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TO OUR READERS 

In 1993. a compreher.sive reform process was initiated within 
UNIOO. aimed at creating a more streamlined and efficient 
organization. better able to respond to the new industrial 
sector challenges faced by developing countries. and 
countries in economic transision. in their struggle towards 
economic development. A major objective of the '"new 
UN100·· 1s to focus and concentrate activities in selected 
priority areas in order to optimize the use of resources and 
achieve real impacts The changes that have taken place 
have resulted in a new strategy for UNIDO's work in the field 
of marine industrial technology The promotion of 1:iarine 
industries and technologies is now an integral part of 
UNIOO·s programme of work and will be implemented 
through existing core-programmes related to investment 
promotion. technology management. technical assistance at 
the sectoral level (engineering. agro-based and chemical 
industries). energy and environment. industrial information. 
and human resource and private sector development. 

In the development of its activities in the marine sectcr, 
UNIOO will actively seek inputs from its Member States and 
industry. in order to properly reflect the various national 
policies and priorities at the governmental. institutional and 
enterprise levels The participation of the industriai sector is 
a critical factor for success In this respect. UNIOO is 
considering the establishment of an industrial advisory group 
with representatives from both developing and developed 
countries The substantive part of the programme will be 
organized as externally funded projects. while programme 
coordination and project development and management will 
be provided by UNIDO on a non-profit basis. UNIDO will also 
be involved in general promotional activities. With the limited 
resources availab:e. it is necessary to concentrate work on a 
few priority areas. seiected according to factors such as 
global importance. the needs and priorities of target 
beneficiaries. industrial relevance. sustainability. potential 
impacts and li:ikages to UNIOO's mainstream programmes. 
Initially. we shall concentrate our activities on the area of 
business development. focusing on assistance to small- and 
medium-scale enterprises in the marine sector and the 
promotion of new marine technologies. with particular 
relev3nce to developing countries. 

An example of the latter is technologies for conversion of 
wave energy to electricity. This has significant potential for 
small island states and remote coastal areas dependant on 
fossil fuel imports. Due to high transportation costs. wave 
power could well provide a feasible alternative to 
diesel-generated electricity. The first article on wave energy 
fec.tured in this issue concludes that the development of 
commercial wave power plants is impeded by the lack of 
financial capital and not. as is commonly thought. by the lack 
of proven and co 11mercially viable technology UNIDO 
strongly supp'" 1f, the commercialization of wave power 
plants e:ind wi11 cJCLvely promote t~chnology transfer. training 
and the application of innovative financial mechanisms. such 
as BOT (Build-Operate-Transfer) schemes. in this field Our 
goal 1s to initiate one or more comm~rcia!ly-based wave 
power der1onstration projects within the next two years 

Leif K Braute 
Technical Editor 



MARINE INDUSTRIAL TECHNOLOGY MONITOR 

Vol.3, No.1, 1995 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION 
Vienna. 1995 



A. 

,\fari11.: lndustriui Technv/or._l· ,\fonitvr. l'uf. I. /l.'o. 2. 199./ 

CONTENTS 

FEATURES 

DEVELOPMENT AND COMMERCIALIZA­
TION OF OCEAN WAVE ENERGY 

Page 

PLANTS ....................... . 
Introduction ...................... . 
Status of ocean wave energy research .... . 
Discussion on WEC efficiency . . . . . . . . . . 2 
The importance of efficiency . . . . . . . . . . . 3 
Economics-focal points and indicators . . . . 3 
Lifetime. operations and maintenance . . . . . 4 
Closing comments . . . . . . . . . . . . . . . . . . 5 

OCEAN ENERGY ACTIVITIES IN INDIA 5 
Introduction . . . . . . . . . . . . . . . . . . . . . . . 5 
Indian wave energy programme . . . . . . . . . 5 
First demonstration unit . . . . . . . . . . . . . . . 6 
Cai.,son module . . . . . . . . . . . . . . . . . . . 6 
Po\\er module . . . . . . . . . . . . . . . . . . . . . 6 
Future programmes on wave energy . . . . . 6 
Indian Ocean Thermal Energy Conversion 

(OTEC) Programme . . . . . . . . . . . . . . . 6 
Conclusions . . . . . . . . . . . . . . . . . . . . . . . 7 

c. 

D. 

OCEAN RESEARCH (continueJJ 

Wave energy - JOULE II . . . . . . . . . . . . . . 14 
Preliminary actions . . . . . . . . . . . . . . . . . . 14 
European Wave- Energy Sympo.;ium 130WC 

converters . . . . . . . . . . . . . . . . . . . . . . 14 
Composites save lifetime costs for offshore oil 

developments. . . . . . . . . . . . . . . . . . . . !4 
Revealing the benefits of composite 

propellers . . . . . . . . . . . . . . . . . . . . . . 15 

GEOGRAPHICAL ROUND-UP 16 

Africa . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 
'l'unisia: British ::Jas adds oil prod•Jction . . . 16 

Americas . . . . . . . . . . . . . . . . . . . . . . . . . . 16 
Argentina -- infrastructural and pert develop­

ment expansions . . . . . . . . . . . . . . . . . . 16 
Peru proceeds with port privatization . . . . . . 16 
Venezuela - POV Marina confirms product 

tanker programme . . . . . . . . . . . . . . . . 16 

Asia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 
B. INDUSTRY NEWS . . . . . . . . . . . . . . . . . . 8 China - ambitious Dalian . . . . . . . . . . . . . 16 

India to build ocean thermal power plant . . . 17 
Japan's industrial science and technology Baltic shipping in new revamp push . . . . . . 8 

Evergreen invests . . . . . . . . . . . . . . . . . . . 8 
Daewoo·s capital idea . . . . . . . . . . . . . . . . 8 
Regional moves keep costs down . . . . . . . . 8 
Wesmar sets-up in Chile . . . . . . . . . . . . . . 8 
Chilean yard builds between repairs . . . . . . 9 
Tuna ship orders for yard in Brazil . . . . . . . 9 
On the beach . . . . . . . . . . . . . . . . . . . . . . 9 
Agreement on deepwater subsea technology 10 
Triple Award . . . . . . . . . . . . . . . . . . . . . . IO 
A second career . . . . . . . . . . . . . . . . . . . . 11 
Third hotel-related contract for SML . . . . . . 11 
Two Flying Cats delivered to the Republic of 

Korea . . . . . . . . . . . . . . . . . . . . . . . . . 11 
Westamarin J-oilCat 2900 shipped to 

Indonesia . . . . . . . . . . . . . . . . . . . . . . 11 
New orientation for fast ferries . . . . . . . . . . 11 

C. OCEAN RESEARCH . . . . . . . . . . . . . . . . . 13 

Major EU research programme to assist 
coastal engineering design . . . . . . . . . . . 13 

Anechoic tile reduces unwanted acoustic 
rcverheration . . . . . . . . . . . . . . . . . . . . 11 

The use of composites in marine environ-
ments . . . . . . . . . . . . . . . 13 

Steel concrete composite constrnction: 
hchaviour and opp0rtunitic'i in the marine 
environment . . . . . . . . . . . . . . . I J 

Steel a vcr'iatilc advanced material in 
marine environments ........ . 

R&I> Highlights .... 
13 
14 

frontier programme (9). Platform techno-
logy for exploiting undersea resources . . . 17 

Philippinec; - new well . . . . . . . . . . . . . . 18 
Republic of Korea - New economic and 

technology zone . . . . . . . . . . . . . . . . . . 18 
Singapore· s growing fish trading base . . . . . 18 
Singapore - US$IOO million i11vestment. . . 18 
Singapore -- Poorer perfonnance . . . . . . . . 18 

Europe . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 
Bulgaria has new yard . . . . . . . . . . . . . . . . 19 
Cyprus - Port developments . . . . . . . . . . 19 
Greece orders from Ukraine . . . . . . . . . . . . 19 
Ukraine's first management company . . . . . 19 

E. TECHNOLOGY UPDATE ............. 20 

New profile marking and culling line 
dc\.eloped . . . . . . . . . . . . . . . . . . 20 

Robotized production of webs and compo-
nents . . . . . . . . . . . . . . . . . . . . . . . . . 20 

Seawater desalination with solar system 20 
Owners are demanding more from the new 

tanker generation . . . . . . . . . . . . . . 20 
ESP innovation . . . . . . . . . . . . . . . . 21 
SEA WATCH offers innovative technology . :! I 
The cpp with hlade pitch activated hy 

propeller shaft rotation . . . . . . 21 
Resistant hose . . . . 22 
En~ ironmcnt-fricndly water-hascd paints 
Amerc.:oat inorganic coating 

- ii,;. -



Marine Industrial Technolvgl' Monitor. J'ol. I. No. 2. 199-1 
~~~~~~~~~~~~~ 

CONTENTS h«mtinued~ 

Page 

F. INTERNATIONAL FOCUS ............ 23 

Business innovation centres in the marine 
sect.Jr . . . . . . . . . . . . . . . . . . . . . . . . . 23 

Utilization of marine non-living resources . . 23 
UN develops cooperative oceanic programme 23 
UN programme framewor!: for integrated 

coastal area management . . . . . . . . . . . . 24 
UN Committee on Oceans and Coastal Areas 24 
Trends in modem shipbuilding . . . . . . . . . . 26 
Maritime policy refonn . . . . . . . . . . . . . . . 28 
Prospects of deep-sea mining . . . . . . . . . . . 28 
ECOR: an NGO on ocean engineering . . . . . 28 
Health of the Ocean (HOTO) model . . . . . . 28 
OI '94 is strong on techriology and GOOS . . 28 

Page 

G. SOFTWARE PRODUCTS . . . . . . . . . . . . . 30 

DNV Software supports design and research . 30 

H. PUBLICATIONS . . . . . . . . . . . . . . . . . . . . 31 

Environment and aquaculture in developing 
countries . . . . . . . . . . . . . . . . . . . . . . . 31 

I. TRAINING COURSES . . . . . . . . . . . . . . . 32 

- iv -

Protection and utilization of oceans . . . . . . . 32 
Meetings . . . . . . . . . . . . . . . . . . . . . . . . 32 



Marin.: Industrial frchnology Mvnicor. J"ol. /. So. :. /99./ 
~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 

A. FEATURES 

DEVELOPMENT AND COMMERCIALIZATION OF OCEAN WAVE ENERGY PLANTS 

Prcft:.rnir Arild RiXll1..md 
.\"orir.:gian /nscicucc of T,•dmo/oy;y 

.\orw~· 

Introduction 
The emphasis on ocean wave energy research and de­

velopment was originally prompted by the sharp increase 
in world crude oil prices in 1973. A high proportion of the 
world energy supply depended on crude oil. including a 
;;-:·od ;:iroportion of the electricity su~piy. The industrialized 
natio;is suddenly realized that not only might this supply 
become substantially more expensive. but the supply might 
also be short. thereby curtailing and threatening economic 
growfa. For a while the situation seemed to contain enough 
force to cause a redistribution of global pm;·er. Work on 
alternative sources for energy supply therefore took off 
with great determination. 

Environmental aspects w.:re never included in this early 
phase of development on alternative sources for energy 
supply. The 1970s held almo~t nothir.g in terms of environ­
mental awareness. The State o:- California appeared as a 
lone operator in the field ofbattk 1gainst air pollution with 
their actions for clean automobile exhausts in I 9i2-l 973. 
All the other nations of the industrialized world were stil! 
in foll pursuit of economic growth rates as experienced in 
the 19<\!':;. and in practice remained with such priorities 
well into. not to say all through. the 1980s. 

There appears to be considerable contradiction con­
tained in thi~ picture when looked upon from the angle of 
priorities granted by the industrialized nations to the 
development of new energy r.:sourccs. This development 
had the necessary priority in the beginning. but then was 
motivated by desire for continued economic growth. As the 
environmental awareness has developed in more recent 
) ears and the need for new. clean energy sou re: es is greater 
than ever before. this priority seems to have dwindled 
away. Even though the technology now exists, as this 
presentation will conclude. for wave power plants to be 
economirally implemented. there remains a lot to be gained 
througi1 research so :hat an increased number of nations 
with lesser wa•e climate may also achieve the benefits of 
an indigenous, dean energy supply. Relenting in their 
efforts to make these gains available may not be compatible 
with the responsibilities carri.:d by the industrialized 
n.11ions for the adoption of environmentally su~tainable 
policies. 

St:1tus of ocean wave energy research 
Someone going into the intcrnallonal patent literature 

l1111ki11g for wave energy conversion devices (WECs) .v·ill 
tind more than a thousand proposals for utilization of this 
energy. Obviously this is a suhject which has tickled and 
tempted the human mind for a long time. During the l:ist 
20 year~; the challenge was taken up with more financial 
resources anc! in a more organize(: form. 

An investigation into the ~cientific litcr.1ture in this 
fi.:ld today yields a broad scope on WITs. classified ac· 
cording to their work principle and their physical appear-

a!lcc. There sccms to be much kss cliscu~sion on basic 
theory. except for computer programs and other means of 
theor} adapt;.:.'.ions. but this is of little concern. since the 
theory apparently is well established and agreed upon. 

Of more conc:em is the apparent lack of focus placed 
on com·ersion efficiencies. Arr.ong the expert5. there is ac­
tually a discussion on whether etfo:iency is a good focal 
object since wave energy is a supply free of cha;·ge and 
the top percentages of efficiency may b:: hard to achieve. 
Aside from this reason. the field is left almost open in 
tem1s of conversion efficiencies as a tooi to distinguish 
between the various designs. 

Of more serious concern. however. is the almost total 
lack of discussion on economy. One would ha·.·c thought 
that the aforementioned discussion on efficiency might 
have led to the definition of an optimum where the re­
sulting economic parameters were the ultirrate premise to 
distinguish bt>tween good and bad. But this is not so. The 
available scientific literature provides little or no help in 
finding out what the investment might be per kW installed 
car::.city for a given design. nor does it give much of a clue 
rc:garding the operating costs. 

Actually. \\heri comparing the large number of WECs 
with the very limited ev·aluation on efficiency and econ­
omy. it is all too obvious where the priorities have gone. It 
is certain though that further \\Ork on WEC ir.ventions may 
safely be po-;tpon-:d until the economic exploitation of 
those already invented has taken decisive steps forward. 

Along with the lack of economic analy:;is goes an 
absence of discussions on construction. The scientific 
literature contains a large nurr.ber of proposals for wave 
energy devices. but hardly an)1hing on how to build them. 
From the principles employed. there are impressions to be 
had on the constructional features. such as general com­
plexity and to what extent there arc moving parts in the 
design. For the concepts nhich have been developed into 
demonstration plants. actual construction has. of course. 
occurred. Bu: even for these. the conslruction has hardly 
been precipitated in a competitive economic environ111ent. 
It appears that the situation calls for a new generation of 
inventors. rhis ti111e not to invent WECs. but rather 
develop means of constructing the WECs already invented. 
'iuch development being intimately integrated with eco­
nomic:" ;m(llysis. hoth nn iritial investment (Ind np~ra•ions 
Only when rhis is done may conclusions finally b .. · drawn 
on the fJll competitive power of ocean wave energy. 

The status of ocean wa"c energy research \~ould not be 
completely covered withou! addressing thr aspect of po\1-cr 
q1:ality. Waves as the} appear show great" Jriations in size. 
and therchy in energy intensity. T~ansformin~ this raw 
encr!!y directly ir.to an electric grid would cause vari;:tions 
in power far bcyorid the acrcptahle. Actually. there arc 
variations in cncrg: ·content in a numhcr of time concepts. 
The .;cicntific liter;i .ure report'\ a factor of two between the 

-----------------·----------------
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highl·st anJ fl'\\.:-;: :t.'.irly m..:.m i\ir a p.1rticular ll1G1till!l l'll 
th.: ,l,r\\<.:gian n•.ht. l'i1..: ;l\..:r.i:,:..: \\,I\!..' p11\h'r tiir a\\ int.:r 
nwnth .:an I:>.: Ii\.:- tl• k'n ii ml''- th.: \ alw: for a 'umml·r 
m•inth Ih.:r..: can h..: :1 \,1ri~1t1,1n ,,f '10 !-i;:t\\t:..:11 t\,ll 
succ..:ssi\..: \\<.'d . .;. \\ .• 1\t:' l•li..:n Cl'lllt: in ;:.ruup, h11 ih..: 
rn.:ntllw:J h)catlll[J. \\ah' rll\\t:r Ill th..: gn•up-; in u:rtatn 
.:;1s.:s ..:;m h..: t:fty ti~n..:s t'.1.: pt•\h'r in h..:!\\<."<.:n !h..: grl•urs 

It .1rr.:ar< fr,Hn 1hi' 11:·11 'l•m..: k.inJ l>f ,fampl·nin:; i' 
n..:.:-J..:J for \\;I\.: p1n\..:r tt• ht:i:tllll..: ... ,,mpatit'k \\ith the r..:­
quir.:m..:nts ,,f 1h1fl1cstic. ..:k..:tric :;rid, :·111s i-., an :1sp..:c! 
\\ hi.:h is no\\ n:c..:i\ in:; att..:ntil>n thn•u:;hnut th.: r.:s..:.irch 
~unununit~- \\.hiI~ _,,Hn;: \\ [l':~ lia\c th~ J~;,:llapLn; !l!;.}:'°;._' 

or kss inh..:r.:nt in th.:ir um..:..:pts. • 1th..:r-; n.:-.:d mllrt: 
..:Iahor.11.: ae!illllS 1,, h..: tal...:n t.1 h.:<.:lllll.: ..:ll111patit1k \\ ith th..: 
r..:quir..:m..:.lts. I l;i\ ing an ..:n.:rg: st,1r.1g.: r.:scn uir h.:[\\ ..:..:n 
th.: \\ J\t:~ anJ th.: ..:ke!ric :;..:n.:r;11'1r is an 0.:\.1111pk ,,f 
inh.:r..:nt d..:wupli:i:;. In th.: Tapchan conccrt. ..:n.:r:;: IS 

~:h1r..:d in th.: wat.:r r..:s..:nllir. \\hich rrc\iJ..:s si:;nific.rnt. 
;mJ in mcst cas.:s fully ~:11isfact,1r:. d..:..:nupling alr..:aJy 
\\ 'i..:n ti·.: lllllding tim..: in th..: r.:..;..:r\l1ir spans ,l\..:r -.,..:\..:ral 
Wa\O.: p..:rilids. i.c. a math:r of minUIO.:S. rho: lWl\-dlalllht:r 
\O.:rsion of th.: oscillatin!! \\;ll.:r ..:,1(umn con..:..:pt n:pr.:s.:nts 
an ath:mpt Ill achin.: ;om.: nf •h..: sanll· r..:stdts for this 
conc..:pt. ll.:n..:rally sp..:akin:;. th.: mon: Jir..:ct th.: ruut.: fwm 
\\;J\O.: to h.:ncrator. th.: nwr..: nf a proh!.:m th.:- \;iriations 
cnnsti:ut..:. Of cours..:. th.: \ariations may h..: smonth..:d out 
,,n the dectrical siJ.:-. as with th.: Kva~m..:r r\C-DC-.-\C 
comers ion. but !h..:n at a lil..dy st:\ .:re cost in tcnns ,,f fn,t 
dfic i..:ncy. 

Discussion on WEC efficiency 
Somt: du..:s y..:t appear on dfo:iency. Ci..:n..:rally stat..:d. 

floating WE Cs ha\.: a prohlcm \\ ith dlici..:ncy h..:caus..: to 
som..: d..:sign-Jep..:ndt:nt O.:\t..:nt th..:y mo\.: \\ ith th.: seas: 
hcaw. pitch and roll. V .:ry largt: floating structur..:s. such 
as th.: s..:mi-submcrsibk drilling rigs used by th.: oil 
industry. hav..: \CfY limit.:-d mmcm..:nts. \\hich might also 
h..: a positive contribution to a stablt: \\<l\O.: ..:n..:rgy 
d..:ctricity production. sine.: it might tak..: tht: tip off the 
storm waves. hn ~uch big strucrur..:s as y.:t ha\.:- not h.:cn 
t..:stcd nor r..:ported mod..:lkd f(lr this purpose. Oth..:r than 
this. tloatin!! WFC <; <;e..:m to suffer from a low ..:nd­
convi:r~ion ~ffici..:ncy. and mayh..: thi:r..:for..: ha\e a\ai!t.'d 
thcmsdves primarily for applications whi:r..: this do..:s not 
matt..:r: floating na\i!!atio:i Iid1ts. etc. 

lht: osc:ill71ting ~rnter c1;lumr. \\as the ha~·; !or th.: 
world"s first wave pow..:r plant. a I-kW r..:s1d..:ntial sy'>t..:m 
installed on the French coast in 19 I 0 Since th.:-n st:\..:ral 
have h.:-en built. notahl\ in India. fapan and Nomay. 
among others. In most -of th..:se devic..:s. \\a\e-induc..:d 
motion of an entrained column of s.:awaterdn\t:s rt: •ersing 
airflow trrough a pnu11natic turbine. \\ hich d;i\..:s the 
generator dir..:ctly and produces ..:lcctricity 

()..:pending on tht: details of the d..:sign. this ..:onc..:pt 
reportedly may yidd a '-t:!J high dfici..:n·;~ in t!w primar~ 
conversion. i.e. from hydraulic \\aH' cncrgy Ill pneumatic 
encrg~ With an antic1pat..:d conversion .:-fticicni:y in the 
secondary step. i.e. from pn..:11mati1: to d..:ctric arcording to 
the hes! ach1evahlc. th.: m.:rall wmer,ion efficie11q 
act11:1llv has hcen predict.:•! to approach )0 per c..:nt. 
Report~ from actual operations. howc\cr. arc considcrahly 
mor~· modest. speal..inl! of merall t:o0\.:rs1011 e!tici..:ncies in 
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n11.1r111111111 c..'ffil·11..'ll1.Y /or d gn·\.·11 u .. n·l· 1..·/1111 .. 1!1.' .. 111~1 
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A\\·c.:n1 "' urf..., ,n tin' 1...·un.:c.:1-1 h .. :s gn·c..·11rr:' 1r1!_~ t· 1 

1ic·11 f>11i!.l111g 111,·rho,/1 /or fill· 11.11L-r f>,1.\111111 ur.l"r !, • 

111, . .-rt'1.l.h' llll· \"1J/11111c..· .\u th .. 1! "'' ~-1-lz,,z.r t"l:t·r.~i· .._·, 1 !!1...-~·­

uon L-_l-. .. -/t' 111'.~\- fl\.· 11t1li-::t..' .. /. t.l1L'r1.·,l-..y r,_·du ... u1_,.: tiii..· H::1.· 

uf th" f>i,1111 ,111,i. or rh" n,·'""•1r:1 1111111111u111 11.lh. 

,·/1m.1h· '" rh,11 ,1 ,·,·r1.1111 C11L-r:~1· ,/,·man./ ,·,111f>,·11:"1 
II",;,-~ I.\ ,1/so f.,·111g ,·,1rr1<-.I 1111t u11 , •J11Slr!l<ll11i1t1l 

111.-rhu,/\ lu .'.Ill: sc·d1m.·m,1rr rs,111,/J f.,·,1.-h._·, 11h,·r,· 

rh .. · pl.ml is flltJ\'<'" 1/1((} _,h,11/()11· r.-gt11/1S tJ//shur.­
( '111111'111.llion\ '.l/ h1pc/;,111 <111,J ( Jll"(. ISt.'t.' f.,·fu111 <1r,· 

1> .. ·111g 111\'c'Sltg<lh'.l a/sfl 111 11,·11· ,·"mf.111<1l1n11s •nth,, 
, . ._'f1<1raft.• ln·dr,111! i,· ,·1i.·r.1,.'l· ,·,1rri,•r 11> .. ·rw,·,·11 rh,· r,1H 

sea 111111.·r ,·11..-r.1,.'l· ,111,/ th,· {'r11d11,·,·.I ._·fedn,· pu11<'rl 

lhn ~1 ork h,1s gi1·,•11pru111t.1:11g111d1d1f/<J/I\. ;h,lf ,·u111-

f'c'lll11·,· 11·,ff•' ro\\·,·r mm· he u1·,11!111>! .. ·_for plam s1:,·.1 

11/ 5-5.l!IJIJ .Ur in" 1·,1n.-r.1· .,( 01t1sr.1! ,·11nr1111111<·m1· 
and 1nrlz theflcx1f>i/1f1· ,·ur11,1111.·,j 111 ,1: ./-ho11r 11,11,·r 

1/tJr,1.i.:,· Spedfi,· •lf'J'lr•·,1f.dar for ,; g11·,·11 /," ·.1111111 
nll/S( ;.._. r1f>fai11,·.J thr1111gh S/{L'-Sp<'l·rfi,· tm11fnn. 
during !1111·-/,T,·l pr<')•'<Htf>ilm· s111.!1,·\ ,111.L 11r far.·r 

fi11! /; ·,m/>1i rry swdrn 

Otdlluti111: Water C11/um11 (OJl'C) 
lhl' I Jll'( · J\ a //r,·.I shurl'i111e-h<1,\<'.i ,/,·1·1<·1· !or 

/.,c,1/l',f i1HI nf/ the shnr,· 111 a l>r,"1k11·,a,·n ill 
rrmop!e lhl' en.-r11a.-h111g lltfft'\ ,·rote rh,· 1·11/11111,· 

of rh,· 11,a,·r <'lll'cH<'d 11uh111 rlr,· d,·1·1c.· .1tr111·t11r,· tu 
ns, rff.ll,· The 11·i11er surf;,,-,. rr,11 ,·/1 II/' ,in.I ,/01n1 th,· 

,·hamh.·r Cl.\ (/ fl<1111d rrs/1111. <lllt1ftJgn11.1 lo <Ill lllft'l'lltrl 
co111h11.\l11111 1·11g111<' .·l1r ,·11clns,·,/ 111,id,· rh,· dl'l"I<'•" 

cihm·,· rh,· \ltl(t'r. I\·"'( Ill .'.l"lll!'<lth1•(1c /1111(/1111 IJJ· tire· 
surf<i<'•' and ,·,111 h,· f(ir,·,•,/ ru ,/,, 11·11rJ.. hr 1·..,11111g 

rhr1111gl1 c1 p111r,·r t.1ke-11f/111111 ,11111,·J1<·d t11 th<' 11/,·1111111 

chaml>t'r A \li1111lt1rd or:.t"if-r<'i 11fi·111g111rf.111,· ,·,111 Ii,· 
used fnr th:s f'lll'f111\l' 

(JI!'(· t_irc d.T:c,·s h111·,·, 11" 11d1-.111tug:•s 11f h1·dr11-

' /i-11<11111<' \ 1 lllf'ft<'I (.\'.mi/<' 11111·,•11fl nll<if /lilt' I/Ill.I( h. l.' <fl-
1111/ 11.1 :1 · l>1111·111lrc•<111111/ th,· {'11\fc'I" f,1J.,·-11f/. t'ft', l/'11 elf 
t:•'llc'rt/f/11/l cllld 0111/rnf ,·,111,rfsn he· 1/ll :ldclfl/c1/1u1111/ 

0
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th.: r.:gi,1n ,,f ~tl-30 per .:.:nL anJ l'\ .:n th.:n u•unt:ng ,11i1; 
th.: p.:ri,1Js \\hen th:: .• ,,n._. dm1Jll' is g,1,1J. R.:c.:nt inJi,-;1-
1i,1ri:- ,111 I\\ in .:,1lurnn ,1,.:ilbting ..;; ,t.:ms "ccm 1t1 .:11ntirm 
this. lh.:; JrL· s.1id i.1 imp!\ th.It s11d1 t\\ in s; -.t.:ms ti1r 
prl'\ ailing l1lfl~ p.:ri1•J v. Jh"' 111:1: pc·rf,>rm al (•0 !11 ! llll per 
i."l'nt high.:r ::fliri.:nr; I.:\ ;:I..; '-'''mpar.:d h• the· ~in;,:!.: O.:••lumn 
s:~tl'lllS. rhis \\11u(,f h,1rJJ: b.: r.:aJrsti.: if thl' Cllrl\c'llti11n;11 
s:st.:ms ;ilr.:ad\ p.:rfom1.:J at th.: 511 p1·r .:.:nt k\d 

l"hl'Sl' last r.:pnrb 'l'l'lll t11 (llITl'S('llllJ rl'JS<mahf: \\l'JI 
\\iti1 a d11sd: r.:lat.:d d.:sign. i . .:. rh.: \t.1,uJa bai;l.\LtrJ 
r.:nt dud huo: \h•J.:J tl'St< for this J.:sign h.t\l' ti.:.:n 
r.:p11rt.:J t11 .:ondud.: that th.: priman c11n\.:rsinn ma\ h.n.: 
a 5'1 per .:.:nt .:tlici.:ni:: ! ,1r 5'1 p.:r c•:nt ahs,1rpti,1n \\ idrh as 
it i, c.111.:dl ''hill' th.: s.:.:,1ndar: is pr.:dict.:J at till per t't:nt. 
rh.: ll\O:rall dtin.:nc: ;•ppt:ars as th.: prt•Juct oflht:"il' [\\\)_ 
i . .:. 35 per c.:nt if tal..:n lttt~rall: 1•r ::'I per i:.:nt if th.: 
s..:n111JJr: i-; hdJ :It th.: mor.: .:tirnnwnl; accq11.:J ma\i­
rnum ll'\ d 11f 5!l rer c.:nt. 

:\p!°'l'aring nlllrl' ,1n th.: pl'siti\l' sidl' in ll'nllS of 
;;,1n\l'rsi,1n d"ticicnc: ar.: th.: full: hydraulic s: stcrns. In 
th.:s.: concepts t>oth th.: prim:ir: and th.: s..:n1nJar: ct1m.:r­
~ion imoh .:sh: Jr<!ul ii' fluids . .:ith.:r se<I\\ at.:r in t>oth cas.:s. 
or s.:awater first and then h:Jraulic oil. Se\l'ral 11f these 
ha\ e h.:en propo~.:d. notahl: from Swedt:il. Denmark. 
Canada and Australia. among other~. and they h1\'e done 
well. hoth in i.:m1s of an1lysis on ti:asibilit: and in model 
tests. Uut no tinn experi.:nce has heen put on th.: table to 
inJicate what the O\l'rall .:ftici.:nci.:s in th.:sr: cas.:s nlJ: h.:. 

Th.: Tapchan com ersion conc.:pt also stands 1mt 
fanmrahl} in tams of comers ion dficienc:. ( lne 350 I.\\,: 
Tapchan d.:ml'nstration plant was construct.:d and put into 
commis~ion in IQ8' on th.: 1'orn.:gian \\est coast. not 
facing the :"orth Atlantic. hut rath.:r the more contin.:d 
\\;llers of the North Sea. The plant was d.:signed to liti the 
~ea\\Olll'r to an a\ eragc altituJ.: of · 3 m abO\.: sea le\'cl. 
frnm which it !lows hack to the s.:a through a con\entional 
Kaplan low pressure high rnlur.ic tu~bin.:. The storage 
r.:s.:rvoir was mad.: t.1 ha\'e an apprnximat.: 8.500 m' 
surfac.:. Th.: wa\'l' colkctor and rhe taper.:d channel \\l're 
constructed with a tot;il length of 170 111 of \\hich th<.: 
c.ilkctor. i . .:. the \\id1: part \\ith a 55 m opening facing the 
sea and a total length of apprc.ximately 90 m was hlast.:d 
out dircctly in the inh.:r.:nt roe!. with no subsequent surface 
treatmcnt. The rest of th•: tapered channel. th.: inner narrow 
part. \\as then cast in concrete. With a total vertical height 
of 10 m and a medium tidal rang.: of0.9 m. the -;uhsequent 
3-year op.:ration of this plant yield.:d som.: -12--13 per cent 
m.:rall efficiency. i.e. ek..:1ric energy deliwr.:d to th.: grid 
in relation to the \\ave en.:rgy hitting the r rillectorentrance. 
This efficiency numher is not hcliev.:d to he at its ma\i­
mum ohtainahle \alue in this case. Rather. th.:re \\as a 
trade-off in the construction phase hl't\\l'cn efticienq and 
costs I Ising the r I\\ hlasted rock surface directly in the 
collector section crcatt:'i some turhulance and lo'is; on the 
other hand it sa\'es a lot of money. Ir docs not matrer too 
much \\hcthcr the construction has;•. large \0!1111'.: if th.: 
construction m.:thod is cheap. 

Based on recent de\dopment in non-lmcar \\a\'e thcor: 
and computer modelling of the\\ a>e hel1;1\ iour in comhina·· 
tion \\ ith th.: operatin~ .:xperiencc. II i'i now kasihlc to 
a"i\Ullll' that thi: I apchan cor11:cpt ma} h1· i:onstructr:d with 
a considcrahly shorter channel without any signilkant 
reduction in efficiency. lhesc arc irnprmemcnh \\ hid1 \\ill 
he in~orporatcd in future designs. in .111 likclrhood in 
Indonesia. according to the pn:paral ion-. for a new plant 
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\\hich ar1· lh>\\ in their tinal su~.:s In c,1mhi1;ati1l!l \\ ith a 
nccc"a~ 11\crhaul till the dc·nwnstrati»n plant. th~-r.: arc 
pt11i- t.1 imp!crn.:nt these 1mprtl\ i.:m.:nb ah11 in the rcc11n­
-;1rud1<•r1 \\",•rl. hegan in J•ll)~ \\ h..:ncm:1plctcJ. intc·nti11:1' 
arc 111 kl\l' th.: h1c:il cicl!rici:: ,urri: c.it11pa11: r.1!.c 
dcii\cr: ,,f th.: pL!nt in th.:ir ''l'Cr.ilitlll ;md ,1\\n.:r~hip nn 
tcnns rnnr.: ,1r !.:~' .:411al 1<1 th.:ir 111h..:r ..:<'11\ c:nt1,11nl 
h; Jr,1r•'"·' .:r pr,1Ju.-ti,1n unih. I f:i-. rn;irf.., a tum in~· P•>1t1! w 
,,,n,.::,:i.in \Lt\ c I''''' er Jc:\ cll1pmcn, 

The importance of efficiency 
l°tl!Tl,:C[l\. thl' cner!.'.\ llftht" •'Cl'all ,l\ai!s it~df. frl'C ,1f 

dr;ugc . .-\\;!il.1hli1;. h1•\\<:\er. is tllll at>undant l'\cr:\\h.:r..: . 
.-\ct:.iall:. ;l\ailahilit: per cutii..: metre 11f sc.1wat.:r i' qui:.: 
limit.:J. I \<.:11 m thc mvst \ it>lcl't \\Jlt:r' ofthc \\,1rlJ. \\;l\l' 
energ; is c<irrectl; d1..ir;1ct.:ri1.:J as J !tl\\ intensit: t'ncr~;. 
rn.:anir.g tint cnerg: c.,lk.:tinn ha' tn t>ccur o\ .:r a i.1rg.: 
acrcag.:. ,1r a l.H;!C \olurn,· of \\;llcr. ti1r thi~ re"'ur.:e to.1 t>c 
-;igruficant .:ompar.:J 111 t>'f;ers. 

rl1e final lin..: on this puts focus on the CO'it nf col!.:ct­
ing thl' l'nl'rgy. i.l'. thl' C:OSI of puning th.: .:nergy hi U'iC 
Sin.:.: all nuchiner: increases in pric.: in rdatinn 1t1 their 
physi·~al si1e. noi all ino.:reas~ h: th.: same rat.:. "'Phi-;ti­
catl'd machiner: fast.:r than cniJe machin.:r:. and si!lcl' this 
machin.:r: in any cas.: ''ill h.: larg.: due to th.: hl\\ .:n.:rg; 
int.:nsity. it makes sen<.: to extrar.t a~ much en.:rg: per 
cubic rnetrc nf s.:a\\ater as pnssihk. That is \\ hy th.: 
dfo.:ir.:ilcy is of prime importan.:e. 

l\n.:rthel.:ss. not regardless of rn.;;t. Going int11 
exces-.;i\e sophi-;ticati,m t•1 :;.1in acc.:ss I<) th.: \l'r: top 
.:ftici.:nci.:s \\ill defrat itself. since th.: cnnstruction ''ill in 
an: case he si1eahle. rt1.: 11h\ ious optimum lies in the 
comhinatinn of crude and simpk machiner:. which per­
fomis \\ ith high cffci.:rtc}. fhe~.: \\ill h.: the\\ inn.:rs. also 
in ll'ffil:' \If p.:rfi.Jrmance O\ef time. 

Economics-focal points and indicators 
The lack of econ off ic anal: sis is not entirely comp kt.:. 

Looking into the;: profrssional literature in th.: lield of 
oc.:an \\a\.: energy utilization yidds examples of attcmpt.:d 
.:connmic anll} sis. hut extr.:md} skc:tchy and unsuit.:d for 
any kind of responsihle decision!;. GooJ r.:asons for this are 
prohahly easy to find. An analy~t will find r.:plics hard to 
g.:t from those that ha\l' answ.:rs to them. hccause \\ ith the 
highly competili\ .:. in\'ention-focused atmosphere \\ hich 
has pr.:\'ailcd on WECs nohody can afford to give away 
their s.:cr.:ts. Thcr.:fore the ohser\'ation is quite correctly 
made. that this field i'i full nf claims to excellcn.-e in 
perfonnance: technologically . .:conomicaily. in 1.:m1.; of 
fringe hc:nclits. etc .. fc\\ of which .u.: really suhstantiated. 

S(,ffiC will use this ohservation to draw the conclusion 
that wav.: energy utiliz .. ri,m is premature. That conclusion 
rs howe\'er as lightweight as the claim' to c\c.:llence. Th.: 
situation is rath.:r typical for th.: early phase of entry into 
a new an'.a of exploitation. At ~omc point someone \\ill 
!la\'e to rely on the availahlc e\ idencc and indication~ and 
make ·1 trial tn verify c1mclus1ons. i\vailahle e\.id.:nce will 
not he as conclusi\'C as with con\'entronal technology. It 
\\ill he the: srrong.:-;t for the concepts with ;1 working 
hi-;tory on a >cale reasonahly corresponding to the actual 
rroi1·rt. l11mevcr limited its hi~tory may he. Beyond that. 
rt \~ill all he indicators am! evaluation~. and !hey will he 
\lie 'pecilic. not general Typically. wave climate. electrical 
infrastructure. to;iography and hathymetry. and geographi­
cal di,tance\. < >nly when these paramcrcrs are seen in 
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Cl>tnbination li.>r a .;pecific site and situation. may P''siti\e 
c0ndusions be dra\\n for a project. rhis ''ill ah\ays be the 
case for ne\\ tedml>lugy in earl~ ;1pplications. 

Un a site speci tic basis e..:onom i.: analysis has beer. 
perll,rmed with good results. Referem:e hen: is madt: to th1..· 
fa;-id1an concept. which has been an1lysed with regJ.n! Ill 
a sitt: on th1..• Slluth Central Ja\ an Ct>ast. faci:1g the Indian 
Ocean and intended to produce at a le\d of I.I MW. 
Indications are that this plant \\ill be ab( .. to deliver 
electricity into the existing Ja\a grid at a price of 
l lS crnts 7-8 perk Wh. which is bdow the dectricity price 
in the area as seen by the small consumer. On the other 
hand. the acceptability price per kWh may he somewhat 
above the small consumer price. since this is an area where 
first generation electricity supply is now being put in and 
local supply may haw implications (e;idi~g to savings in a 
wider perspecti\·e. The specific site for this plant on Ja\a. 
i.; quite farnurable if not ideal: bathymetry is good. the 
topography is wholly compatible w:th the circumstances for 
which the technology w;is pre\iously pro\en. and with an 
adequate wave-climate where the extremes are not too far 
remo\ed from the a\erages. As it is well known. a\·erages 
mean income while extremes are single cost items. The 
message for the \arious nations bordering the Indian Ocean 
is that inherent wa,·e climate conditions lend themselves 
well for wave power utilization. For certain topographies. 
the technology has come to a point where site specific eco­
nomic analysis may ''arrant project implementation im­
mediately. For others adaptations will be necessary. \\hich 
remove the decisions to be made from actual proven ex­
perience. but not necessarily so that a feasibility study will 
conclude negatively. Time. then: fore. seems to be ready for 
a second generation e\aluation of wa\e power utilization 
for :he countries in this area whose electricity supr.ly 
situation is such that a contribution of this nature might be 
desired. 

One remark should be made regarding CClmhination 
plants. It is necessary to obtain qualification in the market­
place on the basis of only one product. For e . ..:ample. the 
economical viability of produci11g electricit~ srould be 
justified on its own. not in combination with something 
else. Because it apj)ears as a basic 1ihservations for new 
products. and particular!) \\here political apprmal :s 
involved. such split justification will he seen as an implicit 
admission that the technology really does not qualify 
commercially. and may he used against the project~. Alier 
approval. of course. wave p1lwcr may be seen in connection 
with various other products: harbour dc\elopment. fish 
farms. fresh water production. irrigation. etc .. the\c will 
then appear as fringe benefits. 

Lifetime, operations and mainterance 
Energy projects arc gcncrally implemented with no lcs~ 

than a 25-year lifespan. Such a lifespan is nece~sary for an 
acceptahle energy pricing to he e~tahlishcd and rc;ilistic 
from the viewpoint of a prm en !cdmnlogy 

·1 his is not entirely so with wave pov.cr. since proof is 
limited both as to 1lw number of plants and experienced 
lifc,pan. Neverthelcs\, ro shorter lifc,pan \hould be 
;111ticirated for thc~.c planh than for comcntional plant,. By 
placing the per\pecli\c at thi~ lcvd the di\ idin.!.! l111e i' 
actually dnm n between the tcdmolo;!} at ih infancy \tagcs 
and technolon re;idy for utili1ation. 

I landing over a dcmo11-;tr;i1m11 plant to 1he local u1ili1y 
\Crvice company would conq itutc an e\pre\',ion of matunly 
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for the technology. implying the end of the nperimenral 
~tage and reat!iness fix regular sen ice. l'he \tlf\\cgian 
fapchan technulogy ;1ctualt~ reached this stage in 1993 
''hen agreement'' as reported I~ reached that. in the future. 
the plant \Hmld ~operated by the ll•cal electricity supply 
company. Nllrdhordland Kommunale l\.ratilag. Put in:o 
sen ice in 1985. the .>50-k \\' denw plant had then se..:n 
thre<· years of sen ice. '' ith re-e\·aluations being made 
conti1.~1ousl:;. This ''as considered cn0ugh to condJdc in 
favc.ur of future. regular operations. 

Not to say that this decision was not without prt·ceding 
problems and shifts of opinion. On the contrary. the 
demonstration plant at one pomt actual!} had seri1rns 
damage in the W3\I~ collector and ceased working. Large 
rocks from the construction phase had be::n Icti by the 
contractor at the opening of the wave collector. As \lllml 
conditions were encountered. these rocks were tlmm n into 
the tapered channel and in the course of time broke holes 
in the concrete. Such problems will ahnys occur'' ith nC\\ 
technologies. The important thing is tu haw time anJ 
insight to recognize them hdi.lre a regular buyer is in­
\O(ved. and that they are abatable. A ma•urc technology 
appears when these initial problems have been hammc~ed 
out and it performs on a routine basis. 

The Tapchan concept is unique among ail known WEC 
concepts insofar as it contains 110 moving parts exposed to 
wave action. directly or indirectly. and by the fact that in 
its original form. it has no corrosive cc111ponents or 
materials exposed to the ocean forces. Theo~ cillating water 
column systems come close. as the exposed chambers may 
also be made of concrete. but here the whole turbine 
mechanism is indirectly exposed to the immediate pressure 
changes as the wa\es create them. Much more so '' ith 
practic;illy all the other systems. rhey have rotating parts. 
oscillating components. spines. anchoring and cables. 
pipelines and connecting lines and in one case large hoses 
exposed horizontally and \ertically through the water. 
exposed for the full wave action. Some of these systems 
ha\e \Cry good con\·crsion efficiencies and according to 
their conceptual basis require a minimum of initial invest­
ment to he implemented. 

In crder for such systems. however. to take deli\ery for 
a 25-year lifespan. experience\\ ould have to be built up 
gradually over a considerable period of time. Not equally 
demanding in all cases. F.lr instance. on a location with 
\CfY mild wa\c climates and little or no stomiloads. sud1 
s~stems mit!ht find their applications rapidly. but hardly in 
the more rough conditions of the \\orld oceans. Assuming. 
for instance. the mid-Nornegian coast. with \\a\e climates 
of approximately 30 kW m a\Wag1:. the l'xpcriencc fr1>111 

offshore acti\ ities is that the maximum number of load­
c_:.cles such a construction may take is 10·. il.'. less than 
JO million loadcydes. With a wave frcqut·nc_:. of 
eight seconds this comes thmn to a lifetime of 2.~ :cars 
With 60 units at \\ork. as has been propo-;ed for one 
rnstallation. this would mean exchanging a 1111i1 1:ver_:. 
-.ccond week. continuously. i\nd then stormln;Hh arc not 
co11111cd. It is not unlikely that they migh! cau'>e foll 
hrcakdn\\ n ol s11eh systems. I here is no cxpericnlc lo dra\\ 
on fnr light .,_:.stems such as 1hese. anchored per111ancn1ly 
and with lull exposure. 1'11e clo'>cs! one come-; is lhrou,l!h 
!tic off,horc petroleum all ivity. ar~d those 'Y •;!cm-; ha\ c 
their prohlcms even though lhc) <•re much ht·;I\ 1cr Jri 
disc!l',sion\ \\ill! rc.,carchcr' Ill the ticld of \\a\t' p1ma. 
expr..:.,sions of disµu.,t h;l\e sometimes bi:en voii:t·d \\hl·n 



a l:<l!Kt:pt \\ ith l,m tc·d11wl<l:;ii:al ni:dl.:n..:.: is appar.:nth 
th.: prdi:rr.:J •lnt:. It may o: natural fnr r.:s.:ari:h p.:,ipk t<l 
s.:.: it th:.it \\a\. 

But in the· harsh .:..:onomic rt:aliti.:s nf th.: r.:al \\llrld 
ntht:r facttlrS :m: nwrt: important. rhe rll!-Ustnt:s-; llf the 
CtlnCt:pt. a minimum o:· nlll\ ing or (llrr,i fing rarts t:xpost:J 
t<l th.: _;e;rn at::r. gotld J;unp.:ning Ot:l\\t:t:n the:\\ a\ t: impacts 
and the: gcn.:rator. griJ i:ornpatihk power. a maximum of 
Ctlll\t:ntional prti\t:n i:nmponcnts anJ tinall:. a J.:cc:nt 
C•lll\<.'rsion eftii:i.:ni:y. These: arc the important factors to 
decide on in rc·gard to wan: power plants. 

Closing comments 
this pres.:nt:nion Ins con ·iudcd that th.: tc:drnology 

is ll•'W a\ailablc :.inJ that th Indian (kean rcginn is a 
si:.:ne of prima~ qualities for •Kt:an \\a\ e pow.:r !!t:n.:ra­
tion. Furthcnnore. :! ~ei:ommendation has hc.:n forwarJcd 
to the Go\cmmcnts ,if the varinus countries to c1,ns1J..:r 
a second-generation e\ aluation of wave: power ~111ct: 

progress in tcchnclogy anJ cxp.:1 icn..:e set:ms to justil~ 
this. 

lh.: l-..cy\11,rJ to pr11i:.:.:J r!-.irn th1' p11int 11rm arJ·• i' ,,,_ 
lk\ dopmcn: It oe:;ins alrcaJy rn th.: '.:.:orlll g.:nc·ra:1,1n 
t:\ahp;i,111 \\ht:r.: th.: r..-,p.:ct!\t: niuritri.:s siwu!J ..:nn,1J..:r 
taking a-:ti\c part \\ ith p..:rsonnd \\ho may ,,,m.: 1>ul Ill 

such a :-in1..:css full: 4ualifr:J \\1th in th.: tidJ. ( )n t1>p <'I 

that. aJJitional p.:rs.mnd traincJ \\ ich th.: 1.:..:hrw!.1g; nri:'.i­
naior wh.:n. or if. su..:h aJJitinnal p.:rstinnd is dc.:m.:d 
n.:..:.:ssa~. From the '.\:nrwegian side \\ e sec a future \\her.: 
the tcdmof,igy users art: th.: t.:chnolog: holders and \\..: 
\\ ish to speak in favour of mechanisms for d..:wlopment 
that tll~!t:r this. that is \\ h: \\ c: think that co-dt:\ dopm.:nt 
is the h:isis on \\hich wan: p1mer utiliz:?tion shoulJ '10\\ bc.: 
nmsiJcrcd. 

Due acl-..nowkdgc:ment is given to Prof Dr. Joh Faines 
of th.: :'l:orwcgian Institute of T.:chnoln~y for .:x..:cllcnt 
guidan..:e through wrillcn material and personal comm.mi­
~.1ti1,n in the pr.:paration of this pr.:s.:nt~tion. and also to 
'.\k~,rs llagcm1an and lldkr \\hose paper for the 1988 
International Rent:\\ able E:i.:rgy Confrrence at Honolulu. 
l bwaii has b.:cn a source of background infonnation for 
this pap.:r. 
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OCEAN ENERGY ACTIVITIES IN INDIA 

Dr .\I R1ivi11dra11 
Director. Y,11i1111ul Institute /iir < ),«''111 TL·L·/;,1"/ogy 

.\fadras. India 

Introduction 
India has approximatel: 6.000 km of coastlin.:. The 

Exdusive Economic Zon..: ( El:Z) alo:ig the .:ntirt' coastline 
adds about two-thirds to th.: land mass and therefor.: has a 
tr.:mendous irnportanc.: for the economic dc:vclopmcnt of 
the count~. While the Ii\ ing rt:s,rnrc..:s have hc.:n rc:ison­
ahly \\di cxploitt:d o\t·~ the la~t frw decades. the cn.:rgy -
rdat.:d ai:ti\1ti.:s start.:d during thc carly I :JROs with the: 
formation of a s.:parat.: mini~t~ of the Dcpartment of 
Ocean Dt:\elopm.:nt. <io\ernmcnt of India. at N.:w Oclhi. 
India i., a p1mer-dclicit count~· and has an installcJ 
capacity ofonly 70.975 \tW in th.: following catc:gories for 
th:: ..:ntire count~: 

· I hcrmal -llJ.'>00 \IW 
· llydro 19.3:\:i \IW 
· :-;uckar: 1.720 \I\\ 
·1 h.: nil rc.,ourc..:s ' n l;md as wcll a\ ofhhnr.: :ire: not 

c1pahl.: of rne.:ling th:: incn:asing cncr:;y requir.:m.:nts of 
the country I he rate of in..:r.:ase in .:11.:rgy d ·mand is 
appro\imatcly X pt:r ..:.:11111\er the la'>! f\\O d.:-:ad.:s. in ~pit.: 
of ;1 lrL·rnendou" input 111111 prn\ iding additinnal g.:ner.1t.:d 
-:apaclly \\ 1th1r1 th.: CllUrllry. I h.: ,h.,rt:1µ.: ol p1ma r­
o.:\po.:c't.:d to ht.: 20 per lCrll 1\11.:n cornpar.:d tn 1k111ar1d. In 
1h1\ c11nk\t. the rlli..: of rLT1t:\\ahk cn.:rgy \ollrCt''>. 
t.:\pt.:ci:1lly from the occ;m., i·; \cry r.:ln;111t. 

lh: lontribution ol 11cc.111 .:nt:r!!! tn l11d1a·, mn;rll 
t.:nc·r~·\ rcq11m:111..:nl t:ll11ld he ..:011\l•krahk I ho.:111.:11t:.il 
t''>lim;11.:, ol ••t.:e;111 <:llt'r!!~ l11r l•11li;1·, t'ntirt.: I I/ :irt.: ·" 
t 111!01\ ": 

· < l I H .. 10.0110 \IW 
· \\a\t.: ·lll.OOfl \I\\ 
· I 1dal X.fHHI \!\\ 

Within the (jovemmcnt of India at ~..-w Ddhi thcrt: is 
a minist~ known as th.: Department of Non-Comcntional 
Energy Sourc.:s. which supt:r\ 1scs all po~sibk rene\\Jhk 
crwrgy sourcc:s. i.e. ~olar pow.:r. wind po\\t:r. hiomass. etc. 
it had also initially sponsorc:d some studies on pos~ihk 
OTFC plants for lnt!ia. l11m t:\t:r. aft.:r the fom1ation of the 
Departmc:nt of Oc.:an De\ clopment. a ~tt:a~: focus has 
h.:cn gi\t:n to R&D in the ar..:a of \\a\r: cnc:rgy utilization. 
Th.: main thrust nf the tcchnolog) dc\clopment <II pr.:sent 
i:; th.: dt:\dopmcnl uf smalkr power moduks for com.:r­
si,1n of \\3\t: rncrgy into l"l.:ctrii:ity as part of a multipur­
pus.: s~ stcm. 

Th.: harrier typi: of bn~akwat..:r consists of a numher of 
r;aisson modul.:s. each with it~ own wa\<t: en.:rgy conversion 
syst..:m. Such a modular assernhly helps in the phased 
technology d.:vc:lopm.:nt. which rc:qu;r..-s limitcd funding 
\\ht:n compared to the OTl:C rlants requiring a \cry high 
c.1pi1al im ..-,trn.:nt. 

Indian wave energy programme 
Indian \\a\t.: ener!!y researd1 h..:gan in JllX.1 undt:r the 

'pon~orship of the 'iov.:rnrncnt'~ lkpartment of < >c.:an 
I>.:\ rlop:nent. ,\ ti..-r about \i\ year"· r.:sc·;m:h ir, the 
l;1horatory. th.: Wa\e l'nergy ( iroup al th.: C lcean Lngireer­
Hl!! < \·ntn:. Indian 1.1,1ir11te of ·1 echnology. \ladr;h. 
c1H1Hlinatt.:d a project dc'.::n 1molving the fabrication and 
u1n,trut:t1on ol ;1 I:'()" .... \\;i\C cnrrgy \)Stem' rhi\ 
l!l-m \\idL· l~O i...w 11n1t i' a l~pil;il module 1\hid1. \\hen 
pl.1u:d •.i1k h~ \ldc. c"uld form a multi-function.ii harrier. 
1111·, ll•llld hL· th.:d .I', a harhour f11r \hippinc. aqu.1urlt11rc 
t'lt: . 111 .1dd1tlllll lo prod11ci11ic .:ncrL'.y ;1~ .. 1 11\ ·j'rnd11L1 I ht• 
,1\cr.1:.:1· ln.!1.11111.1\t: po\H•r po!t:11t1.il h lllll\ .:'. jl) ~ W 111. 



hc:rKl' this multi-fum:ti1mal hamc:r i:tin,·cpt tn impni\c the 
CClllltllll ii:s of \\;I\ C powcr n1c :Ml!dllral Ctl~I i-; slurcJ 
hc:h\ er.:n that ,1f ;i harbl•Lir Jnd \\<I\ c c:nc:rg~. 

First demor.stratfon unit 
rhis unit is built on thc \\Cll-1..ntl\\n ( ;,,i[[,u111g l!',1t.·r 

( 'oiumn (0\\"Cl principle:. This de\ ii:..: has two parallel 
guide walls in tht' front. popular!; l..rwwn as 'harbours 
atii~r its proposers Ambli «l •Il from the ~omcgian Waw 
Enc:rg.y Gniup.: This OWC with harbours is built as a 
cdlulJr i:oncretc: caisson. :-;1..: design is of the: gra\ ity 
f,,tmdation type. This nim:r.:tc strnctur:: weighs 3.000 lt'!lS 

and is furtht'~ ballasicd in its hollow chambers using al-out 
am•thcr 3.000 tons of sand. This concrc:te balla~tcd caissnn 
is placc:d on a prcparc:d rubble: bc:d_ The: top of this OWC 
1:hambr.:r is a doubk cubic cun cd she 11 of connctc t dome: l. 
which ar.:ts as a nol.l'.le to ai:cdcratc the: ai, tltm Ill a high 
\'docity. suitable for a 2 m diameti:r Wells turbine dirci:tl~ 
coupled to a 150 kW induction machini: of synchronous 
speed at 1.000 RPM. which is dirc.:1:tl~ conncctc:d to thc 
dectricity grid. This prototype. bc:ing an isolatcd offshl•rc 
s!ructurc. haJ to be loi:ated at a 'uitatile site: to reJuc» 
infrastructural i:osts for its construction_ The: site sclc1:ted 
was 45 mctrc:s in front of the Vizhinjam Fisheries llarbour 
br,·akwatr.:r. off th..: Tri\andrum 1:oast at the: 'iouthc:rn tip of 
th..: Indian peninsula. The water dcpth at this 1,1cation was 
I 0 metrc:s, t~ pica I for fishcries breakwat..:rs. and the 
a\erage ann~ai \\a\r.: powcr potential is l~f the t•rd.:r nf 
IO kW m. The alrc:ady t'Xisting breal..\\atcr g1\cs the 
approach ncedcd for this structure. 

Caisson module 
This 3.000-ton concrete: cai,son was built using the: 

climbing shutter t•'«hniquc in th..: protc:ct..:J waters of the: 
tishc:rics harbour. in tloatir.;; mode:. 1-lotation stability as 
well as safe lcn:ls of s:resscs wcr..: cnsurc:d for each .>tagc 
of construction. ,\ temporary steel gate was prn\ idcd at th.: 
end of thi.: guide \\alls with a ruhhi.:r scaling to cn-;urc: th.II 
the caisson would float. As con,tn11.:tion pro1:ccds. th..: 
caisson -;inks into the water due to tl~t: \\ cight being added. 
The concrctc construction i-; over alfrr the: Jome is ca<;t. 
The floating 3.000-ton caiss(•n \\ith a drah nf'>.lJ mi..; then 
towed to the prcparcd rnhhli.: sea hed. rherc it j, sun!.. hy 
flooding and fixed to a prepared hori1ontal rnhhk hed. 
llowcvcr, in th.,; first attempt the fixture \\as incorrect anJ 
th..: structure failed and wa-; ahan<lonc:J_ Later a second 
caisson was constructed and successful!; in'italh::d. There­
a!icr. th..: t~·mporary gate: \\as rt"nHJ\ed anJ tht: cellular 
lwllow chamhcr,; were tilled\\ ith J.000 tons of <;;ind I h1' 
gra\ ity stru1:turc 11f 6.000 tons 1s capable of\\ ith'itanding 
non-hrcaking Wa\cs of up to "'! 1111.:trc'i. lhc -I~ 1111.:tr.:' 
prefahri1:atcd 'tt:cl h1dgt: \\ <l'i then .:r.:ctcd 'pa1111ing 
hr.:tw.:cn th..: l·oncrctc •ais,on and th.: t:\i,ting fr,h..:rit:s 
hrcak \\ atcr. :\ rnc~han11:al hand I in).'.': 'km \\ .1~ th.:n .:r.:ctr.:d 
on th.: cli\\llll to JJ1'tall thl' l'P\•l·r 111111.111!1· I he l':1p:11·it) Pl 
thi: pullt:) hlod. j, ) 11111'; 

Power module 
I h..: pown moduk j, ;a (1-ml'.lr.: h1~h. 2-llll"lrl' d1an11:t.:r. 

'kl'! hollm\ c;. l111lkr 11n !1111 111 thl· d111nc I h1" lll1Jd11k 
hoi1·;e·. tht: t11rh1nl." ;111d :.,:1·n.·ratPr rupllrL«l tor po\\l"f 1a~c·11ll 
from the hi-dirl'ctional ;11r 1101\ from the < l\\ C · c,11,,1111 
I ht: pll\\Cf n111d1rli: I\ o,uh-.IJ\ id.-,1 11110 \'111t1p11ncnh ol 
\\t:i~l:t helm\ ~ 11111' tor l."<t"t: ol tr.11hp11rt ,1nd l°fL«.:tr"n 
Hota!lll!.'. l'OltlprnlL'nh \\l"f'L' h;iL111vcd ;i11d lol·h·d hd11ro-

,, 

transport ll• site:. rhc lirst Cllntpt•ncnt <ti h:: lt•,1dcd o!lh• thc 
dt•mc \\as a 2-mctrc diam..:tcr hutt..:rtl; \ahc 10 'hut t•ft ;1ir 
:lo\\ Ill thc turhinc in i;asc of l:ll!CrgcrK! _ n1c rcmain Ill,: 
nnnpt1111.:nts wcrc loaded on top of t•nc anothcr 1<1 l:••mpktc 
po\\ ..:r module.: t:rci:tion. lhc induction mad1inc: h n111ncd­
c:J ltl the: grid thniugh a nintrnl pan..:! n1.: plant \\;ls 

uimm issionc:d in ( ktl•hc:r l'N I. 
rhc: \\';I\..: En1.:rgy < iroup h.1s l>cc:n wnducting pt:rfor­

mancc: c\ aluatillO studit:s on this plant. c\ c:n though the: 
l lroup had to fai:c a numbc:r ,,f kt:thing trt•uhks \\ hc:n 
connc:cting the.: cahlcs. huttcrtl; \ah c. n•ntnil pand and 
in~trum1:nt:it i·•n · Hov. c\ cr_ du;ing tl1c last : ..:.1r. \\c' n cr.: 
ahlc ll• achic\c good tcst rcsults \\ ith a pc:ak po\\cr purnpcd 
to the: ).!riJ rcaching 150 I. W. as p.:r the: Jcsign. lhc.: 
maximum mcasurcd l'!rhinc dlicicric; \<1ricd fnlf!1 80 to 
85 per cc:nt. Pe.tk dfo:icnc; of the pow..:r plant \ aricJ fr,irn 
20 tn 50 pcr i:cnt. dc:pcnding (•ii the: \\a\c dimatc. rh.: 
major c:ffort of the: Wa\c Encrg; <irnup at pr.:scnt i-; to 
moJil~ the turhinc and generator designs to minimi1c the 
\ariation of the power pumpeJ to the: grid. This is gl•ing tn 
he achic,eJ hy pro\ iding a \ ariahk srceJ inJuctinn 
machine: as \\ell as mod ii~ ing thc present wnstant clwrJ 
hladcd rotor w a \ ar; ing chor.1 :ilaJcJ rntor, ,f :hc turhim:_' 

Future progrr.mmes on wave energy 
The lkpartment of Occan Dt:\clopment. (ill\t:rnm..:nt 

of lnJia. is presently funding the Wa\c Encrg:. (in•up it• 

Jen:lop the: next prototype h• he inst.tiled at th.: nre-;ent 
\\ave energy plant site at Tri\ andrum. I his o;c:conJ 1·mll1-
ty pe will he: the: forc:mnncr of tht• pO\\•:r moJulc.: I(~ 

..:ommercializa1i,1nand is being st:mdardizc:J at :'5 I.\\'_ The: 
.• a\c c:ncrg; c.iisson module: ,,f appn•ximatcly 21 m \\ill 
ha\c: l\\O pnwcr modulcs of 55 kW ea1:h. lhc caiss.in' \\ill 
:1c uscJ a~ a moJule in a long harria-typc hrr.:al..\\<ller anJ 
\\ill alsti ha\C a \ertical rear \\all to facilitate: b..:rthing of 
fishing hoah as\\ ell as :1 ro;1J on th•: lop. This cais,on ha' 
hecn dcsigncd as a hrcal..watcr tif a n..:w fohing harti.11ir 
h..:ing huilt at Than~;..,,c~ in C)uilon on the: '011th-\\l''t 
wast 11f lr.dia. It \\ill hc a grid connected s:.,tcrn 

b.tcnsi\ c dc\dopmcnt;il \\ork ha~ hei.:n carrir.:d out I<> 
dc\clop a \ariahlc speed induction gcrll:rator \\ith a 
UHl>t;mt pcm er output. \\hich will he a !won for c11mmi.:r­
ciali1at1on of \\a\c r.:111:rg; Jc\ ices. 

!hi.: Department of Occan De\ clopmcnt '' aho cnn­
sid..:rin~! the: installation of i-;obtc.I hr..:al..v. atr.:r cai''"n' in 
thc \ariolh rcmotr.: arca'i of th..: :\ndaman and \:1cllhar 
i,l:md~ rcgion. Th.: gcnc:rator and controh hair.: I•• hr.: 
d1ff.·rent for r•·nw1c l'iiand-; hi.:cau'ic no clcctr11.:al grid r.:'i't 
on thc j,land,. s.·par;1tc !{,'( () i' hcing uki.:n up for L!l'lh.:r.1-
[(lf pf 't;rnd alone: "\kill,. 

Indian Ocean Thermal Energy ';onversion (OTEC) 
Programme 

I \ .:n th11ud1 lndi.1 ha'> ;1 \·ht pott:nt1al for Ill H ·. th•· 
.tc'li\illl'' Ill till' iif<.:;t h;t\L' ht:t:ll lillllll'l(. !hi' rrot!r,11111111.'. i' 
h.:111g h.m,fkd h: th..: I kp.1rtmcnt of \:oll-L'Oll\ ..:nt ion:tl 
I lll'rL!: S11ur..:.:'. < io\t:rrlllll.:n: ot India. ~t:I\ I >i.:1111 :\t thi.:1r 
ri.:qu.:-.t. th..: c kt:;:n I llL!lllt:.:rirH'. < '.:ntrc. Indian lrhtituk 111 
I i.:dinolP~·:. \1.ulr.1' conduunl a kasih1li11 •.tud: .!1ir1ng 
!'I'.\:' lo in .. t.tll .11-\f\\1>11 c· pb1t 1lf111iot: ol th..: 1·L11i.h 
111 th..: I .1i..,11.h111..-,·p L!lllilp Ill th..: :\r.1hi.111 '-,,·;1 I kt.tiled 
dt"·l~ll" \lc·rc· rn;1dL· h: t1!1L' 11f the Ldll'>tiltinL! t'1rn1' 111d1l.1-
lill'.' th.1! the 1w.1 ol po11n ~'l'lll"l'•1t1011 lr11111 tl11" !>II c· 
plant \I ill hL· 11.dt the pn11· ol p111\l·r .t'.l'llt:rar11111 on th.11 
h L111d In u HI\ c·nr 1111Ld d it:"· I ~t:lll'r.1tor. S lllL L" pro\ l'll t 11t.1 i 



r 
OTEC h:chnolog;. \\as rwr avarlahk in lnJia r:, \\ht:rc 
ds.: in th.: worlJ. th.: liO\ cmm.:111 of laJia JiJ r: !..:..:iJ.: 
to gti ah.:aJ wirl: th.: plant. Subs.:4u.:n1 ly. a printt: firm. 
!\I s. St:J Solar Pow.:r. l!SA. o:f.:r.:J h1 builJ a 100-:\I\\' 
plant off the: 1:oas1 of Tamil N1Ju Snr.: in south.:m lnJia 
;\( a distanC<! llf .. HJ 1.1!1 from !h<! mainlanJ. l"his plant I\ ill 
b.: located :it Kulasebraparnam anJ !\I s. Sc:i Solar Power 
has agreed to arrange the enrir..- financmg llf t!iis plant ,,·ith 
the ccndition that the: l.iovcmm.:nt of Tamil Nadu buys 
pliwer from th.:rn for the: n.:xt twenty years. 1.-lutll.ir ·.\ 
L·ommcm: I 1111dL·rsta11d that <1 .\tt·mora11d11111 11/ l "11dcr­
s!a11dmg is hci11g <"l:l'rt'd imo fi.·t;··et'll th• ( ;111·t·r11111e111 of 
7<mzi/ S.:./11 and .\/ s. .'•it"<I Sof,1r l'mra. l 'S.-1. and the 
l'Xl'L"lllion oj the projct"t ,;nd tht• pro.>-!rammc ts lilr.di· to 
ht•comt: a r<·alm· wi1hi11 rh<· llt'.'"t.Ji1·<• _1·carsJ. 

If the demonstration of the OTEC plant prov.:s to r _ 
successful. they could provide a tremendous support to the 
island communities all over the v.orld by providing a 
renewable and pollution free power source. The major 
technologies that have to be proven are the cold water pipe 
technology and the technology for the dynamic positioning 
of the floating OTEC plants. Further. if only one or two 
large OTEC plants are c0mmissioned as demonstration 
plants. reliable environmental impact studies could be taken 
up. Across the world. limited R&D work is being taken up 
on the development of OTEC cycles for power generation. 
namely the Hyhrid OTEC systt:m and .\fist OTEC .1ystem. 
wnich are likely to be more efficient lilan the open cycle 
and closed cycle systems being considered at present. 

Conclusions 
Ocean energy is a prom rs mg source of energy for 

countries in tropical regions. These resources are more 
valuable for island communities. But specific technvlogy 
developments are required before com men.: •al plants can be 
established. Since the OTEC plant cannot be designed 
"conomically for an output to the order of I MW or less. 
wave energy is more promising at present for island 
communities. Large OTEC plants in the orderof 100 MW 
and above will he more economical and will be useful for 
the mainland only. 

S1luth-l·.ast .-\~i;m nations h;i\e \as! resatm:i:s llf ,icean 
encrg;.. foint R& [) programmes could bi: tal.i:n up in th.: 
area llf oi:.:;m eni:rg~. espi:cially on the in~talla!ion anJ 
operatilin of demonstration plant'. which \\ill lead 111 

C011llllercia1i7;1tion in the ne.\t five to ti:n ~ears. rfu: 
Dep,1rtm.:nt of Oci:an De\·elopmi:nt. liovi:mmi:nt 11f India. 
\\ill bi: \\ illing to taki: part in th.: joint R& D program mi:.-; 
b.:tween '<lrious countries. m;·~b.: through l'~IDO. India 
also has expertise in the area ·if oci:an data collection Ill 
dele11nine the wa\e climate. bathy1n.:tr;. and other oce.mn­
graphic parami:lers of the region. rhe Govemm.:nt of India 
abo owns a research \·essel ORV .'·iagar ,.._.,111_1·,1 with 
sophisticated facilities tl.ir all the oceanographic sun eying. 
and will be able to arrange for survey cruises. if the 
countries of 1h.: region request the Department of Ocean 
De\elopment. lio\,•mment of India. ·~~ such sen ices. 

Notes 
I. Final report on the scientific imestigation'> on .• ,ave 

climate. wave regulation and wave power. Report 
submitted to the Department of Ocean Development by 
the Wave Energy Group. Ocean Engi.1eering Centre. 
Indian Institute of Technology. Madras. February 1987. 

.., A~.1bil. N. Bonke. K .. Malmo. 0 .. and Reitan. A .. TIZL· 
/\nPnzer m11!1i-res1111a111 OWC. The Second 
International Symposium on Wave Energ) Utilization. 
Trondheim. Nomay. 22-2.J June 1982. 

3. Paul Mario Koola. Ravindran. M .. and Raju. V.S.. 
Expcricnct•s on a 150 !.: W Waw Enagy pi/or plum. 
1993 Wave Energy Symposium. Edinburgh. U.K .. 
July 1993. 

4. Ravindran. M .. Balabaskaran. V .. and Swaminathan. 
G.. ( "omparisnn of performances of constulll and 
1·arymg chord wells rurhint: rotors ji1r irnn· cner.\{\· 
applicatwns. 1993 Wave Energy Symposium. 
Edinburgh. UK. July 1993. 

5. Koola. P.M .. Ravindran. 1\1.. and Raju. V.S.. Des1g11 
Options Jiir a :\!11/tipurpose Wa\'e £11crgy Brt•ahrnlcr. 
Proceedings or International Symposium on Oc..:an 
E11ergy Development. Muroran. Hokkaido. Japan. 
16-27 August 1993. 

------------------·----------------



8. INDUSTRY NEWS 

Baltic shipping in new revamp push 
Tb: Russian shipO\\ na with the largest complement of 

liner trading. Baltic Shipping Comrany ( BSCl of St. 
Petersburg. is undertaking a massi\ e reorganization pro­
gramme. The plan is tl) create a separate protit centre from 
each of its I 2 long-establisht•d linc:r ser\'iccs as a prelude 
to a breakup and a casting off of less financially sound 
operations. The average age of the l :'0-strong tleet is 
16 years. and the phasing-out of aged units. which started 
in early 1993. is continuing. BSC has been having prob­
lems finding crt:dit for new buildings and hopes have been 
dashed ihat the ambitious resurrection of the fleet pro­
grammes :if the l\1arit:m1: Affairs Department in ~~osco\\ 
would bring solace -·the treasui;. · ~ coffers are empty. 
(Source: S~·atrade Weck .\'nnfrom. Vol. XIII. No. 25. 
1-7 July 1994) 

Evergreen invests 
Ta· .van. Province of China·s Evergreen group. 

prepanng for the eventual 011ening of direct shipping 
links with China. has plans to imest in building con­
tainer terrninals and other port facilities on the main· 
land. 

Flagship Evergreen Marine Corp. and .ifliliate Uniglory 
Marine Corp. have been given approval by shareholders to 
invest up to $80 million in projects. The e-:act nature of the 
investmen!s and their location has not y ct been decided. 
and the projects will depend r:1 Taiwanese and Chinese 
<lovemment approval. 

The projects by the group. the world. s 1-iiggest contain­
er shipping operator. would be the counti;. · s first major 
investments in China ·s transport sector. Evergreen would 
help build and manage the facilities. 

En:rgn.:en continues to serve the Pacific Northwest­
Asia trade with its weekly Medway Pacific Service \\hich 
links the ports of Tacoma and Vancouver with Asia .md the 
Mediterranean. 

The group has also started serving Viet Nam follm\ ing 
the lifting of the US trade embargo in Fehruai;.. rt1e 
company was already well established there. Its Far Last­
North Europe and Far Last-:\kditerranean ~ervices were 
linked to \·iet Nam ;:bout t\lo years ago. transhipping on 
to common feeder vesseb in '\ingap11re. 

E vergrcen affi I iate IJn :glor: operah:s a wee~ ly feeder 
service hel\\cen Kaohsiung and llo Cl:i l\tinh City. using 
two of its own container vesseh of more than :'iOOTl:l 1. A 
c11mrnon feeder is used hct\\ ccn Kauhsiung and 1I.11pong. 
lktween the \JS and K.whsiung. h.:rgrccn has a choicc of 
,hipping containeVi on three \cniccs. (!.\tracted from ·f 
S1111rl<'lll<'fll tu /.lnr,r, Sh111 .\fu1111.1.:a . .lunc l')C).t) 

Daewoo's capital idea 
·1 hc Repul-ilic ol Korea hu,inc'' con:.domcr;1t•:'i. 

!>;11.:\\ "'' I h.::I\: lnd11·,1r1c·. :111d I >a.:\' 110 Sh1ph11ildin,: and 
lka•) \Ll1.:llinc:r\. plan !11 11mcil thc n:itio11··, lw•L'.c·-,1 
pri\atc '>l'<.:for u1111pan:. in tcrrl\', 111 lilp!ta!. 

l I the pl.111·, ar.: co111pk1~·d ;r, \chcd1ilc:d h: I r Jct11h:.:1. 
the activitil''> of the: 111er.l'l'd L'idll! \\ill r.tl\L'<.: fr"rn 
'>hiph11ildin).! Ill 1ndw.1ri:il rn.1d1incr:. :11111 pl;rnh. 111ad1111c 
tooi'>. rollinl' stuck .11·r<>·,p;1u· :ind cdf ;1·.,,·mhl\ 

1"11e merged company Daewoo lle<I\: ln:.lustries 
\\ill he lhe Republic llf Korea· s sernnd largest lt\teJ 
c11mpany in tem1s of paid-in capital. 

.-\naly sts believe the merger \\ill hen et it bnth 
rnmpanies. Some say the shipbuilder \\ ould see prnti:' 
improve lWer the ne:-.t I 0 : ears. \\hi le Daewl111 llc;I\: ·, 
business. though strong. \\ ould slow Jm\ n because l,f 
sluggish investment. 

With an improved cash !lo\\. the .:nlarged Cl1mpan: 
would be able to invest actively in heavy industry. enabling 
it to also ride any world slur1p in shipbuildi;~g by r.:Jucing 
its dependence on that sectN. Daewoo plans to cut ship­
buildir.g activity to 31.3 per cent of total sales fwm 
50. I per cent. 

Even though foreign in\"estors are not .:xpecte..i to sho\\ 
th.: same frantic interest in Daewoo Heavy as they sh(med 
in Samsung Ilea\ y. the new issue is expected to attract 
both foreigners and domestic investors. ( ExtracteJ from 
.·I Suprlcmcnt to Uon/"s Ship .\fw1<1g<'r. Vol. 15. ~ll 3. 
June 199-t) 

Regional moves keep costs down 
ASIA Pacific Seafoods Pty. Ltd.-established m 

1986-is developing regionally into lower production cost 
countries. 

Singapore will. howe\"er. remain headquarters of the 
company's expanding operations. The firm. in line \•. ith 
other seafood companies in Singapore. also plans to mo\e 
i~to value-added packing for overseas markets. 

Asia Pacific marf...ets around 3.000 tons of 'eafood 
products a year . 1 hese include about 50 per cent shrimp 
(farmed anJ \\ild). cephalopods. lobster tails and tin 
li~h. 

A \"ariety of shrimp ~pecies are offered includinl,! blac~ 
tigers. whites. pinks. tfowers anJ hrt'wns. 

Squid and cuttlefish products a\ ai I able include \\ hok. 
whole cleaned. 'quid tubes. squid fillets. cuttlefish til!eh. 
heads and side,_ and calamari rings. 

I-in fish species arc also supplied. including siher and 
black pomfrcts. red snapper. milktish and cmaker. 

Lobster products available incll1de \\hole green. \lilllle 
coof...ed. rock lohster tails. slipper loh,!er taib. dcep--ca 
lohter tails (scampi) and lobster meat. 

\\"hilc mo<,1 -;eafood prndu~h dclivered h: :\'i;1 l'aciti~ 
an:- fro1en. the compan~ aho dLal~ i;1 canned wna. 
mac~ercl ar:d ,;,rdine.'. a ... \\ell a' Jried foods. I I' \tr;11.:kd 
from Fnh111g \,'"' /111t'n1,1flr,n,1/. \"ol. , • \,p 

!\.fare h t<J<J.1) 

Wesmar sets-up in Chile 
WLS\f:\R (\\ e'tern \larine l.lectrorll1.:'d. \\hich h.1, 

lwcn ... uppl: int.'. 'i<Hlar, to l..1t:n 1\mL·ric1 tiir m.111~ ~c·.:r·,_ 

h:1' '>ct up ii\ O\\ll ,;i(c, and >L·rvice comp;:n~ !II< "hik 
\\ l·,111.1r ( 'hilc. t:\t.1hl1-,twd 111 S;1nt1:i~·11. \\hidi :ii"' 

\l'r\c", nlh.:r S11ulh :\Tlit'J"IL • .ITI C\llllllflC\ \i!rh "' l'L"fll llr.1..-,I 
.111.I :\rt•cnt1r1;1 c1rne·,;1'.Ind,1>! ·,parL' IJ:lrh ,111d I'> ahk to 
rr11\ j(k ;1 \c·r~ fa\( rq1J.1<.:e1TlL'llt \c'f\ IC<: 

I \L'r\ < hrk:m p11r,·:-'>c·11wr '' rq11irrc·d \\1th ""1.11 
( lrKe a \ ,.,.,l·I lo.·.1tl» .1 l.1r '.!C '><.:h1Hi( \\1th ti, l111wn r.;n:cc· 
prtrn.tr> -.1111:ir. the .. k1rprr ":II r.11·,c thc ,11111111 d11111,· .111d 
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start using his smali sonar usual!~ a \\«:srnar SS~70 at 
a range of about !WO metr.:s. 

I le continues to use th.: \\ esmar '>llllar until he has 
the fish in the net. continuously chcd.ing this on the 
screen. 

Both son;..rs arc \Cf! important w Chilean skippers 
llowcn:r. very long range sets arc not r.:quircd. This is 
because the companies know where the fishing areas an:. 
get satellite weather infom1ation and. in some cases. 
schools of fish arc pinr..;intcd by spotter aircraft. 

Wesmar·s new 110 series scanning sonar is an ex­
tremely powerful small sonar that is said to give 40 to 
-t5 per cent more range than the tim1 · s older SS270. 

AccorJing tG David Zaharia. Head of Wesmar Chile. 
Chilean skippers who have used the new Wesmar llD670E 
sonar are extremely happy with it. The~ comment particu­
larly on the set's greater range of 1600 metres and its 
superior reliability. 

Owners requesting a long stroke hoist when ordering 
llDf' 70E arc improving the performance of their new sonar. 
according to Wcsmar. 

Air bubbles caused b~ high ,·csscl speed or wind intcr­
ti:re with sonar performance by absorbing sound cnt.>rgy. 
Wesmar·s new long stroke hoist s~stcms arc desii;ncd to 
extend the sound dome below these hubbies. where the 
sound hcam operates at greater cfticicncy. 

The Wcsmar long stroke utilize,; a self-contained 
hydraulic system .\hich permits extremely fast retraction. 
In emergencies. the dome can be quickly retracted into the 
sea chest to avoid damage- in just five seconds in the case 
of the llD670E-8. (Extracted from Fishi:ig Sein lntcma­
ti01wl. Vol. 33. No. 3. March 1994) 

Chi:ean yard builds between repairs 
Chilean shipyard Astilleros Arica S.A .. a member of 

the Angelini group. is building a purse-seiner with a fish 
hold capacity of 400 cubic metres. between repair work. 

The new vessel. which is being constructed for one of 
he Angelini group's fishing companies. will have an 
overall length of I 09 ft. hcam of 29.4 ft. and depth of 
13 ti. Propulsion will be provided h~ a Caterpillar 03516 
diesel engine. while the hydral!lic net-handling equipment 
\\ill he from Petrel ,>f South Africa. 

The purser will probabl; opcr:itc off northern Chile 
targeting sardine. anchovy and other pelagic fish. 

This region is said to h:ivc prohahly the hes! iishing 
weather in the world with fishing over the entire year. 
except for the one-month closures dictated by regulation to 
protect resources. 

J\t times. vessels from one port mo\c up or down the 
coast and deliver in other locations. during which time the 
crew must he accommodated on hoard. 

Fish arc pumped out of the net into the vessel.\\; ith the 
!Jttcr delivering to the plants primaril) through discharge 
barges. which pump the fish fn;m the hoat through :;uh­
marinc pipes to the plant. 

The appearance of much greater amounts of fish off 
northern Chile towards the end of la'>t )car had ensured 
float the llccls were being \\or~cd h.1rd A">tilicrm Arica's 
main adivity is repair and rhe )ard con,truct'i nc\\ \t:'>>el'i 
only her ween johs. ( L \!r.1cll'd from F11h111:.: s, .. " 
ll/fa11<1t1n11al. Vol. l1. Nl• .. 1. \1,m.:h l'l')-1) 

Tuna ship orders for yard in Brazil 
IN:\U' (lndustria N;n al Do Ceara S:\ I. Bra7il" s 

higgest ship) anl for 111.:Jium-si1.cJ fishing \ e~sds. is 
responsible to ;1 great i:xtcnt li.ir a fishing hlllllll in th.: 
capit;.il llf Ci:ar;i. 

The ~arJ. \vith s;ilcs of up to S30 million a :ear. has 
ti\•! orders for tuna ships each worth bct\\een S3 and 
S5 million. 

:\ntlmio Ciil. O\\llt:r and president of lnace. secs e\en 
more \\l1rk in renewing and repairing old fishing boats and 
in the construction of new tuna-c;itchcrs. 

More boats will be needed if tuna taki:s off as a viable 
new lhhing resource for the north-cast. he maintains. 

Toda). fishing represents one third of the ~ard·s 

business and declining fishing fortunes in the area in the 
mid-eighties forced it to diversify. 

Repair work is now a staple and an 80 by 15.5-metrc 
platform means that \Cssels of up to 4.000 tons can be 
lilied. 

Until 198) the yard concentrated on bui!ding a shrimp 
fishing tket for the new companies si:tting up in the north­
east. Over 400 vessels were finished. 

Ret\\ecn 1969 and 1974 new fishing boats wert: built 
of steel ti.ir the first time instead of traditional wood. 

New companies emerged including lnprapcsca. Orgapi. 

• IJ -

Marimar and Amazonica. so another 200 boats were built 
at the lnacc yard. 

lnacc also began to run its own lobster and shrimp 
proccs.;ing plant with a 70-strong fleet. Now. over 3.000 of 
11.000 boats in the north-cast arc lobster boats and 3.000 
tons are produced by the plant annually. 

Antonio Gil says the jangadtl. the archetypal artcsanal 
fishing boat still in evidence along the Ceara coast. was the 
norm m the north-east in the early sixties. 

Thirty years ago the fishing fleet anchoring at 
Fortalc7.a · s main port would have been inconceivable. Now. 
the shipyard is spread over an area of 150.000 m1 and is 
close to the old heart of Fortaleza. 

Industrial Naval do Ccara was established six kilo­
metres away from the present cer·ral ~itc and cost Antonio 
Gil SI million to set up. 

lie \\JS selling kit-type version~ of fishing vessels for 
S60.000. In the early days of the lobster industry they used 
to cost three times as much. Some 200 boats were churned 
out by the yard in the first three years. (Extracted from 
hshing.\'nnlmcrnatumal. Vol. 33. No. 3. March 1994) 

On the bea-::h 
There is increasing international concern 11vcr the 

advanced age of a number of vcs-.;cls in the world fleet. 
According hi slatistics produced in mid-1992 hy Lloyd's 
Register. more than 4 7 per cent of world tonnage was 15 
or more years old. This s;!llation is the rc~ul! of the 
shipbuilding hoom of rhe late 1970s and thl· effects of the 
current world rcccs,ion. Another factor is a shortage of 
yards involved in scrapping. 

St:rapping ships is a highly technical and nllen da,1~er­
ous operation. It was once carried out in tw•i m<,in 
area'> ·1 aiwan. l'rO\ incc of China and the Rcpuhlic of 
Kore;1 whercnpcrt1se was high. Ln• ironmcntal and other 
u111,iderat1ons have now taken a hand and st:rapping has 
pa,>ed mainl: 11110 the hands of ( ·111na. India and Pakistan. 



But tht:se countries do nLll at pr.:scnt ha\c thi: t.:,·hnolog: 
t11 oper..1te as etliciently as Tai\\;ln. Pw\ inc.: of U1in;1 anJ 
the Republic of Knrea once diJ_ lhi~ scr;1pping of a \'I.Cl·. 
which coulJ tie .:xrected to tal,.e ab1iut a month in rai,,an. 
Prn\ ince of Chin;, nr th.: Rcputili.: of "-•lrt:.1. can no\\ 
occupy a : ard ftff an_:. thing up to a : ear. 

According to th.: Joint Committe.: fi.1r Shirhrcaking 
Prnmoti1,n. fi.1m1i:d by the Japanes.: Ship1m n.:rs · Associa­
tion and the Shipbuilders· Association of Japan. thi:r.: is an 
urgent need to incr.:ase the amount of scrapping of t'IJcr 
tonnag.: as part of a conci:rted effort tn diminate sub­
standard ships. The Cornmitt..:e is curr.:ntl_:. im,lheG 1n J 

campaign to gam support for thi-; initiative. 
There is a general shortage of suitable scrapping 

faciliti.:s_ The scrapping cap;icity of a yarJ is g.:n.:rall: 
expressed as the area multiplii:d by the pnidu..:ti\ it:. 
including labour . .:4uipmcnt and techm,logy. This m.:asur.:­
ment. howe\er. is d.:pendent on how these fach~rs are 
assessed. There are two main ;:iethods of scrapping nbs1l­
kt.: wnnage --tieaching and demolition atfoat. 

The steel that is reco\er.:d is rerolled into bar. and used 
predominantly in residential con~trnctinn. r!1is t: p.: nf 
reprocessed stet:! is gen.:rall: infrrior in 4u;ility to that 
produced in electric fumac.: steel mills. but i' much 
cheaper to produce. The scrapping industr: in some c1,un­
tries can pose strong competition for th.: electri..: furnace 
st.:el producer which ha_-; been established as th.: main 
source of suppl;. for dom;:stic sled pwJuction. In thc,c 
circumstances. sr•m.: administratint1' ha\.: imposed tariff, 
nn ships bought for scrap. in urder to prote.:t th:: homc­
produced product. This has an artdicial dli:..:t on th.: 
shipbreaking indhstrics in some cnu111ril·s. lntall: unrdatcJ 
to market fi.lrces. The international -;crap market i~ aff.:cted 
h~ th.: suppl: nf sh;ps and th~ pri..:e <•i st.:d. both .. f which 
ar.: liahh.: to \ ioknt tluctuation~. This i-; demonstrated h: 
th.: light displacement pric.: of stt.:el. \1hich in June 19!19 
\\as S~-tO per 1<1n and stood al S 160 p.:r ton in Jun.: l'N-t. 
ha,ing faHcn to around th.: SI ~o p.:r tPn mari.. :11 the 
bt:!:!inning of th.: ! 91)0,. 

The Commitre.:"; tiireca't for the '"lumc .,f 'h!p-; 
ri:ad~ for 'crapping tiir th•: p1:riud from I 'J') ~ [II 21) I (I i. 
i:\.p.:ct.:dto top 'i8 6 m µt. \\ith a hoom bc11,ccn l<l<lti ;md 
~000. \\hen 18.6 Ill gt 1-; C\p<:llCd '"PC dcnllll1,h.:d n1·: 
outlook for -.i:rapping L;1pacit\ .:urrcntl: 'und" at ahou! 
10 m gt per :car. insufliLic:nt 1,1 i;npc \1ith anttl1pa1cJ 
demand. v. hich c1•uld ri"c 111 26 m t-!l I I. \lr;t.:tcd fwm 
F111rr•f,ff. 16 June I l/(1-t l 

Agreement on deepwater subsea technology 
I he ·.i~ninµ "ran ;1!.'1c:c·m,:11t h.'tHn:11 the· Ill' <;1at.1il 

;t!lialllL';111J Bra11h.111 Pp-:r.1t11r l'clrc•hr.1' P\<.:f !he i:\.h,111,.:..: 
of i:.\rcrtisc 011 .!ccp\\.1t1·r ,111>,..:;1 tcd1111•IP!.''.' .111 .. l nwh1-
pha'c transport j.,,,j.., "·t !11 h·: :.d .11111rhcr c\;1mpk 11! th·: 
rap1dl~ d1an~ In'.! f.vc ": 11!,· 111 hhorc· 1:id11-.1n 

1.\"hiht th..:r,· li:1\L' h..:L·n 111;im c ,.:111pk-, 11! 1111nt \ l'n­

tmc' in \ari1Hh p.1rh 1•1 thl' \\11rld ."-'."Ill"-'. had. dcT,1dc». the 
i;11nlcrt of ;111 ;i\!J.111L.: h.1.c.l nti lh•: tr:1n,kr 111 l ·dll11il"!.': 
r.1thc·r th;t1! on purl·il tin;:nc 1.il ILTnl. 1 11•1t 11111: ri:!rc·,h:n:: 
hut al"i 11ro\c·. 1h.11 th<: pr111c11'k· • t Ilic· lc"L•:tl! < ·., .. t 
i<L·1h1Llion ln1t1.1•1\l' 111 th·_·',.·\\ I r.11< 'Hl';I 1.1r,· h,··:11n1111 _• 
t11 dc·\c:l11p all 111krn.it1111:.11 11;:1.1111 

I 11r \\l11k l\·1r11h1.1·. 1\1\i 11.1\c .1cu· .-. l11 h .. t!i Ill' .111.J 

'-'t.1loil·, li11r1111nr.il ,Ii 11111:.' .i::.; :1111'1q1h ,.,,. rc·1_ !i!11ilnc\ 
P.p,·nr . ..:. the· All1.ir1ll' 1\ :!I h·11,·1i: lr11n1 l1c·lr11l•1.i.· 1k~·I'-
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\\at.:r .:\r.:ri.:nc.: for th.:ir 1l\\ n I'& I' ai:ti\ iti.:-.. offsh1•r.: 
'ig.:ria anJ \'i.:t '\am_ 

lh.: Bra1ilian~ \\.:r.: ahk t1• a_hj._.,._. th.:s.: m1rr.:s-.1\.: 
r.:sult_; n: \\h1lkh.:art.:Jt: .:mtiracmg :h.: \<..'f: gu1Jdin...-, 
tint ha\c onl: r.:c.:1111:· h.:.:n ,,utlin.:J m the t ·i..: ,._.chlr b: 
th.: CRl'\I' initiati\.: 

( ·,,_op.:rati1ia Pel\\<..'<..'n 1•r.:ra!ors ha' ;tlr.:.1,I: 1Kcurr.:J 
\\ ith thc aJ, .:nt ,,f th.: lk.:pS1;1r pnigr;irnm.:. \\ hid1 is 
J.:sign.:J to allo\\ for c1•mpa111.:-. to p1•ol th.:ir .·,pcr;.·n..:.: 
anJ r.:s1iur.:.:s for J.:\d1•rinC! J.:.:p\\at.:r ti.:IJ, in ch.: liulf 
of \k\iW. 

In aJJit1nn. oth.:r gruupir:gs ha\.: b.:.:n i!.:,.:Jop.:J. I h• 
lm!..-up ti..:tw.:.:11 th.: BP St.1h,il .-\llian..:.: .mJ 1'..:trntir.1'. 
c1,ulJ h<I\.: a ma_111r imp;1ct in thc J.:, ~·l1•pm.:nt 1>f surs.:a 
tidJs in the ~1•rth S.:a and in llth.:r ar.:Js_ 

Statoil sa:s that di\.:rkss t.:chnnlog: is curr.:ntl: b.:ing 
us.:d on more th:m lOO \\ells in the ~orth S.:a in '"!~..:r 

J.:pths ,,f 1.ri to 350 m. Statoil-s <..'\p.:rience gained from the 
suhs.:a \\.:Its on th.: < ;11/1/;1!..s. l~m1f11d1t<·11 and Luk,· J.:­
\eh,pm.:nts. '' hich are main I: bas.:d on Ji,.:rkss t.:ch­
nolng:. fom1s the basis of th.: op.:rator"s future sul-s.:a 
t.:chnolog: for r..:mott:. 1.k.:pwat.:r applications. lh.: 
Statoil BP .-\l!ianc.: is lookmg at appl: mg th.:s.: t.:dmoh1-
gi.:s in ar.:as including W .:st :\ frica. .-\1.:rbaijan anJ 
Vi.:t '.'\am. 

lng..:ther \\ ith its 1l\\ n 'tudies. the .-\lli<mci: dos.:!: 
obsened th.: d.:wlnpm.:nts mad.: h: oth.:r cnmpani'-''· 
..:'p.:ciall: l\:trnhras in Bra.riL Th.: Allianc.: \\JS so im­
pr.:ss.:d h: th.: Bra1ilian comp;m: ·, .:xpi:rtise in d.:.:p\\;ll.:r 
t.:..:hnoh•g: that it approad1.·d P.:trohras tn prop1h.: a 
t.:..:hnolng: .:xchang.: :igr.:.:m.:nt b..:tw.:.:n the ..:nmp;mi.:-;. 

lh.: !ed1111•logy agr.:em.:nt. ''hi ch was signi:d in Ri1• Jc 
Jancirn on I~ \la: I ll9-t. sl1<itilJ h.: of mutu;il bcnctit tn 
b1•th rn1111tri.:s '' ith th.:ir exp..:ricnces gain.:J in Jiff.:ri:nt 
regions ;111J en\ irnnments '' nrlJ\\ iJ.: _ l !·:,traded from 
f;,,,., 11/. June I llll-t l 

Triple Award 
Thr.·.: C•llltp.mic' in 1i1c K.:prcl Int.: grated l.nginc.:ring 

of Si11g:1ror.: !!n•ur h:l\c achi..:\cJ ISO 9000 ,1,11u,. 
Kc;ipcl l.nginc·.:ri11g ha, ootaincd L.:rtifilat1"n for th..: 

tahri..:a1i,lft and .:rcct1on 1if sll.:c·I structure' ;m,1 a"n..:iatt.:,! 
m..:..:hanical ;111d .:kctriLal \\liri..,. Si,tcr ,,1mran: Keppel 
.·\utomalion nhtainc·J 1! for th:: 'uppl~. i11,tall.11inn. main­
:cn.1nv: :tnd cngin.:.:ring \Cf\ ice.; llf clcc!ron1c and aU[1l!lLl­
tlllrt s\,lcnh .\nd (>ii l 4uirnwr11 \fanufalluring h.1, h:.:n 
c·crt1ticd !(1r the di:-..1gn ;111d manut:Kturc 11! ma.:hin..:,l 
,-,1mp11n..:nh and 't.:..:I -.t111Lturcs. 

K..:ppd l11g11J<·um.'.! .md Kcrrcl .-\111n111.:t1 .. n >\c·rl· 

cntitic·dh\ I ln:d". Kc'.!i,kr..111d<lil I qu1pmc!ll \1.11111!.1L-
1urn:.~ \\;1' L<.:r!ilicd h\ lk't '\1•r,i....: \·c·rit.1' <)11;d1t: .\.,11!­
·u~1.» l" 

KL·pp•:I < 11rp11r;1ti1111 \\II( b,·'.!111 'h1phulid111'.! .ir:,I rq'.:1r 
11pc·r.111111h ;i1 \'1-·t ';;un. lidl11\\lfl:.' tl:c· ;1ppr11\,il h\ th,· 
"t.1t1,: < ·<>1111111tkL' l•1r ( ·,,_Ppcr.111011 ;ind linc,tm..:nt 

"-<.:!'!'<:! ll;1"iP11 Si11p:.ird .\· I fH.'lllL"c"flll'.! I 1:111:,·,I. in 
1,hich r,.:pp·:I h;1. 1,11 pn li:11t .md B.1S1111 '\h1r:.1r..I .111 per 
cl'rtt. 1\ ;II rc·p.11r ;111d bi1ild ,h.p·. f11r l1•rci'..'11 .111d \·1,·tn.1111•: .c· 

-,\11p111\11n. It\\ ii! .t!·,,, prP\ldc nrbli11rc· .111d ·•It .J,,q,· ·-l••:I 
t 1b; 1c.1t1••1\ .11:.l tT•:2lllc·c·r111'.: "vr11r1", 

f-.:c"J'p•:I (\,,\1111 \I iii "i'c·r.11c" lr11111 t ·lk \,..·J.1n:'I!,'.' !" 

h.1'->11:1 '->h1p• .. 1rd 'rl 1111 ( h1 \11nh' 11; 11111\i,· "·ll'.'1111 R1-.,·1 
t ·ndvr 1h ... 1~'r\···n.~::1t. thl· 1111n: ·.1.:11t11rl' lt1tlif~.HI\ \ 1.1ll !1«1,l· 

!.1cil1111·· tr .. 111 .1.!1.•«-·nt ll.1"·•n "lilf"\.111!. 11i. i1i.i11:·· .1 
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sli1m ay and thr,.,. do·:"-' i:omprising t>ne d~ ;loi:l of 
17 .000 11" t i:;1pai:i:y and l\\ll tfoating 1foi:b tlf ~0.000 J,, t 
and ~ .000 Jn t i;,1pai:ity. J'he O("\\ n1mpany also intends !11 

de\ ::lop its O\\ n fai:ilities su~h a~ \\llrkshops. i:ranes. 
fabrication yards and builJing Perths for \esscfs up to 
I 00 metres long. 

The group has also signed a memorandum of under­
standing with BaSon Shipyanl and Vung Tau Shipyard tn 
study the frasit-iility of s1..1ting up another shipyard in \'ung 
Tau . .ibout 100 km Sl•uth-cast of Ho Chi Minh City and lo­
cated near the centre of oil cxplor;1tion activi11cs in 
\'ict Nam. The proposed yard will fabncate offshore struc­
tures ti.1r the oil and gas indust~ as wdl as undcrtale ship 
repair and building. I Extr.icted from An11<.·1,1tw11 of 
Singapore .\farm~· Industries .\"cin. Janua~ Februa~ I 99..J) 

A second career 
Single-hull supertankers may ha\·c the chance of a sec­

ond career-to haul some 39 million tons ofready-to-drink 
water annually from Malaysia to the Middle East. Rackers 
of the project---Ambangan Sdasih Sdn Bhd and Milcon 
Gulf Ltd. - -arc looking at acquiring 13-15 second-hand 
VLCCs for the S56 I million venture. Some S33 I million 
will be allocated for the purchase and conversion of the 
Vl.CCs into large water tanks. with the rest spent on a bulk 
terminal and other storage and handliag facilities. 

The water will be drawn from the man-made Kcnyir 
Lake in Trcngganu and relayed by a 70-km pipeline to a 
modem treatment pbnt and rcscn·oir located near the coast. 
Once purified. it will be pumped via a sub-;ea pipeline to 
a mooring area about eight kilometres offshore. The 
project. which was otlicially sanctioned hy the Trengganu 
state government in December 1993. is scheduled to come 
onstrcam in 1996. 

The tankers will he comerted into large water storage 
units in Polloc Harbour in south Philippines. where Milcon 
is constructing a larger VLCC scrap yard. Essentially it 
involves cleaning up the tanks of all traces of crude oil. 
sandblasting the walls and then coa:ing them to prevent 
corrosion. Ead1 VI.CC modification is expected to take 
six months. (Source: .-1.unciation of Singapore .\f,1rine! 
Industries .\'t>1n. January Fehrua~· 199..J) 

Third hotel-related contract for SML 
Sembawang Maritime Limited (SML) has \\Oil a S2 

million contract to modify a cargo v..:sscl into a floating 
hotel. The award from Odesra Pte. Ltd .. is the third hotel­
rclated contract clinched hy SMI.. 

Work on the <Jce<Jn Paradise'. which hcgan last 
December. involves fabrication. refurbishment. removal tlf 
existing structures and mstallation of a ne\\ accommodation 
module and other hotel amenities for 128 ho:el guests and 
55 staff and crew. I! will have t\\O generators to supply 
power to the air-conditioning p:ant and I\\ o fresh water 
di~tillation plant-; to prm. idc fresh water for the vc<;scl. On 
completion. the < Jccan f'ara,/m· will <;ail for the Indian 
Ocean islands of MalJi\e<;. where it will he stationed. 
( F x tractcd from .-ls.rnnclt t1Jll uf.\'111g11f'nr, • .\/, 1rt11c lnd11s1rt,·~ 

Sews. January Fehruary I '>9·1) 

Two Flying Cats delivered to the Republic of 
Korea 

Kva:rner F_jclhtranJ's Singapore yard deli.,.·ercd two 
i· lying ('at -10 rn catamaran<; to operator<; in the R..:puhlic of 
Korea in le<;<; than a month during M:irch-April. !'he first. 

.\',1m /l,1c· {>11<n1. is a 3-19-passcnger \ersion onkr..:d by 
S.im Hae Express fi.1r its '.\li,kptl-llong-Jo Island route in 
the S•mth-\\ est 1lf the i:ountn _ 

rhc second. l'ar,1,il«-. has been added to \\'1111 Kong 
Shipping"s t1e.:t of 15 con\.:ntional ti:rries operating in the 
north-\\CSt hct\\een lndwr and outlying islands. rhe \Cssd 
is equip~d for 380 passenger~ and is. K\<crner Fjellstrand 
says. ··amongst the first pas~cngcr lat;m1arans to he tin..:d 
\\ ith onhnard biochemical scwag.: tr.:atmcnt plants and 
aircratt \acuum tnilcts .. _ 1 l'xtr.icted from F.Ht Fan: 
/men1,uum,1/. ~tay : 99..J) 

Westamarin Foi/Cat 2900 shipped to Indonesia 
Th.: FoilCat 2900 foil assisted catamaran completed b: 

Wcstamarin Wi:,,t in IQ92 was shipped from the ~omcgian 
cnmp<!ny · s Manda I ) ard in I Q9-I and was dl!e to enter 
sen ice in Indonesia Jn a rouic in the n1Jrthcm part of rhc 
Straits of M.!iacca. 

\\' estamarin · s Swedish p.ircnt. Swede Ship ln\'cst. has 
recently formed a joint \Cnturc company. Swede Ship 
lntiiintas. \\ith PT Pclayaran lntilintas Tirthanusant;-,:·a. :i 
Jakana-based company that n:prcsents the Swede Ship 
group in lnd.Jnesia. (Source: F • .1st Ferry lntc·rnati1m,1l. 
!\.ta~ 199..J) 

New orientation for fast ferries 
The recent commitments of major traditional fe~ 

operating groups in Europe to high speed \'entures must 
stimulate the im·estigation of fast fe~ opportunities world­
wide. Asia is a panicularly promising arena. 

Swedish-based Stena AB. which claims to be the 
world's large~t fe~- operator. hooked a pairof HSS I High­
spccd Sea S::r\'icc) new buildings in 199..J from Finn~ards 
for its lri:;h Sea route. The mas~ive catamaran is designed 
to ca~· 1.500 passengers and 3 75 cars (or 50 trucks and 
!00 cars) with a s~ed of -JO knots-plus yielded by an 
81.600 shp General Electric ga~ turbine KaMcWa watcrjct 
propulsion plant. 

The passengers will not be confined to seating fas in 
contemporary fast ferries). but are free to access lounges, 
bars. restaurants. tax-free shops and other amenities. A 
higher volume of onboard sales is expected to contribute to 
operational profitability. 

The Norwegian group K\a:mer. while reporting a gen­
erally depressed market for new fast frrry business. nc\er­
th.:less logged contracts for 11 catamarans in 13 months. 
The orders have included 40-mctrc Flying Cah for opera­
tors in Ch':ia and the Republic of Korea. K\a:mer· s 
Omastrand facility in Norn a~ will supply a 4-17-passcngcr 
\Crsion to the Dalian Steamship Company (its second) for 
a 3~.5 knot ser\·ice between Dalian and Yantai 

Among the deli\crics during 1994 was a 40-mctre 
Flying Cat from K \ia.:mer· s Sing.1porc yard fo~ \1ahu;1 
lntan Fxpress of lndon..:~ia. Al-.o commissioned from the 
Singapore yard \\JS a pair of -1-11)-pas<;engcr ~ ... knot i:rali 
for >ervice with the I l<lllg Kong and Yaumatei Fen: 
Company, running between llong Kong anti 'I uen !\.fun. 

K va:mer recently rcsrruct~r..:d its fast ferry huilJing and 
operational activities under the umbrella of the mamstr..:am 
'ihiphuilding division. 

Au-;tralian fasr ferry designers enjoy <thigh profile in 
rhe SF Asian market. particularly in China. Austal Ship'>. 
the West..:rn Australian yard. has ~old over :!O high speed 
aluminium catamarans in the -10 metre site r•mgc \ince ih 
first dcll\ery in <>ctoher 1<)1)0_ ;111d claims to he the worhl'-i 
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largest builder of ~uch craft. rhe ..:omp:my. \\hose current 
annual production runs to eight n:ssels. is investing in a 
seumd yard. The nc\\ . en mse Ba~ facilit~ \\ill be capable 
of building fast fcrril!s of o\er I 00 metres in lengih and 
wilh the capacit~ lo carry up lo 900 passengers and 
220 whides. 

Auslal ships u•n-i!i led a 5 7-metre passenger car-carrying 
,ksign in 199.t. which reportedly offers a low-cosl 
enlry level for operalors targetin~ new and low density 
routes. ln\'olved in cooperalion wilh a leading North-

European ferry company. lhe craft has capacil~ for up lo 
56 cars and .t50 passengers. An allemali\t.: car dee(... la~oul 
inwrporates a raised cenlre bridge deck lo ac..:ommoJatl! 
four coaches. 

Speeds up lo 36 knols art: promised by a choice! of 
propulsion plant options which include Paxman Diesels· 
new 12VPl85 high ~peed en!,!ine. Seakeeping studies haw 
indicated comfortable opi!rations in wa\'c heighls of 2 to 
2.5 m..:tres. thanks to a new :ide control system. ( E'.'l.tracted 
from Llc:i·J's List .\/11ritinr•: Asia. Nowmber I 993) 

, _, 



C. OCEAN RESEARCH 

Major EU research programme to assist coastal 
engineering design 

.-\ major pan European research prn_;ecL code-named 
NEPTilNL 1s being mounted ll• de,dop an approach 
to the calculation of the integrated dli:ct' of wan: and 
tidal conditions during extreme: stom1s on shorelines 
and structurc:s along th•-· north-west Eurnpc:an C•)astline_ 

NEPTCNE is being coordinated by B\IT Port & 
Coastal in a l\rn and half ye1r projc:ct which is recei\ ing a 
contribution of ECl · I million from the European t nion 
!\HST \Marine: Science and rechnology l Rese:i·-:h Pro­
gramme. 

SEPTliNE imol\es six prominent Europear. scient;. 
and academic organizarions inch•·ling Lancaster L:niwr''' ·. 
and the Climate: Research l rnit in the l'K. Ddft !lydrau! 
Rijkswatersaat and Erasmus Uni\-er~ity in tht: '\etherland~ 
and GKSS in Germany_ The UK Prnudman Oc.:anographic 
Laboratory and the Norwegian !\faritime Institute are 
prn,iding special data to the study_ \ btra..:ted from 
8.\fT S.:1n_ Non:mber 199~) 

Anechoic tile reduces unwanted acoustic 
reverberation 

Chemists at Seaward International (Clearbrook. US:\). 
teaming with ::icoustical engineers from Vector Research 
Company of Rochille. ~tary land. ha\e created the SEA­
WHISPER :\nechoic Tile System. a new ela~tomc.:ric re­
search tank liner. to reduce unwanted acoustic re\erberation 
in underwater research tanks. Built in modular components. 
the SEA \\-HiSPER material is highly cft"ective. light\\ eight. 
and easy to install_ 

Initial performance testing of the tile system has been 
so successful that S.:award and Vector ha\c fom1cd an 
alliance in anticipation of d:•mJnd_ SeawJrd ''ill manufac­
ture the elastomeric components. \\ ith Vector prO\ iding 
acoustic design supp<lrl_ 

In addition to tht: SEA WlllSl'l:R :\nech,)ic Tile 
Sy \tern. Seaward has de\ eloped an entire series of new 
elastomer products for undernater sound absorption and 
sonar applications. These include an acoustical I y transparent 
sonar windm\: an elastomenc baffle I patent pending t rbt 
hlocks sound transmitted from shiphoard machinery Ill the 
sonar: sonar transducer t:nc:ipsulant'i; and elasromcric 
materials for IO\\ed son;:r s: stem'i. 

For moie infom1ation. please cnn1a1.:1 <iet•rge Reagan. 
Sea\\ard' s Vice President of 1-.ngineering. al I -800-828-
'.'iJ60. (Source: /_nnk111g Sc,r.i.1r,/. Winter 191)-l 1995, 

The use of composites in marine environments 
In a pap.:r presented al rhe cnnkn.:nce ·-structural 

materials in marme em ironmenh.. organitcd h: I he 
ln'itilute of Materiab anJ held in I .nnd1111 on 11-12 \ti: 
199-l. RS. Dm\ and J. Bini \\ho \\ere \\ith rhe l>cfcn(.: 
Research Agenc!. Dunkrmlinc I 1fc. Scntl.md. re:\ iC\\t:d 
carrent and polenrial f11111re ;1pplrc;1!111ns of (n1t1po,11c 
maleriah in the marinl.' en\ ironmcnl Kcfcrc:nlc: \\.h 111.1<lc 

lo 'mall ho;11S. li-.h1n)! \C"l'.I·,_ l.tr!.'.l"r p.1v.cn)!<:r .md c1r;:n 
'hips. n;n.il \c.,.,el'. high fll·rfonnanci: craft. 11ndcr-.\;1ti:r 
\Chide' and wpcr.,!nH:rur.:-. 111 ,111p' ;ind n!l-.horl· pl.11-

fomis. rhe~r USC: in the rcp;iir of 'teeJ stru..:ture' \\a' al,.. 
consiJc:red. Pwblems l1f m;iteri;il ,ele..:tion \\ere J1scuv•eJ 
with reli:rence to altemal!\e resms anJ remti•rcemenh. 
mech;micalpro!1erties. anJ durahilit\ in the marine en\ irnn­
mem_ a~ \\el( as fire resistance and decinim.1g.netic ch;1rac­
teristics_ Problems of structural design \\erc: aho discus,ell 
with reference: to ~tress anal~-;is. fatigue and hud.ling 
failurc:. design of c11nnectiL1ll' and fabricati<m methl>d-.. 
Compari-.;ons were m::iJe bet\\ecn altematl\e f,1nn~ ''' hu!i 
design (Source: !ru11m.1kmg .md .\'t.«·!m,1/.:.m-.: i•N-J_ \"•I 
21. '.\o_ 61 

Steel concrete composite 
behaviour and opportunities in 
environment 

construction: 
the marine 

Ir. a paper pr:::sented at rhe c.mfrrence ""Structural 
m.iterials in marine em irunmc:nts·-. org.;inued 1'! lhe 
Institute of \1atenals and held in London on I I - l 2 \!..l! 
i99~. (i_ W. G\\ens of the Steel Constnict:•lll ln,titu:e. 
:\scot. Berkshire. l.'K. commenced\\ ith ::i hi-;torical intr,1-
duction to the: use of composite ct1nstruction. I he pJp.:r 
revic:\\S the primary fcaturc:s of behaviour under ~tatic and 
fatigue loading for b:.: .. 111-; and column~ and de,cnhe, th·~ 
mort> common applicati'm' of ,,;ompos1te c.instru.:ri.m_ 
anal!sing the nc:cessary practical requirements for \\ 1de~­
pread 'iUCCeS<;fu( application. It concludes that CllffiP•"llC 
construction has heen mo~t suc.:es<ful \\hen soanJ 'tru..:­
tural technolog) 1s compLmented h: 'imp!e Lht C••n,truc­
tion and is applied in structural fom1\ thJt 1lffrr 'ome 
additional benefits; these ma) he as di\ erse ;i, easy 'en ices 
intefration or fire insulation_ :\ similar hre3dlh of c1•n· 
sideration \\ill need 10 b·· satisfied if composill· C<lll'>truc­
ti.m is to succec:d fully in marine ell\ irnr.n.cnts r Source 
lro11m,1!..111g an,J .'i1,·.:/,,,,1J.111g /V 1J-J. \',)I ~I. \;,l 61 

Steel - a versatile advanced material in marine 
environments 

In a paper pre">ented at the cunfcren,:c ··stru..:tural 
material' in marin.: en' 1rlmm.:n1<· org;111i1:ed h! I he 
Institute of \laterials and hdd m 1.ondon on 11-1 ~ \1.iy 
1994 the use of 'iieel as a ma_1or 'itnl(hJral mJtc.:rial for 
marine application' ts d1"u,,eJ in a ke! n.11e addre.,,eJ ;,: 
l Billingham and reported in frunma!..111-.: 1m,/ .'ir,·dm,1J..., ·1g 
/'J'J-J. \'o( 21. S.i 6. \\ith cmpha-;h on 1rs \er,Jtilit~ 

enahling ir to be U'icd for a numhe.- of different applica­
tion., rcquirin;! 'rc:el of \astly different 'trengrh lc\d' anJ 
f1·rm~_ r.rn~!rng fr,1m l1m -.m:ngrh 1250 \!'.\ m: ! 1..:J..Jt 
,ffll(l11ral pl.111.: to high .. rren!,!!h r -:"Oil \IS m : : 1dd I 
moonn!! ;1rt.1chm.:nh I h:.: m1pnrtance of 'reel \\ dJahihr: 
rn en.,1ir111i-: rh.11 l.thrr..:a11<1n -.d1eJ11(c, .ue met and th.11 
f.ihrrc11111n ''"''arc c1mt;11n.:,f 1, t·mrha,11c.:J Rc:ccnr trend' 
111 111;1!..e m11rc.: cxtcn,1\ c 1i-c: .it h1d1c.:r <rc:n~!th ,1c:eJ, 
: ·400 \I'\ m : 1cld 1111 ,,1, <' h:ith \\Cl).!hl .md ''"'are (nll­
,j,krc.1. .ind rhc .111\,111r.1~·l·, ;111d l1111it.l!11>n' 11f ,111..:h 
m.11l·r1.1h ;11i: J1,(11"c,I 1<1!.'..:lhl·r \'.1!h rhc.: l..c:~ di.111~..:' in 
l'<•mr11·,1!111n .md pr11..:..:"111!.'. \\!11.:h h.1\..: .:n.1blc.J the,..: 
dt•\t·l11pr!1cnh 111 :.1J...: pi.1u.: I •r llillm!.'.h;1m 1, llirt:clor. 
\1.irrnc: I .:chnnl11!.'.\ ! 't·nrr,-. c r.1ntid.J l '111\..:r"I!. < r.1111idd. 
I 'J...: f\t111rcc fr,_,, .11;./ \1.-.-in:.1~111;: 11J•1.1. \-,,1 ~I. -..;,, fq 
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R&D Highlights 

Wave energy - JOULE II 
Sp._·,:ifi.: i111c:n:,1 in thc: Ftm1pr.:.m Parli.mi..·nt in i'NO 

bl tl• thc: bund1ing \\ ithin thc: foint Oppmunitic:s fi.lr 
l 'n.:;ln\c:nti;•nai ••r l.t•ng-t.:mt ~:nc:rg: Suppl: (JOl TU 
prtigr.immc: of snmc: prdimin;i~ rc:sc:an:h :Ktl<",ns in th..­
ti::IJ tlf \\a\.: c:nag: . .-\ hut!g.:c of 1.2 million LlT \\as 
mad.: a\ailabk for an 18-nwnth stud: 

In cot1p.:r.i1;,m '' tth .:\perts from thc: ''a\!..' ;mJ g.:n.:r.11 
C:nc:rg: fiddS. th!.' l°\lnlllliSSil'll dr!.''.\ Up a proposal doJ(U­
lllC:nl earl: in l'NI rh!.'ir prdimina~ :ictinn-; ha.J th.: 
obj.:.:t1\t:S of .:-;tabli,hmg th!.' .:urr!.'111 statc: of Fur.1p!.'an 
\\a\.: .:nc:rg~ kno\\ kdgc and rr,1Ju.:ing r!.'n•mmc:nJations 
ti.1r a futur!.' fo.::.is.:J r!.'sc:ard1 rr·i~rammc:. 

~ h .:rail c .. 1,1;J1r..itiLll1 \\as carri.:J ou! h: th!.' Dirc:ct;>rat!.' 
ll.:n.:ral XII anJ an ;iJ hl>C st.:c:ring grnup compos.:d of 
IO exp!.'rts from six m.:mh.:r Stat.:s. assist.:J in r..:.:hnica: 
manag.:m.:m and inforrnatain diss.:min:ttion. 

fh..: acti,ms \\ .:rc: org;111i1.:J ini.1 four r!.'s.:arch pro_i..:•:ts 
as dc:s.:rihe<l hdo\\ Initial tindmgs \\!.'rc: annnun.:.:J at an 
re \\llrksh1>ti h..IJ in l\1rk. lrdand. anJ final r.:sult~ 

pr!.'s.:nted at the 194:; hm>pnn \\";!\.: Fn.:rg: S:mrosrum 
in FJinburgh. S.:t•tbnd 

Preliminary actions 
A. Rc~ource e\aluation: .:stahlish.:J a common 

methodol11g: for C:\aluating ch.: \\a\.: .:::.:rg~ resour.:e l'his 
imol\ed standardiz.ition of appr11priatc: parameters to 
Jescrih·: a'' a\e climate .ind ih \ ari:it'iili1: of Jifti:rc:nt tim.: 
sea ks. Th.: stuJ:- e\am in.:d the ran~!c: ,,f \\a\ c data ~11ur.:cs 
::nd im cs11gat.:d thei: 't!it.ihilit: to \\J\ t: energ:- e\aluation. 
Al!hough coucrntracing 1'11 th.: '\1,rth .-\tlanti..:. other '\!.'as 
\\.:fe consider!.'d. i.c the \kd1h:rra:i!.':in anJ '\orth Sc::is 
Th.: initial stud: ''ill l.:;1J h• the pr11Juc!i110 ot .1 l.1m\r.:an 
\\';i\e Ln.:r~: .-\tlas 

8. \\·a,c fncrj!~ con\erter~: man: ,,f th.: l'iamer' 
[II the Jc\dnp:n.:n· 11f pr.ll.:!lCll \\,l\e erWr:,!\ (t'!1\etkr• :ire 
link.:d 1111.:drni..-:il un.:ertair1:: ,,f ': ,cc:m-; and ..:1•mp1n1cnh 
The.;.: rnidu..:!.' t!i!fo:u!rie, for rc.1'1,:i..: (11't .l''C"mcnh 
Studio.:'\\ c:rc r<.:tjuirc:.J [II C\ alu.llc ,(.:\ 1, ct;:, 11111.: .II rr11rkms 
.ind 1J.:ntif: pr111ritrc' f"r il:rur.: .1.:ll\ u: ,in I-inti~ .1 ;:.:n.:r:..: 
and 'pc:c1tic r.h:, 

lh.:prn_1cd \\.1, ,utiJ1\1dc·,I int11 :i\t: ":-.lll'l1' 1k\1.:,· 
funJamcntah ;11hl h: ,fr1i.I: n.1rnk '· .!n 1-c· .:1•1r.p11ncn!• .1r.,! 
111;1tc:ra.1k p1mi:r 1.1J..1·-11!! ' ' 'lt'nh. ;:::.:dri.:.1i ':- 'tc:m,_ 
uHllr11!, ;ind :_.:rid 1r1kr.1.:t11>rh .111.! nlt'th1•1hd.1:.:\ l"r rcl1.1hl­
t!: ''"tine: ;in,! 1.:11\ 1rPnm.:nr.11 1rn1.1,' 

C'. F:uropcan pilot plant 1£1\ c·,t•:.:.11c:.! ,,., .1[:111;-. ,lfhl 
,k,1'..'.rl r;1r.unctcr' l1•r .1 mc.lllllll • .:.de: Ill -1 . I (I \l\1.' 

,h, r.:llrlr: I h,1il.1 1 1r1:.: \\ .tkr ( 1°h1111n II)\\ ( I f\p: rrl"t 
pl.tnt lh.: <I\\( \\11ul·i t>,· ,jn,l1•pc.l 1n .:1•n1ur~.:r: .. 1: \\1th 
~n~!t1·,a~ .:rhi ,l'.f\ 1..· .t--. .ti ,Jr,~pi.:.Hl ri.1ftl~=-n~ t1 1:'" !'"·:.-.:Jr\. h :nf1l 

\\,t\<.: .:r .. ·r~~ J<:\ l~c·' nn .1 rr.1,r:cil .,,,tk 111 r.:r11,ul.1r 
?!\il'f1 . .'">f .lfl.' r~·.t':'-·p~-. .1 ... '.lli._Llfl" ! "\Ith .11r turt"-:n(,,.·., pr1~1l.lr~ 

l•.1riir1 l · ~,t~;n· .. 1.:h:._'r;,.d 1 nnfrd! ... \ -!~·r!1" .1th! ·_·r~l! 

1nta.11. 111 •n 
I>. f'.urnpl·an \\:t\l· l n.-rc~ n•,t·arrh nl'l\\nrl.. .. n 

, ,r~:.u111.tnPn f 11 1 .. :n1., '· ~r,1:';.: i..,.: I th lr.t~ 11111 bt·t .\ l·· .. ·: ! ~· ·~· \ .1r1t 1''"' 

~'rn1:r·· .tLft\1..' 1:' iht. tiL·l,t 11: '.\.S\.: 1..rh:~. :, !l,\. f> .,r ~'·1tL r:"'· 
I urt1pl·.:n ~u1.J 1nr1.:rn.1t:11!:.i! :-.".t·\. 1l:l· '.: !·\11r!.. .1;··r'r.1i,i..·· 

rhc- l"\'-°h .• n~'c 1•f 1nf1•rtn.1t,\ 1 r~ !t~ ~~·'..·\.HH !l·'-fHi•il11~1l··, 

pr11,f1Jll"-. fll'\\. ... k·tti..: ..... ind 0\'.1 1 f~.h1·r· :n f1l\_it• l'lr11ri nr: 
"·rt.11r1 t111':', .m,I ,!•·\ ,.1, T' ri1<·:11<·. r"r ·n:nr "·n1· .. rc. l !i,· 
l-'fl~tlllllll\." ,II lllfl ..,\ ·,ft.'Jll I, .:; ,H 11·"·,f !1 I : .ll 'J 1f.tfi..' 1,"\l h.L)'.'· .. .' 

: ; 
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of p<:rs,innd 1'.:t\\C:C:n n:,carch gniups and c:nct•Ur:tg.: 
c,,mmtlfl usag.: 1•f Euwp;: m lah,•rattir; equipm.:nt. f s. >l!n:e: 
11'.z'.·.-)l..-11_,.1h. So. 2. Su.:1111er. 1493: 

European Wave Energy Symposium 
rhe "i: rnpt,sium. \\ hich 1,1,,l. plac:.: in l'Jinhurgh. 

S.:nt l.md. in Jul:- 1493. ''as sponsnreJ h;. th.: Euwpc;m 
CnmmissillO and th.: l 'nited 1'ingdom D.:panm!.'nt ,,f lr;,Je 
anJ lndust~ and \\as ;in imptirtant .:vc:nt ti..1r th.: \ arit1us 
;:.mups res.:ar,·hing \\a\<.' P''''.:r. l >q;ani1.:J b:- th.: '\ation;1l 
Lngine.:ring l.abnrato~. <ibsg,1\\. Sco:land. '' ith sciclltific 
ctwrdinatitm h~ !h.: Eurnp.:an W<t\ e En.:rg; R.:s.:an:h 
Nc:i\\ork Secr!.'!ariat. th.: .:·Jnl~rcnc.: \\as construct.:J into 
nin.: so;:ctions. t:ach ,1n a separate:. sp.:citic toric. :.,;,,t t111l: 
\Us 11 the: first conrdinated h: a Dir!.'ctorat.: < icncral. but 
''as afs,1 tim.:d to coinciJ.: '' iih the annt>unccm.:nt of a 
finan.:ial support package unJ.:r the JOl 'LF II pr,•gr.umn.:. 
< h .:r I Oil d.:kgates from 20 wuntri.:s aaend.:J th.: 
thre.:-Ja; s; mposium. 

Th.: technical <li\ isions \\o;:, c: r.:-;ourc.: a's~"•smc:nt: 

ph~ sical moJdling. tank t.:stmg anJ po\\ a tak.:-'1fL Jc:\ :c.: 
tcch!llllo;:.: and d.:vdopmenr: owe p.:rforrnar:.:.: enh;in.:e­
mcnt: air turt'iine c1infiguration option~: g.:n.:ral t.:chn1•h1g; 
and d1:\ dtipm.:nt: existing prowtyp.: dc:\ ;c.:s: ''a\ c: .:n.:rg: 
com·erters and pbnning and econmnics. ( Extr;i.:tc:J fwm 
11",n-,·>..,·nl!tli. ~o. 2.. Summ.:r. I 9Q:; l 

owe converters 
Si:wral \ ariation' of the < hcillating \\'at.:r Colum.1 

( () \\" C) Ctln\c:rter h:t\"C: a freaJ; br.:.:n ru i It an ltlllJ the \\ orld. 
including e\pt:rim.:ntal lloating s: ,£c:rm m Japan. Outpuh 
rangt: from a fr,, \\alts on n:niga!il•a t'itm:~ to a O ~ \I\\. 
unit 1•n the clit!s nf'\,,r.\a;. China. lnJia and th.: l'nit.:d 
KingJom an: airead: ''r··rating small Jc\ ices anJ all 
(.ltmtri.:' plan in.:reases. ''hilst Canad.1. Fiji and \k\i..:o 
arc a(,,1 imcstigating the t.:chnolng~. 

In 1-.uropc plan-; arc: hc:ing dr;m n up undc:r th.: Luro­
rcan t'ornmis,ion·s JOI 'I.I' II rc-,.:arch prngramrn!.' for 
!·:ii:Jium ,;;;ik <~on i.. \\ !11 2 \I\\ l pihll plants . .-\It hough 
l1'ng-t..rm J.:\c:h•pm.:nt \\ill ni:cc"it.ltc th!.' us.: ,,f th.: 1>pc:n 
"cc an t1,1;1tmg .!..:' it:e". rho.: ti\.:d ,h,1rc:l111c h;i-;.:J unih 
,twu:d pr1l\ id.: c11n,i,krahk aJ\anc.:-; m th.: ·.cicntific 
'llhkr,t.tndtr:; "f c..:nno1111c \\,1:, !11 h.1rnc'' !I!.: o..:i.:an,· 
\;bl \\;l\C p<•\\<'r rc"iur..:t: 1S1Hm.:c· ll 111,-,\,-ngrh. '\<1. 2. 
'>ummcr. 1 •1 1 l~ 

Composites save lifetime costs for offshore oil 
developments 

In the: t:•>nt.:\t •·I .:urrc:nt lli! rn..:.:'. th.: 1111 :ndu-,tn " 
l111•J..1n:.: !i•r \\,t:' II• -,1\_· m<>ric·; o1n l'!hlh>rc· f.t.:i!it1.:' ;:rt.I 
,Ji , , ,,n R.\: l > pr.i~r;ut:m< .. , I h.: 111.m.1~.:,! pr1''..'.r.1:nm<: 
I hc l •"t·<·tfi:d1\c 1 ·,c .. t I 1hr.:-1c:inlnr.: .. ·d < 'nmr•"it,-. 
< l!hh"~'· 11r'..'.1n11.:cJh-. r!;,· \l.1r1;ic f,·,·hntil•''..': [lirc·.:t1>r.1k 
! :m1r1.·,! 1\I I Ill. ,irkr' 1:111t;,tr: th.: ..:h.1P• c t.1 ,fi.ir.: th.­
'"'" <'I .1 11>11\I i.i.lu,tr; rro1:.:r.1111111.: !1> .:n:1hl.: rh.: l1o\\ 
\\1.·1:.:hr .1:111 .iur.1h!it:, Pl c111np11\1tc· n1.1kr1;il, !11 he ,,1kl: 
c·'r'·"l<.:·I I Ii.: t l 1- '111111"11 th1r.~ pti;1.,· \\ill hlil,i up11n 
th,· ,,,n.1,kr.1hk '"" ''" 1•! \\11rJ.. 1n the· lir'l f\111 1'lt.1'i.:' t" 
r'r1:.11,r th,· l'.:h.1\ i1 111r 1tf •'<'illl'•'"lf<."' Ill 1mp;1,r. liri.: .:nd ,, .. , 
\\,Jkr. ,;n,! th,· rc·rli•rm.1111.:,· ,,f p1pc::m.:·, (,trr\ Ill'..: !1111.!, 
,;n,kr pre. •ll[L' f hh i' !he• l.trc'.L' ,t fll,lfl,J'..'<.'11 pr11:.'r.!ll111\<' ,11 
!.1r l1rndc·.! h:. \Ill> .111,! ;he l.1r~c,1 prn~r.1mP1,· in tlw 
1'11rl.I .k.ti111C" 111tl: the 1, .. _. nl c1>ltlf'•"11l'' ntr-.•1.,rc 

I' r1,.il 1hv. l11r, o11111«"1r,·,_ 11>11.ilh '..'l.1v.-r<·111tnr"·,! 
p1•h111,·r,_ .1r,· 1ir,·\\.1kr 111.11 r .. 'trn:t11r.d p.mc·l·._ 11.ill..\\,1;·. 
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and gratings. R·:scar.:h at th.: parti..:ipating uniwrsitics has 
imcstigatcd the tire n.:si-,tancc tlf rands and pipes. the 
impact rcsist.mcc of p.mds. pipc:s and grillagcs. ··timpk\. 
dt>,ign IoaJings incluJing blast. dcgr..1datil'n in procc~s 

fluids and wat.:r. and offshore applications. Th.: programme 
has collaborated\\ ith th,• Ul\.00.·\ Fibn: Reinforced Poly­
mer Workgroup. which is \\Ori-.ing to Jc\ lop intcmariona! 
stand;.>rds for the use of composites offshore. initi.:illy for 
p:pmg. 

Important findings have b.:cn made about tbmmari!ir~ 
in th.: recently compktcd ph.1sc. A special test f...1111acc was 
build to generate funJam.:ntai data about the fire p.:rfom1-
ancc of GRP compt1ncnts. For example. th.: combination of 
thick GRP skins \\ ith a refractory rnrc can show impres­
sive levels of strm·tural integrity in hydrocarbon fires. 
Thick single skin bminarcsa!so ha\c considerable potential 
for passive fire protcdion. The fire test results have 
enabled a sophisticated model to be dcvdopcd for fire 
resistance of pipes and panels. anJ further data will be 
obtained during the new phase of the programme. 

One potential hazard for composite pan.:ls used in blast 
walls is damage due to projct·•iles. Modelling the mechan­
ics of impact. co;nl::incd with experimental results. should 
enable designers to quantity the response to an impact of 
giv.:n energy. Similar studies have been made of the results 
of impact on 0RP pipt:\\ork and composite gratings used 
for walkwa} s. 

Ti • .: cftl:cls of Mast folio\\ ing a gas explosion have 
been the subjecr of experiment with small- and mcdium­
scale panels and with theoretical modelling. The possibility 
exis's of ~eating up the test results to gi\·e \·al id full-scale 
data. Other results offor scope for detailed improvement in 
the design and manufacture of tee-pieces in composite pipe­
w11rk. 

These and other projects will hdp the development of 
design codes and working standards for composite matcr­
iab. which will help to incr.:asc their use offshore. Struc­
tural composites have only been researched for 25 years. 
compared with o\·cr a century of sustained inwstigation of 
:-:ructural steel. By focusing on fundamental work. the 
management programme will provide tht: composite manu­
facturers and users with the basic data that they need to 
supply the offshore industry with. (Extracted fr..lm 
s,·andi11tn·i.m < Ji 1-<ias .\faga:me. March April 199-t l 

Revea/i,•g the benefits of composite propellers 
!'he use of tibrc-r.:inl'llrccd plastic composites in the 

marine industr\ has bcc:t stead ii' increasin!! and it has l-ccn 
predicted that· the use of con;pofocs will o\crtakc tile 
use of st.:cl by :he _'.>car 20IO_ I"hc number of mncl 
applications is increasing and the range of m·~tal 

rnmpom .• lts that lend th.:msch cs to a r..:dcsign in composite 
material with consequential benefits is \Cr: wide_ 

l'he potential benefits to both user and d..:signcr l'f 
manufacturing prnpc:llcrs in a composite mah'rial have been 
highlighteJ by J team from the :\th anc.::d C ompositc 
l\lanufacturini; Centre and the Institute of Marine Studies. 
both at tht: Uni\"t:rsity nf Plymouth. l!K_ 

Presenting their paper on ··The Composite Propeller·· to 

a conlt:rencc discus.;ing the impact Gf new technologies on 
the marine industries. Tim Searle. David Short and 
John Chudlcy rcvi:alt:d that the design of a propeller in a 
composite material allowed for design features not possible 
with isotropic metals. It was easier to tailor blade defor­
maticn for ditli:re11t \'cssel operating conditions. \\hich had 
important implications for fuel efficiency and manoi:uu­
ahility and a significant weight ri:duction by s,imc 75 per 
cent o\cr the equivalent bronz.: propeller would gi\c a 
reduction in vibration and faster acceleration to the desired 
speed. 

The authors first studied the loads that a propelk.- is 
subjected to in order to produce a composite structure able 
to support these loads plus give an adequate margin of 
safet~" Material for some of the propellers consiste<l of 
2-t plies of unidirectional glass and four plies or quadraxial 
glass in epoxy resin. But as with any new material. its 
success dcp·~nds on the ability of the manufacturing pro­
cess to produce ·1-te designed properties and characteris­
tics. The chosen method was resin transfer moulding · dr: 
reinforcing fibres are placed in a dry mould into which 
ri:sin is injected ;it low prcssuri: and or drawn in under 
vacu.im. 

Laboratory experiments of a l 2 in. dia. thri:e-blaJed 
propeller arc being conducted to "'stablish fitness for 
purpose: so far th.: unit has performed well and dcfc.mna­
tions were found to be small for the theoretical load. Tank 
testing is to be conducted to establish the propeller" s 
efficiency and long-term endurance. (Extracted from 
.\IER -.\farinc Engineers Rnicw. March 199-t) 

, _, -



.\faru1<· l11d11.strt..if li.·,·lmo!ogy .\:uni''". l"of I .. \·o ' /1)1).J 
~--------------------~ 

D. GEOGRAPHICAL ROUND-UP 

Africa 

Tunisia: British Gas adds oil production 
British Gas pk. h:i.s started oil production from Ccrcin:i. 

field. north of the Kerkennah Islands off lunisia. 
Initial oil tlo\\ is aht•ut 1.000 ti d frtmi 1-nt: well. 

although production is expected to rise quii.:kly to -UlOO ti d 
by two more wells completed during field appraisal 

The production H1lume is important to Tunisia bi.:causc 
the country produced only 89.000 h d of oil during th.: tirst 
two months of I QQ-l. !'roducti~m was off 1-l.000 h d from 
the same period in I 993. 

Located in the West Kerkennah permit. which includes 
offshore acreage and three onshcre producing fields. 
Cercina was dewloped us;·,g three subsca \\ellheads 
sending oil by !low line to a p ·oduction ship for proci.:ssing 
prior to storage aboard barges. Thi.: barges ca~· the crude 
to an expJr: tem1inal at La Skira. 

The conct•ssion is owned by operator Briti~h Gas and 
Tunisian State Oil Co. (ET AP). '' hich holds a 51 per cent 
interest. 

The Wes: KerkennJh permits Rhemoura. 
Gremda:EI Ain. and El llagab Gui.:biba onshore 
developments currently product: a total 4.500 h d of oil. 
which is procc~scd locally and transported to La Skira 
terminal for expor1. ( Extracti.:d from Oil & <ias .loum,;/. 
6 June I 99-l) 

Americas 

Argentina - infrastructural and port development 
expansions 

Thi.: Govcfr!mcnts of :\q;cntina. Brazil. Boli,i:i.. 
Paragua: and l'ruguay ha\t: undi.:rtakcn the ··11idro\ ia 
Parana-Paragua:- ··project. \•hich include" a joint go\em­
mi.:nt agrci.:mi.:nt on nJ\ igatwn. rcgulatiors. pilotagc. huo: s 
and dredging of the \\Jterna: frnm the Ri\er Platt: 111 

Cac.:rcs in tht: hi.:art of tht: Brazili;in st;1:: of \1ato <iros'\o. 
One of th.: primary ohjecti\t:s of th.: scheme is to facilitate 
th.: tran~port of hulk cargo.:>. minerals. crops ( '\11:-a hi.:ans ). 
lumhcr. etc. h: water (ri\l!f tran,port) to th.: transhipmi.:nt 
ports S•"f\ ing maritimi.: shipping in Argentina and l ;rugua:. 
P11litica1 and financial hacking h;is hi.:cn parti;ill: securi.:d 
for this n•assi\c undertaking \1liid1. if carrii.:d out. ma:­
w..:11 ri.:sult in much of the'\l' carµnc., l'eing Ji\crtcd fr11rn 
Br;vil"s .,outhern cna,ral port\. lhe project 1s still in ih 
o.:arl: >tagt:s and ;ilternat i\ l" n •utc., h: rai I and mad tr.m<iport 
could still he imprn\1.d to compete 1\ith the "lliJro\ia·· 
'>Cht:me. 

rhrouµhout :\rgcntin.1. 'l!,!11' iii (ll111po.:t1t11rn ;iro.: 
.:111i.:rg1ng in th.: port .,:.,km 11h1d1 11.h ont:e !..111'\\ll !11 b.: 
undcrprodudi\e. e\f'l"li'I\.: in 1111em.1t1llnal tern;<> ;1r1.! 

indti(il·nt I h.: ..\n•cn!llll" <.:("11"111:- \\ill 1H1\1 hl· the h1~:!l0 'l 
li.:ncli(iar~ pfpttrt ri.:form .. h\ ,1111\I) ·.hift11;!! :1 nc111,irJ... 
of pnrh .1!11nt.: thr 1'.1r.111.1 RI\ o:r 111!11 pri\ ;1k h.111d' 
(I \tr;.-ccd frpm /:110. .i,.1in:.1! f111 .. m.11111n ii. \b: 1 •1'l.I i 

Peru proceeds with port privatization 
I h<' tir'! nnr! 111 l'c·rn h• be prl\.1t,;·:d 1n .: dr1\c" t11r 

1111.°ll',l' ... :d .-fli«1l·nc. ol thr p1•rl 't'f\lu.", .111d «\j'.lll'·l•l!l "' 

1r.11k 11111kr 11r11.1!t" 111.111.1t·.-1n1·nt 1·. tht· \l.ir11111ll' I t·rn1111.i! 

of Ill• locati.:d in thi.: south of Pcm. dost.: to the ChikJn 
l'turdt.:r. rhis pri\;i!intion is not an isolated project !'tut part 
,1f an industrial commi.:rcial dt.:\ dl•pm ::r.t po lie: for thi.: 
st•uthcrn rcgiun of Pcm and lfoli\ ia. 

rhi.: Gm emmcnts of Pi.:ru and Bt•li\ ia ha\ i.: rcad1i.:J an 
agri.:emcnt :-iami.:d .. tiran :'.lariscal -\ndn:s de Santa Crui· 
to establish two free industrial zones to stimulati.: the 
i.:conomic and !l1rcign tr;:11k acti\ itics of both cotmtrics in 
!lo. :\ddititmall~. the road from !lo 1<1 La Paz t Boli\ia I is 
being imprll\cd to allow the '.\taritimc Tcrn1inal 11f lit• to 
ofti:r full port scr\iccs to Boli\ia. In fact. the tcm1in;il is 
planned to be dc••elopcd as thi.: main harbour for general 
cargo to and from La Paz and \icinity. 

Pri\atization is to be achieved through a public tender 
ti.>r the concession of the port. \\hich \\ill CO\ er onl: the 
basic infrastructun:. Before the tender. any maintcnanci.: of 
the port infrastructure will he pcrfom1ed hy the (ill\cm­
mcnt to transfer the infrastructure to the imcstor operator 
in good condition. 

Tre inwstor operator wil! detcm1inc: whether to hu: 
ni.:w equipmi.:nt or buy parts of the current c4uipmcnt from 
Enapu. the ~tatc-owm:d port auth1•rity. The conccs.;;ion ''ill 
he for 30 :cars. with a possibility of ri.:ncwal for a furthi.:r 
I 0 : cars. ( Extractt:d from 811/k .!1111r11<1/ fm,·rmllion.1!. 

Ma: IQ9-l) 

Venezuela - PDV Marina confirms produc~ tanker 
programme 

The Statt:-1m ncd t:mki.:r com pan: PD\' Marina ha~ 
confim1ed that it ''ill he ordi.:ring four -l0.000 dwt product 
tankers as part of a tlcct ri.:placcmi.:nt programmi.:. rhi.: 
four \ess::ls will be usd in the coastal tradi.:s and ''ill 
n:placi.: four exisiing units. Dcl1\t:r: will ht: ht:l\\et.:n 
mid-IQ% and mid-19Qi. Tenrkrs fwm ship:arJs arnund 
the \\Orld ''ill he sought. based on a ~pecifo:ation of 
40.000 d\\I. a maximum draft of 11.3 m. a ma\lmum hi.:am 
tif ~2.2 m. and a s1:n ici.: spi.:ed of 15 knots. lh:s.: art: 
guiddincs. as thl! \t:ssel will hi.: chos::n from :-ard ~.ta!idard 
di.:signs. ( Snurci.:: F.rirpfai. 16 Jun.: 1994 l 

'I, 

Asia 

China - ambitious Dalian 
With thc tind1ing tnuc!:.:s -;(,m 1:- hi.:ing arrl1.:d IP ;1 

hrand n.:\\ \'UT \i/e huildin'.,! dnck. a llC\\ cra \I ill \tl1lll 
hc o.:mh.irJ...o.:d upon h:- Chin;i ·' -;hiphuildin~ mdthtr:-. \\ i11ll1 
h.h cnj11:.c»f ,t.:.1d:- grtl\\ th ;ind g;w;cd prthpc·rit: in l0 \r1 1rt 

hlhincs' n\cr thi.: (;i-;• det:;1dc 
I ho.: llC\\ d111.:J... \\ill hl· (01111111-.;,iolll"<I fnr I >.111.111 'C\I 

'-\hqnard !lmar,h thl! o.:rlll 11f ti11' :.:.1r. f11ltillin~ lhl· bk"t 
!'h;1<;C Ill an ,111\httinu·. pr11~r.1111rn.:. \dllt:h h iiftl!lc' thL· 
I >.ili;111 -;l11phui!,lin;.: t:<'lllpll'\ inl<• th.: h1 0! k.1!.!11.: I r.1111 
humhk h.:;.:innin!.!' 111 I llX I. \I hen ;1 h.i:id~ _,1;c:.l bulk 
.:.1rr1er Ji.:q;.:11 f.1rml·,t the !ir .. r nt ;1 1r.111d1L· 11! ,·,r••ri 
.:n111r.1c!, ror 11. •11:.: K"n~· n\1 no.:r,l11p. I J;tl i;111 h.1·. l":c"i'le lhl· 
\L"'11·! 111 !he lf<'\111 ot ( h111i.:se .h1ph11ddin:.: .1.:L1.:-...:111c!:t 

I lr,1\•.1nc.: 11p1111 1;-, n.1111r:tl 11.-·;p -.1 .1:c-r •Ill 1r1•11111c·n• 
11h1c h · <"\ l·ri:: \ , ,.,f fll 1 .. ,_ "n ··I 1111I1< 111 ·,1 ;i.: : n thl· .... 111h t1l lhL· 
ll•11n1r:-. · 11h I.trill ti pr1• '!'•"•. l\.1" l·n·n 111.i.k 111 p1.1cltt".il 
lcinl. l1•\\,11cl·. !11\till:n·· .1 11i:r1·.l:c·d .111i!11(!11l1 t•I 1'11i!.!:11'" 

Iii·: \1.1ri.I·. 1.1r!'c"'' .•111·· '-hq1l111rl.l111·• "11c•1•1.d1' h, .. :.111.11 
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Dalian in 1858 with the opening l,f the eastern cornpk'. 
but its potential is limi1ed lo l'an;mn-; site due to the 
length l'f slip\\a:s and tighlnes~ of space. Since IQ& .. t. 
sl•ipbuilding capaci1: has e:\panded to the \\estem site 
''here construclion ol \essels in exc1:ss l'f I 00.000 d\\ t had 
"een planned since 1971. 

In l•rder to co-ordinale a new marketin~ straleg: and 
corporate identit: tl'r the modem western compiex. this 
was renamed Dalian ~..;e,, Ship:ard in l'NL The eastern 
sit.: continues lo b.: known as Dalian Shipyard. but the 
distinctions ar.: \e~ impl'rtanl. 

Coupled '' ith 115 new identit~ and facilities expansion 
programme. a\ igon,us m;?rketing campaign is pa~ mg di\i­
dends '' ith \alued .:xport business in place or under n.:go­
t1atwn. The current trend awa:, from construction of 
domestic ships b: the Chinese authorities suits Oalian 
nicd: since it has pre\ iousl: hampered export ambitions. 
Against a call for a capacit~ reduction in world shipbuild­
ing. senior management ackmm ledges the serious risks 
im oh ed in an ambitious expansior. ;1rogramme. Apart from 
a de~ire w build bigger ships\\ hich are most cost-effective. 
;ind ''here there i!> a hrigh1er future. there was an over­
·.11dming necessity 111 mO\e away from the eastern site. 

:iubse4uent mo' e!l b: the Republic of Korea and Japan to 
build ne\\ \'LCC docks \\ould appear to\ indicate Dalian '"s 
mo\e into the future- there is likely IO be a concentration 
on ordering \ essels in excess of I 00.000 d\\ t lWer the next 
fr;.\ \ears. 

In April. Dalian St:\\ Shipyard proudly commissioned 
the biggest \essel e\er built in China-the s,m111rmda­
\\hich at 150.000 d\\l marks the prototype of three units 
ordered hy Belgian and !long Kong interests. lier deli\t:I} 
underlines the dramatic progress made. One of a pair con­
tracted in late I Q9 I for a Belgian account .. the r:ew bulk 
carrier has beer. entire!: designed hy the yard to D~V 
clas" Being a r.e'' design. productivity problems \\ere 
encounlen:d. but circumstances are o;ometimes outside of 
Dali:rn · s control due In 1he exacting design classification 
standard~ it ucklcs for em ironmentally safer ships. 

fhe cnncentration on Capesi1e units is not wi1hout 
-;igniticance. Chine'e companies are keen to relinquish their 
J.:pcmknce on chartered tonnage and en1er into _1oin1 ,f1ip­
O\'- ninl! \ cnlur::'i. Chinese 'teel produc1i1'n is increa,ing 
signiticantl: again'il a h111,ming cconom:. prompting lhc 
laq!c•;t impnrte1· ol iron ore Ban,han Iron and 
<.,tn:h1Prk' tn ,d up Jircct 'hip 1mning \enlUres. 

(11 o p;1rtr~er,h1p' h;n e he.:n 'ernrcd \1 ith l\;cptune 
t lr:·:nt 1.inl"'· <.,ingar11re and 1,Jand :-.;a\ i_L'.~ttion Corp .. 
I !nnL'. f..:nng I hc f11rrncr re,ul!l."d in scc1indh;rnd purch;p;e, 
11 ith ;1 \ ic1> 111 nc" i111ildin!.!' btcr. 

:\p.lrt frnm lhc nr;\I \'I ( '(. dm:k. J),ilian :-.;C\I <.,hip:ard 
olfrr, 11111 ,1ip11a:, f11r c1in,tructi11n up lo ('ape and 
'iuu111a\ 'Ill" I h·: dl·,ign portfolios al thc :ard allrm 
;i,!.1pt;1t1tl'! of h1ilkc·r hull' f11r tanker n>n,lruction. 11 hich i' 
the oth.:r m;1:n .1:1: of c111pl11: ntl'lll. 

f.:r na111pk. the !kl:!:.111 h11lk carrier' 11i.:rc· pren·dcd 
Ii: dcli1l·r: nf l1111r ,m;dl rn·rn· '"th.: ,,Hill' .l!r<>up 1 ·,in!,! 
th<" c11·.t1Jlll<.:r In: .. tit: L.lfd. I l,di;rn "!ll'l'L''-'full: pl·r\11,1ded 
'.11r•1L·.:1;111 11\'.llcr .i11dc·1 .. W11!1L"l111,«n. in cnll.1bor.1h•11 

\\ !lh rl:c I'\ "·I •L"' ()\ti ( Ill r. '" i'l.ICL' the· lir\l l\ ·:r 
'.11..:1J11;1\ tanka o1r.!1·r 111 ( !1111.1 I >.t!1.111 '-.Lip: .1rt! h;h 1:1 
h.111d .1n 11tliL1;t! 11r1kr l'.ll kl11~· -.p.11111111~ ·,n·:11 t.111k·:r .. ind 
r.11-.1111: crnpl11\l(lL'll? 1r:t11 .111111· 111'1(1 ti \lr.ll"fr:d !Jnll\ I 

\111 /1.'( n1, 'ii f,1 I !t11 I' \iu,r \f.:,1.1;"-r \'id 1"' '-..ti ~. 
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India to build ocean thermal power plant 
Thc State Go\·emment of Tamil Nadu. India. has 

signed a Memorandum of l 1nderstanding wi1h the Sea Solar 
Power Compan: (SSP). of lh.: l'nit.:d States. for con­
struction of a I 00 !\.tW ocean them1al energy com ersion 
plant. 

l'nder the agreement. the State Gowmment will pa~ 
l\.lr power delivered at the shore. while SSP would bear the 
en:ire cost of building and op.:rating the ocean thermal 
plant. The plant will be built off the coast of Tamil ~adu. 
lllCated at the south-eastern tip of India. at an estimated 
cost of S250 million. 

The project is still subject to appro\al by the l\tinistr: 
of Emironment and the Department of Defense. (Source: 
lmcrnutional Solar Energy Intel! igence r:.L·port. 
l(l Ma: 1994) 

Japan's industrial science and technology frontier 
programme (9). Platform technology for exploiting 
undersea resources 

With only limited mineral resources. Japan requires 
technologies to exploit the non-ferrous metal resources 
~1n the deep seabed. such as manganese nodules and cobalt­
rich crust. to ensure a reliable supply of rare metals or 
olher essential materials for high-!echnology industries. In 
addi:ion. most of Japan· s energy resources toda: come 
from overseas. In particular. petroleum is a vital commo­
dity for Japanese industr: and society. To secure a reliable 
supply of petrol.:um. technology to exploit submarine oii 
fields is necessar:·. 

The challenge is to research and develop lechnologies 
concerned with undersea resources. including submarine 
minerals and oil. The task is more ~~rious for submarine 
min·:ral resources. The United Nations Marine Law Treaty 
in effecl as of November 1994 prescribes that mining 
concessions to exploit deep-seabed minerals should be 
provided only to companies ha\'i.1g the necessa~ exploiling 
lechnolngies. The UN will assess lhe engineering qualifica­
tions of the applica,t. As Japan has applied for mining 
concessions off the llawaiian Islands. 1echnologie~ 

aih anced enough to qua lit~ as a developer of submarine 
minerals arc needed 

The lndus11 11 Science and Engineering Research 
Dc\elopmenr Institution has begun the research and 
de\elopmenl of platform technology 10 exploit undersea 
reo;ourcc-. to secure a reliahlc suppl: of minerals and energ: 
10 fapan and 111 hoost !he grO\Hh .if resource indus1rie\. 

Thi" ~oal is lo delielop an efficient. e..:nnomic and ,;afr 
mining technolog: to oblain such undersea resnur..:es as 
mang:rnese nodule'. cohalt-rich crnsl and oil The techno­
log: consi,ls of lhc follo\\ini; s:stems: 

Total s~stcm I he frasihilit: of de\. eloped -.uh·') '!ems 
i.; chcc~nl. ;\1101hcr ohjecli\e i' to prepare an o•:ean le\I 
plan !h;1t \I ill gather thi.: \ ariou·; dc,ign dala neces~ar: for 
fur11re <.:11111rncrcial production '!'lcm-; < >llwr ra'k' m<.:!11de 
ill\l",11;!,llion of .1 l;1horat.1r\ 'hip and 1t1: CPllll!ll"rL·1.1: 
rr11d11ction \• 'r.:m. anl' cn11rdir1:1ti11n amnng 'll"·': stem' 

C'11lkcl11r "~stem: I h.: gn;1I is to dndop an ;iuto111;1fed 
·~111dcd \d1ick to pick up 1kL·p··\e;thl·d orl· 

l.ifla '~'lrm· :\ lifter t11hc· t!I Ii..: dncl11pcd In ad .1, 

.1 tr.111.,port d11...r f!lr ,11hn1.1:-111l· lire· ;1nd at rlic ... m1c tllllL' 1 
to\\L'f l.ihk t11r .111 i>fL" rolkctPr. :\!'" 11111kr dnL·lop11tl·nt 
".111 orL· Liter ,\·,tcm h;1.,L·d 1111 .i11 .11r lift 

\h·a,11n·ml·t1lan1I 1·1111tr11l '~'h'111 I hL· nhj,·ct11\· 1, '" 
".L'f up,, ..... :L'lll '.ll {lllllr«•I. fllllll!lllf ;111d llll'.1\lllL' 'ilh-
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S)Slems. and to develop .1 compo~ite high-tension cable 
containing an optical fibre and high-rnltage power supply. 

Handling syst~m: The sy Sk':1! under den:lopment will 
bt> capable of lifting a string of oil pipes up and down for 
submarine exca\ .llion or other undersea equipment from a 
rolling ship. 

Gas lift s~·stem: The artifiri'.ll (gas) lilt technology will 
be improved to use gas inJ .. cted upstream under high 
pressure. 

Research and <l-:velopment was initially focused on 
manganese nodules. In FY 1992. submarine oil wa~ added. 
and since FY 1993 the cobalt-rich crust has been included. 
Activities have been restructured as the development of 
general platform technology to exploit undersea resources. 
lbe experiments !lave been made more dlective and simple 
to reduce the budget. 

As a consequence. at the beginning of FY 199-1. equip­
ment development of the litter and measurement systems 
was completed. and the handling and ~as lift sy:.tems have 
finished component technologies. The development of an 
autcmated guided ore collector and investig,uion and 
coordination of the total system and sub-systems are being 
prepared for general ocean tests scheduled for FY 1988. 

Engineering de\·elopment has so far been concentrated 
on components and independent sub-systems. The current 
challenge is to build the total system while coordinating the 
sub-systems so that the 1998 general ocean test can be 
performed. 

Big challenges. such as making a \·ehicle waterproof 
and insulated on the deep seabed and understanding the 
dynamic characteristics of the vehicle running on the 
seabed must be evaluated. To obtain necessary design data 
of the ore collector. joint exploration of the proposed 
experimental sea area was undertaken. The findings of 
Metal Mining Agency of Japan· s investigati<>n will be used 
in further work. (Source: .JETRO. December 199-1) 

Philippines - new well 
Shell Philippines Exploration's 3 Malarnpaya well 

north-west of Palawan Island flowed 2-1.8 MMcfd of gas 
and 953!J/d of condensate. setting the stage for Shell to 
drill a fourth well before deciding on commerciality. 

Vaalco Energy Inc .. Houston. Texas. is preparing to 
work over the producing A- I well to block water-produc­
ing zones in West Linapacan field north-west of Palawan. 
Vaalco's A-4 West Linapacan well. previously the A-2 
sidetrack, flowed 3.000 bid of 32.5~ gravity oil. West 
Linapacan field was due to he back on full production of 
about 7,000 b/d in June 199-1. (Source: Oil & <ias .Journal. 
b June 199-1) 

Republic of Korea - New economir: and tech­
nology zone 

Under a 50-}car land-use contract. a zone has been 
opened in the eastern port of Tianjin. for investors frnm the 
Republic of Korea. Situated on 1.2 square km in the 
Tianjin Economic and Technology :•one for foreign invc~­
t<m. the new area will cnahlc Korean firms to provide 
Korean technology and capital for their\ cnturcs. The 1.on..: 
is being developed hy State-owned Korea I.and Develop­
ment Corporation. at a cost of $30 million. 

Singapore's growing fish trading base 
With few list-cry resource< of its own. Singapore 1s 

facing increasing competition from other countric~ in the 

region as it exports seali.iod products to international 
mJrkets. 

lllmcver. the count[) ·s geographical lncatillll. 
developed infrastructure. ellicient tekcommunications 
s. stem. good air and seJ port facilities. hanking and 
fit anci.il expertise. ensure that II is still able to pla~ an 
important rok in seafood trading. 

The possibility of any increase in domestic catch is 
minimal. This is why fisher)· de\elopment priorities ha\e 
been oriented towards prmiding support to the fish trade. 

Fishing port and market infrastructures ha\ e been 
upgraded to attract a greater number of li.lreign fishing 
vessels to land catches in Singapore. \\here commercial 
fisht>ries joint ventures ha\e been encouraged. 

Ti:e Seafood Industries Association of Singapore 
(SIAS) has been active in promoting the export of seafood 
products through Singapore and ll' seek r.:w materials from 
non-traditional sources. It has set up the company SIAS 
Pte. Ltd .. to enable local seafood indListries to start joint 
ventures with interested overseas parties for processing. 
importing and exporting seafood products. 

In the last I 0 } ears the number of fish processing 
establishments licensed b} the Primary Production Depart­
ment for processing and exporting seafood products has 
doubled and many of the~e plant~. including those 
producing surimi-based produt.;s. have automated their 
production lines. 

New technologies and processes have been utilized to 
produce better 4uality products and new value-added lines. 
such as imitation crab meat. lolisters and prawns. 

With assistance from thc Department some of the 
plants ha\e implemented on-line monitoring programmes 
.'"or their production lines. to ensure that their products are 
of consis:ent good quality. 

A safety certification programme to provide health 
certificates required by importing countries has also been 
csta':>lished. (Extracted from Fish i\'e1n International. 
Vol. 33. No. 3. March 199..t) 

Singapore - US$100 million investment 
US-based oilfield services company. Baker llughes. 

plans to invest over $100 million in Singapore over the 
next three years on a new field maintenance depot in 
Jurong to service the expanding regional offshore oil and 
gas sector. This will bring its investments in Singapore to 
S 180 million. Chief Executive Officer James D. Wood 
er.peels the oil sector to sec annual growth of 5 to I 0 per 
cent from next year till 1998. 

Baker llughes Singapore is the company's regional 
headquarters for the Asia Pacific Middle East region. It 
is one of live recipients of the Business llcadqi•arters 
Programme. a tax incen!ivc programme launched recently 
hy the Economic Development Board to attract companies 
to hase their business headquarters in Singapore. (Source: 
:ls.moat ton n/S111gapnre .\fann,• /n,lustncs Snn. January 
F ehruary 199-1) 

Singapore - Poorer performance 
For the second con-;ccutivc year the Singapnrc marine 

indu-.tr} ~ufferl.'d a 9 per cent decline in 0111p11t. I.a~! }car. 
1lUlpul dipped to $2 7 hi Ilion. 

The industry's mainstay, ship repair. repaired almost 
the ~aml.' nurnhcr of ships as tlw )Car heforc. hut as hard­
prc,,cd 'hipowncrs o;kimpcd on repairs. W(lrk package\ 
were o;mallcr. Man;ins also fell hc:cau~e of the sharper 

----------------------------------------. ---------··----------------- ---
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compctition in Singaporc. thc \tiddl·· East and thc Rcpublic 
of Korc:a. 

rhc: lowc:r margins dc:pn:ssc:d the marine: sc:ctor' ~labour 
proJucti\it:. \\hich ti:ll -t pc:r cc:nt to S5 l.-t5 I pc:r wor•,.:r. 
ProJucti\it: in thc ma_; or ship: arJs may have: impro\c:d. 
bt:t suh<'ontractors · prnductivit: dedin.:J or stagnatt:J 
bc:causc: of high labnur turnover. 

The: inJustr: ·s \\orktixcc also contractc:J. falling 
by n.:arly 3 p.:r c..:nt to 21.998 work.:rs. (Source:: 
.-l.uocll1tio11 of .• .. ;111gap11re .\/,1ri11<: lndustri<'S .\"c11·s. 

Januar:· Fc:hruar:· 199-t) 

Europe 

Bulgaria has new yard 
:\new shipbuilding yard is planned in Varna. Bulgaria. 

It will he: created by r.:constructing facilities that have bcen 
negkcted since the: I 970s near thc existing \'arr.a Ship­
building Yara. \\hich is responsible: for the revi\al schc:me. 

Three: building b.:rths and two ::pair docks will be 
r..:opc:ned. and the: new facilities will create jobs for 1.500-
2.000 pt:oplc:. Thcy will be: able to build ships of 5.000-
60.000 dwt. but initial plans arc for production of nine 
\t:Ssels per yc:ar. of 5.000 dwt. 11.000 dwt and 12.000 dwt. 

A memorandum signed in May I 99-t in Bul':!aria marks 
the: start of a process to recognize th::: t11a1 i:ime training 
centre in Varna as a branch of the World Maritime 
University. ( Sourcc: Un_\·(!\ Slup .\fi.mag.:r. June I 99-t} 

Cyprus - Port developments 
Cyprus· two main ports. Limassol and Lamaca. haw 

dc:vdoped into major transit centres within the eastc:m 
Mc:diterranean. handling close to 300.000 TEl! in tcrms of 
containers. or O\er 2.2 Mt of transit cargoes. These ports 
arc multi-purpose. both possessing container terminals 
which led to the significant development of such traffic. 

During 199-t. the ~·yprus Ports Authority (CPA) has 
been impkmenting a number of projects as part of its 
ma,tcr plan for the dc:vdopmc:nt and upgrading of the faci­
lities at all of the island's major ports. This includes the 
construction of se\eral deep water berths capahle of serving 
third and fourth generation\ cs~cls. To serve this additional 
traffic. the port will he quipped with l".\O gantr: cra~.:s. 

;md a nC\\ tug boat of 35 tons bollard pull ha.; al.,, hccn 
ordered. Moreover. stacking capacity i.; b..:ing incrca,cd to 
allow for cxp:mdirig cnntainc:r traffic. 

At the purl of 1.arnaca. the opening of a new passenger 
terminal in Augu.;t 1993 permitted it to look forward to a 
more stable tlcm of cruise traffic. compared to the \olatilc 
traftic of the pa>t. which rdicd totally 11n politi,al dcvclop­
mcnh within neighbouring l..:hanon. This nc\\ modern 
terminal 1:an handle 500 pas>cngcrs per hour. 

\\'irh regard to th.: port (lf l.i111assol. the Cl':\ has 
;tlrcady set in motion th<: rc:alization of Phase A of ii> plan 
ro create a nc\1 terminal with a capacity of ~nn.ooo con­
tainer,, equipped 111th n.:w po-;t l'anarnax crane' as 11cll as 
the relc\<ant container \tack1nµ cquip1111:::1. 

l'IH: new hath•. to hl' lr\.'iltl'd \\ill lia1 c a lkpih nf 
l·I 111\.'frc-; 1drn:h can hl' l'\pa•Hkd to I°' mctr:> \lorco1\.'r. 
two new Voith "ichncidcr tu!! hoah arc l'\Jll'Ctl·d to join rhc 
Cl'A·., lkl.'.t 111 l'J'I"' \\hen the II\.'\\ terminal \lilt become 
op.:rat ion al 

Along with improvements in infrastructure and in 
handling capacity. the CPA is expeded to embark on a 
number of m.:asures aimed at enhancing producti\ ity and 
creating a nc:w instituticm:il tramc:work comistcnt 11ith 
modem technological techniques and the r.:quirc1cnts c>f 
modern navigation and international trade. l'rnccd•Jrcs arc 
constantly being simplified and computerization has been 
introduced to link the ports of Cyprus with those of the: 
Mcditc:rranean and Europe:. Port operattons arc e) p.:cll·d to 
be fully computerized by the middle of 1995. wh,·r.:a.; th.: 
rest of the CPA ·s activities will bc full: compute:. ized by 
1996. Thcse significant developments mean that in spite of 
increasing competition. Cypriot ports have a significant mk 
to play in the island's economy as well as in the 
Mediterranean. (Source: Llonf's Ship .\f1.m,1ger. June: I 99-t l 

Greece orders from Ukraine 
La\·inia. the Grec:k ship nwning specialist in the 

maritime transportation •lf refrigc:rated cargocs. has ordered 
sewn multi-purpose: ,-essc::s from the l 'krainian yard 
.. 61 Kommunar .. for delivery between 1995 and 1997. 

The orders follow similar contracts O\er the last 
three years by Lavinia. also known as L:iskaridis. which 
specializes in the fish trade. The company last year ordered 
four 7.50-t ft; units from the Nikolayev :ard. These 
followed delivery in 1992-1993 of fi\·t: 7.135 Ii; \e~sels. 

Also designed to carry fruit. a seclor La\'inia hop.:s to 
develop. the rn:•\· vessels are to be huilt in two scrics: four 
of 14.158 ft; and three of 7 .6-t5 ti'. 

The ··6 t Kommunar" yard specializes in rc:cfer 1 cssels. 
Most of the ships it has built over the last 30 years ha\ c 
been used in transporting fish processed by Sm ic:t factory 
ships to the Russian Federation. 

The Ukrainian yard"s prices arc said to be 25 per cent 
bdow those practised in Asia. (Source:: L/n;·d's Ship 
.\f,m,1gc'r. Vol. 15. No. 3. June 199-t) 

Ukraine ·s first management company 
Ukraine· s first full-sen ice third-party ship management 

company has been c:stablished in Odessa. 
Tor Shipping (Ukraine 1 l.td. was cstablishl·d at the end 

of Januar: :.rnd director Igor l\hll\ ccv was expecting the 
company to begin n1anagin~ a 30.000 dwt bulk carrier 
shortly. llis Russ:an clic:nts ·.\c : comp! :ting their purchase 
and the \hip will change hand' at rhc: end of ih present 
chartl'r. Negotiations arc saiu to h·: in hand for further 
tonnage. 

\1r. Matvcev and his fclhm directors \\ere pre\ iousl: 
part of the hulk carrier department at the Black Sea 
Shipping Co. :ind they emphasi/t: their expertise in this 
area. They bclic\c that thcr.: is a demand for their sen i.:cs. 
as trading (:ompanics. importers and cxpc.rtcr' corhidcr 
ime-.ting in shipping despite their lack of expl.'.ricncc 

lhc fiN clil.'.nl had initially considc:rcd gcncr•il cargo 
tonnage hut. on h..:aring of Tor Shipping'' plans to concen­
tratl.'. on bulk carriers. arncndt:d their plans s11 as tn 11·.c il'i 
Sl.'.r\l('CS. 

I or Sl11rping h;is hccn wt up a-. ;1 C~pr11'-rcgistcrcd 
101111-\clllllrc com pan:-. 111th the ( >dc•,,1 otfo.:1· np::ratinµ 
a-. an ;1µ1.'.nt. ,ts far as I 1krainian tax lc.!!islatiPn j, concerned. 
l\ourcc f./,,1,/'1 S/111• \f,111,rg,.,., Vo!. I~. ~o > 
June I 'l'>·l l 
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E. TE:HNOLOGY UPDATE 

New profile marking and cutting line devel:iped 
.i.otal Transponatilm Sy~tt:ms (International AS 

(Tl S\'s commitment Ill de\t:lop CllSt dlicfrnt production 
equipment has led to the intrnductio:i of a prolilt: marking 
and cutting line for medium-sized shipyards. 

The profile 111arking and cutting line features a "statc­
of-thc-art" CNC controlkd marking machine. This pro\ ides 
the pro ii le with marking for endcuts. intem1ediate cuts such 
as \\aterholcs. reference lines and sign in[ The bending line 
marker function eliminates the need for templatt.:~ for 
profile bending. Cutting is performed manualh. 

In order to facilitate an increased pr:>duction capacity 
the line can be upgraded to a Rot.ot Cutting Linc by the 
installation of .1 cutting robot. This ad,1ptabilit) of the line 
enables the yard to mee! changing requirements and distri­
buh: i1n·estment costs o\er a longer time-frame. 

The line requires on.: operator. rhe 1.:ontrollmg 
programm.:s ar.: loaded directly from the shipyard's L\~) 
system. The line has been de\ eloped with the coll:!boration 
of Kranendonk. TlSs Dut.:h partner. 1So1!rce· /TS 
.\',•1nletta. l\farch 1994) 

Robotized production of webs and components 
Tu ta IT ransportation Systems (International l :\ S ( rTS l 

has developed a robotized line for the production of webs 
and components. which is an integrated production system 
for the assembly and welding of sub-assemblies for ships 

The production line is specially designed for processing 
of plates with stiffeners. The transport system is di\ ided in 
t\\O parallel line segments: the onload. a~sembly and 
tackwelding areas and the \\elding areas. \\.orkpieces are 
mo\ed through the line on worktables. "hilh are trans­
ported on a roller con\eyor transfer system. F;ich table 
supports one or more workpieces through the line. from 
loading to offloading. 

For assembly and tackwelding. a manually operated 
stiffeni:r mounting gantry is used. 

When the tdckwclding i~ completed. the \\orktable is 
automatically transported to one of the robot stations. The 
dual-robot gantry or the singk-robot gantry will then 
automatically comp le•· 'he welding work. 

The entire line is c~m1ruter controlled. and all actions 
can be monitored on strategically placed tenninals. Pro­
gramming of the robots is performed oftline. utilizing 
macro technolog). The computer sy~iem can easily he con­
nected to the customer· s host computer S) stem for central 
planning. CAD-interfacing. etc. 

The line configuration descrihed here ha~ a production 
capacity that enables processing or unih for 3--! hull\ 
carrirrs or container carriers per year ( 160.000 I DW. 
2)0 work-days. 2 shitis. 3-:' operators1. 

The configuration by no means is ti\cd. !'he produc­
tion line can he tailormadc to 'uit the needs and requests 
for a variety of customer\. production \olume'. and huild 
programmes. 

The rohotitcd \H'.h <inJ 1.:ornponen! line has hel.'n 
desii.:ncd in collahoration \\1th Kr.111rnd11ni... Ltl'!ory ·\11to· 
rnation (llolland). and ABB IS1\B Hoh11t1c Weldin!! 
( Swetkn ). (~;ource ns s .. 1111<·11.·r. h:hrn If\ I,,,,.,, 

_'I) 

Seawater desalination with solar system 
Shiroki Corporation and the Industrial Research 

lnstituh.' of Kanagawa Prcti:cture 1Japan1. h;1\e jllintl: 
succeeded in sea\\ater des;llination \\ ith Sl1lar hc;!I 

Th..: systerr: uses a solar sy ~tt.:m devdopcd h: the 
Industrial Experin1cn:al Station a·: the heat ~ource of a 
distillation sy st·''.11 using km-pressure stc:un . .-\n e\pcri­
mental plant has succeedeJ :.1 separating a 3 r..:r cent 
s,1dium sulphate aquet,JS solutior. (artificial s..:.:matcrl int,1 
a 6 per cent sodium :'ulphatc aqueous solut;on and fresh 
''ater. The running cost. including foel cost. is dccrea~ed 
substantialh. and the compan~ plans Ill commercialiJ'.e the 
system \\ ithin two y cars 

lhe e:\.perimental plant is an application of the 'ap,1n-
1ation technique that is one of se\eral fresh \\ater gen.:ra­
tion technologies. Lov. -pressure steam of 110 C generated 
by hoiling sca\\ater thrnugh solar energy is pipcJ into a 
sealed container. then coolcJ with \\ ater and the sea\\ at er 
funhcr \aporizcd to obtain distillcl! \\ater by utilizing the 
temperature and pre,sure diffrren1:e, generakd in ihc 
cooling process . 

l 1p to the present. fossil fuel has been used as the heat 
source for seawater \ aporization. \\ ith a depressl!rizing 
'yst.:m. which raised the running CllSI. In contrast. th1.: nc:\\ 
system produces fresh water with low-pressure steam. ~o 
the dcpressurizingsy -;tem becomes unnecessary. and the use 
of solar energy reduces the running cost substantially. The 
cost of;• ton of fresh water based on the existing \ aporiza­
tion method or re\ersc osmosis method is¥ 200-300 t. but 
using sol;-.. energy it enables the cost w bi: reduced to 

about ¥ I 00 t. Furl her dc:ails from Shiroki (.\)rporation. 
Solar Technical Dept.. 373. Shinyokohama. Kuohoku-ku. 
Yokohama City. Kanagawa Pref. ::'22. Tel.: -81-466-4.t-
8571. Fax: -Rl-466-.t:i-8~::'7. (SPurce: .11-:JRO. 
Decernber 1994) 

Owners are demanding more from the new tanker 
generation 

While OPA ·90 may ha\e dctennincd that from no\\ 
.m ail tanker ne\\huildings \\ill have Jouble hulls. it did 
not present shipowners ;md huilders \\:th a unifonn 
hlueprint for standardized tanker l1esign. but prm idcd :i 

departure point for the creation nf a new gcncration of 
more environment-friendly ships. Also a growing •fo­
enchantment with the sen ice expcricm:,,: from a rc:ccnt 
generation of tankers has fuelled a rcappra1-,al of tanker 
d,si;,;n. 

Two of the leading cla.,sifo:ati•in s111:ieties ABS anJ 
I. lo~ d'-; Register haw addrcsso:d the'e wncc:rn., \\ ith their 
S,1fellull and ShipRight programn11:'. !'hough c:ach of the 
I\\ o societies approache'1hc: prohkm 'omc\\ l1<1t d1fti:rcntly. 
hoth Sakllull and ShipRight -,h111ild r..:,:ih in ,hips that ar..: 
Lr hctter able to ''ithstand r..:al-l11i: op..:r.111n,.: t·ond1t1on'> 
throughout their \Cf\ ice Ii\ c' 

,\us·, Sati:llull. for e\arnplc:. i-, a dc\elopi:1t·nt of 11' 
1>:-n.1m;t loadinf! :\ppr11ad1 d>l.:\1 tll dc,q.!n 1111' un­
lc.1'he' tho: po\\ Cr of tho: tor11p11tcr lo · .1nJlc the l.!l;!<llltlt' 
111;1thcmati1:.1I ta.,(.. nl 11111dcl11m: hn\\ a hull 'lnit·turc \\ill 
.Kt11;tll:- r.:,pond to .tll of r11c d~ 11am1r :1>ad' 11 1, li(...i:I~ In 
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encounter at sea. rhc first ship ll1 tic designed usin,; the 
DI.A technique is l\lotiil's 280.l•OO d\\I F<1g/,·_ This 332 m 
x 58 m VI.CC incorp,1ratcs a llllst of ad\anccd sakty and 
Cll\ironmcntal-pnitccti1111 l~at:ircs that go far beyond 
anything demanded by Ol'A or l\l:\Rf>Ol.. 

!\hibil pioneered double-bottom tankers mun~ than 
20 years ago \\ith a series of li\e 212.000 dwt \'l.CCs. It 
sees the doub'.e hull as a further C\ olution of the doubk 
bottom. The inner hull width sekc~ed for the Eagl<" is 13 tt 
on the sides :im! 9 It on ti•·~ bottom. The 9-ft bott:Jm space 
is ideal fl'~ inspection and maintenance. allowing a person 
of <!\Wage height to etkct a repair when standing on a 
lorigitudinal. 

The greater \\ idth at the side. which resulted from 
liallast space requirements. also pro\ ides greater protection 
against collisions- -which present a more probable hazard 
than groundmfs. 

Though double hulls may protect against collisions and 
groundings. they a!so raise a number of safety concerns in 
that r.tore of the cargo tank area is expose J to water-ballast 
spaces. increasing the potential area into which hydrocar­
bon vapour can leak from loaded cargo tanks. 

l\lobil has developed a hydmcarbon vapour system that 
takes sampks from the water ballast space. Water ballast 
lines run in the double bottom of the ship to fill and empty 
the water ballast spaces. With specific modifications. the 
company integrated the ballast system with an atmospheric 
hydrocarbon sampler system. that can be programmed and 
operated from the cargo control room. 

Large vapour samples wi II be taken from selected tanks 
and thoroughly andyscd for h~drocarbons. If hydrocarbons 
arc detected. the ship can use the inert gas system to 
quickly remo\e the oxygen that could trigger an explosion 
or tire. 

Corrosion is another critical concern in double hull 
designs. Mobil ;hcrefore specified high quality. abrasive 
resistant epoxy coatings of a light. reflective colour. for the 
ballast tank coatings. lite side ballast surface area. which 
i:> subject to the effects of sloshing ballast \\ater. was given 
a two-coat application. -1 he coating system is hacked up by 
a zinc anode sy-tcm. 

l he machinery outfit l~aturcs a number of redundant 
systems. Thus. at sea electricity is supplied h: a turbo­
gcnerntor powered by waste heat from th,: 2R.000 hp Sulzer 
7Rl AR4M main engine. Alternatively. it can be run off 
either of two boilers. If neither boiler is operaiing. then the 
diesel !,.<.:ncrators arc availah!e. 

,\ look at some other recent tanker deliveries indicat~:s 
that l\1ohil is not alone in opting to exceed rather than 
merely meet Ol'A and MARl'Oi r•:quirernenh For 
example A I'. Moller"s 2'i<J.700 dwt U,•" .\!1l'nk has a 
} 2 111 dct·p douhle hottnrn and .1 rn wide double 'ides: 
50 per cent ahon: MAR I'< >I. n.:quire1m:nts. ( 'omprehensi\c 
finite clcmcnl anal:sc' 11,:rc carricd out to produce a 
-arncture capahlc of -,u,!~1ining a ho!ttHll raking damage 
of 8R 11cr ccn~ of the !c:igth het11h·n perpendiculars 
I f-xrracted from .\fur111e l.ng. :\lay I <J'J.J) 

ESP innovation 
Ccntrilif!. a divi,ion of flaker llut-:he' 1.td. ha"> 

ad11cvcd a major hrcakthrough in !·.lectric Suh111ersihlc 
l'ump de-,ign with 1h ne\1 K< · 2oonn lhi' ISi' ha-, a 
diarnt:t.-r of onl) ~ (1:1-inch. !111t the capahilit;. of producint: 
11\l:r l0.(100 h d t'rnm hori111n1.d h1!!h-rate 1H·ll-, req11inn!! 

artificial liti. The efticiency ti.11 the 1'C 20000 is an 
impressi\ c 70 per cent \\ ith a head of 50 ft for each stage 
at the specified !low. Because of the multi-stilgcd centri­
fugal design of FSPs. \\here the diameter is often limited 
hy the casing diameter constraints. it has taken inno\·ati\c 
techniques in intake and impeller design and manufacture 
hy Ccntrilift to make th'.s achiewmcnt possihk. A numbt:r 
of 1'C 20000s arc already installed on 1w·s W~ tch Farn1 
fidd a11d on Chc\ron · s A Iba project. (Source: E11ruil. 
June 199.t) 

SEAWATCH offers innovative technology 
SEA WATCH is a major tool for decision makers who 

in earlier times were obliged to act with inadequate 
scientific data and information. A fast-growing marine 
environmental surveillance and forecasting system of 
OCEANOR (Oceanographic Company of Norway AS). 
SEA WATCH consists of the following modules: ( i) data 
acquisition: (ii) data storage. analysis and pre:;entation: 
(iii) environmental modelling and forecasting: (iv I dis­
tribution of data. forecasts and user-relevant informa­
tion. 

The data arquisition includes a network of moored 
marine em·ironmental data buoys providing real-time data 
covering meteorological parameters. currents. wa\·es . .;ea 
temperatures.oxygen. algae. nutrient contents.radioactivity. 
etc. The data are transmitted to a shore station where they 
are further checked. analysed and stored before they are 
distributed to users. 

For further information on the SEAWATCH S}Stem. 
contact: OCEANOR. Pir Scntered. N-7005 Trondheim. 
Norway. (Source: ims .\'ewslettcr. UNESCO No. 71. 
3rd q1•arter 199.t) 

The cpp with blade pitch activated by propeller 
shaft rotation 

The Autocnergy concept from the Spanish company 
Propulsion SL. is said :o be the only controllable pitch 
propeller on the market which docs not require any 
mechanical installation inside the ship. making the 
conversion from fpp to cpp a very simple task. 

It i~ claimed the propellor possesses "an ingenillllS 
system in the interior of the huh that ..:liminatcs all 
installation inside the vcss..:I." This system. as explained by 
the company. consists basically of two hydraulic pumps in 
the propeller huh. one main and one auxiliary unit for 
emergency purposes. which arc fixed to the propeller shaft 
hy gears mounted on a cog:;ed \vhccl. The \\heel is fixed 
hy a rod at the stem post of !he vessel. 

Wher, the shaft turns the gears rotate. cffrcting move­
ment of the hydraulic pumps. which then raise pressure and 
inject oil tlm•ugh a four-way valve and a steering hlocking 
v;ilve into the piston chambers. which in turn effect 
rno\ement to the hladcs to change their angle. 

A pneumatic control ... ystcrn 011 the bridge ..,end~ a 
signal to activate the tour-way valve in a forward <·1 

hack\\ard mode which gives hladc pitch ad1ustrnent. 
The lbrcclona-hascdcompany hclieves it ha-. a unique 

sy ... rem \\111ch ;iffnrds a simple rcplaccnwnt of fiwd pitch 
propellers. acl1ie\ ing considerahle fuel <,;n ings as a rc..,ult. 
It can. of cours,', h..: in,1allcd on new 'hips. 

lhc comp.111) · .. 1y ~; it In-, two of !he sy stern<., in<,lalled. 
one on ,1 fishing \c"cl and one on a tu~· /Source· 
\11-:N .\/,1r1111· /-.11g111et•n N1·1·1,·11. !\larch )1)1JI) 

- :; I -
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Resistant hose 
A range of high-performance reinforced co\llant and 

turbo-charger hoses designed ti.lr harsh marine conditions 
has recently been introduced by Samco of the United 
Kingdom. 

Made from various types of silicone. and reinforced to 
suit the application. the hoses can withstand temperatures 
ranging from -100° C to ~ 315" C. The company can also 
supply standard-siz.=d dbows. obtuse angles and straight 
lengths from stock. with special order items supplied on a 
fast-track basis. 

For further infonnation contact: Samco Silicone 
Products. 12 Sandridge Park. Porters Wood. St. Albans. 
Hertfordshire. AU 6PH. UK. (Source: Fairp!t.ll". 
28 April 199-t) 

Environment-friendly water-based paints 
The increasing concern over emission~ of Volatile 

Organic Compounds (VOCs) from paints and coatings has 
led to strict legislation in a number of countries. with the 
aim of reducing such emissions to an acceptable minimum. 
thereby significantly contributing to the reduction of air 
pollution and smog formation world-\\ ide. This environ­
mental move will be achieved through either replacing the 
solvent-based coatings with water-based coatings. or by 
lowering the solvent content to below defined levels. 

However. the legislative position regarding solvent 
emissions is extremely complicated. being a mixture of 
enforced legislation and voluntary programmes in indivi­
dual territories and between cooperating groups such as tile 
Nordic countries. It is inevitable that VOC legislation 
limiting solvent content of coatings will spread to other 
parts of the world. leading to changes in product ranges 
and restriction of choice. It is therefore anticipated that the 
volume of water-based paint will increase significan\ly as 
a result. 

Users of paint materiab can significantly contribute to 
the reduction of pollutant emissions in a number of ways. 
The most practical way. however. for users of marine 
coatings would be through the selection of coatings such as 
water-based systems. 

Marine Coati:tg Company lntcmational's (Courtaulds 
Coatings Ltd.) solution to ship operators' problems in this 
area is two new water-based products---lntershccn Aqua­
prime. a fast-drying acrylic primer. and lntersheen Aqua­
coat. a durable acrylic finish. 

Engineered for a wide variety flf vessel internals such 
as bulkheads and deckheads in engine rooms and accommo­
dation areas. interiors of car/vehicle decks and reefer holds. 
the water-based systems offer benefits at ncwhuilding stage 
as well as maintenance and repair and onhoard mainten­
ance. 

Compared to alkyds. lntershccn Aquaprimc and 
Aqua..:oat offer excellent resistance to yellowing. fast 
drying. low odour. no thinners required. elimination of fire 
and explosion hazards. and low surface spread of name for 
the applied system. 

J"he above benefits mean a better\\ orking em iwnmcnt. 
enhanced health and safrty fix t:1e applicatl'r and better 
perfonnancc for the \ essel operator. 

It should he noteu that \\ ater-hased pair.ts ;;re llllt 

totally solvent-free. ;!S they contain ;1 small ;.;.;nount l'r 
special solwnts nceJc:d to ensure that the coalesccncctal-.es 
place. Thi: sol\ent c.mtent is. hO\\C\Cr. kept at a \er;. (o\\ 
le,el. usually \\di below 6 per cent. significantly helll\\ 
that of soh·cnt-containing coating~ such as alk~ds. chlor­
inatc:d rubbers. vinyls and acrylics. 

Water-based coatings do not ha\e man;. disad\antages. 
although application at temper.llures belo\\ 5° C is nut 
recommended and g,10d wntilation is required during the 
drying period. lhey haw good adhesion tll all 1-.inds of 
substrates. and have a higher degree of both gll,ss and 
colour ~ctention o\·c:r a pc:riod of time than comparable 
solvent-basc:d finishc:s. Also. \\atcr-r·•sed acr;. lie coatings. 
such as International' s Aquaprimc and :\quacoat. ha\ e 
good resistance to lubricating oil. \\ hich makes them ideal 
for use in ships· engine rooms. 

As regards application proccdurc:s. there are no signifi­
cant differences in the methods and tools of application 
when switching from solwnt-hased systems to \\ater-hased 
coatings. 

To date. International' s new water-based coatings ha\ e 
been used in the newbuilding market. as well as at main­
tenance: and repair and onboard maintenance. 

The passenger vessel market (both l~rrics and cruise 
ships) will particularly benc:tit from water-based s~stems 
for on board maintenance work. Due to the fast Jr;. ing and 
low odour characteristics of these coatings. onhoard 
application will not advc:rsd~ intert~re with passenger 
activities or vessel sailing scheJules. (Extracted from 
Sh1pcar,· and .\lantimt.' .\fu11<1gt.'11i..•m. March 199.t) 

Amercoat inorganic coating 
Amc:ron B. V.. The Netherlands. a suhsidiar;. of 

Amcron Inc. California. recent!~ introduced Amercoat 738 
Polysiloxanc Inorganic Coating. a pa•ented high tempera­
ture self-priming protective coating \\ ith temperature 
resistance to over 1.000° C. Unlike other high temperature 
coatings currently available. this cnviromncntally designed 
high-solids product has resistance to severe acidic condi­
tions and a broad range of chemicals. 

The coating can he applied at thicknesses of up to 
250 microns per coal and docs not require heat curi: before 
service. It is suitable for direct application to steel and 
stainless steel. hoth exposed and unJer thermal insulation. 

Since its introduction last ~car in l"orth America. 
Amercoat 738 has been tested anJ proven in high tempera­
ture and high corrosion areas in the marine markets. 

In addition. the company used its ne\\ proprietar;. 
polysiloxanc technology in the development 01 a range of 
coatings offering i:xceptional ultra violet. chemical and heat 
resistance properties. These products wcri: licld-te~ted for 
1:ommercial introduction some tim:: this year. (Source 
Shipcart' 11nd .\111ntime .\111nag<'m<'lll. March 199-l) 

--------------------
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F. INTERNATIONAL FOCUS 

Business innovation centres in the marine sector 
\hist de\ dliping niuntrie-; !lida: nmsider husme'' 

de\ellipment and innt'\atillll lllgeth.:r \\ ith fllrt:ign imest­
ment and tedmt,lllg: <h:cjuisitilln aJapti1lf1 as critical factnrs 
in building in!ematilinall: Cl'mpditi\e capabilities I he: 
suppkment and utiliJ"c ll1cal R&D dfons and prn\'idc a 
strategic framework fi.ir the huilding of technological capa­
bilities in the pri\ate sector. In suppt'n of this process. 
de\·cloping CllUntnes need assist:rnce in sc\eral areas. 
including Iii the prnnv.l!ion of foreign imcstments and 
business alliances in the industrial sector; (ii l the strength­
ening and matching of local capabilities at the t•nte:-prise 
le\ cl and for.nal S&T sector Ill acquire. absorb and adapt 
t.:chnologies: 1 iii) by imprm ing the technology manage­
ment capacity at th..: enterprise k\d. in panicular the 
ability to access rek\'ant tcchno-wmmercial intelligence 
infom1ation and transfom1 it into competiti\e business 
strJ.tegies: anJ ( i\ l by imprm ing the ability at the gn\em­
mcntal le\'el tll manage tccl11111l1,gical changes. and in 
panicular ihc ahi!Hy to formulate pni-a.:ti\'• policies to 
ma\imite syn.:rgy effech het\\een the tc:.:hnology acquisi­
tion process and d1Hncstic S&T effon-;. 

Fo!l1m ing the LI\\ 11fthe Sea Comentinn. l '~lDO has 
,jn.:..: 1he miJ-19811, a.:ti\ely pr1lllllllcd n:gional ccn1res for 
marine industnal 1ed1110!11gy. \\ ith the aim of 'itrcngthening 
the .:.1paril1tics in marine te.:hn.il,i;;y and imprn\ ing links 
h.:t\\ecn R& [) m'titule' and lhc indu<try. l hi~ ll'n..:cpt h~b 
n,, .. , he en de\ eloped fun her anJ seeks 111 aJJreo;-, more 
Jirculy thc n.:;:J-; al the enterprise Incl. The oh1ecti\c ii:is 
stutied fLHn f11rn-;mg ,,n nation.ii S&T .:apahili1ics1tl\\arJ;; 
creating a mcch~mi'm \\ hich supp11rt' .ind f:.Kililatc~ 1cd1-
n,,log: .Jri\c:n hu-;ine'' Je\clopmcnl in the marine: rndti-­
lrlC' 'ectllr. \\!th ;1 p.1rt1cul;1r focu-• llrl ... mall .111J m.:d1um 
-..:ale •:ntcrpri'c' 1 '-,\1! I and rl•'rth-, .. t:th ..:<lPpc:r:iti1-.n :ii 1he 
cntc:rpri'c: kl el 

I ·-..:IDO ha' f-.c:c·n pr.imotin~ thi-; cnn.:epl for 1he 
\lc:Jiterranc:;m rc:"'"n. ;111J rcci:nth thi: ( i<ncmmelll ,,f 
(ircccc has ..:.;pr1:--;ed an interi:'I 1r1 crc;11i1:C'. and t111-;1in:; 
,u.:h ;1 centre. I hi: main llhjeclt\<: Ill thi: prnpo-..:d centr.: 
•\ill hl· tn prci\idc in,titutinn.tl '11ppnn tn the: i:\i,tinC'. .111d 
emcr~in!:! cntcrpri,es in thi: m::rinc indthtric·, ,edor. p.1rti­
uilarl: ...,\11 .. m thi: Iii: Id 111 ni;n"-ct ;1--.c:"m.:nl. 1i:dmnl<l!:!: 
m.m.1~emc:n!. tee hn i.::1 kntrc:prcnc:ur,h ipd..:\ c· Ii •pmc:nt. hu,1-
ne'' 111.:uhator-.. \i:ntm..: .:;1r11a!. akn1ilic.1ti11n nt 'tr.1te~1.: 

hu,ine·., p.1rtner' 111\e'!"r' ;u;d thl· dc:\i:lopm.:nt nl .:nm­
mi:r.:1.dl: ori..:nte·.l pr11ie·.:h ;1:1d i:l.1h,1r.1!1nn .,f h.111!...1hlc 
h1hin..:'. plan. In uH•r,:r.:11 .. n 111th t1lt' < irc:e·~ \11n1'tr;. 111 
ln,J11,tr: I llt:rc'.\ .111d I i:cl;n"I"~''. I "'\II JI I I' pl.11:ni1E: I•' 
e.1rr: Ill.I a rrc:·!t'.1,1hrl11\ -.11:.h .. t 111:-. "'ill<';'! 11i-l11d1n" 
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UN develops cooperative oceanic programme 
The l 'nited ~ations Committee on Pr:accful l 'sc:. lll 
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policy is essential that pro\' ides data and information to the 
entire user community according. to their requirements and 
capacities of its members. Also. this policy should nllt put 
any member or potential member of that community at a 
diS<?dvantage The data policy in place for A VllRR and the 
low-bit-rat!! data from ERS-1 meets this criteria and should 
sel"'·e as an examp'.: for tiiture data policy negotiations. 

l'iotes 
(I) Forty-first session. United Nations (jeneral 

Assembly. Agenda Item 72. Supplement ~-lo. 20. 
AiRES 41 '65. 

(2) James D. Baker. Toward a Global Ocean Observ­
ing System. Oceanus. Summer 1991. 

(3 I The Approach to GOOS (IOC document) 
IOC-XVll'8 Annex 2 rev .. Paris. 12 March 1993 
(English only). 18 pages. A\'ailable from: IOC 
Secretariat. UNESCO. GOOS Support Otlice. 
I rue Miollis, 75732 Paris cedex 15. Fran.:.e: Fax: 
(33-1) 4056 9j i 6: omnet: goos.paris. 

(Extracted from ims .Vt:wslelter, UNESCO. No. 69'70. 
I st Semester 1994. Author: J. W. Sherman. Ill) 

UN programme framework for integrated coastal 
area management 

At the second session of the ACC Subcommittee on 
Oceans and coastal Areas (Geneva. January 1995) the 
participa~ing United Nations agencies with activities in the 
field of coastal management suggested promoting a joint 
UN framework for Integrated Coastal Area Management 
(ICAM). including the establishment of a common con­
ceptual approach in which the acti\'ities of each agency 
could be integrated. Priority areas include the de\'elopment 
of sectoral guidelines. interconnection of information and 
data systems and human resource development. UNIDO is 
focusing on the industrial sector. and will seek to coordin­
ate its sectoral strategies for Ecological Sustainable lndus­
'.rial Development with the multisectoral approach of 
ICAM. UNIDO is also providing assistance related to 
monitoring of industrial pollution in aquatic ecosys:~msand 
technologies for decision support and data management in 
ICAM systems. 

UN Committee on Oceans and Coastal Areas 
The oceans. includinJ enclosed and semi-enclosed seas. 

are an essential part of the global life-support system. They 
cover much of the Earth's surface, influence climate, 
weather and the state of the atmosphere and provide food 
and other resources for the growing world population. 

The Law of the Sea provides an international has is for 
the protection and sustainable use of the seas. However, 
oceans are under increasing en" ironmental stress from 
pollution. over-fishing and degradation of coastlines and 
coral reefs. Agenda 21, which arose from the Rio Declara­
tion on the Environmenl and Development. is a dynamic 
programme addressing the pressing prohlems of today and 
also aims at preparing for the challenges of the next 
century. It reflects a glohal conscnsu~ and political comm it­
ment at the highest level on development and environment 
cooperation. 

After the llnited Nations Ccnfcrcnce on Fnvironment 
and Development (llNCFD). held in Rio de Janeiro in 
June 1992. the (icneral Assembly creatrd a f1111ctional 
commission called the Commission on Sustainahlt.: De­
velopment (CSD) to implement the results nf I JN( ED. The 

New York based United Nations lkpartmem tC.ir Polic~ 
Coordination and Sustainable Dewlopmen: (UNDPCSDI 
was charged with sen icing. the CDS. To CO<lrdina:e 
in\'Oh·ement of the l'.nited Nations system and facilitate th..: 
preparation of reports to the CSD. the Administrati\'e 
Committee on Coordination (ACC) created a coordinating 
body called the Inter-agency Committee on Sustainable 
De\'elopment (IACSD). 

At its second session. the IACSD approwd the n:spon­
sibilities and functions of Task Managers for the \arious 
chapters. issues and programme areas of Agenda 21. The 
main functions of these Task Managers are to promote 
information exchange and interagency contact. catalyze 
joint activities and programmes and de\·elop common 
strategies to implement relevant parts of Agenda 21. In 
addition. the Task Managers are to prep2re. in collaboration 
with the organizations concerned.coordinated inputs for the 
consolidated report of the Secretary-General. which will 
focus on common UN system strategies for the implemen­
ta:ion of Agenda 21 and identify areas for further action 
for consideration by the CSD. 

The Task Manager for Chapter 17 of Agenda 21 
(Protection of the oceans. all kinds of seas. including 
enclosed and semi-enclosed seas and coastal areas. and the 
protection. rational use and de\'elopment of their li\'ing 
resources) is the ACC Subcommittee on Oceans and 
Coastal Areas. which held its first session in Rome (Italy) 
from 19 to 21 April 1994. Its member.. are drawn from a 
number of United Nations entities and programmes. 
specialized agencies and related organizations. 

Chapter 17 of Agenda 21 (Protection of the oceans. all 
kinds of seas. including enclosed and semi-enclosed seas 
and coastal areas. and the protection. rational use and 
development of their living resources). identified a number 
of programme areas (listed below) where new approaches 
to marine and coastal area management and development 
could be carried out at the national. subregional, regional 
and global levels. These approaches are integrated in 
content and arc precautionary and anticipatory in ambit. 

(a) Integrated management and sustainable- de\'elop­
ment of coastal areas. including exclusive eco­
nomic zones; 

(b) Marine environmental protection: 
(c) Sustainable use and conservation of marine living 

resourc.:es of the high seas: 
(d) Sustainable use and conservation of marine li\'ing 

resonrces under national jurisdiction: 
(e) Addressing critical uncertainties for the mana~e­

ment of the marine environment and climate 
change; 

(f) Strengthening international. including regional. 
cooperation and coordination; and 

(g) Sustainable development of small islands. 
At its first session. the ACC Subcommittee on Oceans 

and Coastal Areas made a numher of decisions regarding 
its work plan and operating methods. In 11otir.g that 
Ciovcmments were to report directly to the Commission on 
Sustainable Development on their implementation of 
Agenda 21. the Suhcomm ittce agreed to focus its work on 
progre~~ made in the implementation of Chapter 17 through 
the llnited Nations system. On the methods of work the 
Suhcommillee identified the types of action that each 
suh-task manager would be expected to undertake in 
meeting the terms of reference of the Suhcommittce. as 
applied to the <J\signcd progr;imme area. Tahlc I 'hows the 

-N-
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assignment of responsibilities of the \arious United Nations 
bodies inrnhed in Chapter 17. "hik tabk 2 Sc!ts out the 
action expected to meet the terms of reforence of the Sub-

Cl"fllmittc!t" The Subcommittc!c! expecte-J to hold its second 
session in latdanuary 1995 in Gene\a(S\\it.~erland). with 
a third se-ssion late in 1995. possibl~ in ~ew York. 

Table I. Assignm~nt of rnponsibilities 

Programme area Sub-1as;.; managers Participatine aeencies Associated aeencies 

A 

Integrated management United Nations. UNEP \'.'MO. IOC. IAEA. FAO. IMO. \\'orld Bank. 
and sustainable develop- Habitat. UNESCO. [WTO)' UNDP. ITU 
ment of coastal areas. 
including exclusive eco-
nomic zones 

B 

Marine environmental 
protection 

Sea-based pollution [IMO (WMO. IOC. IAEAJ' F AO. United Nations. 
Land-based pollution UNEP] World Bank. UNDP 

c 

Sustainable use and con- F AOUnited Nations lJNEP UNDP. IOC. World 
servation of marine living Bank 
resources of :he high seas 

D 

Sustainable use and con- FAO UNEP IJNDP. World Bank. 
servation of marine li\ing IOC. United Nations 
resources under national 
jurisdiction 

f. 

Addressing critical uncer- IOC WMO. l..\EA. FAO World Bank. UNDP. 
tainties for the manage- lJNEP 
ment of the marine en-
vironmcnt and climate 
change 

F 

Strengthening internal ion- ACT Subcommitlcc on lJN. WMO. FAO. UNESCO. World Bank. lINDP 
al and regional coopcra- Oceans and Coastal Areas IOC. IM(1. IAEA. ITIJ. 
tion and coordination (lJNCTAD. IJNIDO. ILO. 

WllO. IFADI' 

c; 

Sustainable development IJni1cd Nation<; WMO. I !NLSCO. IOC. \\'orld Bank. I !NDP. 
of small i<>lands FA<l. 1:\10. IAF-.:\. I iNl'.P. Ill I 

I lahitat. [WTOI' 

• Subject 1~1 ninlirmation 

------ ----------------------------------- ~-- -- - ---

. :!5. 
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Table:?. Action ex~ttd to mttt the terms of reference of the Subcommittee 

T em1s of rderence of the Subcommittc:c:' 

Monitor and re\ iew progress in the implementation of 
chapter 17 anJ rdateJ matters of Agenda .:! I and report 
thereon to l:\CSD 

Prepare proposals to IACSD and other rde\ant bodies 
to enhance the ellecti\·eness of cooperation and coordi-
nation. and facilitate such in the implementation of 
chapter 17 of Agenda .:! I. including financial means 

Consider and gi\e effect to the possibilities and means 
of joint acti\·ities and programming for the implementa-
tion of chapter 17 

Identify the needs for and facilitate the coordinatio~ of 
acti,·ities of the United Nations sy,;tem relating to 
chapter 17 

Interact with joint scientific and ad.,·isory bodies. such 
as the Joint Group of Experts on the Scientific Aspects 
of Marine Pollu<ion (GESAMP). which may pro\ide the 
scientific basi~ for policy recommendations 

Enharoce the exchange of information. includin~ infor-
mation on relevant intergovernmental agreements and 
decisions. existing and proposed progr.immes. opera-
tionai activities. and coo;Jerative and coordinating .ir-
rangements: and promote. wherP. appropriate. har-
monized and shared informatiou systems 

Assist in the preparation of system-wide reports. as 
required. or1 developments with respect to oceans and 
coastal area issues and the implementation of Agenda 21 
as regards the protection of the oceans. all kinds of seas. 
including enclosed and semi-enclosed seas. and coastal 
areas. and the protection. rational use and development 
of !heir living resources and related capacity-building 

• ACC/1993'24. annex IV. para. 4 

Trends in modem shipbuilding 
Around the year 1900. building time on llerth was 

almost equal to the total construction time of the ship. 
Three and a half to four years were ni:eded in order 10 

complete a ship. 
Ships were constructed without any prefabrication of 

steel sections. A typicai productivity level constituted 450-
500 man hours per tons of steel. 

Between 1930 and 1940. welding was introduced to the 
shipyards and larg;:r cranes were installed at the herths. 
These two events made the constmction much more 

Actil)n 

Periodic progress reports \\ill be filed and implementa-
rion will '.J: mllnit•>red at sessions of the Sutx:ommittee 

Based O!l monitcring and re\ iew. gaps. Jitliculties and 
proposed solutions. including. financial implicatillns. ''ill 
be identified. Probable locus \\ill be :ireas at th.: inter-
flee betw c:c:n chapt.:r 17 and ,-.iher subject areas. such as 
treshwater. atmosphere and biodi\·ersity 

The Subcommittee as a whole will identil~ ,ingoing. and 
new opportunities for joint acti\ities in which expanded 
collaboration would enhance implementation 

For implementation at the regional k\·el. linkages be-
tween the UNEP Regional Seas Programme and region-
al bodies of other memben will prn\ide a \iable frame-
work for more elTec&i\·e collaboration. Acti\ities at all 
le,·els will be re\iewed to determine those of interest to 
more than one United Nations agency. Studies on areas 
of common concern will be commissioned. Will be 
considered at sessions of the Subcommiuee 

f'resent practice of referring to GESAl\1P certain ques-
tions for ad\·ice. especially in the field of coastal area 
management. will continue. A listing of other potertial 
ad .. ·1sof) bodies will be prepared for each programme 
area 

Each sub-task manager will keep all members aware of 
relevant meetings. projects. decisions and publicatio11s 
to avoid duplication and increase efficiency. The Secrc-
tar)· will arrange for the inclusion of members in relc-
v·ant ICAM database systems. The use of ASFIS as a 
joint information system will be kept under re\iew. 

The Subcommittee will respond to any such requests as 
they occur 

rational and hoth construction time and producti\ ity were 
improved considerably. 

From 1940 to 197C the technical development of the 
yards concentrated on further sophistication of the welding 
processes and improvements in constniction philosophy as 
a result of increased lifling capabilities. 

Numerically controlled cutting machines were intro­
duced in the 1970s. CAI> sy .. tems were developed and 
improved. and the data frnm these software ~y .;tems were 
transfrrred to the cutting machine-; hy mean" of hole 
punched tapes. The introJuctior of NC cutting machines 
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,, 'km' l'r.:f.:i>n..:ati••n 11f the -.hip j, n•• f,,n:;.:r 
the ~•ll•'l( 1.:1-t·u~ ;ntcn-l\.:' p..trt ,,f th.: rr1>JuC11<•n 
rrtt(t:"t': 

I hc m.:.:h..in1I .. ll1<>n ,,f ,1.:d pr.:fahri..:..il1t>1, h .. i-. r.:nJ.:ri:J 
th.: pr,iJu..:1i1>n pr.-...:.:'' lh•ni.•:;:nou-;. r.:-;ul!ir!:; in 
11~1pr••\c:J J1mi:1h1<>nal a.:cura..::. I hi' ri:..itur.:. alnn:; 
''1th m..:r.:a.,i:J .:ap;ih1lrt1i:' \\ nhin .:"mput.:r mtc:;r.111,,n 
nuJ.· u'.: ,,f r.>i><i:r..:' ;inra..:ti\c for the ... hip:- .. 1rJs \fa11•r 
J::\d1)pmcnh \\iii 1->c pcrformi:J \\ Hhm t::l'i tidJ rn th<-" 

l"t'in 1ng ~ c:;ir' 
< •r:,:.mil';it1<>11;.,IJ.:\d<lpm.:nr. mcluJin:; impk:n.:nL11inn 
pf I .•t.il c)ual:!: \l;in;ig.:mi:nt "~ st.:ms. i~ pcrfom1.:J 

f 1· \lrJCli:J fn>n1 ·· 1Jz.- l ·,>nlf'<"lllff•" < ·11.1/f,·n<.:.- f, ·r ri;,· 
!liIL m.lfl1 •n.1l Shq,f.mf,/111-.: ln .. Ju\ln ··. I IS papcr. 
'.\1n.:r.1h.:r l•N~. pnntcJ in /TS \,.,"!<'fr.·r. \t.1r..:h !•N-t) 

Global Trends in Shipbuilding Throughout this Century 
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Maritime policy reform 
l!l:!!..lti\,:, h .. l\t: ~,~n J.!1'.'h~t!i~i..:t.·J '='\ l '\ ~.:;.:r\.'.'t..:~ .,,f 

I ~.m,r••n.i11"n I c:J.:r·.::.1 l\:f..i I h.: 1 ·-. i. ,,.i,1 ';t:.1~ • .J :i_,, 
t'it:~n J1n.·~t~·J !;.l '-'"\t:-\."l!h .. - J ~tl:Jr-rt•:r~r rrl 1 ::r.1~~!1l'-." hl 

cnh~lr:1.:~ !11~UI!:n·:~· rt'i:~: r~t~,:-:n ! h\." rr,~;.r .. !:7H1:~- ' .. \,lU~J 

~nun rt:i! .. 1r,.:.:(.." 1.:~ ,t .. !nJ:.ifJ.., rit.'r.Hii~ .. l!(j ~~ .-!..!,,l~i( .. !~it·~ 
''"-=:t:ti~.., ..!nJ ~mllt h:n.:r 1n ... rt:~t1t.'n" l'( (, .. n1r.!r.~~ ... 
1:i .... r1tu:ln~ ng.,)!°1lU,~t ... 1!u~ r-i..tn.Jg_.:r~il."nt':· ... ~:..·~1 ... Pn.'\ ,,h .. n, 
\\III!->.: mil;:it.:J u,;n~ .I \••ic!nl..1r:- rr••:,:r.rn: JC:\C:t<'['<:J !':"­
th~ c,,..!~t liu~1rj 1n (,,,r.:::lthln \\ nh the: n-: .. if:!lrn~ ;nJu:>tr: 

C<>nla.::t. i. S Ikp.inm.:r.: ,,f I r.t!hprn1.i!1••r:. l l!f.::.: ,,f the: 
.. \~~istan; Sc:.:rc::.1~ '''r Pul:>h.: .\ff.1ir.. \\ _:,hin~l<>n. lH ·. 
~U~Q() I s.lur.::c: . rs T\! Sr.:1:.i.ir.i::.1::. •11 \,-., '· 

Sc:rt.:m b.:r I •N-t 1 

Prospects of deep-sea mining 
c.1mmc:r.:1al proJt.Kti,m rn•m J..:c:r 'c.1h.:j mining 

r.:n1.1ins ·lit.d:-- at S•lniC: tame: in !h•· fu:urc: . 1h,•u;.:h fo!!· 
-..:ak .:•lmmcrc 1.il pniJU1:l1<•n ;,; nt.i c:\pc:.:tc:J t>.:li>rc: 1;1.: ~ c:.ir 
20 Ill. This i..; the: pn~gn•'"1s ,,f a rc:rwrt ,uhmmc:J Ct• the: 
Prc:p;iratuf:" C<m1missiun for the: lmc:rnali<•nal Sc:..1!->.:·~ 

:\uthorit~ and for the: lmc:matitlOJI rr11>unal for :he: I ;t\\ ,,f 
th.: S.:;i. 

Th.: rc:purt ,,f .i (iwup ,,f r .. :.-hm.::al i: 'p.:ns ''" thi-. 
hlp1.:. prc:sc:ntc:.! ll· the: Commis,j,,n at the: tirst par. nf its 
12th rc:gular s.:s-;1<m 1--11 F.:hru .r: I 'N-l. ~ing-.1<.•n. 

Jar:ui.:a I. notc:d that p<•I~ -mc:talli.: noJuks. found on the: 
dc:.:p sc:ab.:d b.:y ••nd the: limits ,,f national junsJi1::1on. 
C<mtinu.:d to rc:prc:sc:n! ·rotc:nual .::ommc:rcial prosp.:.-ts 
\\hich \\ill b.: mmc:J at '•lmc: p..•int in the: foturc:. The: 
( irnup hasc:d i;s .1.;sc:ssmc:m ''" ;! numl:>c:r ,,f fa.::tt•rs. 
including the: \ astnc:ss ,,f the: rc:s<lur.:.:s on the: occ:an 11oor 
and ·1hc: ah-..:ncc: of insum1ount.ihk !.:.::hnnlogical o!hta­
c k" to thc:ir mining 

Dc:spitc: its ,,\ c:r;i!I po-; ill\..: C••n..: lusi<ms. the: ( iroup 
not.:d that an as,c:-.smc:nt <•f th.: lime: '' hc:n l••mm.:rcial 
prnduction fwm • .ker sc:.ihc:d mmin:; may !->.: C:\pc:.::tc:d h• 

c<mtm.:n.:e. can he: made: \\ ith !Un her pr..:.:1s1<m nnl'.- whc:n 
largc:-scak frasihility ·audic:-; and d.:cp sc:ah.:J tests arc: 
undc:nakc:n m c:r ;i sust;iinc:d p.:r ind. Source:: Di\ h1on for 
Ocean Affair.; .1nd the: Lt\\ of the: Sc:a. Ofticc: of l.c:gal 
Affairs of the l :'.\. '.\c:\\ York. 1 · .... , I '.\tractc:d fn•m 11m 

.V.·1n!t'lt.·r. l .:'\ESCO I 99-t l 

ECOR: an NGO on ocean engineering 
rhc: Enginc:c:ring l'ommittc:c: nn < >.:.·an1c Rc:sour.::.:' 

(ECOR I. \\hich j, an intc:mati.m:1I ntin-g1l\c:mm::ntal 
soc1c:t~ of profr~,innal c:ngin..:.:r' ;10,1 .rn a,h i"'l! h11J: 
1<1 f()(' and l\tO . .:;1rric:' out a numhc:r ,.f stuJi.:' \\ithin 
the: realm of ih manJatc: I hc:'ic: pr••1c:.:h arc: impkm.:ntc:d 
h~ int.:maiinnal \\orl..ing !-!r<H•P'· v.h1.:l1 m11,1 ri:p,1rt 
their linJing~ \\ilhin th.c:c: ~c::tr' I ,,1111pk, nl ,111.:h 
... tud1c:' indmk: 11) a rd1.1hilit: .111.il:'1' of "ff,h,1r.: 11i! 
and ~a' •,truc!Urc:,.1111.1 ·.\11rl..ing ,:r••up •lO m.irinc: n1h.,11.:, 
(supported h: 10<'1 \\hid1 c:\pl11r.:.; the: pllt.:nllah of 
;mtoma!c:d unJc:r\\aic:r \c:l11dc:' I .\f ·\·,1 .• ind 11il) th.: 
potc:n11al of nwdc:rn un,kn;.11.:r ;i.:n1ht "' mc:thotf, and 
c~quipmt:ll( for applit.:.:\1<'0' [cl Ul,l\[,i! <:r1hi1lll. rnilu· 
t.ml dumpin!-! .ind 1h,1.harc:•· I or m11r1.· mf,1rmat1•Hl "il 

H ·c lR. and hem to 11ht.11n 1h p1:bl1,h«d rl·r••rh ;111,I 
1h mag.11mc !Cl >R /111~'- rc:.1.fc:r, 111.1: u•n1;1d 
\f., Doll: I olh. I CllR I \c:1.11t1\c: S.-crl't.1r: . .: 11 St· 1. 
7~1 \l.1rl.. I .ml'. Inn.Ion H»I< -is. Id 1-ll·l-l 1 -IXI 
07'n. LI\. 1·11-1711 -IX! lflfll 1""11r1·1.· , .. ,,, \, 11,/,·u.-r. 
1·s1.sco 1•1•1.11 

·" 

\.' ' f<J•J~ 

Health of the Ocean (HOTOJ model 
\ !li-o~!~Ii1!"'·(,,·r ,~·!::nti~fc r .. l!l~~ rn~t ~l l ''l :'\. .(, 11~.- .. ~J­

'4!..'..!~1..:r-... U1 f ~bn;_1~ I lJll~ !'t rt~t t!:11,h:n~ t~•uti:h~' ~P th~ 

I k..1i1~1,,:· th,: l \:.:;i:111It I It \i :'.1<.Jcl. .. n.: t•! li\c: l!hc- •>!b.:~­

J,:j~ \\ith (:1nLtt:.·. h\I?l== rt.· -.~ur~~.>. '-.l,;·_ ~.ii L"\ 11nc ..... _ .tr:J 

t'"? .. ~r~nt: ·'r\,,"f.lthlnJ.i ~t"[\ i~(~t ~\:In~ -,;:! UI' unJ~r th.: t~'-"\\ 

ti1,1f..;:( l 1.;l·;m I )f->-.:nin,; S:,t..:m ll;( It ISt 

!n!!U!l'J !r. \tir.:h I<;<).:: r:- th..: h;r::r;.:••\ .:nm1c:m.1l 
t •.:..: . .1-:,•:;:-.1rh1.::C,•ni:ni''h'n 1 It K...; ,:fl .,1:-;t ·1 i. m <::•••1r<:r­
.1t1<•n \\!th \\ \11 l. I ·\;I· I' ;1;iJ ti1..: lnr::~n.!li<in.1! C.•un._ 1! •'I 

S.:::.:nt1!i.: t ·ni·•n~ 1 ICSl · ,_ tit ll )S i,; C:\:'<:.:t..:J 1,1 t>c:..:,,m.: 
fuli:-- •'rc:rati.•n.11 l:>y the: :c:a~ .::011- anj \\1!1 huiid .. n 
c:\1-;ting rr••grJ.mm..:s. ii!..c: the: IOt.. Pr••:;r .. m1m.: ·~·r li!<11';d 
lmc:~!1gar1<1n ,,f P.•l!u:i,•n !n the: \l.1rinc: I n\ in•nm.:m 
1t1IP\ll.1 

11•"·\C:\C:L (jl)( )S \\ii!;!<' mu.:h far.h.:r m it- rr.i~1i.:.1i 

.i~p!i.::.11i,1as .1s an m1c:m.ii1<l:l.lll:" .:;,,,,rJm.it<:J 'Y ,1..::.1 t.•r 
J;ita ,,,Jk.::i.m . .111.1!:'1' anJ prc:Ji.:ticm. Dr .-\nJc:r,c:r.. h.:..1J 
nf !he: ,.:;i.:ntifi.: pane:!. ~Jid thJI ""•he: C:;i,ic,1 \\J.: h• unJ.:r· 
,t;mJ <it'~ lS is 10 C•1mparc: 11 \\ ith th.:\\ tlrld-\\ iJ:: mc:h:•'rt'­
I,1gical sy sti::m. So far '.\ c: ha\.: 11•• -;u.:h structure: '''r the: 
marine: c:n' ironmc:nt. 

·\· a fr;m1c:n,,rk f,1r nH•ni:,1ring .:;,1111ami11J.nts and 
a-;s;:s-;ing their dk.:ts. 11010 will ~·c:nc: as an ..:ar!y­
namin:! 'ystc:m c:'s.:ntial hl the: \\dl-1:>.:ing of c.1astal 
p..1pul.111.ms and thc:1r c:conom1c adi\ itic:s. sud1 as ti-hin:; 
Jnd t<lt1rism. 1S,,ur.:c:: (·\ES<.,> S.:ur.-es. '.'\,:. 56. 
\lar.::h 199-l) 

01 '94 is strong on technology and GOOS 
I·.\ .:r:- t'.\ ,, : c:ars ctimmer.::ial ar:J ind11,1rial intc:rc:sh 

.:omc: t<1 Brightt•n to displa: thc:ir latc:st marine: 1.:dmol,1gy. 
In \IJr.:h I 99-t nwrc: than 500 .:ompanic:s C:'.\hihitc:J th..:ir 
pn.Juch an:.! si::n i.::c:-;: and the: paralkl Conkrc:ncc: h.:arJ 
nwrc: th;rn 130 prc:,..:ntati .. -, <ln tc:chni.:;1! thc:mc:s. h\ c:my -
ti\c: :c:ars ago. a! the: first < >.-c:an<•l"gy lntc:mational. the: 
future: \\a, clc:ar. Offshl.lfc: 1.•il J.nJ ga~ pr,,Jucll•1" \\JS hc:-
1.:oming J ;najnr markc:t !·,,r di\ ing h•nb. cahk'. c1101n1I 
c:ljuipmc:nt. sun c:y' and logging c4uirmc:n1. J ,,J.1y th.: \.ln­
c:t: of c:ljuipm.:nt dc:\dop.:d for thc:sc: markc:h makmg us.: 
nf nC:\\ cmnput1ng pow.:rs. satdiitc: inu~:c:' .ind commu111-
catior. .:hannds. ano mc:asuring in-;trumc:nts h.!<.; rr.:p;1rc:J 
u.; for the: nc:\t .:hallc:ng<· .if nwni11.1ring the: •i.:..:an and forc:­
c.t'iting op..:rationall:-- nn 10.:.11. rc:gional an.! _;!lohal '.:alc:s. 

I he: I<><· and its programnt..:' \\ c:rc: \\di r.:prc:,c:ntc:,I 
The: l ilt1hal <kc: an Oh"::"\ ing Sy ~rc:m I l iOOS 1 \\ ~h th.: 
th1.·nw nf ,C:\c:r;1l .-or.li:rc:ncc: ,..-,sion-; lh..: Ch.1inn.111 nf 
1-l if)( lS. \l1chd < ila". ind1..:.11c:J h1•\\ 111c::i1hc:r ...,tatc:-; ;ffc 
L••mmiH.:,I to dc:,igning ;m,I impkm.:ntin:,: an nh,..:n ing 
-;:,t.:111. \\hich. although drJ\\IO;! •lll di\c:r,...- 1.·\i,ri:1;: 
11b-;c:r\ in:! prngr;1mmc.;. will dl'm.rnd llC:\\ 1.:.:hnoh1;:i..:-; .111d 
hrir.!.! nc:\\ hc:ndih. John \\ ond-; c:\plamc:d 1!1a: th« l'.:ndih 
\\ill in.:lud.: rc:du.-c:J c"'h li•r .:,i,tir.g t•r•·r.1111111' .111.I a 
r.rn;:.: ,,f nt:\\ .1rrllc.1t11111'. ind11d;nc: th.: c:\pln1r.1t1"n ,1f 
r.:"11ir..:.:' at the: n1111m..:nul 111.ir;:m Co111p.1rl·d \\1!h 1111,,t 
11:,h1>tri.t! '.:..:t.1r" thl' rrc·,.:nt '1'1.'lldm:.: c&Jl 111;1r1nc: r ... ·,.:.1rd1 
.:nd d,·\l'l11p11.·n1. arn1111d O .' p.:r .:.·111 111 .1 .;,: h1!11Pn !'<'r 
d;1: 11pcr.111n:.: h11.J;.:l'I. 1" H·r: \llLlll 

f h.111..:11;:..:·, .1hnun.I .\1 rri:'<'lll rt:,·r,· .1r.: 1111 1n·.1rnm.:nh 
.:.1p.1hk 11! 1110.:.hltrlil;! .1ir-,c:.1 h<·.1t llt1\c·, In 'ultj, 1c:nt 
.1.-i.:urai.:: .. 111d r11h11,l 111l'lh11,f. 0111111.·:1·.:inn:.- ,,1rbe1n·d10\1ok 
1.1111..:i:nlr.1t111n, in lhl' ,url.1ll' 1,1\l'r" nl th:.: ,,,,.,in .1r•: 11:\i\ 
1111\\ h.:m!.'. ll'"ll'd I \l'll thl' .1pp!11..1l1>lll ••I <'\hi ill!! tc·..:l\n,1· 

lo:.:: l»r 't.1hk l11n:.:-krrn mc.1 .. 111c·1111.·nh 1n the "•l'.111. 
pr1.·,·:111· 111du·.1r: \\ 11h ,h;tlJ.-11:.:i:" .111d 11p;->•11t1111111n I h,· 



l\>ntinuous l'bn!..t•'n Rc:c,,rJc:r. a pi1mc:c:r m the: tid.J ••' 
nwnihlring tl\:<:;111 !illll•':_!!. IS !-c:ing rc:Jc:s1gnc:J (>! \"akr<lrt 
Ltd. for nwrc.- a..:..:ur.itc.- anJ nwrc: n•l:iu-.t ••pc:r.uion. Data 
gathl·ring ar.J tra'1:;m1mn:_! t>un! s Jrc.- not nc:\\. t>ut the: nC:\\ 
gc:n~·r..lti,•n. in..:luJin:_! that ,,f the: SL\\\.-\ re; I :.~ ,tc:m is 
capat>le ,1f a r.m:_!e ,,f mc:asurc:mc:nts. a..:cura..:ic:s and 1.mg­
tc:m1 unaaenJc:J •'rerati,,n unJrc:amc:J nf m I 9o9_ Satelli;.: 
tr.msmission all<•\\S instant applicati<•n ••f the: rc:nwtd~ 

mc:a'iur..-J data. 
Ille theme for the 19Q.i meeting \\JS ··1.,•o!..ing fomarJ 

to the next 25 ~ears··. Expansi,m. S<•me of it rapid. is 
certain: the dem.:mJs on the oceans and particular!! on the 
Ct•:istal zones \\ill cnntinue to increase. The coming 
chalknges ''!th respect t•' Je, elopments r.:quired fi.lr 
coastal areas. ft.lod pwJuction JnJ forecasting for manag<!­
ment ''ere also JiscusseJ. For this. the contributions of 

•..:can resc:arl;-_ technolog~. s~skmatic ohser\ations and 
their intc:gr..ltit•n an: c:xtrc:md~ impo:tant. I'll.: ne.:J fi.lr 
m;;nagc:ment stratc:gies has alrt:;!J~ :_!ener.11eJ an inJus1r;a1 
ha-;c: fix sune!s and anal:-sc:-. of the marinl' en\ ironmc:nt. 
'.\h•st nf !he-;e JemanJs are h.:ing met nn a l.xal hOL,i:>. !-ut 
users arc: a\\ are of the interdep.:nJc:ncc: of the n•astal ;md 
••ren <>cc:an5. LtXal ,,t>sen mg and forecasting:;~ stems" ii! 
lie most etli:..:ti\e if they are 1.11:ateJ \\ ithin -and contribute 
!<) -a glt,bai network o!· o!isen at ions. On.:e again \\e are 
being a-.1..eJ to a..:t ltxall~. but think globally. 

IOC anJ its partners in GOOS h;i\e made a commit­
rnent l<l that future_ lne\itabl~. the next 25 ~ears will bring 
a huge expansion in our monitoring and man:iging of the 
,x:eans: the Exhibition at Brighton made that future '~r: 
dear. I Source: 1ms _\-,-\\_<f,·ttcr. l!NESCO. ~o. 71. 
:;rJ <.)uarter 11)9-t l 

. _'fJ • 
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G. SOFTWARE PRODUCTS 

DNV Software supports desig11 and research 
In l..11.: ( 'l'l ~- thr.:.: Chines.: ,hip~ ;1rJ, .md .:Ju.:..11i.in.1l 

instituti.ms ;i.:-iuir.:J th.: l>'\".J.:,.:i.,p.:J ,,,ft\\;m: -;~ ·a,·m 
SFS:\\I. li.1r us.: in strnctura! ..1nJ h~ dr••J~ rum i..: J.:.;1;;!1 .mJ 
anal:- si' ,,f nurin.: ~tru.:ttm.:-;. I h.: tl;rc.: ;1r.: ! ).!! !Jn '<.:\\ 

YarJ. D..1lian Ship lk,;i;;n & R.:,.:ar..:h lnst1tut.: anJ 
Shangh..1i Ji.1,1 r,,n~ l 'ni' .:rs it~ 1 SJ! l' L 

L\tnt;ict rt:t\\<.:t:n thc SF'\ .. \\! gn•up in lkl ,,,r,(...c 
\'c:ritas t D:'\\. l anJ r•'l.:nttal 1_;s.:r~ in China bt•gan in thc 
.:ad:- IQSOs. rhis O.:•lllta..:t \\J' lir,1 .:,tah~i,h.:,f tlmiugh 
Chin.:s.: \\ho haJ \\•>rt...c:J in D,\. r.:s.:ar..:h ;~nJ "hn i1..1J 
b.:rnm.: famili;ir '' ith Sl-:S.-\\t. In ;iJJiti•·li. th.: 1'11.l) I 
prngrammc from[)'\\' h.iJ a!r.:a.i~ h.:.:n inst;1lkJ in s.:,.:ral 
places in Chma. anti .:stahli<hc:J !>'.'\\. in China\\ ith rc:gard 
tn numc:rical J.:sign \C:rilicati•'ll of ships. [)\;\. abo 
markc:t.:d SFSA \I to Chincs.: ~;mis. D.11i;m '.\.:\\ Y .irJ 
ht:ing one of thcs.:. In I •N2 market in:; ''as further strcng· 
thcncJ with .1 cnnccntrati•lll nn th.: 111fslwrc ,iJ.:. '' h.:r.: 
SES:\\1 is r.:garJ.:J as th.: \\orlJ·, l.::iJing s~st.:m. In 
August 1993 Dalian ,._.w YarJ kascJ th.: first SE"i:\\I 
ship packag.: installatinn in Chin:i. Lat.:r. the Dalian Ship 
lksign and R.:search lnstitut.: also bought th..- ship package. 
and Shanghai Jiao Tong l'ni\.:rsit~ China· s <' ..JUi\aknt to 
th.: \lassachus.:tts Institute of T.:chnnlog~ .:;.1cr.:d into an 
agre.:ment ti.1r an .:xt.:nsi\.: packag.: of SES:\\1 prngr.1111-
mes within th.: uni\ c:rsity · s r.:s.:an:h and training ar.:as. 

Oct "orskc \'eritas Scsam :\ '\ ( ()'.;\·s) can s.:.: a 
promising pot.:ntial in China. particular!~ in th.: shipping 
sector whc:re the use of th.: Fin it.: Element \kthoJ < FE\1) 
is becoming steadily mor.: rek,ant. D'."\'S has gnoJ con­
tacts with sc\.:ral of the most important Jcsign.:rs 1nJ 
n:search mstitutcs in China_ \\her.: fo.:us is plac.:J •lll th.: 

u,:: .. r H· \I .ma!:,;, I !1..: ..:••mp.tt1; bdi..:\ ..,., th.11 nh•r.: 
'\I S.\ \I m-uil..11i· •!h \\ill !1•il11\\ !!! l 'hin.t u; :h..: nc.ir 
furtm:. \\:th '.'-I'-:\ \I.!)\;\. ••ff..:r, ;1.:1•mpr..:h::n,l\.: t••••l 11: 

thi...· f..lnn ,lf .... ,,fti,arL·. C1.l:Hti"·t~~h.·~ anJ t1..·...:hntl! 1.t::~- \•.tn...:h 
...:.:!1 l:1.:l1., Clun~1 tt' Ji..·\c!,,r .. t~ a .... ! 1 !pi,tn!J111~ n.tti,,:1 

'I '.'-:\\I i, :1 ,kJ1c1:::J ,,i:t\\ .trL· '\ 't..:m f••r -!n!.:tur.tl 
:in,! h~ ,fr .. •J: n.m: i..: Ji.:, 1 :,'.ll anJ .!IU;: '". f '.narmc -rr•i..: rnri.c, 
I h..: ,,!'_l,:di\c ••I :'Is\ \I ;, r" hdp th.: i.:n!,:mc..:r .1d::..:\.: 
~r\."~ttt:r "'"n:;in~cr!:::: 1..·:ti(1\..~n~~" .• nJ rt:JLh.:~"f C\, .... t .... 1n th~ 
.:••n,tn11.:ll•'" ar:J ''f°LTa:11,n ,,! m.1rin..: ,rru.::ur.:, th.it mi.:.:! 
r..:-i111,ll.: ,r.mJ.irJ, for -iual1t:. ,;1kt; .u:J r,·li.tl'i!it\. 

rli..: ,~sr.:m j.; ..1 'i'";:i.ili.rcJ ;mJ ::fficr.:nr 1,.,,1 ti•r ih;: 
.-,ff,fwr.: and r:;.iritim..: inuu':~ \\ !rf; an mr..::;r.it.:J an.! 
'r..:.:ial purp1h.: l~11:iliri.:s li.ir ~1rnci::, :ii n .. ~ddlin~. h: Jn>· 
,!.tti.:: anJ h:JroJ: nan:ic 1,i;iJ g.:n~r;l!i•'ll. mcluJing f!r,1 
anJ s~.:i>nJ-;ir..kr\\:I\.: diffraction .tr.al\~j,_ linear .uhi n1•n­
lin.:ar. stali.:: anJ J: nami.:: Fl \1-h.is..:J stru..:tural anal~ ,j,_ 

rik anJ Stlif .ma!: s;s. r.:sulh pr.:,cnta'.i11n arhf t:"'l.l..:llJt.:J 
cakulati1llls for J.:sign. -;u.::h a.; fatigu.: arul: ,is ;mJ the 
·:h::..:king ol ,1ractural pcrfllml.lll(I! ;l((l!rJing t1• (11J..:-; ••I 
pr.1..:ti..:..: for 11ffshor.: slructur.:s. 

SFS:\\1 i-; t.1J;1: u-;..-J \\11r!J·\\ id.: for 1k-;ign anJ 
1>p.:rati.n1 of otTshnr..: and marin.: stru..:tur.:s. I' 'I.am pk-; .. r 
1: pi.: al stru..:turcs ar.: O.:•'n.::rct.: gr.I\ it: 'tm..:tur.:s. 'ti.:.:! 
jact....:K a Jct;iik,f IT \1-nll••kl 11f ;1 ruhubr jnirll anJ ship 
hull slmctur.:s. 

Th.: prngrammcs ar.: us..:J li1r .;mall. mcJium .m,! larg.: 
moJ.:1'. For larg.:r nhlJds 11f gr:I\ n: -has.:J Pr lln.111r:g 
stm.:1ur.:s. su.::h as tcnsi,,n-kg pla1fomh. SI:S.·\\I 1s 

r11utin.:I: us.:d 1>n IT\1-moJds cxcc.:11ing on.: milli1111 
d..:gr..:e~ ,,f frc·cJ1m1. 11' 'l.tra..:t.:J from I> \T /- 11rum. 

'-,;n_ I 9-t l 

-------~-·----------- -·-------- ----------·- ---- -·- --------
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\!.1r:•:,· !11,f11stn.1! l~·.-i111t1/r1_i:,.1 .\lulli/••r. I.,/ I. So ' /<i'J./ 

H. PUBLICATIONS 

Environment and aquaculture in developing 
countries 

:\4uJrn!tLJr:.- .mJ th<· Ji:-pi:t.:,: ll\ .:r ih .1lkgd imp.id l>n 

!ht: <'B\ in,nmc!lh l•r° 111.!ll\ J<·\d11p.:,I <<>~l!~trit::- .1r.: .11~.:aJ~ 
\\ d!-kn,w. n .m,I \\ 1Jd~ ruhlicitd lh.:rc ha-; 1'.:t:n far ks~ 
\Hitt.:n a1',>u'. .1-iuJt:~· fanning l!l th.: Jc\ d11p111g ctiunrri.:s. 
\\ !-i.:r.: it ;, ,1ft:.-n r.irt ,,f :h.: rural .:c.irw:n~ anJ a us::ful 
rr•l\ iJ.:r llfj,11's ;mJ fo,•.! But it (\lUIJ 1'.:cum.: a pni1'km. 
•!S IM,: h.:.:n :-.:c:n in cnuntric:, ,ud1 JS llnilanJ \\ h.:rc: th.: 
c:'r·m'"'n ,,f shrrmp r••nJ fam1ing h.1s thr.:atc:n.:J man~r'''.: 
f1•rc:s1,_ 

rile: 4uc:,!it>n i:; lllm !•' nuk.: th.: !ic:.;! ptissit>I.: u-;c: 1•f 
th.: prt>ducti\ it~ ,,f naturals~ st:: ms'' itlwut r.1JicJ.l .:m iron­
m.:ntJ.I <hangc:s anJ at f,m lc:'d' ,,f C••stl~ inputs. 

'"What is n.:.:J.:J f.ir th.: future:.·· \Hit.:s Dr. '.lartin 
Bilin ,,f th.: l ic:mian ''rgani1;11i,1n (iTZ. "is an approach 
''hich makt:s lhC l1f th.: cxp.:ri.:nc.: .nailahk aJJs tti th.: 
.:xisting knti\\-ho\\ thrl•ugh nintinu.:J r.:s.:.m:h dli>rts. 
dah,irat.:s anJ rdin.:s gu!ddi!les. and creaks appn1-
priatc: frame:'' orb f,,r fort her ,1:;, dnpment. :\quaculturc 
prnductil1n j, in grcat Jem.mJ. hut it mu~t not !-.: achic\cJ 
'' ithout du.: rcga•d for ,afrguarding our hasis for 
SUr\ i\ al.·· 

!he:'<" •11.lltcrs \\.:re: discus-;::J at an intc:m<HH•nal 
,:,u1kr.:nc.: Ctlll\ cncd "~ ( i rt and the: lnt.:mat!1111al C.:nt.:r 
h•r Li' ing .\quatic R.:s1•urc.:s \lanag.:rncnt( ICl.:\R\l 1. anJ 
Dr Bili1> c111:1mc:nts in a ti•n.- .. ,1rd II> the: pn>c.:.:Jing' ,,fth;: 
c.>nkrc:nc.:. c:dllc.:J h: R.S\·. Pullin. II. R,"c:nthal and 
J.I.. \IJdc:an. 

ln.:lu..i.:J in th.: ~611-pag.: hook is a c1•mprd1en"i'.: 
1•\t:r. ic"' ,,f .:m ironmc:nt.il i~su.:s in J.:\ d1•ping-c.•untr: 
a411.1cultur.:. ;iquacultun: 1.k\dnpm::nt anJ cm imnm.:n!al 
i~sllt:" in the dc\doping C•lltntri::s of _.\~ia. and aquacul!urc 
.mJ managcm.:n: of frcsh\\atc:r cm ir.:.nm.-n:s. 

Oth.:r rcginns CO\ .:r::J induJ.: _.\ fric;1 anJ the: Tn1pical 
l'a.:itic rt1.:rc arc rcpl•rts nn ~hrimp cuhun: and !he: 
.:n' ironm.:nr. on th.: .:m iromn.:ntal impact 1•f tnipic1l 
iniand a4u;iculturc. on harmful algal hltwms. and micrn!-ial 
-;att:t:- of pn>Jucc: from wast:: \\atcr-frJ al(uacuhurc. 

l"hc hook Em·iro11m.-11t ,m. /. lqu.i<"11lt11r.- m f)«n:lt1r•i11g 
( ·u1mcn.-s conduJes with a rc:port on the: contt:rcncc 
discussion and rccommendations Editcd h: R S.\". Pullin. 
11. Roscnthal. J.I.. \lad.:an. ll "L\R!\I. !\ICP<) Rox 2'i3 I. 
0718 \la!..ati. !\ktro !\far.ila. Philippinc'i. Solt CO\W. 

l :ss 22 .iinnail or S 15 surfacr.: mail. (Sourer.:: Fnh Farm mg 
lm«mutin11.1l. Vol. 21. ~o. 3. !\larch 199-l) 

. .I I -



I. TRAINING COURSES 

Protection and utilization of oceans 
fog.:thc:r \\ ith (icrman anJ fon:ign partn.:rs the: 

Carl Duis1'crg licsdlsd1ali .:.\". tCl>(il. a nlln-prnfit 
organi?atieon. engages in intcmatinnal .1J\ an..:dproti:ssilinal 
training and pcrsonnd Jc\dlipmcnt. I he pr.11:ti..:c-l1ric:nic:J 
programmes arc gcar.:J t.1 the spc..:iti..: interests llf skilkJ 
stall memh.:rs and e"\c:.:uti\es from Jc\eh•ping .:ountries. 
t:.:nnan: and other inJustriaiitcJ .,:,•untries anJ from 
the: t~1m1cr (•)lllmunist Cllllntric:s \)r ..:c:ntral anu c:a~km 
Europe. 

rhc: pwgrammc: on the: pnll.:..:tilFl ;mJ utilizatillll of 
oceans is gc:;:m:J hl s..:ic:n!ists c:mployc:J \\ ith rc:sc:an:h 
institutions anJ l•hsc:n;1tion statillns \L•r!J-\\ iJe . .-\ hr,1aJ 
range of topi..:s is nnerc:J h: the aJ\<mcc:J training 
prngrammc:. Participanb \\ill rc-..:c:i\<..' intc:nsi\C- c:Jucation 
nmcc-ming the nature ,,f the oceans anJ their pr.ice,ses. 
e.g. the: structure: and genesis llf ocean basins . ..:omposit1on 
of ncc:an \\.lier. marine: ,edimenc~ and org;misms. llr the: 
intluc:ncc: on the dimate. The wk d. oceans as a \\ast.: 
\\ Jtr.:r dis..:harge anJ Jilution m<..'dium and pcnnanent \\astc 
disposal site \\ill be examinc:J as \\di as marine resources 
(Ii\ ing and non-Ii\ ing natural resources I. Course 
particip;:mts \\ill kam w characti:rizc oceans with r..:s­
pcct tn structure:. gc-nh1g:. h: drnd~ namics. the- wmpl1si­
tion of 1>c..:an \\ati:r and c-cological -.: stc-ms. Case- stuJic-s 
anJ e\ al•.atinn criteria \\ii: make it possihk to asses-; 
the c1111sc:qu.:nc<..'s of m.m · s ut i I i1ati1m of the nee-ans 
Furth<..'mwrc-. th<..'r<..' \\ill he instructitin 11n the rd.:-vant 
int.:mational anJ national l<-'gisl;1tinn,. :\n 1mpnrtant 
thematic compkx i-. the: intc-rnati.rna! C•'•'r..:ration in the: 
framework 1•f rc:sc:.1rch anJ rnnn itnrin~ proj..:..:ts. \\ h1ch is 
dc:mon-.trat.:J 11 ith main foni-. rr,1gr.1mrn..:' for marin.: 
rc-,..:arch dra11n ur h: the Furnp<-'an 1 ·ninn 

The: ;1d1;mccd pn,fc:s~i,mal training ha' an 1nc-rall 
duratitlli nf I -I n>P11th,. rhc: first 1\ .:-<..'!.., 1\ ill he: 'p..:nt at th.: 
CD<i r<..'cc:ption C<..'ntr..: in S.1arhriickc-n .-\, the: rnmpkt..: 
aJ1ancc:d training programme: 1\ ill he: h<..'ld in (ic:rman and 
English. tht:r<..' II ill alw re- an intc:nsi1..: ( i;;rman languag<..' 
cnursc:. fol111\\ .:J hi a 'P<-'C ial i 10.:d tc:drn ica I !anguagc­
cours..:. 

;\ tkr six month\ th<.' sr<..'ci:1li1.:d ran of th.: aJ\ ;~m:c:d 
training comrnc:ncc:-. at the C..:nir,: for \Lirinc: and Climat.: 
f{,·sc:.1rch of th<.' I Iamhurg I :1111 .:r,it~. 

.L, 

.-\n <..'-.s<..'nti.tl part ,,fth.: progr;unm.: i-. pr.i.:ti:.:<..'-1>ric·ntc:d 
.-\1,mg 1•. irh the: !h<..'<>rc:ti..:al aJ\ anc<..'J traming. part 1upan1' 
will ha1<..' the: d1ance tll hr.>adc:n th..:ir llC:\\I'.'- acyum.:d 
!..mm kJgc: m li.:nnan:. 

.-\prl!o.:ants arc- rc-quir<..'J Ill h;1\.: ;1 1mi1<-'r'll'.'- Jc-grc-c:. 
prc:ti:rahly in the: tidJ ,,f marine- <..'rnl<•g~. m;irin<..' h11l,•g:. 
marine- chc:mistr:-. tlcc-antigraph: ,1r gc:oh•g: anJ thc·ir 
pr11frssional acti\ iti..:s slwuIJ ti.Kus •>ii the: cm irl1n!ncnt.tl 
protc:ctitlfl ,,f the: llcc:ans. liooJ I..1101\lc:Jgc: 11f l·ngli,h i-.; 
ahtl nc:c.:ssar: h• 1111.Jr.:rstand the: k..:turc:s. 

lhe n:rrerrt ctist nf Ii\ ing . ..:<•,t nf the: ad\ anc<..'11 training 
111 l ic:nnan:. anJ tr:l\ d <-'\perbc:'i r,,·cc:,"ar: Juring the: 
.'J1arK<..'d traming as 1\dl a' h<..'alth i1hurancc: arc: pr111idc:J 
for h: th.: (ic-nnan l·<..'J..:ral (i111<..'mm.:nt. .\t pr.:-;<..'r'.t. partici­
pant,;\\ ith a Cc>nlpkl<..'J \llClli1111al or rnif.:-.<,i1>11ai traming 
rc:cei1ca month!~ scli.1larship llf D\1 I. 100. \\h.:rc-as rani­
c1panh \I ith a J.:gr..:e a..:quirec! ;lt .m institution of high<..'r 
<..'Jucati•lll rc:cc.:1\c: ll\1 I A50 

hir furth<..'r infom1ati11n. rk.t't: cont.:ict Car! l>ui,h.:rg 
lie-.c:llschati ..:.\· .. lh>h<..'n-.tauti:nring yll-;2_ D-501J--I 
1'<1ln I cl.. · · -19 221 2098-11. L1x: - · -1'1 22 l 201)8-1 I I 
I c:lc:x 8881-<i2 

Meetings 
International Conference on !{emote ~ensing a11d 

G IS. ~-ll Ik..:.:mhc:r ! 91)-1_ 11: Jc:rah.1J. India. Arr~ icat1<ll11<1 
em ir.mm..:ntal planning. S<..'ctinn 1ln satdlit..: occ::ultlgr;tph:. 
C<•111act: I.\". \turalil-.ri,hna L·<..'ntr<..' for R<..'111111.: -;;:rhing. 
J;1\\ aharl:il \.;.:hru rn:hn1ll,1:,:ical I 'ni\ c:r,;it:. \lah;l\ i..'<..'r 

\larg. ll:Jer.ibaJ-500 1128 . .-\ P lnJia. Id: 1•>1--111; 
25_, 2'-1 LI\ jC)!--IOI 227 li-18. 

Circulation of the Intra-Americas Sea: 
22-27 J.111~!ar: Ill'>~. I a l'ar~_!u<.:ra. l'uc:nP Riu1 11 ·S·\l 
Call tnr pap.:r-. .k.1,/1111<· /,,r .i!•\fr,1. ,, ! (}, r,,.h,.,. /'I'!./ 

Cmt;i..:t. A<il · \k.:ting-. ();;pt. 1.-\S. 2000 l111riJa .-\\<..' .. 
\.; \\. \\ a'hingt-111 l>C 211009. l S.\ rd · I_ I 2021 -1<•2 f,<11JO. 

L1\: 1 I 2021 .'28 fl5M1. F-111.111. rnc:c:tin~int(1 ,1 k1hll!•h. 

agu.tffg. 
27th International L1cgl! Cnlloq1•i11m on Ore;rn 

llydr0ll~namics:8-12 \la~ 19115. l.ic:!.'.<..'. lkl:;rnm l°<•nt.l(t 
C.J. \.;illllul. \lodekrl\1rnnm..:nt. 1 'ni\c:r-;it~. ol l.il:O!c:. 
II~. \art film.rn. B--1000 l.il:gc:. lklg1um. L1\. 1 '2--ll l 
511 :n 5.>. 1So.ir.:<..': //Ill Sl'111/,·1f,·r. I '1.SC(I !C)l)~) 
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