu1..ti1.1n. mn­
\\.oNlln and lr.ul--p.ll't of c..'11<.TK\·· ~ ;t ... r.1\\ 
mllln1~ Ii..- eoc~ an<l eh1rii.~d. 1hcml.;1l 
and mel·h;mil·al ~·ncr!-'Y fn 1m \ark 1u ... ' ' 'ur­
cc!>. The 1 .. h.:r m1in hipk.. .... ar1..· tnhlll1~~1..~1I 
iimt '11.-alii m an<l i.:m "in 111m.:nt • ...ud1 ;r. pn 11.L. 

ti\\.' pn u ....... ~:~ lm<l lh.: ;m<l h..1hiu. Int; 1mu · 
tiiincanl'\.· fCll:i\\.'dfr11m:Stu<lit1E< i:\. \isle 
Tvim1.1. I') till%. R11111C. hah. 

The ~ond international 1-:"liS tEmiron­
ment l'liortlwm Sr.1.-.1 ( '1mfn-enlT and.:, .. 
hibition iq11 he hdd in Sta\itn)!c.:r. !\11rn;I\ 
in the pcriod 2+27 Au!!u"I 1'1'>.t The nm­
fcrcnl·e v.ill f11t·u, 1m pr;Ktic;1l ..,,1lutinn" 
111 emir1.1nml."nt;1l prohlcm-. <icni:-.' dif­
ferent ..,l"l'lor' ;ind !!l"<1!!r;1phil· h11un­
d;sril",. Thl" ... n•pc of thi.: nmkrenrc \\ill 
he hro;1dcnnl h• al~1 indudl." ~·miron· 
mental l·h;1lkn!!I..'' in the nnrthcrn-rno'I 
w;1ter,. tha1 i .... thc Ra:c..·nh Sc;1. lhl" 1'11br 
Ba~n ;md the WL."sl Atbn1i1..-. lnf11rm;1ti11n 
l·an h: rl."l'ei\cd from: F~S Scnet;1r1;1t. 
P.O. Box 4 HI. l"-~m St;s\;1111-'.1..·r. !\;11rn;1~. 

lJS< >ii P1•lutinn Ad t( WAI 1"90 lq;..Jottion 
threati.:n:- tankr lk........,, di:wk•pmt'lll. (>PA 
(.'iCC lead artide). l."slahli~·<l a ...tant.linl 
~pccifying (h;I( lk..~ akrn;i(i\\'.S ft If t;mkcr ... 
~ould "prmidi.· protl"tti11n ... c<1u.1I lo or 
grc;der th;m 1h;11 pr1"11.ihl 11;> doul~l' hull-.." 
Then: arc. h1M'l.'\er, no ~ocrally al'l"Cplnl 
niter~• for l"Valuatin!! ..,lll'h e'tuivalcnl·y. h 
j.., prcvalcnt thinking in the 'hippinl.! in· 
du...try that douhlc-,kinncd dc..i~1 L' nnt 
ncn:'-\Otrily the he...i ~ 1luti1 m. and 1h;1l al'l'i­
dcnt... i;;mnot he pn:wntcd hy \t.'S.•.i:I dt.,,~ 
~~1dinn:- ak111c. Vc,..,d 11'.l.11cr' ;ire n111-
rerncd that inlnnal ional and n;il i11n;1I 
rq .. 'lllati1 in~ will inhihit lk..,ii.tn d1:wk 1prnl"nl 
1hro1¢ lixingtcchn• 1!1 ¢l«1I-.. ll1dii in:-. and th;ii 
I hey di 1 n1 .. rm ¥Jli1L· ;~! •r.~<.t~ 11f ~ 1lhd ii m 
limil;t1iort-. 

Two ~l·paralc ~•udil-.s hoivl" hci:n l·;irril·J 
out on thi ... suhjel1. Till' lirsl wa., a .... udy 
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wnl..:rL1krn 11\ 1h1: l S 'ati11n.:1I Ro..~.1fl·h 
(. "1 ium.il ( 'R<. "} inh 1 tho..· pro.."\\."nli11011ft;mkr 
'Pill-. b~ do..·-.i!!n (Ltd artidd. and th..: 
-...:nmd \\~1-. ;1 '-ludy hy an indlL'I~ jnint 
w11rkin!!!!fl mp o..·-.tahli.-;h..:d h~ lnto..·rruti1 m­
al ( 'haml-..:r \lfShippin!! ( ll "S). lnt..:rtankn 
and Oil <."11mpanio..·-. lnt..:m.11i11rul \brio..: 
Fllrum (O<."l\ffl ti• d..:\d11p pn•p.."1l-. 
rd;1tin!! l\l t;mkr Ii.~ ;md pollutiun 
pn.·wnti.>n m..:;1sur..:-.. Th..: r..:purt fwm that 
study l.·nndud ... -,., that th..: "oc..:d tn mak..: 
..:\lntin111lll' dfort h1warJ., impnl\in!! -.hip 
~tidy ;md ..:mirnnmo..·ntal pn1t..:l.·ti11n i .. 
\\idd~ an"l:pl..:d. H11\\\."Wr. th..: ..tati...ti.:;11 
..:\id..:nl."l:. niupl...·d with ..:~ricnc..: and th..: 
flx·;trl·h :h;11 h;t' h..:1:n untk:rtak..:n. d1 i..:s m ll 
indiG1t..: th..: n..:nl Ii 1r a m;1jor n:\ i..i1 in nf th..: 
\tarp.. ii pn "i-.i1 lit' ;11 l hi.' sl•l!!..: :· 

lnt..:rt;mko i .. pnipo.i,..i"!! th;it th..: l ·s 
;ill(h.1ritio..-,.,;u.wpt a .. hii!Vtmlal hulkh..:<iJ r..:-.-
0..11..: l.mk d...--.~·· whil.·h it daim-. nfli:r-. ;1 
h~cr dq~..:..: ,,f m.1rin..: ..:minmm..:nt;1I 
pn 11...-... 1i1 m than d11uhk skinn..:d d..:si!!Jl. Th..: 
lnt..:rtank11 prop. i,..it i1 in i-. d..:vd11pi:d from 
a \1ii..uhi.,hi lbi!!n. whil.·h i-. do..·-.nil-..:d 
h..:ltl\\. 

POLIS (P11lh1ti11n [jmitati11n Syst..:m) 
·'··wl1'l'·d ll\ a~ lamhur!!·ha.'\t:d ..:ni!in..:..:r. 
'.'•1r. Par.1:-.~ ... ·v11r~1llL'. i., d..:si!!Jl..:d for in-.1al­
l;t1i\ln in ni.,li"!! tank..:r \..::o.."l". Th..: "~'t..:m 
,·van1ah:' 11il fn 1m d;1ma!!..:d t;mk.' intu sp..:-
1.:i;1I r..:'l·u..: tank... whil·h ar..:nmn..:l1..:dh1;11l 
c;1q.!ll t;1nk. .... r\ ,~,ll·m of pump-; m;1intains 
;i part i;1I v;1, 1111m int hl.'. rl.'.-..:u..: tank~ and in 
•;1S1.· 11f t:mk 1.Ltma!!e a c11mhinati1m uf 
\an111m and t!fa\ itati11n;1I r. 1rn: l.'.\;tl1!;1teslhe 
1·;1r!!o frllm 1lw 1.Ltm;l!!o..·d tank. 'l;l.'.u::-..-.;10 
rl·'l·u ... · lank ... ·;1pa1. it~ ;im1 •Unh lo only 4 p..:r 
rm! 11fh 11;tl tankr;1p.tlity. and the -.~'1cml·;m 
h .... lined with11111 d~ -d114.:kifl!! ;md withllut 
'rni;ili ... 1 -.kill-.. 

PC >I .\th( Plllh.tinn\1inimilill!!S~...i ... ·m). 
d .... wl11pnl fn•m PC >I.IS hy thl.'. -.;1ml.'. inwn­
lnr. i' inll·ndnl f, 1r new w ..... ......-L,. Alo"!! with 
1hc \anmm-ba'l.'.d r..:'4.Ul.'. l;tnk -.~'1 ... ·rn frnm 
!'<'I.IS, POl.\11S al'41 li:;itun:., a nm lank 
1.b~n in whil"h 1h ... mid~hip-. and L1rgt''' 
lank" haw ;1 \"-,hi!Jll.' and an· l.'.nlirdy i."~ 
b1nl from tho: 11utl'r ·,hdl. (Tht' \lolor 
Ship.Jul~ 1•111tpp.l~-'~' 

\1il"nhi .. hi flt•a'J lndu .. lrit'" nt'W mid­
dt'fk lankt'r rnnnol .,pm. Miii h.1 ... l11n!! 
iml',lif!all'd \;iri1111' lankl.'r -.1rur111r;il 
ronligur;ition' lhal would prl.'.v·~nl 11r 
minim ill· oil 11111 n, ·w fr11m dam;~l.'.d oil 
tanh. The rnd rl.'.-.uh w;1.,. lhc mid-dl.'.l·k 
lankl.'.r. which ha" douhk -.i(k ... 111 aro1m· 

Afari111' flltlmtrial frd11roloJ.,.•v. No.5, llJ'J.! 

m1 "11fat.: \\~tt..:r h<tlh't and h 1 pn lln:I ;~ain't 
nllli"i1in. "Ibt· miJ.J..:d. i.-.111'."<tled li..:l11wthc 
wah:r-linc :-1.lth;1I :he hyJni-.tatic pR·:-..,ur..: 
in:-.idc th1.: l"1t11h•m t;mk i, lowl·r th;m h1r 
th ... ·\\at..:r11ut-.idc. In Gt-...: thl.' ho1t11m t:tnk 
ruptur..:,. wain ''ill pu'h ib way int11 the 
tank. thu.' l'fL'ating a ... cal 1-..:t\\l.'.l'n th..: 11il 
and tho.. ruptun:d -.kin. \IHI h;t' wm­
p;1rcJ th..: p..:rform<1nn· 11f th..: miJ-<l..:t·k 
t;ml...:r t11 that 11f a douN.:-skinocd tank.:r in 
a number , ,f -...:1.:nari IS. and Ii llll\U that 1h ... ·y 
arc t!J• i:-..~ ..:4ui\~knt in tl.'.mt' of pn ll..:l1k in 
Ii ir ~alb d;1m.'!!l.'.:-. but th;1t th..: doubk­
..;J...-..1 miJ..dr.:d tankers \\\luld pi:rf1 lf1Tl bi.11...-r 
in th..: c\t:nl of a b~l.'.r dim;~·- \1111 h.1(l\.'" 
th;ll th..: d_:~ Gtn k alll:J100 UOJ.k.T thl.'. 
o..·ttui\~..:OI.~ pn1\i..ion' in tho..· C >PA ( \larine 
I.A~ Janti;~ N'l 1. pp. -l I). 

.. You'll newr replal-e sail_- S.tilin!! '\hip-. 

....:..:m h • h..: in th.: wind a!?'tin. at 11.'a't in thl.'. 
'-·rui.,...- indu...try. Tw11 four-m.L'1l.'.d lx1r4u..:n­
l in.:-. Ii 1r lu'-110 nuisi":!! in thl.'. C1rihh..:an 
and \kdit...-rr;m..:an ar..: rnrrl.'.ntly h..:in!! 
huilt Ii 1r While Star ( 'lippi:r ... '.'\.\". 11f8ru ... -
,d-.. Bd!!ium. hy thl.'. Ltn!!..:rhru!!!!l.'. 
Shi~;ml, 11f_( ih..:nt. Th..: ..hip~ naml.'.d S/Llr 
F~·a and Star ( "/ippa. arc ili:si!!fll.'.d hy thl.' 
Dutch naval ard1itl.'.l."I-. Rr\L. R.\kFarlanl.'. 
;md R.:'\lJ!-'1l'm. High pri.1ri1y w;t, ~l.'.n to 
cn ... urc a g11od ~1iling pi:rf11rm.m1.·..:. and thl.'. 
\l.'.s-..:L, arc C\p'.l1cd to rc;Kh "pi:..:J., cx­
n-nli"!! 15 knots ("p..:cJ whl.'.n usi"!!l.'."!!inL· 
al11n..: i., 11 km11-.). Th..: -.;1il-. ;irl.'. rnll r11m­
putcr-rnn1rnlkd. Ji-.tin!!ui ... hin!! it fn1m 
11!hcr m1xkrn -..1ilin!!rrui.......- ,.._. ....... d..., ;md th ... · 
p;L,~'fl!!lT~;1rl· L·n ... ·our;tgl.'.d to hdp wil h ..;iii 
h;111dlin!! if thl.'.y wi.-.h. LKh ship Gtn ;11.T11m­
m11datl.'. 11>-t pa:o..'l.'.n!!l.'.f-. in pr .... d11minantl~ 
d11uhk c;1hin-.. It rl.'.main ... to he ~.:en 

w hclh..:rthis hrin~ nl.'.W 'Aind in thl.'. .,.,ii-. for 
'"iii":!! w-..,ds. (Shipping World & Ship­
huildl'I", ~11wmh..:r l'nl. pp .. n+Ji'X). 

\'..('AT tr..t hell!~ <.,1111plt1fd Thi.-. n1..·w high­
'[lCnl l';11am;iran from !hr fap;mc.....- 1'KK 
< ·, irr111rati1 in h;L, ml.'.I pi:rf11rm;m1.·c l.'."f'C'-1•1· 
1i11n,. "lbl.'. \\.'.,...cl c11n-.i....is of a \'--.h;ipi:d hull 
and !hin ,idl.'.·..tnn ... t.1 impn l\l.'. ,,iii"!! pi:rf11r -
n1;1m :. and is ullim;itd~ 111 c;1r11 JU (liL'· 
"·~n"'' a -.l.'.f\iu: .... pr:..:d of 40 knot.-.. ~KK 
huilt a Ill ml.'.trr ll.'. . ...i ll4.1;11 whith l"<m G1m 
'l'\rn p•r..<oe~cr' thu-. m.1kinf! it Jlllf-.'iillc for 
I'll •cnti;1l t11S111m.:r; 111 imawnc the -.&;imLmL, 
,;f pcrformanl'l.'. of lhl.'. full svcd \"C\.<,(:I. 

Prcdi(1nl (ll.'.rform;ml·c of thl.'. l.'.Vl.'.nlu.al full 

sift· \cs-.d was found h• h..:: a m;r1:imum 
... pn·d 111 4.'\ knot...: link runnin!! trim 
C\"cn al hi!!h sp..:cd,: sm;1ll \\;1k..:: ;inJ a 
turnin!! r;1dii;s at full -.peed 11f ab1111t 
three bnat k:n!!th·. >\ith nc!!li!!ihk in­
dinati1in of the hull ,,h ... ·n turnin!!. Th1..· 
n ll:kin!! m11ti1 m ;, -.li!!hl l'\.:n in \\,1\"l'' ;1' 
hi!!h as thr..:..: m...-trc-.. (Small Shi~. 
~•l\\:mh..:r D..:n:mh..:r 111'11. pp . .:.'3) 

Kaddison Diamond i., the wortd·~ firs: 
~in-hull cnaiSl' ~hip. A 1~15 m..:trl.'. 11111:!! 
lTUL'l' ship. thl.' R.J,/,Jis11t1 Diumr 1t1tl. i_, n11w 
und..:r rnn,tructinn at th..: R.1uma Y;1r..L, nf 
Finlmd and will h..: ddn\:r..:d 111 Diamnnd 
Crui.'4..'. thi." spri"!!- The ws...,...·I r..:pr.:-.cnl' ;1 
n..:w ;1pprnal.'h l\l 1..Tui'l.'. -.hip ili:-.i!!fl ;1C­

n 1rJi"!! Ill \1r. Tu11ma-. Routaof Diam1ind 
( ·rui-.c Limitl.'.d's 1...- ... ·hnical product 
dcwh1pm.:nl di-.i.,ion. thc \1..·"'.,....1 will haw 
mi rnllin!! million ;md will ha\l.'. imprnv..:d 
h.:a\..: and pitl·h li..:ha,111r oimp;trl.'.d 111 th;11 
f\lrtr.1Jition;1l m1•no-hull lTui....: ..hip-.. Four 
nimput.:r-... ·ontwlkd fin ..tahill/.:rs will h..: 
m11untcd t11 l.'.n ... ur..: ... ·wn h:u..:r o imfort Ii 1r 
th..: ~x·fl!!c~ Th.: \t:"'":I h;L, a l.'l"l"W 1 ii I 77. 
will Gtrry J'-i (ll""-'"!!l"l'i in I Tl l~thin., ;md i.-; 
h• 1111.:rall.'. in th..: Criih..:;m IT1im th: Jll'r111f 
S;m Ju;m in Pu ... ·rt1l Rim 1 lhe \lotor Ship. 
A~•i.i.-.t t•~ll. ~ ... · 2-t). 

Fiw 5_:._,5 dt".t~'t'ighl Inn'\ t~tl ft'ITie. 
for fnmmen.ial H~hiclt'!t arl.'. 111 Ix· huilt h~ 
th.: llali;m shiphuild..:r FinGmtit:ri of the 
Finm;1r..: !!'"• iup. Thl.'. fl'rri..-, will l .. ,rry up 111 
'-"' cnmmcr ... ·ial Vl.'.hid·:, of a ~t;md::rd 
kn!!lh nf 125 metre' ;it a -.p..:nl r 111.1 
kn111-.. \' ... ·hirk I.me" arc \\i1.knl.'.d fr11r.1 th.: 
'''tndard '!..7 mctrl.'.-. t.1 .\.I mctr.-s for l''L'Y 
h1difl!! and unlo.1din!!. r\cn1mmod;t1i11n 
for :'41 p•L'-......-11!!1..·r-. will Ix· in t!-lllhk-h..:nh 
c;1hin-.. 1114..'. ... hips will he huil; ~: thl.'. !';1lcr­
m11 ~ard and ;ir.: 111 h..: ddiwr ... ·d in thl.'. 
period lx:twl.'.cn (;1!.: 11'1:.' and !'n.J. (Thr 
\lotor Ship, Jul~ 1'1'11. p;lj.!r 7). 

TECH11\i0LOC; IL\I. I \I PRO\E­
ME11\iTS 

Tank ~upport rnn.,lruction i~olalt'~ 

lank .. ; for high lrmprmlul"t' fa~Ot''-. En­
i.:inl.'.nin!! < \·ntrum < ironingrn and< ·sn 
lnt.:rna1i11n;il. l1111h of The :"licthL·rl.1ml'. 
ha\l.'. dl.'.\dopo..·J ;1 l<1nk 'llpport r11nMruc-
1i11n In pr..:vrnt prohk·m .... ;1,-..Kiatnl with 
the proximity of hi~ ll'mpl.'.ra11m· cir­

!!•lC.'·'111.'ha~a~phalt.rnal tar andnr11M11l.'., 
10 l11w ll'mpt:ralllrl.'. "l.'.a water. Thl.'s.: c<tr-

I) 



gllt:" arl·. dul· to lliw \i!>ni,..ity. carricd ;11 
t.:m(l\.·ratur1.·!> of 211ff<.. ·and ahmc. !>U1.·h 
that thc !>Upport ninstrul1ilin nccd' to 
ahsorh hc;tl dissipatcd fmm thc 1.:argo 
tank and rcdul·1.· ii lo an an·cplahk 
kvd ;11 lhc hull in lird.:r lo minimi1c 
1hcnn;1I slrc~ws. Along with 01h.:r s1rm:-
1ur;1I rc4uircmen1s.1hc ncw support nm­
slruction alS1.i aim' lo "'ilvc prnllkm!> 
know11 in carli.:r inlq.rraled tank de,..ign~ 
such as thc lcndenl-y of the cargo to 
,..,ilidif~ on thc hull plating. and cncr~ 
lo .. s from 1hc l";trgo. The ncw lank sup­
port nm.,trm:tilin nmsists of muhiplc 
sup.:r-impo,..ed lay.:rs of diffrrcnt 
mat.:riab. Stcd plates 25 mm thil·k act 
as tank kgs .. urporl i~ a compositc start­
i~ 1in the outsid.: with a lay.:r of EDPM 
ruhhcr. th.:n silicon ruhhcr. and finally 
an injectilm-moulded sheet lif llhcm 
2JOO. a fihre-reinfon:cd resin and ruhh.:r 
de\doped hy CSO. (The Motor Ship, 
Cktohcr :·l'>I. pa!!e :\~). 

Tripled Tno "ith S)nthetic oil. Thc 
.\IE.\' ER I A<i. ;1 French lhO pas~engcr 
krry. is said lo have mt ih mainlenann: 
tw•h in half hy 1.:hanging lo synthetic oil. 
The ferry is opaatcd hy ( ·ompagnic 
Morhihannaisc ct Nantaisc tk Navi!!a-
1i1in ({"MN"i). Nantes. for the Depart­
ment of Mlirhihan in Britt;my. The krry 
shu11ks passengers hctween the French 
port of Ouihern11 and the islanJs of 
Houat and Hocdic at journey di.,tanccs 
of )I kms and .'<I kms. Equipped hy two 
Po~aud 520-L diesel engines, the main­
len;ml·e and repair (M&R) costs of lhe 
engines init~1lly <1\er;iged l !S\ 1-l.lHl pc1 
year. In 11'8<1. ;1fter Jr;iininglhc mineral oil 
;md relillilll! with the synthetic Mohil­
ganl 1211. the following results were 
achieved: M&R rnsh on the die"cl" 
dropped lo an annual avcr;~c ofl rs\ h.'-01. 
Where prc\tou.,ly I here had hccn one over­
haul a year. with lhc new luhriG1tion oil 
there li;1s hccn only one o\·crh.1ul in three 
year-.. In addition. the oil consumption 
dC1.:rc<1'iCd hy Tl per ccnl. (Marine Propul­
sion, .lul~,'Au~ru..,1 l'JIJI. page ."\2). 

Propt'llrr polish save; 12 per rent ruel. 
lJM(' International Pie lc-.tcd propeller 
polishing on thl· ( 'unard liner Q11rc•11 

Flizah11Ji 2. After monitoring fuel con­
sumption on six voyages, lnlcrnalional 
d1K."Umt•ntcd fuel ~1ving." of some 12 per 
cent, 485 tonnes per day, at s1x:cds he-

/(} 

tw..:cn 27 ;md 2'1 knl11". The appw;u.:h 
indudc~ poli,..hin!! c;tl"h ,if two fi\e­
hlid.: prnpell..·rs lllll'\: with lllar-.1.: gr;11.k 
ahrasi\c. anJ a!!ain with finer !!radc 
ahrao;iw. Thc sc..-ond ptili.-.h giw-. a .. ur­
fan: lini.-.h of I mimm (ti.UH millimclcr~) 
n:ntrc line awra!!l". rcndcring a ~~­
niliGtnl inm:;L'\C in pwpelkr dlili1.·m:y. 
( ~ larine Propulsion. J;uma~ Fd'l'u;u~ 

l•l'>I. p;~'l· h). 

Sdf-polishing coating ghes better tir.· 
fl"ft anti-fouling. The ( ·ourlaulds (-. ial­
in!! !-'T11Up. ha-.cJ in thc l'nitcJ Kin!!J,1m. 
ha-.Jc\"dopcd a new tri-hutyl-tin ( TBT)­
frt"l" sdf-pnlishin_I! l•iptilymcr (SP(") 
anti-fouling l·alleJ lntcr .. mnoth tin-frce 
SP(". which they daim i..:•~.._., lhl· highest 
Jcgrcc l if foul in!! n inln ii, urrent ly avail­
ahlc from a TBT-frc·c anli·f\\ulin!!. ln­
lemationalcxpecl' lhal up to S:'i per cenl 
of all coaled \e~.,..eb will rcturn lo Jr~­
d1Kk in a s.a1isfac111r. e1mdi1i,1n l·om­
parcd to lhc 7tl per rent l.'.\T'cricnced 
when International"-. olJcr TBT-frec 
anti-fouling. callcJ lntcninm BO. i, uscd. 
Anti-fouli~ containi~ tin i~ GIU-.in!! in­
ncascd cminmmcnlal ninccrns sinl"c 
thcy have adwrsary effects on sca-lili: in 
harhocr arc;1o;. lntcrn;1tional lq!i~alion i.' 
eXJx:clcd that '>I.ill re~rilt the usc of lin in 
anli-fouli~" for \"C!>..cls. (The '.\fator Ship, 
July l'l'>J. page U ). 

l'oating eliminates cancer risk. Jo1un 
Prolel·tivc Coalin_l!s (JP('), l'K. has 
dcvclnped a new modilied-i.:poX)· hall.1s1-
tank coatin_I! which climin;tlcs 1hc danger 
of cant·cr cxperienl·ed '>1.ilh tar-epoxy 
oliltin~. lbc rn;11ing. Balloxy HB Lighl. i.' 
daimcd lo offer good pcnctralion- and 
waler-ri.:.-.i.,tancc. and i.-, also sai1! t• • l!i' ~· 
eXlcndcd com-...;ion prnlection. ·y v.11 ~c.:.-­

sion-, of thc roati~ arc '1\"ailahlc: a stand­
a rJ type whit·h may he U\ed in 
tcmpcralurc.., d1M11 lo 11re, aml a winter 
version for tcmperitlUn;.-. down to :'i"C. 
(The Motor Ship, !\fay I'm. pagc 12) 

NOTEBOOK 

A commerrial submarine SA< iA /, huill 
hy 1hc Frcr.:·h underwater cxpcrtll ( ·,1mcx. 
has comp!ctcJ trial\. The suhrrutrinc i.' in­
tended lo he a kasihlc ahcrnativc to cx­
pc:isivc div;ng support vessel' for 
undcrwak· operations as.'ilx:iatcd with oil 
cKploir:.11on. It has a hypcrharic rnmpar1-

ment .. ·,1uip1x·J fl1r -l 1l1h Ji,..:r,_ ;md c111 
upt·r;itr wllhlllll ;my cXIL·rnal 'upp,irl 
during ••peralinn. ~t;1rtin!! lhL· j.1urn..:\ 
al a P••rt and rcmainin_l!l•n \\11rl- ~ii..- fl1r 
"'-"Vlr;1lw..:eh. Thl.·~uhmarinc i_, ~'imclr..:" 

ll ·~ h;1-, a ~uhn'k.·r_l!nl Ji,pb,YntLT1l •if 5~ I 
lnnnc-.. ;md t.. ahk: h 1 opaat..: ;ii Jq11 h" 
re;Khin!! 71lll n'k.·tr .. -... <.. -.imcx d;iim, th.11 
thc l·ni.:rgy ~llfeJ llfl h1.1.1rd i_, cqui\aknl In 
lb.II ~l '11"1.-<l in lh1.: lli.dll Til..,., of a ~Ju I "1nnl.· 
mi Iii a~ ~uhmarin..:. .'i.-H 1'.-1 I rqirc-.cnt~ 
lhc liN nimm..:r..-i.11 u-.c llf the S1crli~ 
ckr .. cd-1.:yd..: ..:n_l!ine (7:- KW) \\f1k.·h \\~l' 

J..-..ck ,--.-<lhyl\& tlum.\brino.:1 il\\\cJcn liir 
undernala pnipul-.il1n. ;mJ i~ '>ccn b~ 

<.. ·omcx ;L-. ;i lc . ...i hcJ for lhl.· Jcvcl1 •pmenl l 11 
lar!!..:r commcrl·ial :,uflmarinc" ;1hlc In 
hanulc hc;1\~·..:qi.:;pmcnl anJ 1u,,ih~ u,cJ 
for the Jcvdopmcnl llf oil ficlJ, in tk..:p 
watcr.., anJ undcr permancnl icc. 
(Marine Propulsion Internacional, 
\1ay Junc l'l'JI. pa_l!e -l). 

An~· 'Total ( ·omfort" cont."l'pt for crui!'lt' 

ships i, pri.:scntcd hy \fad iRE< i( >R­
'.\A \"IRE'snew :\brir.~ <.. ·r;me ... Ek\ill1 >r-. 
Oi\i,i1in in lhi.: crui ... c and k·rn 'l1"li>r. II 
i~ ha~d on cxi-.tin_I! wdl-pnivl·n kdmol­
l'!!Y incoq"lt 1ratcd int< .J\;m.:cd "•lutil 1n~ 
for • 1n-h.1ard lo!!istic". and is m..:anl 111 
upgrade lhe k\d of 01mf11rt l11r l-..11h 
p<i.,...engcr\ ;md erl·w. Jc., BolJ-.cn. 1hc 
product Jir..:clor nf I he nl'\I. divi ... ion. 
tk"4.Tihc., parl!I of lhc '"Tplal ( ·omfnrf n•n· 
l·epl lhrough a hypo1h..:1ic1l sl·en;1rio: 
'"When l"hn:ki~ in th,·ir h<t.l!l.!il!!c. p;i...­
scng1..·r-. an.: gi\en a ma~nctic. clel"lrnnil' 
ID cud whit·h inJic;11..:s h;ig,c.1_1!c t1µ. 
Gthin numhcr ;md olher data rcl.·v;in11-. 1r 
ser.ing the individual. IJ;i~;1µl' will Ix: 
lakrn h~ ;111111ma1ie l·11meyor 'Y'km and 
direcli.:d to automalir hag_l!al-!i.: ;ir· 

cumulation and Ji..,trihulion "Yskms. ;111 
conlrollcd and monilorcd hy l·ompulcr' 
rn·ei·,ingl h·:ir inpul fn 101 I hc h.~1gc I ;11!,., ... 

llowcver, 'Tot;1l Comfort" abo indude., 
exti.:nsivc u~ ol i.:-.re1l.1i: 1r., and panor,1mic 
dcviltors. ;iimi~ to fti\r Inc pa!>...,....f11!cr' a 
fcclinµof rnnlrnl and rnmf11r1 al all 1imc-,. 

Bolds1..·n highlights lhl' importanu· 11f 
good pl;mning •tnd the parliripat ion hy 
inlaior archiret"ls in thl' carly slagc of 
lhc dc-.ign prol'l'!>.,. Based on ddailnl 
ilnalysi.:s of all lraflir aboard the -,hip 
Mad' iRH i< >R-NA VIRF ran p~m 'Tolal 
Comfor1'" mnn:pl)i for both cxi-.tin~ .. hir­
and new buildings. (MaL'(;RE(;()R· 

Nl\VIR•: Marine Ntw.oi,May I'm. pp. IV>). 
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