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INTRODUCTION 

This report has been prepared for submission to the 12th session of the 

Sub-Committee on Marine Pollution of the O. J\·1. C. I, in 1he frame of 

Study IV. 

The purpose of Study lV is to determine pro..:.cd urcs, nnd Hsscss their 

costs, in order lo prevent tankers from leaving disc.harging ports with 

dirty bollast. 

..,. . 

This report, aft1.'r a comprehensive nnnlysis of the pollution problem 

rcsuhing from• chnnging 1...1f buJlust at S<.'n, suggests two proced urcs for 

ucldeving clean liall;istir,g bdorc saiHne frorn ,li~i1.:harging port and 1iH1kci; 

an assessment of the costs related to tlicir appli.catit.m. 

The stwly has been tmdcrt.nkcn with the tmdcrslm1ding that following 

c(1nccp1s and u.ssumptions have been adopted: 

1. The traffic nnd trad,! to take into considcruti.on is the erude oil traffic 

which represents between 62 a11d 89 % of all pclrolcum trHfJic. The 

petroleum products trade has completely different fet1turcs which do not 

render the procedure under examination applicable to this type of 

traffic. The discharging port for crudc~oi1 is in most cases the 

charging port for pctrolcrnn products. Therefore facil itics of trcatml~nt 

of ballast for petroleum products tankers ftrc provided by the loading 

port. 

. .. I . .. 



2. Any correct assessment of costs ftnd economic consequences requires 

first that an analysis of the crude oil traffic and the composi.tion of the 

re lat cd tanker fleet should be made. This ana1ys i.s shall forecnst the 

situation for 1975 nnd 1980. The object of the two initJal chapters of the 

present report is to reach reliable figures incHcnt :.ng the mun her of 

ships of each class rmd the C(>rrespondillg number of vc,yages for the 

crude - oil trade in 1975 and 1980. It is suggested that the methodology 

of this study and the figures arrived at ohould b0. cli:-;cussetl by the 

Sub-Committ0c in order to reach nn agreement. on the datns on whic.h 

assessments related to the pollution problem t;hould be based. 

3. A dctni.lc-d anLJ.ly~is of the procedures presently cmp1oycd for changing 

of ballast and for prc-repnir 1ank-clcaning is 1hen '1Hule. This will be 

t.he olijC'<-l of chnpters 3 fiJH] !,, C}wpt L:r 5 makes an cvu1uaticin uf 

incurred pollution in the bnsi.c nssumpliL,n. of full cffici0ncy of othc1· 

pollul ion preveu1 i<.."in methods (proces~;ing of cffl.uents through sl(.'1}) 

tank!,). 

4. A description of three sugge::;k<l pr1.)C<'dures fol]ows in clwptcr G 

- procedure A : la,nk wnshing mid subsequent clean l;.:illasting nt 

disc barging berth after discharging 

- procedure B : same os procedure A but washing would he 

undertaken while disclwrging 

- procedure C : minimum ballasting ut diBdwrging hcrth nftcr 

discharging and subsequent change <)f ballast at a special berth 

or tank cleaning station 

Thi.s description, before a Cl'>St cnkulation, shows thdt procedure C is 

prohibitive and subsequent co~,t cstl;;mtcs are prepared for procedure /'. 

and n only. 

This report involves an attempt to quantify t.ha problem by trying to depart 

from the usual qualitative approach. The complexity of the situation mukcs 

imperative to operate within a rcrthcr widt.~ margin of npproximt1tion when 

setting up average values. The figures which a:re adopted or established 

are ol,viously opC'n to discussion and this is one of the purpose of the prC'scnt 

work. 



1. THE CRUDE OIL TRADE IN 1975 AND 198',1 

1.1. GENERAL 

The two initial chapters of this report have the purpose to establish 

bask datas for the assessment of the incurred 1;01lution and cf the 

actua 1 magnitude of the problem. 

Several studies have been already made on this subject. This m!W 

approach has been unde:rtnken with a view to reach results which arc 

particularly relevant to the pollution problcrr. t irregardless of the 

contemplated solution. 

The main results whi.ch nrc of interest for any study arc the number 

of ships (cl i.vidcd into appr'-)priatc classes) nnd the rellttcd numl;er 

of voyngcs. The unit element of pollution by tankers is the voyage 

and r.n assessment of their number and distribution is a perequisitc 

for an appr0priatc analysis . 

. 
Chapter l deals with the quantities of crudc~o.i'.l to be transported by 

sen in 1975 and 1980, and establishes the ca sis for the ccmposition 

and di.strilmtion of the tanker fleet for crude-oil trad~. 

Attention is drawn on the classificnti.on of tankers whtch will be used 

throughout this report. 

l .2. C 1=.1§_51FK:tJlC1'_!_Qf_IbJ!KEJ1~ 
The following classification of tankers (and OBO) has been adopted 

throughout this study : 

class 30 
duss 60 

class 100 

class 210 

less than 50,0CO tdw 

50,000 tclw to 80 t 000 tdw 

80,000 1c1 150,0CC tdw 

150,000 to 240,000 tdw 

... I ... 
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class 260 

class 320 

class 500 

240,000 to 300,000 tdw 

300,000 to 350,000 tdw 

giant tankers, mE'an capacity 500,000 tdw 

, . 

The number designati.ng each class corresponds roughly to the mean 

capacity of the ships belonging to that class. The capacity of the 

upper class (class 500) which does not yet exist has been arbitrarily 

taken at SC0, 000 tdw. The number of ships belonging to this class 

which will be estimated in this study will he base~ on that mean 

capacity of 500,000 tdw and could he easily calculated in proportion 

to any other mean capacity which could be considered more 

app1·oprtatc. 

J .3. POlNTS OF ORIGIN AND DESTINATION 

'fh0 analysis 0f the traffic wHl be made with the consideration of the 

following p1.,ints of origin and destination ; 

- G points of orj gin : Persian Gulf 

Eastern Mediterrane,i.n 

North Africa 

Caribbean 

West Africa 

Others 

- 5 points of destination : Northern Europe 

Med it<'!rranean Europe 

USA 

Japan 

Others (including Eastern Europe) 

The points of origin arc the· object of the following remarks: 

Persian Gulf : Exports of all countries bordering the Persian Gulf 

excepting quantities carried by pipe-hnes ending on 

the Eastern Mediterranean coast. 

. .. I ... 



Eastern Medit. 

No.rth Africt.1 

Caribbean 

West Africa 

Others 

Quantities brougH by pipe-ltncs (from Iraq an.d 

Saudi Arabia) plus Syrian and Egyptian 

productions. 

Algeria and Lybia 

Crude exports from Venezuela mainly, oil 

products are not included. 

mainly 1'hgeri.a and Cabon 

include USSR, Indonesia and m.iscellaneous 

producers. 

The following rcmdrks ca•1 lie made about points of destination 

Northern Europe 

Mediterranean 

USA 

includes all ports on the European Atlantic fa~ade 

includes all meditcrranenn ports including 

quantities to be carried by pipe-lines originating 

on the mc<li.tcrrancan coast (Marseilles, Gcnua 

Trieste) 

do net include traffic from Alaska, which is 

consi.ckrcd as internal traffic. 

1.4. PROJECTION OF TRAFFJC FOR 1975 l\ND 1980 ___ ....,_ -----------------------------
The assessment of the quantities of crude oil to be transported by sea 

cannot 1c made easily just by extrapolation of past figures. 

An extrapolation is only vali.d when forecasting oil consumption. When 

shipping is considered several corrective factors shall be taken into 

cont: idcr ation: 

a) The policy which will be adopted by the USA for its power needs 

shall have a determining influence. The influx of crude oil from 

the Eastern llemispherc to the USA C{m be by anywhere between 

100 and 300 million tons in 1980, This could alter considerably 

the needs of tankers. 

. .. I . .. 



b) Eastern Europe will enter the market with ever increasing 

amounts. The own resources of the Eastern Block are not 

likely to cover all the forese-er: consumption which is likely 

to grow fast. 

c) Efforts will be undertaken to di.versify the sources of supply. 

Important developments outr.ide the traditional arab and persian 

gulf countries are to be expected. The situation in West Africa, 

Alaska nnd the Nor1h Sea could alter the picture of the tonnage 

needs. 

d) Consumption and refining outside Western Europe, Japan and 

USA is likely to expand and this will lead to a diversification 

of traffic routes. 

e) Last but not least, the opening of the Suez canal would have 

an influcn.::c that should not be underestimated, but this influenc,~ 

will apply on the fleet and not on the quantllics to be transported. 

This aspect shall Le dis·.:ussccJ in pnra.1. G. 

Taking all alJovc mentioned remarks into account, and trying to stay . . 
within reason.:1hle limits, the French Delegati(rn is suggesting the 

following inatrices : 

SCHEDULE 1 

MILLION METRIC TONS OF CRUDE OIL TO BE TRANSPORTED BY SEA 

IN J 975 --------
Pers E.M. N.A. Car. W. A. Others Total 

N.E. 310 (1) 30 100 25 70 5 (2) 540 
Med, 140 (1) 50 130 5 20 15 360 
USA 80 JO 30 (3) 20 140 (4) 

Japan 290 60 350 
Others 180 20 (5) 10 30 10 10 260 

Total 1000 100 (6) 250 90 120 9 1650 

... I . .. 



SCHEDULE 2 

MILLION METRIC TONS OF CRUDE OlL TO BE TRANSPORTED BY SEA 

IN 1980 

Pers E.M. 

40 

N.A. Car. W .A. Others Tota} 

N.E. 390 (l) 90 10 160 10 (2) 700 

llcd. 2] 0 (1) 90 140 so 10 500 

USA 170 10 60(3) 10 250 (4) 

Japan 450 JOO 550 
Others 270 so (5) 10 30 10 30 400 

Total 1490 1 f!O ((;) 230 100 230 150 2400 

Pers •- Pcr~ian Gu1 f 

N. A. " North Africa C.:r. ° Carihbcnn W.A. ""\Vest Africa 

N. E. N,,..'rthern Europe J\h,d. ~ l.tlcditern.mca.n Europe 

No1C'S (1) Part l"r i hcsc qmu! i 1 i1.:"'S coulcl he shipped via Suez if the 

cmHd is opt cd rnid/1..11· via Suez pipe-lines (see para.1.6. 

sci,cdu le 3) 

(2) Docs iwt include i'\H~t h Sen r)rodttction 

(3) Docs nol include pc1rolcum products 

CL~) Does not i:1c J.u<lc any traffic Alnsha- USA considered as 

intC'rnal traffic 

(5) Mainly to Eastern Europe 

(G) Does nol include quantities in transit through Suez 

pipe-lines, 

L 5, CLAS Sl FlC A]J.Q.2.~ _OF Ti.9U'_!:ES 

The routes to be considered are in most cases those between points 

of origin and points of destination, 1 he prrUlem is however 

cornphcl:ltcd by the existence of several possible rout('S between 

l'.'.'.onsid~rcd points. This particularly applies to the traffic between 

the Persian Gulf '-"'n one side and Europe and USA on the other side • 

. . . I ... 



For simplification a "typical port" has been c~1oosen for each zone 

of origin and d estiaation, For example Rotterdam for Northern Europe, 

Genua .for Mf.:diU:rran:rnn, Mena al Ahmadi for the Persian Gulf, 

Sidon for Eastern ?viediterranean, Newport News for the USA, 

Yokohama for Japan, Ibadan for. West Africa, Ga.bes for North .Africa, 

?v1aracai'bo for Caribbean. For other r,:rntes the port changes,dependi.•1g 

on the route, for example other-oth<'.\l'' could be Batum/Habana, 

Persian Gulf-other could Le Mena al Ahmadi-Perth, etc ... 

For the routes originated from the Persian Gulf it is necessary 

to distingutsh : 

- A route via Cope both wri.ys. This will be noted CC for example 

Persian Gulf-1\\.,rtherr, Europe will be noted Per:-,-N. E/CC 

~ A route via Cape lor.1.dcd apd via Suez on ballast. This will be 

noted CS (for cxa:nplc Pers-Med/CS) 

- A route via Sur.:z both ways, noted SS (for example Pers- US A/SS) 

- A ro,Jte via the ilip<1-linc.s which run parallel to the Suez cnnal on 

the Fgypti,m or lsracl.i side. This will be noted PS. However as 

the sea .trnnsportati.on need~ are concerned, thi.s route 1 s in fact 

dividcJ in two stretches : one Persian Gulf-Suez and one which 

is equivalent to the routes originuting in the Eastern lvl.cditcrranP.an, 

Theoretically, it is noted also that the routes between Persian Gulf 

a.nd Jap,,n could be different according to the size of the tankers, The 

diff crcnce is however smaJJ and the approximation with which thiD 

analysis is made does not warrant to take it intv account, 

With all alternate routes above mentioned, a total of 31 routes have 

to b,1 taken into account. A classification of 'i.hcse routes into 

categories according to the length of the voyage has been an.cpted for 

the simplification of the analysis, This classification app!!ars on 

schedules 6 and 7. 

. .. I, .. 



1.6. INFLUENCE OF _'.[H~ OPE_!"?lNG OF THE SUEZ _Cj\.NAL 

The following basic assumptions have been adopted, would the canal 

be opened in 1975 and 1980 : 

- For 1975 Northbound (loaded) maximum size class 100 

Southbound (ballasted) maximum size class 210 

- For 1980 l\orthbound (loaded) maximum size class 210 

Southbound (ballasted) maximum size class 260. 

These assurrptions are based on the development programmes likely 

to be undertR.kcn ns soon as the canal will be opened. 

The <.~valuation of the distribution of the quantities of crude oil which 

will transit through the canal is a very diffi.c.ult if not inext-•icable 

matter. rrhi.s distribution is 'influenced by the composition o 'the fleet 

but the reverse is also true, the composttion of the fleet will influence 

the choice of routes. Any maximization calculation would be sense less 

in the intricate situation of tomorrow's shipping and charter rates 

situation and still unknown Suez· canal rates. 

. . . 

Another factor, apart. frorn size lin1itntJon, ,,,.~uld be also the capacity 

of the waterway which would :ccstr.ict the traffic irregardless of the 

size of th~ ships. 

We are _therefore suggesting th(? following figures, which are the 

result of tentative assessment i.ntegrating all factors, but which should 

be considered only as a possible solution among many others . 

. . . I . .. 



SCHEDULE 3 

BREAKDOWN OF TRAFFlC ORIGINATED IN THE PERSIAN GlJLF 

Suez closed : 

route Cape Cnpc (CC) 

route via pipes (PS) 

Suez opened : 

route Cape Cape (CC) 

route Cape Suez (CS) 

route Suez Suez (SS) 

route via pipes (PS) 

1975 TOTAL 

Suez closed : 

route Cape Ca.pc (CC) 

route via pipes (FS) 

Suez opened : 

route Cape Cape (CC) 

route Cape Suez (CS) 

route Suez Suez (SS) 

route via ptix!s (PS) 

1980 TOTAL 

300 
10 

190 

100 

10 
10 

310 

380 
.10 

210 

130 

40 
10 

390 

Pers-Med, 

80 
60 

25 
40 
15 
60 

140 

150 

60 

30 
60 
60 
60 

210 

Pers-USA 

80 

10 

30 
40 

80 

170 

so 
60 
60 

170 



2, THE DISTRlEUTION OF THE FLEET IN 1975 AND 1980 

2.1. GENERAL 

In this chapter 1wo app1·oac hes will be used 

- first the traffic needs, corresponding to the figures adcpted in 

chapter l, will be Dsscssed 

- second the capacity of shipyurds and the present situation of 

orders will be consi.derccl. 

For 1975, the second 11pproach will prevail since deliveries until 

]975 arc nlrcady known and the ccn,position of fleet can be accurately 

forccastcd 011 this basis. The analysis of the needs will be however 

important to reach an cvnluation of the distribution of tankers on the 

different route catq.i,orics. 

For 1980 both appro.:1.chcs shall l>c jointly undertaken und different 

a'Jternati.v~:s shall be con si<lcrcd (giant tankers, opening of Suez 

cnnal etc, .. ) with,in ea.ch casc,n11 influ0nce which dces not yield 

to n simpl,.:: una lysis. 

2,2. CCNCEPT OF UNIT DEAD\VElCIIT -----------------·-------·------~---. 
\Ve suggcs1 to call unit dcadweight (Udwt) the ..2S:i:0.:ve~qJ~-~-1l!.l~C

nccded to trnnsport l_million_mctric.ton of crude oil on_a_11iven rout£_, 

The a.ssessmcnt of the 1nnkcr tonnage needs will then easily be 

calculated l,y multiplying Utclw va lucs by the quantities of crude oil 

to Le shipped and already evaluated in clrnptcr l. 

The celculntion of Udwt values will he based en the following 

8SSUT1:ptions : 

... I . .. 

.. 



- distance is taken between points indicated in para .1. 5. with 

5 % margin for detours 

- average speed 15 knots 

~ ship on duty 348 days per year (de.ducttng off-hire time of 

17 days per year) 

- combined duration of stay in loading and unloading port 

3 1 /2 days 

The calculation leads to the following values 

SCHEDULE 4 
... -----~ ... ..-------
lJNlT DEAD\\I EIGHT VAL 1JES 
----------------------------

, 000 tdw needed to transport 1 million t of crude oil between indicated 

points. 

Pers, E.M. N.A. Car, W.A. Others 

North. Eur, 63 46 83 80 73 
via c'apc/Capc 197 

Capt'/ Suez 155 
Suez/Suez 115 

1,'icdit. Eur. 35 23 89 43· lj2 

via Cupe/Cape 192 

Cnpe/Sucz 140 

Suez/Suez 86 

USA 83 37 92 
via Cape/Cape 203 

Cape/Suez 179 
Suez/Suez 153 

Japan 120 63 

Others lOC 75 58 72 66 100 

... I ... 



2.3. E_RQlECTlON OF TONNAGE NEEDS 1975 AND_1980. 

The multiplication of Utdw values and quantities of crude cil to be 

shipped (Q) i,s shown on schedule 6 and 7 in the following pages. 

In these schedules f the Utdw values arc those of schedule 4 and the 

quantities of crude oil Q are those of schedules 1, 2 and 3. 

The quantities from the Persian Culf towards Europe carried through 

the Suez pipe-lines are sho\vn twice (on a Persian Gulf-Suez route 

and on routes from Eastern Med,). 

The schedules 6 and 7 show a classification of routes according to 

their length which is self explanatory. 

These r<.~sults can he sumff,arized as follows (figures being rounded) 

SCHEDULE 5 
--------------
_SllMMARY_OF TONNAGE NEEDS (million tdw) IN 1975 AND 1980 

Suez canal closed Suez canal opened 

1975 1980 1975 1980 

Long routes CC 90.7 138.2 44.3 57.3 
1.or.g routes CS 26.5 39.3 , 

Long routes SS 8,6 19.0 

Long routes misc. 53,9 84.3 53,9 8L..3 
Medium routes A 13.9 16.4 13.9 16.4 
Mcqiu1r, routes 13 11.9 15.0 11,, 9 15.0 

S ho1~t routes A 7,2 8.7 7.2 8.7 
Short routes B 6.9 A.5 6.9 8.5 

----- ------- ---- .,..._., ____ 
184.5 271.1 173.2 2.48,S 

... I ... 



SCHEDULE 6 

-~~91~S:.'r~q~_ 9!_ J_(_?~-~~ ~~-~~~p_~ _ l_~z_~--~~t?.q_ 
SUEZ CANAL CLOSED 

Routes 
Unit Q 
tdw 1975 
(1) (2) 

Need Q 
,0C0 tdw 1980 

(3) (2) 

Need 
tdw 
(3) 

Pers-USA 203 80 16,240 170 3~.,510 
Pers-NE 197 300 59, l0C 380 74,860 
Pers-Med 192. 80 15 36o 150 28 800 _____________________________________ J _________________ J _____ _ 

TOTAL LONG CC 460 90,700 700 138,170 

Pers-Jap, 120 290 34,800 450 54,000 
0th-0th 110 JO 1,JOC 30 ~~,300 
Pers-0th 100 180 18,000 270 27,000 

---------------------------------------------------------------
TOTAL LONG t/. 480 53,900 750 84,300 

WA-USA 92 JO 920 10 920 
Cnr-1v1ed 89 5 445 -
Cnr-NE 83' 25 2,075 10 830 
NA-USA 83 10 830 10 830 
WA-NE 80 70 S,Goo 90 7,20G 
EM-01h 75 20 1,soc 50 3,750 
0th-NE 73 5 365 10 730 
Car-Oi.h 72 30 2 160 30 2 160 

- - - - - - - .. - - - - - .... - - - - - •. - - - - - - - - - - - - - - - - \. - - - - - - - - - - - - - - - - J _ .. - - - - -

TOTAL lv'.EDllJ1\". A 175 13,8YG 210 16,420 

Wa-Oth 66 10 660 10 66ff 
Ot h -J n p 63 60 3 , 7 80 100 6, 300 
Elv'1-NE 63 ~.O (.;.) 2\Li.80 50 (L;) 3,150 
Pers -Su<:z 62 70 4,340 70 4,340 
KA-0th 58 10 580 10 580 

- - - - ., - - - - ..... - - ~5 - - - - - - - - - - ... - - - - - - - - - - - - - - - - - - - - - - ... - - .. - - - - - - - - - - - -

TOTAL MEDIUr,l B 190 11,840 240 15,030 

i\A-NE 46 100 4,Goo 90 3,940 
WA-Med 43 20 860 50 ?., 150 
Oth-M ed 42 15 630 10 420 
Car-USA 37 .'30 J 110 60 2 220 •-------------------~-----------------1•--------·~-------l---~--
TQTAL SHORT A 165 7 1 200 210 8 1730 

EM -i\kd 35 110 (S) 3,850 150 (5) 5, 2:50 
NA -i\'tcd 23 130 2 990 140 3 220 ---------------------------------M•---L-----------------L---·--
TOT J\'L SIIORT H 240 E 840 290 8 470 

·- ... - ............ - - ~ .. - - - - - - - - - ... - ..... , - - - - .. - ... - - - - - - - t - - ► - ............ - - - - ... - ..,. - - ,. ... - - - - ..... 

Notes (1) , 000 t<lw needed to transport 1 .i\h of crude oil (from sched. 4) 
(2) Milli,.)n m.t. of crude: cil to Le shiprcd (fron, schedules 1,2 &._;;), 
(3) multiplicntion cf (1) by (~) 
(4) includes JO l\ \t fro111 Pers. via Suez pipes 
(5) includes 60 Mt from Pers. via Suez pipes 

... I ... 



SCHEDULE 7 

}:1~?l?~~·r1~·~_ 9_1: !-~~..l'!_~g-~,N.~?P..~-~~z.~_-_ !~~9-
s vEz CANAL OPENED • 

Route 

Unit 
tdw 
(1) 

Q 
1975 
(2) 

1975 
Needs 

,000 tdw 
(3) 

1980 
Needs 

,000 tdw 

Pc rs • US A CC 203 10 2, 030 50 l O, 150 

Fcrs.NECC 197 190 37,430 210 41,370 
F'crs. Med. CC 192 25 4 800 30 5 760 ----~--------------------·--------~-------~-------~--··--~-~--*-• 
TOTAL LONG CC 

Fers. USA CS 179 

225 
30 

44,260 290 
5,370 60 

57,280 
10,740 

Per!;,NE CS 155 lOC 15,500 130 20,150 

_}~~!~~:.t~cA,_S:_~------------140 ____ 40 ____ 5,60G ___ §9 _____ B,4oc ---

TOTAL LONC CS. 170 26,470 250 39,290 
Pcr.s. USi\ (' c:. ::::, ,., 153 40 6,120 60 9,180 
11 <.'-l-s. ~✓ r~~ ~,s 115 10 1,150 40 4,600 
Pcrs.k,C'd. SS 86 15 1,290 EO 5,160 

-----------------------------------------------------------------
TOTAL LONC SS 65 8i560 160 18,940 ° 

TOTJ\L LONG M (~) 4l1-0 S3,90C 750 8~,300 

TOTi1L 1V.EDIUW A (4) 175 13,890 ·210 16,420 

TOTAL ~,1;EDlU/v'. B (4) 190 11,830 240 15,030 

TOT1\L SHORT A (~) 165 7,200 210 8,730 

__ ·f?} .. 1j ~,- ~ l ~<?'G'}~ _ .. _ ~1- _____ .. <~2_ ____ ?1Q ____ _ G.1§!+9_ ~ _ .?-99 ____ §.)!+79 __ _ 

Notes : 

(1) l:nit tdw : 1 000 tdw needed to transport 1 Mt of crude oil (from 

sc hcdule 4) 

(2) 1\hllion m. t. of crude oil (from schedules 1, 2 and 3) 

(3) I,iultiplication of (1) by (2) 

(4) sec schedule 6 

... I . .. 



It ..::hould be noted that the influence of the opening of the Stiez car.al 

would not be very important in 1975. The situation may be different 

in 1980. But those results have been obtained by assuming that the 

Suez canal would be able in 1980 to accept loaded ships of the 210 

class and ballasted ships of the 260 class. The influence cf these 

possibilities are therefore felt to an appreciable extent. Different 

assumptions would lead tc, d ificrent tonnage needs, but the figures 

would likely be comprised between 250 and 270 milljon tdw in 1980. 

We shall ad.opt these figures of 250 and 270 as reprcsentating the 

needs in 1980, depending of the opening of the Suez canal. 

On account of these results, we suggest to disregard for 1975 the case 

of opening of the Suez canal. However in 1980 the analysis will still 

be ma.de in both cases. 

The fleet of 1975 can be considered as already known from the 

existing situatkm of ships 1n service and in order. 

The fleet which has to be taken in acccunt in c,ur analysis i.s that 

part cf the tanker (and OBO)' fleet which is used for the transportatio'ii. · 

of crude oil. 

A basic assuJT.ption wlJl he mad€ now that ships belonging to the class 

30 s.hall be disregarded. This means that it is assumed that cr~Q.EI 

oil traffic ~ shtrs of less thnn_ 50i_QCC tdw will he_nc,gligiblc .in 1975 • 

. • . I . .• 
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The 1975 fleet of tankers ai~d OBO above 50,000 tdw will be as 

follows : 

SCJ-:EDULE 8 

TANI<ERS~ /1ND OBO i\J30VE 50,00C_tdw IN 1975 

Tankers ODO 
Nb Mtdw Nb Mtdw 

Class 60 488 30 93 7 
Class l 00 324 35 141 17 
Class 210 271 59 73 12 

Class 260 174 46 14 4 
Class 320 14 4, 

-- -----· -
1271 174 321 /+O 

2,5. C0l\iPARlS0N BETWEEN J\'EEDS AND AVAILABLE TONNAGE 

1..N_1~22 
We have assessed in para.2.3. the ncC'ds of tonnage to 184 million 

tdw in 1975. The available tcnnagc of tc.nl<ers and ODO abo·.,·e 

50,000 tdw will be 214 million tdw. 

The needs could be fulfile<l by : 

- 100 % of tankers of clas Sl'S 320, 260, 210 and 100 

- 60 to E~O % of tankers of claEs 60 

- 60 to 70 % of ODO carriers 

This shows that the assumption mude previously, that a ncgligil:.,le 

mtr.1l1e1· c,f ships Lelo\\1 50,000 tclw ,vill Le used in crt1de cil traffic, 

is valid. 

. .. I . .. 



2.6. DISTRJ.BUTION_OF THE FLEET IN_1.975 

A tEntative analysis of the distribution cf the fleet involves the 

application of ships to the different routes. 

Or. account of the av.archic situation in this fielcl which is net likely 

to be improved in 1975, this application will be the result cf the 

influence cf economic factors rather than cf a combined .. ~::-,...ision 

making. Therefore considerable variations could be expected from 

a situation in ,v hich the optimum use of the whole fleet wculd be 

achieved. 

Th0 main guide-line will be however that larger ships will be used 

e,,n longer routes. 

Using the route catcgcrics show 11 in para. 2. 3. , the following 

distribution c,rn Le established 

SCJIEDUL E 9 

DlSTRli3 lJTION_ OT' TJJE_ 1975 _FLEET (TAN 'l\ ERS _AND ODO) CR l:DE_ OIL_ 

TRAFFIC 

Number of ships of classes 

60 100 2] 0 260 320 

Long routes CC 30 178 ]90 110 e. 
Long r,-,u1 cs 1vl 60 so 120 70 6 

Medium rom~s A 80 68 6 4 
M~<lium routes B 115 40 5 
Short routes A 55 39 
Shcrt r outcs B 35 48 

---·-- ----- ----- -----· 
375 423 321 184 14 

..• I . .. 



2. 7. NUMBER OF_ VOYAGES_- 1975 

For the purpose of this study, the number of voyages is cf importance, 

because the pollution depends chiefly of this ccr.cept. The detern,ination 

of the nu1r,.ber of voyage is in fact the basic result to be reached in 

all the above analysis. 

Using for each catcgcry of routes a mean number of voyages per year 

and per ship, as indicated in schedule 10, the number of voyages per 

class of tankers is sirrply calculated from the number of ships used 

as shown in schedule 9. 

SC I-! EDU LE 10 

Nb. voy. Nb. of voyages per class of ship& 

p.a.&p.s. 60 100 210 260 320 

long routes CC 5.1 153 908 969 561 41 
long route.£ M 8.9 534 445 1068 623 54 
medium routes A 13.0 1 o,<o 8[;4 78 52 
me-di.um routes 13 16.0 184.0 6~0 eo 
shcrt routes A 23.0 1265 897 
shcrt routes 13 35.0 122~ 1720 

----- ---- ----- ----- -----~ 
6057 5494 2195 1236 95 

(In a,cc•t:nt on the apr,rcximative character of the whde analysis, 

it is suggested to adept the following rounded figures : 



SCHEDULE 11 

SUMMARY OF Nl'MBER OF SHIPS AND VOYAGES FOR 1975 CRUDE 
----------------►------------------------------------------------
OIL TRAFFIC ---------·--""-

Nb.of ships Nb. of voyages voy/year 

Ships of class 60 373 6,000 16.1 

100 423 s,soo 13.0 

210 321 2,200 6.8 
260 184 1,200 6.5 
320 14 100 7 

The'.'sc: results will be use<l in thi$ study when assessing the magnitude 

of the pollm.icn prcblcm. Thc-y could also be i:scful fer any evaluation 

in this field irrc.~r·:<lle:ss of ,the pr-llution control procedure under 

con£;ideration. 

lt is tlierefore suggested that a cri.tica.l examination of these results 

be undc-rtak.en in order to reach a ccr.sensus among members c,f the 

study group. 

The amcurit cf cargo carried by ships of each class is determined 

easily 

class 60 

class ] OC 

class 210 

class 260 

class 320 

t,000 X 6C = 

5,500 X 100 = 

2,20Cx210= 

] , 200 X 260 = 

JQ() X 320 = 

360 1,lt 

550 
462 
312 

32 

l 716 Mt 

This ts in ,;ccd concordance with th<: total amc•unt cf crude en shipped 

by sea, shewn rn schedule 1, (i. c. 1650 Mt), taking into acccunt thc.t 

70 i\\t transiting via Suez pipe lines t.ave to be carried it. two sea 

voyages. 

. . I . .. 



For the inter-mediterranean traffic corresponding to short routes B 

(traffic between Eastern lv~editerranean and North Africa on one side 

and. Mediterranean Europe on the ether side), the number of ships and 

voyages for whi~h pollution is bound to be located in the Mediterranean 

sea is : 

Nb. of ships 

Class 60 35 
100 48 

2. 8. COMPOSITION OF THE FLEET IN 19eo 

Nb. of voyages 

1,225 
1,720 

The tonnage needs for crude oil traffic, as establisl~ed in para.2.3. 

are : 

270 M tdw (Suez closed) 

250 M tdw (Suez. opened) 

The assessment of the number of ships in service in 1980 wHl take 

into account the following basic assumptions : 

· (i) ships of class 60will be clin.inatcd from the crude cil traffic 

if.l 1980, just as ships of class 30 are out in 1975 

(ii) 60 % tc 70 % of the ODO fleet will be used for crude cil traffic 

Tne fleet ,Jf 1975, excluding ships of class 60 will represent 

tankers 

ono 
146. M tdw 

30 M tdw 

We shnll 1hcn start from un existing capacity cf 160 M tdw in 1975. 

The additional needs between ] 975 and 1980 shall thct~ l,c : 

110 lv1 tdw 

90 M tdw 

(Suez closed) 

(~,uez opened) 

•• f / ••• 
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The:·sC' figures shall serve as u basis fer the assessment cf the comi::a

siticn of the 1980 fleet. 

ThesC' additional tcr.ne,gcs shall thecrctkally be fc.\:nd in ships of the 

larger classes. We shall however somewhat refine cur analysjs, 

by taking into acccunt the following rcmErks : 

a) progresses in classes JOO c,nd 210 shall essentially be in the OEO 

crdcgcry, for which the needs of ore transpN'tation allow to 

conceive snrn1ler shipt:. The launr.l:ing of 15 ships in class 100 

nncl 20 ships in class 210 can be contemplated every ;year. Thus for 

tl1c 5 year period bctwcC'n 1975 al'.d .19G0, 11:c Hect will include : 

- 75 new ODO, class JOO, i.e. 8 M. 1.dw, of which 5 l\/1 tdw would 

be taker. into occount for crude c:·1 traffic 

~ JOO nc\v OBO, class 210, i.e. 2] M tdw, of which 15 M t(1w . 
for ·crude oil traffic 

'fhus new one ships in clu.f'.SE'S J 00 and 2J Ow ould sn1isf.v ::o l\1 tdw 

of n<lditionnl needs. 

· b) 70 tc 9,0 1'/t tdw liave still he built \1~hich wc,uld r0prcs'c:nt l.ctwet'n 

260 nnd 330 sliii>s of 2Do,ooc tdw cr 50 to 70 ships per )'NIX. 

'The .shipyar,h of the wcrld will sur;p]y bctwc.:cn 1971 aNl J975 
a Lout 90 ships per year in 11:c cla5scs 210 c:md 260. The H<ldition.:il 

ncC'<ls between 1975 and 1980 wct1ld thcrefcrc l::c ea::,ily sn1L:fied . . 
hy the existing ship building capacity. 

Th0 1:cc-c_c•f sliiE.s of ~3CC\_0CJ() tdw_c.r_n c,re \\'01tl,l not L~ ,1.ccn,~egm'r:<,· 

...£[11 •~_f.:_i_!~.<!! .. icr• c,f 511 Ip !~~l_!_l:lJD.s C 'll~ii ( i 1.L!_ 

It shall be ccntcrnp1atcd on]y for tran5portation <.:Ct!;;t rcasoPs. 

We sunacst then tc c:cn~id(:r twc CDE<.:s : o~ 

- Hn:itation of the sized tnnkers tc 350,000 t2w (upart from 

nq;ligibl0 l'Xccptions). This case will be called "case 3201
' 

- ccn~tru.ction in apprC>c iuble num l:cr of giant shi.ps : "cc:sc 500" • 

. . . I . .. 



2.8. 1. Cai,:e_320 0980) 

Taking into accc•unt the remarks previously expressed for the 

OBO shi.ps, the picturC:' of the 1980 fleet cc•uld he as follows : 

SCHEDULE 12 

COMPCSITTON OFJHE 1980 FLEET, S:/~~;_E _ _;3_?,9_ 

Tankers 

Nb. 

dass 100 330 
210 300 

260 300 

320 160 (1) 

100 (2) 
-------· 
1090 (1) 

102.0 (2) 

(l) Suez closer! 

(2) Suez opened 

Mtdw 

33 
63 
78 
SJ. (l) 

52 (2) 

225 (1) 

20c c2) 

OBO 

Nb Mtdw 

200 20 

170 37 
50 13 

420 70 

Ccr. s1dcring that Go% tc 70 ¾ of the ODO shall l:c t·.scd for 

crude cil traffic, this flcc-t compc-,sition is adcc"i_unte for the 

fu]fi.lrnc>nt of the nc:·eds (270 to 250 Mtdw) 

The numlicr of new ships to be built l:etwecn 1975 and 1980 

we,u ld be a~ fol] ow s : 

... I . •. 



SCHEDULE 13 

NEW SHIPS TO BE Flill T BETWEEN 1975 AND 1980 (Case 320) 

Tankers ono Total 1'vlean. per yE.ar 

class 100 16 72 86 18 
class 210 29 97 126 25 
class 260 112 36 148 29 
clas:, 320 160 (1) 160 (1) 32 (1) 

lOC (2) 100 (2) 20 (2) 
---- ... -- -~-·- -- --·-··-- ----

..,_. ____ '"r'"""""" ___ 

317 (1) 205 (1) 522 (l) 1 04 (1) 

257 (]) 205 (2) /t62 (2) 92 (2) 

(1) Suez closed 

(2) ·Suez openc.>d 

This progranrn1c is welJ within the existing shi.pbuilding capadty. 

2.8.2, Casc_:;,(JO 0980) 

The intro<ludion of giant shiI•~· will r;robably not cccur in 

an isolcitcd manner, As soon as navigational,. insurance and 

terir..inal harbour problems would receive sati.~fac1cry solutions 

for this class of ships, thr .r c vessels will appear in numl,cr. 

Anc-,tl,cr size for these giant ships can be cc-ntcmplat€<l instead 

cf 500,000 tdw. The num Lcr of ships could he deducted by a 

sini plc proportion. 

The fleet of ]980 could have the following cc,1nposition : 



SCHEDULE 14 

Class 100 

210 

260 

320 

500 

(]) Suez closC'd 

(2) Suez opened 

Tankers 

Nb, Mtclw 

330 33 
290 61 

2.50 (1) 65 (1) 

270 (2) 71 (2) 

50 (l) l G (J) 

30 (2) 10 (2) 

100 (1) so (1) 

60 (2) 30 (2) 

1020 (1) 225 (:I) 

980 (2) 205 (2) 

Nb. 

200 

170 

50 

i\hdw 

20 

37 
13 

70 

This fleet composition would be adequate for the fulfilment of the 

needs, 

It .should be noted that in case the Suez cunnl is opened, the number 

of ships of the class 260 could be apprccictlily more numerous since 

those ships would be more verso.tile and cculd use the canal on ballast. 

New ships to be built between 1975 and J9f'0 would amount to a small<~t 

total than in case 320, 

.•. I . .. 
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SCHEDULE 15 -~-------·--·-- ... -
NEW Sl-ilPS TO BE DUlLT BETWEEN 1975 AND 1980 (CJ\S E 500) 
-----------------------··------------------------------------

Tankers OBO Total Nb.p.a. 

Class 100 16 72 88 18 
210 19 97 116 23 
260 62 (1) 36 98 (1) 20 (l) 

82 (2) 118 (.2) 24 (2) 

320 50 (1) 50 (1) 10 (1) 

30 (2) 30 (2) 6 (2) 

500 100 (l) 100 (1) 20 (1) 

60 (2) 60 (2) 12 (2) 

247 (1) 205 (1) 452 (1) 91 (l) 

207 (2) 205 (2) 412 (2) 83 (2) 

(l) Suez closed 

(2) Suez opened 

2.9. DISTRIBUTION OF THE 1980 FLEET 

An analysis undertaken in a si.mikr manner than for 1975 would lead 

to a distribuUon sl'i1cmc ind i cat eel in schedule 16 hereafter. This 

calls for the same oiJscrvations and remarks expressed in para. 2. 6, 

Case 500 has been considered only, as this case seems···more likely 

to occur. 

• •. I ••• 



SCHEDULE 16 

DlSTRIBUTlON CF THE 19fC: FLEET (TANKERS AND OBO) CRUDE OIL 
-------------------------------------------------------------------
TIU\ FFIC 

I'\ umber of ships of classes 

Suez closed 100 210 260 320 500 --·------~-~-
Long routes cc £.2 ;!20 170 30 Go 
Long rQutes i\'l 93 120 90 20 40 
ldcdium routes A 62 30 ] .5 
lvi.cdinm rou1 ('S B 61 30 10 

Short routes A 67 10 

Short routes 1} 85 
----- ----~ -----· -------~ 
450 ~JO 285 50 100 

s nc z Oj_)Cl1 (•(l 

Long routc~s cc 60 120 10 20 

Lo1:g rct:tcs cc ,, 100 70 
Long routes C<.' ,.1 ~) 62 60 
Long routes i\'! 93 120 90 20 40 
Medium routes A 62 30 15 
Medium routes B 61 30 10 

Shcrt routes A 67 10 

Shcrt routes· B Br:; ..,. 

---- ---~- ------ -··----· ---··---
4..10 410 305 30 60 

2.10. NUMBER OF VOYAGES 19EO -----·--------•-------- _____ ... --· 
Using the Bllme procedure as in para. 2. 7. the follo'>- ing Hchcdulcs 

have been prepared : 

t t • / t I I 



SCJIEDllL E 17 _______ ..,..., ____ _ 

NUi\H3ER OF VOYAGES J9SO CRUDE Clt TRAFFIC 
------------------------------------------------

Nb. voy. 

p.a.& p.s. 

Nb. voy. per class of ships 

100 210 260 32.0 500 

Suez closed -~..----- ... ----~ 
Long routes cc 5.1 418 1122 867 153 306 
I.or: g ro,:tcs M 8.9 £28 J068- e.01 178 356 
Nie.di um routes A 13.0 806 390 195 
Jv\cdium routcB B 16.0 976 460 160 

Short route.!': A 23.O 1S41 230 

Short routes B ~-15, O 3170 
---·-- ---..... -

__ , __ 
...... _ -·--- - -· -___ .. _ 

7739 32.90 20•\3 J,t., 331 662 

Suc7._0j'C'nC'd. 

Lr,,1 s rcuk s cc 5.l 306 612 SJ ]02 

Long rcut,:s CS 6.4 604 448 
1 .ong routes ~.15 8,0 ~96 480 
Long rout.cs M f.9 828 JC.f:8 801 178 356 
A4edium routes 'A 13.0 806 . 390 19:; 
lvicc ium routes B 16,0 976 4f0 160 

Short routes A 23,0 1541 230 

Shcrt routes J3 35.0 3170 
------- ----- ---- ---.. - -----~ 

7817 3558 2216 229 458 

All a.hove rc.sult.'.i a re s ummhri zc>d in schedule l 8. 

SCIIEDULE 18 

SUi\1MARY OF NUrv'BER OF SHIPS AND VOYACES FOJ;' 1980 CRUDE 011 
----~••·--------~--- ► ~--~-H•~----~~---~·N--~--·~------~~-----H--~-H•A-

TRAFFIC 

Ships of class 100 
210 
260 
320 
500 

Sue7. closed 
Nb. ships Nb, voy. 

450 7739 
410 3290 
285 2023 
so 3-31 

100 662 

Suez opened 
Nb.ships Nb,voy. 

430 7f.l 7 
41 o 3558 
305 2216 
30 229 
60 458 



J. 13AlL/\STING REQl!lREl\1Fl\''l'S 

3. J. VOL'Ui\'F OF L/1.1.,LA.ST 

From infcrniations supplied by shipowners and shpyartb, Lh(' 

following figures liavc been adcptcd as average vz,ltH~s : 

.SCHEDULE 18 

VOLUl\"tE CF BALLAST 

,OCC cu.m. 

Cl nss CO 
(50-80. OCC 1dw) 

Class 100 
Cf>,0--150. OCC td w) 

Class210 
(l:30--2L~O.OU(: 1dw) 

Class 260 
(240-JOC,OCC tdw) 

Class 320 
(300-350,000 tdw) 

Clean pcrn.an. 
lm11ast (1) 

10 

1r.: _, 

30 

35 

40 

Dirty balla!;L 
good w. bdd w. 

.15 2:.:; 

25 40 

4S 80 

so ('.r' 
JJ 

70 J 20 

L5 

40 

75 

6S, 

110 

(1) including forcpcak ancl La1last compartments c.tl10r tlwn Links 

used for perm. Lallast. 

ba.d w. 

35 

55 

]] 0 

:30 

J.60 

Some ships cr:rry practica11y no ch'an penrnncnt ballast, nll main 

tanks being designed to receive cargo, 

Bad \'1catht>r involve, about 40 % mere totol ballast than good \\ cothcr, 

but .:ill m1diti.011al ballast Leing dirty bnlla!,t, the increase of dirty 

ballast when switching from g!..1od to bad weather conditions is aLout 

70 %. 

. .. I .... 



The frcqu0ncy of bad weather occurencc is an important factor. In the 

scope of this study, the ship has to leave discharging port under 

conditions that would rcatd:. the weather likely to be rnet en route, 

For long voyages, such as Persian Gulf - Europe via Cape, rough seas 

are likely to be encountered in any season, either in Europe or around 

the Cape. 

Therefore we suggest to adopt the following percentages when trying 

to reach average values 

ships of class 210 and o..bove bad weather occurences 

80 % of all cases 

- ships of class 60 and 100 bad weather occurencel:i 

60 % of art cases 

3.2. CIIANGINC OF BALLA.ST 

On any routine voyage, the ship has to reach the loading po1·t with 

clean 1.:-n'Jlast, This involves .an operation of changing of ballast en ,, 
' 

route, This operation is normally made in two main steps 

- washing dirty tanks intended for clean ballast 

- dcua llast tanks loaded with dirty ballast and s irnultaneously 

Lallast washed tanks, 

ln order to as·sess the duration and other relevant parameters of this 

operation, an examination of washing procedures shall be first 

undertaken. A sec end in- portant factor is nlso safety conditions nnd 

explosion hazards. 

The next two paragraphs shall therefore deal with the above mentioned 

E.uLjccts. 

A distincti.l1n has to be made between routine washing and pre-r~pail .. 

washing. This last procedure ir. so important that a special chapter 

will be devoted to it (chapter 4). 

. .. I . .. 



Rcutinc washing i !, cnn:ied cut mainly in order to clean tanks \Vhi.ch 

are intended for ballast, An add.itional washing of certain other tanks 

may be also rou1i110ly undcrlal:en, but ships are practically never 

thoroughly washed c,n routine voyages. 

The main requirement is to enable rejec1ic!1 at sea of clean baUast at 

the loading port. This iuvolves reirc,val of residual oil and a.lso of sedi

ments from tanks to Le used for clean ~}ullast. Washing procedures 

are usually sufficient to wcu;h out most of the sediments in center tanks. 

(This is not true in wing tanks). Additional bottom washing is often 

required and atlcnti.on is given to prevc-nt accumulation of sediments. 

For this reason ships equip-pQd with free .flow system usually wash 

.:m each ballast V(~_yngc the aft center laPk in which sludges and 

sediments are accumulated. On .stundc~r<l ships, err:pty tanks may be 

washed in turn so that the all tanks would be washed a.ftcr 3 to 6 

routine voy[lgcs. hi addition, time is sometime:s toe short to undertake 

any wnshing other thun the tants intcndc-d for ballast. 

Routine washing, which is un~kr con.sidcration in this chapter, is 

normally undcrtnken with cclcl water. Hot water is a standard 

procedure in prc-r:Fnir wnshing 'only. Experienc·c sh.ows that cold 

water is usually sufficient to meet the routine washing requirements. 

In addi lion cold water reduces corrosion and increases the safety 

condH ions ns compared with hot washing, with the notable exception 

of tankers equipped with inert gas. The advantage of inert gas in 

washing proc<:durcs and speed of operations is such that this subject 

should be dealt within a special sub-paragraph (sec 3.4. 1.). This 

problem wi.11 be examined in conjonction with safety requirements 

which plny an import.ant part in wnshing procedures. 

These rrnin parameters are indicated in .schedule 19 together 

with the average values suggested fr,r different classes. These 

figures are the result of the examination of the characteristic.~ of 

a number of ships in which many variations have been observ1:?d. 

The indicated values sliould be there.fore construed as 

approximativcs. 



SCHEDULE 19 _________ ,. ____ 

MAIN PARAMETERS GOVERNlNG COLD \VAS HING ------------------------------------------------
Ship cla.fls 

60 100 210 260 320 

Unit discharge of 

washing machines 

c.m.p.h. 30 (m) 30 (m) so Cm) 

m = mobile machines 150 (g) 160 (g) 180 (g) 

g = fixed guns 

Number of washing 6 (m) 8 (m) JO (m) 4 (g) 4 (g) 

ma.chines in simulta- 4 (g) 

neous action 

Total maximum 

discharge of washing 

wa1 er c. m. p, h. 180 240 600 640 720 

Total maximum 

stripping d i.schargc 

· c,m.p,h, 300 5,00 1150 900 ,, 1000 

Volume of sJop · 

tanks c.m. l ,500 3,000 6,000 12,000 15,000 

These datas s·hould be read in conjunction with the following remarks 

(i) Some bi.g ';hips are nvt equipped with guns and some ships of 

class 100 have guns. In many cases on big ships, centre tanks 

are equipped with guns and wing tanks which are more difficult to 

wash arc intended for mobile machine washing. 

(ii) Unit di.scharge of wnshing machines may vary to some extent. Guns 

may have a discharge of le.ss than 150 c.m.p.h. 

(iii) The absolute bottJcncck in washing is the total stripping discharge, 

Production of washing water should not exceed this value. The 

pumps feeding the washing system have usually a combined discharge 

which is inferior to the total stri.pping discharge. 
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When washing with hot w.:1tcr, the bottleneck is usually 

the heating discharge. (this dcpc.'nds further on open or 

closed circui.t procedure). Stripping discharge means 

net discharge of stripping system not taking into account 

the volume of cir~u1ati11g water in case of ejectors. 

(iv) Ships ar:! not always C'quippc<l with slop tanks. Standard 

cargo tanks are sometime:-, used in small ships as 

settling tanks, the rcsidua1 oil b(!ing subsequently mixed 

with the new cargo (load on top). The fi gurc indicated 

in the schedule is the combined volume of two slop tanks, 

when the ship is equipped wHh those especially designed 

tnaks. However this' ,,lumc shows a wide nrnrgin of 

variation in ships or tl1c same c.1 a!.->S. 

After c<.1mpletion of discharging at 1hc unloading terminal, the 

ship still berthed alongside, takes dirty ballast. This opera ti on 

has an average cluration which is comprised between 2 and 

6 hours. 

The following operati.ons urc then undertaken nt sea 

a) Preparation of washin-p, . 

- flushing and/or rinsing of lines, flushing of stri.ppings 

- washing slop tanks and filling !:ilop tanks with clean water 

the duration of this operation is assessed in average terms 

at : 

class 60 
class 100 

class 2J O & 260 

3 hours 

5 hours 

8 hours 

b) Washi~fttanks _intended for clean 1,nllnst 

St,mdard procedure consists of pumping water from the sea 

into the washing system. Dirty waler from washing is sent 

to the port slop tank, 

... I ..• 



Interconnection between port and starboard slop tank 

displaces into the sea an equivalent volume of "clean" water 

from the starboard slop tank. 

A close circt..it procedure is sometimes used, in which 

washing water comes from the starboard slop tank. This 

procedure is recommended only when the tank atmosphere 

is either inertc<l or over rich. 

The duration of washing one center tank in ships of class 210 

and 260 i.s in the average 6 hours (it can vary from 4 to 

8 hours). Good weather ballasting, involving 2 center 

tanks, will then lead to 12 hours washing time. 

For bad weather ballasting, L~ center tanks are very often 

used, ns it is not always possible to ballast 3 center tanks' 

· only, on account of trim and slrcss requirements. Total 

time involved is therefore 24 hours for ships of the same 

classes. 

For sm11ll<:'!r ships the washi.ng ti:me is not substantially Less, 

because washing devices are not as efficient as in larger 

ships. However when ships have many small size tan~s, 

balance is easier to achieve and bad wcath~r ballasting may 

not involve twice th(I aumbcr of tanks of good weather 

bo.11asting. 

The average datas are shown in schedules 20 and 21 

hereafter. 

c) Ch~..tlS.L!!S. of baJla!lf_ 

Ballnsting ctnd cleballnsting are conducted simultane,)US ly. 

The main bulk of dirty ballast up to the 2 or 3 meters 

upper layer is rejected directly to .sea. The upper layer is 

processed through slop tanks. 
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The duration of th-is operation can Le assessed as follows 

(hours) good w. bad w, 

Class 60 10 15 
100 12 20 

210 16 26 
260 18 30 

ln some cases, the bottom layer of dirty ballast (about 1 111) 

is also processed through slop tanks, on account of 

sediments. 

After change of ballast, the next step is 10 c1ean the ducts 

in order to make sur 1i that while deballasting at the loading 

port no trace of oil wHl appear. The effluent is proccsf-ed 

through the slop tanks. 

The duration is as follows 

Class 60 4 hours 

Class· 100 5 hours 

Class 210 a.nd 260 7 hours 

The summary of changing of ballast opera1ions is shown on 

schedule 20. 
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SCHEDULE 20 

SlJMlv'lAh.Y OF OPERATIONS Oi7 CHANGING OF BALLAST 

}lours Class of ship --
_g_ood weather 60 ]00 210 260 

(a) prepara.tion of washing 3 5 8 8 
(b) washing 10 10 12 14 

(c) changing of ballast 10 12 16 18 
(d) duct wa.!ihing 4 r.· 7 7 .) , 

---- ----
totnl time at sea 27 32 43 47 
add 10 % contingencies 3 3 4 5 ----~ ------·-· -----

30 35 L~7 52 

bad wcridu1r ---------
(a) prcp<'n~ation of washing 3 5 8 8 

(b) washing 15 20 24 28 
(c.) changing of bnllasi 15 20 26 30 
(d) duct washing 4 ,. 

:.) 7 7" -- ·-- ---- ----
total time at sea 37 50 65 7" . \) 

add 20 % contingencies 7 10 13 14 ---... - -·---- --- --·-· 
44 60 78 87 

Changing of ballast can be nlso undertaken before tank washing is 

ccmpleted. It is always possible as aoon as the first tank is washed 

to ballast it while continuing washing of other tanks. 

This procedure which could be applied for short voyages rtiduces 

appreciably the total required time. The total dura.tion of washing 

and changing of ballast is therefore equal to the latter operation 

plus washing of the first tank. The results appear on the following 

schedule : 



SCHEDULE 21 _____________ ,... 

DURATION OF CHANGING OF BALLAST. REDUCED PROCEDURE 
--------------------------------------------------------------

Hours Class of ship ----
g£.£~weathei:_ 60 100 210 260 

operations at sea 

(a) preparation of washing 3 5 8 B 
(b) washing of 1st tank 3 4 6 7 
(c) conti.nuation of washing 

16 18 and changing ballast 10 12 

(d) duc.t washing 4, 5 7 7 
-·-·- ----- --- ---

total at sea 20 26 37 40 
add 10 % contingencies 2 3 4 4 --- -- -- ----

22 29 41 44 

bad weather -- --·-------
operations at sea 

(a) preparation of washing 3 5 8 8 
(b) washing of 1st tank 3 4 6 7 
(c) continuation washing 

and cho.nging ballast 15' 20 26 30 
(d) duct washing 4 5 7 7 

-·-- --- ---- ----
total at sea 25 34 47 52 

add 20 % c.ontingenc:.i :?S 5 6 9 10 
---- ----- ---- ------

30 40 56 62 

Remar]s_: 

After cleaning of ducts, an operation sometimes called "re_d_u_cing_<?.[__ 

.!U2P-1..fil1ks" is undertaken. This involves : 

.. completion of settling in the 11 dirty11 slop tank 

- adding emulsion breaking additives in som~ instances 

•· discharging 11 clean" water from "clean" slop tank 

.. processing through a. specially designed separator • 
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The final situation would be usually to have all residual oi.l in the 

dirty slop tank with a water content of about 50 %. The target, which 

is not always t:.chieved, is to have the "clean" slop tank empty, 

This final operation requires a duration which is depending mainly 

of the characteristics of the emulsion of oil and water and of the 

settling and separation cffidency. ln average the whole procedure 

may last from 24 to 64 hours. 

3.4. SAEETY .1JNgRT _Q.AS 

3. 4.1. General 

Recent explosion have led to recommand washing procedures 

which can be summarized as follows 

(a) atmosphere control : 

.. prefcrubly inert gas (see para .• 3. 4. 2.) 

- too lean (below Lower Explosive Limit or LEL) 

this involve interruption of washing procc<lure and 

ventilating as soon as atmosplwre is above 20 % of LE L 

.. over rich (above Upper Explosive Limit or UEL). 

(c) interdiction of close cycle procedure. Close cycle 

proc:cdure involve circulation of washi.ng water through 

slop tanks and ther cforc washing with polluted water. 

(c) interdiction of use of detergents 

(d) hot washing shall be preceded by cold washing as first 

step and ventilation. 

All precautions (b) (c) and (d) are intended for ships without 

inert gas system. This involve a constant watch of the 

atmosphere situation of the tanks and raises the problem of 

adequate controlling and measurement devices, The situation 

in this respect will not be discussed in this report, but it 

cannot be consi<l~red as 100 % reliable, although substantial 

progress has been made. 
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The net result of these precautions is presently to 

substantially increase the duration. of washing operations for 

ships without inert gas system. If over rich procedure is 

choosen, oil is to be spread in the tanks by washing machines, 

as an initial step before washing, in order to enrich the 

atmosphere. This increases the wa.shing task. If too lean 
procedure is chooscn frequent inter1•uptions for ventilation 

are Hkc1y to occuI', 

Inert gas provides the Lest trnswcr to a11 safety and washing 

problems : 

(a) by putting tank atmospliere always out of the explosive 

range 

(b) by allowing fost~st washing procedures 

.. use of guns tc the full extent 

~ use of hot wntcr 

- USC of detl'rgcnts 

- use of close cycle procedures • 

(c) by reducing corrosion (the use of inert gas was originally 

conceived for this purpose). 

The generation of inert gas is a simple problem for the ship, 

since· comLustion provides an ample supply of a mixture which 

has, in average, the following composition 

Oz 2, 5 to 3. 5 % in volume 

CO2 13 to 14 % 
502 0.2 to 0,3 % 

HzO 7 to 9 % 
N2 75 to 77 % 
soots O. 5 g/m3 
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The discharge of combustion gas at the stack is considera.ble 

at harbour 

at sea 

Class 100 

16,000 m3/h 

36,000 

Class 210 

25,000 m3/h 
45,000 

This discharge is always higher than the needs of the ship. 

The only treatment to be undertaken i~ to g~t rid of SO2 

and of soots and dust, This is achieved in one washing 

operati.on through a II scrubber" in which water i.s pulverized 

in a venturi shaped column. The reduced condensation 

carri.es a.way 95 % of S02 u.nd solid particles. 

The capacity of the installatton is therefore geared to the 

capacity of the scrubber unit, of the ventilating fans and 

of the ducts. This capacity should correspond. to the 

· maximum discharge capacity of the cargo pumps since inert 

gas conccntrati.on shall he maintamcd in ~(Inks while 

discharging. The capacity shall be therefore around 

10,000 m3/h for a ship of class 100 and 20,000 r.,3/h for 

a ship of dass 210 and 260, the .capacity could reach 

30,000 m3/h for ships of class 320. A simple.,rulc of thumb 

could be to have a capacity of inert gas generation which 

would he expressed in cubic meter per ho~r about 1/10 th 

of <leadweight value. 

Tlie ship should be p~rmanently under inert gas conditions 

irregardless of the situation in the tanks (whether loaded, 

empty, ballasted, washed, discharging or loading). The 

movement of the inert gas accompanies the movement of 

liquids. During discharging operations, the generation of 

inert gas should be maximum. In other cases easy 

evacuation or simple m .. :tntenance of the atmosphere is 

required. The problem is tc, keep the inert gas pressure 

at 10 m bars and to keep the oxygen cot1tent below 8 % • 
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Inert gas can be maintained in the tank even when washing 

with mobile machines operated by the crew. Butterworth 

holes are in this case equipped with appropriate covers 

(leaving space for the duct) in order to reduce losses. 

The investment cost involved in an inert gas system can be 

assessed as follows : 

Thousands US dollars Class of ship 
(1972) 

60 100 210 260 320 

New ship 200 250 350 400 500 

Transformation 
of existing ship 300 350 500 600 700 



4. PRE-REPAIR TANK CLEAI\lNG 

4.1. GEKERAL 

The ship has to be tlwrcughly cleaned to enter drydcck or repair yard. 

This means not c,nly clean ballast but also all tanks including slop 

tanks washed and cleaned. 

The state of the ship is materialized by a "free gas certificate" which 

is dcl ivercd by the authorities of the repair harbour. An adciti.onal 

state cf cleanliness is achieved by remc,ving all sludges and sediments 

which lea.d to the delivery of a "hot work certificate.". This is usually 

performed after entering drydock or repair yard after delivery of the 
11 free gas certificate". 

A basic difference betwe:;en pre-repair washing and routine waEhing 

is tLat the shi.p 5hould ultimately co1:tain no slops and no resid~al oil. 

The slops have thc•rcfore to be disposed of somehow and somew !;ere. 

4.2, \VASlllNG PROCEDt RES 

\VaEhing with cold water is very seldorn sufficier.t and hot watet 

washing is usually the cnly way to remove oil residues, 

Before 1969 and the issuance of recommendations following cxplcsions, 

the fastest and mc,st efficient procedure was to t:se hot water right from 

the start of operations. This is still pcssiUe under inert gae ccinditic,ns 

for over-rich atnicsphere). 

T!1e production of hot wr.ter (at 80°C) is a critical requirement and is 

so powc:r cor.suming that the ship has to redt.ce speed dcring hot water 

generatior.. For this reason Wbshi.ng in close cycle ,,:as prefcred, in· 

which the washing water is taken from the "clean" slop tank and 

rejected a.fte.r washi.ng in the "dirty" slop tanks. 
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The slop tanks are C'Cj_V.ipp<2d v1ith }-_eating coils an_d the heater has 

only to .supply rnake-up heat.Some ships prefer to use water at s.. 
lower temperature (::,or-c or C0°C). 

The procedure was frcG_uently improved by the use cf detergents. 

The figure of next page slwws e. typical close cycle washing system. 

Whcr. inert gas c.01~di.ti.c•r.s arc not established, reci.rculation and 

detergents are prol:il•ite<l. Hot water washing should be preceded 

by co]d wutcr wctshing as a first step. 

The me.in parameters governing pre-repair washtng are those 

indicated in para.3.3.1. (schedule 19). Hot \Vater genE·ration 

cupo.city shall he f.cl<lc:d : 

c;foss 60 and 100 hct W,J,tcr gcncraticn is abot:t 120 tc 
180 m..:•/r 

clu!"S 210 w1d 2Go : Geo to 000 m3 /h 

Pt c--rcpu ir t.aPk clc.:rning i11veilvu; twc main steps (or more correctly 

should nhvays inH,lve twc- n-..:1in ~teps) •. 

- washing at s~a until all tap],~ nrc_clcancc.!, exc.cpt at le.r.st one dcp 

tank 

- discharging slops at repnir harlo1;r aPcl washing slop ta11k. 

Experience &I'.c. reccrcls by large repair hart.ours (for example 

Lisbon c,r Marseilles) show tlwt more than one half cf the ships 

entering drydock arl' comp1 ctcly clean, including skp tanks , ancl. do 

nc,t berth o.t tlie tank c kan ng st£.tic1n. This importal't aspect of 

pcllutior. control is ~xam;_ncc~ in pnra.5.3.4. 

A clcscripticr: c,f typical succession of opcre.tic,f's a.rld of 

corret-pcmc~i_ng time is shovm in schc.clule 22 for a ship of 

clafs 21.0 c..•qeiJ,pE-d with inert gas, in scr.eculc 23 for a ship 
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of the same class not ec;_uipped with inert gas. In the first 

case hot ,··ashing is undertaken right from the start. In the 

sec01~d ca.sc cc,ld ,·1ushing has to be conducted first, 

SCHEDULE 22 

}:_'i_'._-!:]S ~I;-~ ~Ji~ I.: y_s_I_t~ _9-I_:: _l~~-~--l~ ~_F-~-1~ _TANK_ C LF ./I.NIN G, 210,000 tdw 

SHIP _EQUIPPED WJ.11-i_ INER_T_GAS_ (GOOD'-" EATHER) 

Duratiou Time schedule 

Filling slop tank, wasliing ducts 7 H+O H+ 7 

Washing 5 C 6 H + 7 H + 13 
Washing 2 C 6 H + 13 H + 19 

Deballa.sting 1 C nnd /., C 11 H + 15 H + 26 

Ballasting S C ·and 2C 11 H + 15 H + 2G 

Washing 5 \V 10 H + 19 H + 29 
Washing 1 W 10 H + 29 H + 39 
Wnshiug 1 C 6 H + 39 H + 45 
Washing 4 C 6 H + 45 H + 51 
Washing 2 W 10 H + 51 H + 61 

Washing 4 W 10, H + 61 H + 71 

Washing 3 C 6 H + 71 H + 77 

Rewashing bottom of wing tanks 4 H + 77 H + Dl 
\\'.ashing pump room 3 H + 81 H + 84 
Reduction of slops (clel>allasling one 
slop tank) 3 H + 84 H + B7 
W11shing 1 slop tank 3 H + 87 H + 9G 
Rinsings 6 H + 90 H + 96 

Note ln case of bad weather ballasting, ballasti.ng of additional 

center tanks may be performed during washing of wing tanks 

and do no: require additional time. 



SCHEDULE 23 

TYPICAL ANALYSIS OF PRE-REPAIR TANK CLEANING 210,0CC TD\V 
-------------------------------------------------------------~----

Duration Time schedule 

Filling slop tanks, washing ducts 7 H+ 0 H+7 
Cold washing 5 C and 2 C 12 H+7 H+ 19 
Bot washing 5 C and 2 C 6 H+ 19 H+ 25 
Dcballasting 4 C and 1 C 11 H + 25 H + 36 
Ballasting 5 C and 2 C 11 H + 25 H + 36 
Cold washing 5 W, 1 W, 2 W, 4 W 40 H + 36 H + 76 
Col<l washing l C 1 4 C, 3 C 18 H + 76 H + 94 

Hot washing 5 W, 1 W, 2 W, 4 W, 16 H + 94 H + 110 

Jiot washing J C, 4 C , 3 C 12 JI+ 110 H + 122 

Washing pump room 3 H + 122 H + 125 

Reduction of slop (<leball, 1 slop tank) 3 H + 125 H + 128 

Washing 1 slop tank 3 H + 128 JI + 131 
Rinsings 6 H + 131 H + 137 

Notes V cntilations are undertaken within total alloted time and is not 

shown in the schedule. 

Bad weather ballasting may be performed during total .. lloted 

time. 
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At the end of this operation the ship should have all tanks cleaned 

included the 11 c.lean" slop tank. However discharging of the 

"clean" slop tank at sea is not always possible and ships have 

to discharge and clean quite frequently 2 slop tanks instead of 

just one at the rei:;air harbour. For a 210,0CO tonner the 

"dirty" slop tank a.t the end of the washing operation would 

contain 1200 t of oil and 1800 t of water. 

The total (thecretical) duration is then, from the above 

schedules, 9G hrs to 137 hrs for a 210,0CC tdw ship. For 

other ship sizes the theoretical durations are assessed as 

follows 

SCHEDULE 24 

THEORETICAL TIME (HOURS) FOR PRE-REPAIR TANK CLEANING 

BEFORE DISCIIARGll\G SLOPS 

Class of ships 
Hours 60 100 210 260 ,320 

• with in,:r1 gaf, 65 72 '96 105 120 

. without inc,:.t gas 80 120 137· 145 160 

Jt is interesting to notice that the presence of inert gas le.ads 

to a recluction of more than 30 % of the duration cf tank 

cleaning operations. 

4,3.2. Disd:argtng slors at 1·cpair har~ 

A typical operati•~n for a 210,000 tdw can be analysed es 

follows : 
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SCHEDULE 25 

ANALYSIS OF SLOP DISCHARGING OPERATION AT REPAIR HARBOl1R 

Berthing, connecting lines 

Di.c;charging 1 slop tank 

Washing 1 slop tank 

Rinsing of ducts 

Delivery of gas free certificate 

Duration 

2 

3 
8 

·1 

Time schedule 

H+O H+2 

H+2 H+ 5 
H+5 H+ 13 

11 + 13 H+ 14 
H+ 15 

Additional time in case of discharging and washing two slop tanks 

instead of one ...•.•• , •..•••••••..••.•••••..• , , , , 9 hours 

For this class of ships the duration of sh:,p discharging lasts betw"en 

15 and 24 hoers and requires special shore facilities (seP chapter 4. 4.). 

For other ships of either classes the total time for slop discharging is 

not Lasically different and rcn;a.ins between 12 and 24 hours, depending 

on the amount c.,f slops and sludges, 

4,4. R_EQUII~ENTS FCR SHORE FAfILI'f_I,ES 

Repair harbours should be cq1:ipped with fa.cilitf es enabling ships to 

discrarge at leaEt their slops. Shore facilities for other washing 

requirements are recommended also but a.re not af absolutely necessary 

as sk,p recei\'ing installations. 

This means in most cases a special berth with ccnnecting lines to 

shore separatic,r. settling and storage tanks. In sorre cases shore 

facilities are replaced by barge er even special converted tankers 

(Lisnavc has nc,w 3 converted T2 tankers). 

The cupactty cf shore facilities are usually designed for operr:1Uon5 

v.•hich are more elaborate than simple slop diechurging a.nd therefore 

requirements are eaiily met. 
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5 lop cli~charging involves tota1 qc.antities of water which seldom 

exceeds 6,000 cum of a mixture whid: could ccntnin up to 50 % of oil. 

In addition wutcr from slop tank washing shculd be also directly 

received ashc,rc. For these operaticns a capacity of separnticn of abm:t 

1200 t/hr ari.d a c.epa.dty of storage of 2,500 cum urn be ccnsidercd 

as sufficient. These capacities ccrrespond to tl-e minimum required 

nnd arc usudly found in most repa.ir harbours. 

Shc,re faciliti.e5 nhle to undertake complete washing and deballasting 

require mc,re Cflpc.cities .:;nd hi.gher investment costs. This problem 

will be partiaJly examinc:d ,,Len descriuing procedure C (see para. 6. 5.) 



5. POLLUTION INCURRED 

BY CHANGE OF BALLAST AND TANK CLEANING 

5.1. GENERAL ASSUMPTIONS 

The purpose of this study being to assess the feasibility of a given 

procedure (clean ballasting before sailing from discharging port) 

the pollution to take into account is the pollution that would be avoided 

by the application of said procedure. It should not include the pollution 

thut can be already avoided l>y other simpler proccd nres. 

A consequence of this basic approach is to consider 

a) that all tankers use load on top a.nd./or keeping most of residual 

oil aboard in slop tanks 

b) that nll tankers when .sailing to repair harbour shall discharge the 

content of their slop tanks at ho..,..1,.: .,,. and not at sea. 

It is however a fact that preventing a ship to sail with di.rty ballast 

would also eliminate pollution arising from a ~aulty application of ·• 

other procedures such as disch~rging at sea polluted water in excess 

of given limits This additional feature can only be assessed in a 

very approxim, te manner. 

5.2. CJ!ANGlNG OF BALLAST 

5. 2.1. Amount of oil displaced 

During operations of changing ballast, which ar\' analysed in 

chapter 3, the oil residues which are displaced, and which are 

to be f1.1und for the most part in slop tanks, corresponds to the 

oil which was present in tanks ballasted dirty upon departure 

and in tanks subsequently washed and ballasted clean. 

At the end of the operation most of this oil shall be found in 

slop tanks mixed with an amount of water which is approximatel) 

50 % of the amount of oil (after reduction). 

The relevant figures nrE? indicated in schedule 26 hereafter. 
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SCHEDULE 26 
--------------
AMOUNT OF OIL DIS PLACED DURING CHANGE OF BALLAST ----------·-----------------------~---~----------•~--------

m.t. 

Class of ship 

60 100 210 260 320 
l. Total ofl retained in ship 

0. 6 % of clwt cargo 360 600 1260 1560 1920 

2. Oil from dirty 1:ullast tank 

(good weather) 70 120 250 310 400 
(bad weather) 105 180 380 460 600 

3. Oil from washed tnnks 

(good W<:)ather) 90 150 320 390 soo 
(bad weather) 135 300 640 780 1000 

4. T-Jtnl.oil displaccJ during 

ch,mge of ballast (2 + 3) 
good weather 160 270 570 700 900 
Lad weather 240 480 1020 1240 1600 

5. Amounts of slops 150 % of 4 
good weather 240 400 86o 1050 1350 
bad weather 360 720 1.500 1850 2400 
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5. 2, 2, Amount of water used 

The movements of water fall into three main categories 

- water from dirty ballast rejected directly at sea 

- water for washing which is processed via slop tanks and 

subsequently rejected at sea from "clean" slop tank. The 

upper part of dirty ballast falls in this category 

- water originating from the last operation of reduction of 

slops after settling in slop tank and in some cases processing 

through separators. 

An assessment of the quantities under study is shown on 

schedule 27 (on .following page). 

It can be seen in this schedule that the proportion is in all 

cases around : 

. water rejected directly at sea 72 % 

• water processed via slop tanks 20 % 

• water from reduction of slops 8 % 

The importance of th~ first item is striking and wht'.11 this 

opera1 ion is carried en, the main probi'cm is to stop 

approprjate,ly when oil c:ontcnt increases ieyond the thcoritical 

limit of J 00 ppm. 

This should be done with the assistance of adequate measuring 

device?, and not by simply watching if the discharged water 

"turns black", 

Recommendations regardi.ng measurement and control procedure 

should be contemplated, This problem is outside the scope of 

this study. 



SCHEDULE 27 
--------------
CHANGE OF BAL LAST 
----------------------
A!v10UNT OF WATER USED --------------------------

cu.m. Class of ship 

60 100 210 260 320 
A. Good weather 

Water used for 

1 - initial rinsing 200 300 600 700 1,000 
2 - washing tanks (1) 1,800 2,400 7,000 9,000 12,000 

3 - dcballasting ut .'-iCU ]3,000 23,000 40,000 50,000 63,000 
4 - proccssi ng of k.dlast 

uppL'r 1nycr 2,000 2,000 5,000 5,000 7,000 
5 - flushing ducts 400 600 1,200 1,400 2,000 
6 - reduction of slops 1,200 1,600 5,100 10,900 13,600 

B. Bad weather 

water used for 
1 - initial rinsing 200 300 600 700 l,000 
2 - washing tanks (1) 2,700 4,800 14,000 18,000 24,000 
~ - dchallas ting at sea 221000 41,000 .72,000 87,000 110,000 
4 - processing of balJnst 

8,000 8,000 upper layer 3,000 4,000 10,000 
5 - flushing ducts 400 600 1,200 · 1,400 2,000 

6 - reduction of s10ps l, JOO l ,300 4,500 10,000 12,600 

TOTALS ; 

Good weather 

water rejected directly 
(item 3) 13,000 23,000 40,000 50,000 63,000 

water 6rocesscd vi.a .slop 
tanks items 1+2+4-15) 4,400 5,300 13,800 16,100 22,000 

reduction of slops (item 6) 1,200 1,600 5,100 10,900 1.3, 600 

Bad weather 

water rejected directly 22,000 41 ,ooo 72,000 87,000 110,000 
water processed via 

6,300 23 ,Boo 28,100 36,000 slop tanks 9,700 
reduction of slops 1, JOO l ,300 4,500 10,000 12,600 

(1) for ships woshi.ng in close cycle no rejection at sea occurs during tank 
washing. The figures above indicated do not take into account circulation 
water. 

I 



5. 2.3. Oil rejected ut sea d_'!,l,!jng change of ballast 

The assessment of oil rejected at sea derives directly from the 

amount of water pumped overboard. 

Theoretically the amount of oil should never exceed 100 ppm. 

The fulfilment of this requirement has been the subject of some 

difference of appreciatioa. Most authorities think that this is 

usually achieved for the dirty ballast rejected directly at sea 

and also for the water processed through slop tanks. More doubts 

arc expressed for the water effluent from the reduction of slops. 

Other authors (J) consider that the clean part of dirty ballast 

usually contuins much more than 100 ppm and 300 ppm is consjdered 

by some as a more likely figure. 

A thoroughly comprehensive investigation of this problem cou]d 

be recommended, It docs not fall within the scope of thi.s study, 

We suggest i.n the present state of our information to adopt the 

following va lucs : 

- for "clcnn" pa.rt of dirty ballast 

-: for "clean" water from slop tank 

- for water effluent from reduction of 
slops 

50 ppm (2) 

150 ppm 

200 ppm 

In addition we will taka i.nto account a 25 % coefficient for 

contingencies. 

The corresponding figures, which derive from figures shown in 

schedule 27, are shown on schedule 28 next page. 

(1) for instance Porricclli and Storch in a paper recently presented to 

OMCI. 

(2) Tests conducted by oil companies tend to prove than "clean" pa.rt of 

dirty ba11ast remains below 50 ppm. 

f I f / • t t 



SCHEDULE 28 _________ .,. ____ 

OIL REJECTED AT SEA DURING Cl!ANGE OF BALLAST 
-•"'- ,... ... - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ... - - - - ,,_ #It< - .. - - -

liters 
Class of ship 

60 100 210 260 320 
GOOD WEATHER 

- SO ppm of ballast rejected 

at sea 650 1,150 2,000 2,500 3,200 

.. 150 ppm of water processed 

via slop tanks 660 800 2,100 2,400 3 ,.300 

- 200 ppm of rc<luction of 

slops 240 320 1,020 2,180 2,720 

TOTAL 1,S50 2,270 5,120 7,080 9,220 

BAD WE/~THER 

- 50 ppm of ballast rejected 

at sea. 1,100 2,050 3,600 4,400 5,500 
- l 50 ppm of water procc:gscd 

via slop tanks 950 1,400 3,600 4,400 5,400 
-200 ppm of reduction of 

slops 220 ' 260 900 2,000 2,500 

TOTAL 2,270 3,710 8,100 10,800 13,400 

YEARLY AVERAGE PER 

VOYAGE (l) 2,000 3,000 7,500 9,500 12,500 

ADD 25 % conti.ngencics 500 750 1,900 2,400 3,100 

TOT AL (lit crs) 2,500 3,750 9,400 11,900 15,600 

TONS PER VOYAGE 2 .1 3.2 8.0 10,0 13.3 
(YEARLY AVERAGE) 

(1) yearly average calculated by taken GO% occurences of bad 

weather for class 60 and 100 and 80 % for class 210 and above • 

• • I I . .. 
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It is interesting to compare the total amount of oil rejected at 

sea (last line of schedule 28) and the total amount of oil 

displaced during change of ballast (line 4 of schedule 26). For 

same assumptions of bad weather occuren.ces , the following 

comparison can be made : 

Oil displaced Oil rejected % 
t t 

Class 60 208 2.1 1.0 
100 396 3.2 0,8 

2]0 930 8.0 0.9 
260 1150 10,0 0.9 

This means that the efficiency of slop tank processing methods 

allows only 0. 9 % of oil tli.splaced to be rejected at sea ; 99.1 % . 
is kept aboard. 

5.2,4. Total pollution in~urrcd in 1975 and 1980 

11: -1.Q.z.~ 
The results arrived at in parn.2. 7. and schedule 28 lead to 

the following assessment 

.?. ~~I};_ 1? Y 1--. ~ . ~~ 
TOTAL POLLUTION INCURRED IN 1975 BY CHANGE OF 
---~----~--------·-·---------------------·--~-------
BALLAST -----------

Nb.of 
voyages 

Class 60 6,000 

100 5,500 
210 2,200 
26o 1,200 
320 100 

Pollution per 
voyages .. t 

2.1 
3.2 
s.o 

10.0 

13.3 

Total 
pollution - t 

12,600 
17,600 

17,600 
12,000 

1,300 

61,100 

• f • / ••• 



A total pollution of 60', 000 tin round figures appears to be less 

than estimated by certain authors. This is the result of the 

assumptions adopted in para. 5. 2 .3. about the oil content of 

effluents and mainly of the clean part of the dirty ballast. 

If water rejected at sea contains three times more oil, as 

estimaled by some authors, the total incurred pollution would 

be clearly about 200,000 t. 

The pollution herenbove estimated occurs during the transpor

tation of 1750 Mt of crude oil. It represents therefore abc,ut 

1 /29, 000 th of the cargo. This is within the limits which hc.!ve 

been adopted by certain shipowners. 

These limits arc : 

- JOO ppm 

- 60 liters per mile 

- l /15, 000 'th of the tot.al cargo 

Since the limit oJ 100 ppm can always be achieved by i.ncreasing 

the amount of water in effluents, the limit of 1/15,000 th of the 

cargo appca rs to be a more stringent constraint. 

Adopting this limit, the transportation of 1750 Mt of crude cdl. 

w-ould cntai l a pollution of : 

-1.J50,000',000 = 117,000 t 

15,000 

It should be recalled a.lso that 

· .. pollution recorded her ca bove relates to the transportation 

of crude oil o:1ly. Shipping of petroleum products is not 

accounted for (see introduction). In this respect the method 

of calculation employed in this study is more accurate and 

more representative o.f the real situation than a method which 

would take into account the whole registered tanker fleet, as 

is often done. 

- pollution control through foad on top and slop tank processing 

is supposed to be fully efficient • 

.. pollution related to inter~mediterrancan traffic would be 

about 9,000 tin 1975. • .. /.,. 



- the number of inerted tankers are presently increasing, 

involving an increase of the use of close cycle washing 

procedures, In this case less water from slop tanks would 

be rejected at sea and total incurred pollution would be 

reduced accordingly. 

In 1980 

The figures arrived at in para, 2, 10 will serve as the basis of 

the assessment. 

The introduction of tankers of class 500 in 1980 implies that 

a unit f igurc of pollution per voyage has to be established. for 

these ships, Pending practical experience in this matter, it 

seems reasonable to adopt a value whkh would be twice of that 

related to class 260, We estimate then that pollution per 

voyage for 500,000 tdw ships would be 20 t, 

The results are shown in schedule 30 hereafter, 

SCHEDULE 30 

TOTAL POLLUTION JNCURRED lN 1980 FROM CHANGE OF BALLAST 
--------------------------------------------------------------~---

Class 100 
210 
2&J 
320 
500 

Nb. of v6yages Pollut, Total pollution 
Suez Suez per voy. (,000 t) 

closed opened t Sue?. Suez 
closed opened. 

7739, 7817 3,2 24,8 25,2 
3290 3558 8,0 26.3 28.5 
2023 2216 1.0, 0 20.2 22,2 
331 229 13.3 4.4 3.0 
662 458 20.0 13,2 9.1 

89,0 88,0 

The same remarks as those related to the 1975 l!.ssessment can 

be made here, It is remarkable to note how the opening of the 

Suez canal would havr? Httle effect on total pollution, 

5.3. POLLUTION INCURRED DlJRlNG PRE-REPAIR CLEANING 

5,3. l, Amou_nt of oil displaced 

This a.mount shall be in this case the total residual oil 

retained in the ship a.fter discharging. Relevant f1gures are 

indicated in the first line of schedule 26, which 11re rec.alled 



Total t'lil retained in ship 
O. 6 % of dwt cargo 

Class 60 360 t 

100 600 

210 1260 

260 1560 
320 1920 

5. 3. 2. Amount of w ate2,:_t1_.~e.<! 
The nmount of water us eel falls, as for changing of ballast, into 

three main categories : 

- nc1can 11 pa.rt of dirty hallo.st rejected directly at sea 

- water from washing processed via slop tanks plus "dirty" 

part of dirty ballast 

• water from slop reduction 

Comparison between analysis of change of ballast operations 

:_,~,:i 1..v:nplcte tank cleaning operations shows that the main 

diUercnce will be in the quantity of water for washing. Taking 

into nccount that wing tanks are usually more difficult to 

wnsh than centP.r tanks (a pair of wing tanks would rcqutre in . 
washing water volume and duration often twice as much as for 

center tanks). 

Volume of water fol' washing would be then in case of complete 

clean~ng under inert gas 6 times (good weather) and 4 times 

(bad weather) the volume used in case of change of ballast. 

Washing in two sequences (cold and then hot) without inert gas 

would require about 50 % more water, 

Taking these factors into account, the figures of schedule 27 

can be used and appropriately corrected. This leads to 

schedule 31 hereafter. 

. , . I ... 



SCHEDULE 31 ----~----------
AMOUNT OF WATER USED. PRE-REPAIR TANK CLEANING ------·-------~------------------~-----------------~-----

cu .. m. 

Class of ship 
260 60 100 210 320 

Unit values 

G<?sid weather, inert gas 

l. Initial rinsing 200 300 600 700 1,000 
2. Wushing tanks 10,800 14,400 42,0CO 54,000 72,000 

3. Deballasting at sea 13,000 23,000 40,000 50,000 63,000 

4. Processing of ballast 
upper layer 2,000 2,000 s,ooo 5,000 7,000 

5. Flushing ducts 400 600 1,200 1,400 2,000 
6. Reduction of slops 700 1,500 3,000 6,000 7,500 

TOTALS 
Inerted 1anks good wcat.h£;:__, 

Water rejected at sea (it.3) 13,000 23,000 40,000 50,000 63 ,ooo 
Water processed via slop 
tanks (items 1+2+4+5) 

13,400 16,900 48,800 61,100 82,000 

Rcd~cting of slops (it. 6) 700 1,500 3,00C 6;000 7,500 

Inertcd tanks bad wcnthcr 

Water rejected at sea 22,000 41,000 72,000 87,000 110,000 
Water. processed via slop 14,400 18,900 51,800 64,100 85,000 
tanks 
Reduction of slops 700 1,500 3,000 6,000 7,500 

Non inertcd tanks good wea-iflcr.. · -
Water rejected at sea 13,000 23,000 40,000 50,000 63,000 
Water processed via 
slop tanks (items 1+2x1 .5 

18,800 24,100 69,800 88,100 118,000 

+4+5) 

ReJuction of slops 700 1,500 3,0CO 6,000 7,500 

Non inertcd tanks bad 
:!.£...{!!Iler 
W a.ter rcjcct~d at sea 22,000 41,000 72,000 87,000 110,000 
Water processed via slop 19,800 26,100 72,800 91,100 121,000 
tanks 

reduction of slops 700 1,500 3,000 6,000 7,500 



5.3.3. Amount of oil rcis_ctcd at sea 

As in the analysis of changing of ballast, the main factor is the 

oil content in the water rejected at sea. 

Here again the same discussion as in para.5.2.3. may take 

place cm<l we would once again consider that the oil content 

does not exceed 50 ppm for the clean part of dirty ballast and 

150 ppm for the effluent of clean slop tank. 

The effluc1lt from slop reduction in this case would be cleaner 

than in case of routine change of ballast because the slops are 

intended to be discharged u.t the repair harbour and no 

comparable c0ncentrntion is needed as in the case of subsequent 

load on top. In some irwtances no slop reduction is undertaken 

and the content of both slop tonks are discharged at the repair 

harhoux. 

The pi.cture is furtht~r complicated by the fact that many 

tankers w i 1l be incrtcd in the future and will undertake 

washing operation in close circuit, thereby reducing the 

amount of water rejected at sea after processing via slop tanks. 

The large volume of ,vashing water shown in schedule 31 has . ' " 

a grcnt influence on the total amount of oil rejected at sea. 

Any accurate calculation seems therefore difficult and we 

suggest to adopt the same average result arrived at in para. 

5.2.3. whereby the amount of oil discharged at sea is 

· approximately l % of the total oil displaced during the operation 

(or i.n this case 0.00C % of the <lwt cargo). 

5.3.4. Total pollution ir,currC'd 1975 nnd 1980 

It seems safe to assume that all ships will undertake a complete 

cleaning once a year. Although it has been claimed that with 

modern paintings ships will drydock only once every H3 months 

or even every 2 years, the experience so far shows that on 

account of breakdowns, incidents and other contingencies, 

ships undergo a repair work in average every year, 

• t • / f •• 
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This is also confirmed by statistical results obtained by 

Fearnley and Egers when assessing total off-hire period 

for big tankers, This period has shown a notable increase 

since delivery of VLCC in great nwnbers. 

The number of voyages in this case wo1.tld be therefore equal 

to the number, of ships. 

Thi.s leads to the following results, if all ships when s~iling 

to reI?ai;:: harbour keep their slops on board. 

SCHEDULE 32 

TOTAL POLLUTION FOR 1975 AND 1980 
·-------------------------------------
COMPLETE TANK CLEANING ALL SLOPS I<EFT ON BOARD 
--------------------··-------1-----------------------------

1975 Nb,vvy. Poll. per voy. Total poll, ====== 
Class 60 373 3 1,119 

100 423 6 2,538 
210 321 12 3,852 
260 1£34 15 2,760 
320 14 20 280 

10,549 
1980 

==,:;;;=:::=:= 

Class 100 450 6 2,700 
210 410 12 4,9?.0 
260 285 15 4,275 
320 50 20 1,000 

500 100 30 3,000 

15,895 

... I ... 



But this should be considered as a theoretical situation. 

Statistics made at some of the main ~uropean repair centers, 

such as Lisnave or l\1arscille, show that a great percentage 

of ships arrive at the repair harbour comEletely cleaned 

without any slops to dischargE;. 

In the present situation, this is rendered possible by the 

existence of zones in which rejection of oil is not forbidden. 

One of these Zl111es begins l'>ff the Portuguese coast and ships 

coming from Northern Europe en route to Li.snave or to repair 

centers of the Iv1cdi.tcrrancnn o:- ·further South have the 

opportunity to cli'.:icharge at sea. This saves in the average 

one day at the tank deaning static,n plus the cost of related 

services supplied by the shore • . 
No questions are ,:sually asked by repair yards about the 

procedure of disposal which has been used by the ship. In 
addition, faciliti.es for tank cleaning are often inadequate for 
handling all tankers intending to drydock, 

1'his situation has to be radic.ally corrected if any initial 

progress is to b<'.' made in ·sea pollution control. Based on the 

datas obta-~nl"'d in repair harbours South of Brest, more than 

50 % of a 11 tankers arrive clean at the repair yard • 

. It is noted that restrictions concerning pollution imposed by 

oil companies to charter~d ships do not apply to pre-r-epair 

voyages, 

Let suppose that a similar situation would prevail in 1975 and 

that tr.e percentage of ships cleaning themselves completely 

at sea would l,e 40 % of all ships of class 60 and 100 and 30 % 
of all ships of classes 210 and 260. 

. .. I . .. 



The number of polluting voyages will therefore be as shown 

on sched~·:e 33 hereafter. The total pollution is easily deducted 

SCHEDULE 33 

T~~ ~]-,_ ]?_C?~.1:.12}'I9l'J_I~- !~Z~ _l):_ }9_~ _'I9_ 4Q J~ ~1:-~IJI!:.?. ,!)_I,?_~~-!!'_~~.?

S LOPS AT SEA ON PRE-REPAIR CLEANING 

Nb.of Pollut, Total 
pollut. voy. per voy. t 

Class 60 150 360 54,000 
100 170 600 102,000 
210 96 1260. 121,000 
260 55 1560 86,000 

363,000 

The incurred pollution would be therefore about ; to 6 times 

as much as pollution'from routine tank cleaning. It can be 

assessed in the present situation (begtnning 1972) that 

pre-repair'' tank cleanir.g represents more than 80 % of all 

pollution generated by tankers as the result of their normal 

exploitation, 

0 

This shows the importance of prohibition of any rejection during 

pre-repair tank cleaning operation and the setting up of 

adequate control and enforcement measures. 



6. SUGGESTED PJ-iOCEDtRES 

FOP.. CLEAN BALLASTIKG AT DISCHARGING PORT 

Three notions of clean tanks have been already met in this repcrt 

- clean tank for clean balldst 

k clean tank for gas free certificate 

~ clean tank for hot work certificate 

From cur investigation among shipowners and repair yards, the ntain 

difference betwC:en these different notic-ns is genrcd to the presence 

of sediments. 

Classified i.n an order of stringency, the cleanliness attached tc• the 

issuance of a gas free certificate appears to be the less constraining 

notion. In this case sedimeuts could remain in the taiik, as long as 

these sediments do not generate hydrocarbon gases (which is not 

always the case). Experienc': shews that when drydocking dces not 

involve welding work in the tank a ship can be in a gas free state 

with a sizeable amc,~nt of sediments remaining in the ~anks. 

Coming second in the same classification would be the tank recei.ving 

cleari tallast. Here the notion of cleanliness is not attached to the 

tank itself but •to the ballast when reject cc at the loading pc-rt. 

The problem for the ship is to be allowed tc discharge ballast within 

the requirements of the. loa.ding port. If the ballasted tanks ccntain 

much sediments, these sediments can become mixed with the ballast 

and washed at lea.st partly away when discharging. The "clean" ballast 

would be tinted and would appear unsatisfactory to the Joa.ding port 

au.thc,rities. 

. .. I ... 



For this reason, tanks intended for clean ballast should be reasonably 

free of sediments. Experience shows here that most of sediments in 

c.:mtre tanks are washed a.way·in the washing procedure, as prcse.ntly 

conducted by the ship at sea, If the same state of tanks has to be 

achieved at the discharging pert, the application of the same wa.ehing 

procedure would provide the same results, 

The removal of sediments from wing tan.ks is usually not achieved 

easily through simple washing and for this reason mc,st tankers use 

their center tan.ks for clean ballast. 

When work has to be performed in the tanks, then all sediments must 

be removed for the issuance of a hot work certificate. This procedure 

usually implies that removal of sediments must be made by hand, after 

the achievement c,f a gas frep. state. This is u6ually a tedious 

performance whkh is undertaken at the repair harbour with the 

assistance cf labor frcm the shore. In some repair yard (Lisnave for 

example) removal of sediments by hand is performed after entering 

drydock. In some other yards th~ removal is performed at the tank 

cleaning station. 

A.s a conclusion, it seerr:s presently sufficient to say that the procedure 

to be used at the discharging port should have the same features and the 

same effects than the procedure presently used nt see by the ship when 

washing for clean ballast. The related prc,blem of il)spection will be 

discussed tn chapter e. 

6.2. ~NERA[._~f-~::goACH 

The basic catas being established in preceding cr.apters, it becomes 

possible to contemplate how clean ballasti.ng can be achieved before 

sailing from discharging port. 

Three procedures will be examined 

... I . .. 



► J_i:C?.c...~d~~Z:f.:.A : At discharging berth, tank washing will be undertaken 

as soon as discr.arging is completed, then ballasting will begin a.s 

soon as first tank intended for ballast is cleaned. It should be noted 

that this proceduri;?, already today, is sometimes fellowed by tankers 

when additional time is available at the discharging pier, 

- Prc,cedure B_: At discharging berth, tank washing will be undertaken , 

before discharging ie completed, in order to achieve readiness fer 

ballasti.ng in clean conditions as soon as discharging is finished. This 

case would not imply an.y adcitic,nal tirr.e to spend at discharging berth, 

but reG.uires special eG.uipmcr.t aboard the ship. 

- !1!?~~.9:l!_e_ ~-: The ship will take the· rnir-irnum cli.rty ballast at 

discharging berth and will undertake cr.anging of ballast an<l clean 

ballasting at a spedal tank cleaning station. 

In each of these three cases, the feasibility of the cperations will be 

examined, a time analysis will be made, with tlJe description of the 

cycle cf operations, Finally an asses~;,1ent will be 1r.ade of all direct 

and indirect costs implied. 

6.3. TA1'~K WASHil\G BEFONF BALLASTIKG AT DISCHARGING BERTH 

(prc,cccure A) 

As soon as the discharging operations ( including str·ipping) a.re 

c.cmpleted, tne ship usually undertakes ballasting, In this csse, 

he will begin washing tanks intended for ballast and ballasting would 

begin as soon as the first tank is washed. 

6.3. l. Example 9[J._!1!)~.-!£1l~<l1±k.~~lQJ2QQ td!'.2 

Under bad weather condition (the most frequent occurence) the 

ship has to ballast 2 center tanks completely (2 C and 5 C) and 

2 center tanks partly (1 C and 4 C). 

. .. I . .. 



Successior:. of operations ,vould be as follows 

Duration Time schedule 

Completion of discharging H+O 

Rinsing cf lines 2 H+O H+2 
Washing 5 C 6 H+2 H+8 
Washing 2 C 6 H+8 Hi· 14 

Washing 4 C 6 H + 14 H + 20 

Washing 1 C 6 H+ 20 H+ 26 

Ballasting 5 C and 2 C 4 H + 20 H + 24 
Ballasting 4 C t") H+ 2A H + 26 "-

Ballasting 1 C 2 H+ 26 H + 28 

Sailing H+ 28 

The duration of the cperation, after rinsing of lines, equals the 

washing time of all tanks plus ballasting time of the last tank. 

Good weather conditions in which only 2 center tanks have to be 

ballasted would then last 16 hours. 

6. 3. 2. _n11 ra.ti2n of 01:crations for .different ship sizes 

Using the same method, the following figures can be 

established : 
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SCHEDl.lLE 34 .. ..,..,_..., _______ .., ..... 

DURATION OF HvlMOBILISATION AT DISCHARGING BERTH WHEN -~-•-~-~M---~----~~•-•---------------•--•-•---•-n•-------~--~--
WASHING AFTER DISCHARGING 
-----·-------------------------

Class of ship 
hours 60 100 210 260 320 

Flushing rinsing 1 1 2 2 2 

Washing good weather 10 10 12 13 16 

bad weather 15 20 24 26 32 
Ballasting of last tank 1 1 2 2 3 

TOTAL TIME good w. 12 12 16 17 21 
bad w. 17 22 28 30 37 

Dil~TY BALlASTING 
TIME 

good w. 2 2 4 4 6 

bad w. 3 3 6 6 9 

ADDITIONAL TIME 

good w. 10 ,10 12 13 15 
bad v,. 14 19 22 24 28 

The last two line.s are ind ice.tive of tlie additional time to be spent 

at the discharging berth as compared with the present conditions. 

The implcmer.tation c,f this procecure involves that the ship, after 

sailing, still has to rinse lines, wash pump room etc ••• But these 

operations can be undertaken at sea end water processed through 

slop tanks. This involves ne:gligible pollution. 

' -. 

The cperatic•n c,f washing is, a~ recent explosions demcnstrated, 

a safety haz.ard. Harbour authorities would be tl:erefore 

reluctant to allow ships to undertake washing at discharging 

berth. 
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The cnly solution to this problem is to cc11d.uct washing 

operatior;s under inert gas. 

This would be already achieved by tankers cq.1ipped with inert 

gas systems. We shall nc•w examine hc•w this problem could be 

solved for tankers which d.ci not supply their own inert gas. This 

deser'v cs a special paragraph. 

6. 3, 4. Sup£ly_of inert gi:is to !!,£g-lnertcd tankers 

As shown in para.3.4.2. above, inert gos is merely washed 

combustion gas, without too stringent rcqt!iremer.ts about 

oxyger. con tent (less than .4 %) • Any modern burner would be 

able to generate inert gas appropriately. 

The pn,blem is tl: ere fore to bave, either a.shore or on a barge, · 

a generatior: of inert gas wliich could be supplied to the ship 

by an ndc•quate duct:. ln many instance~. where the di~charging 

berth is located nc:ar a refinery, inert gos is readily available. 

The only ,1dditioncd im estn,ent to iri1plcment consists of pipes 

and connccticns. 

But the gcnE:·raHon cf inert gas in all cases could. have a c.heap 

origin : thE:•' burning of slops which are rejected ashore by the 

ship during the washin_g operations under rev,iew. 

The opc:raticnal procedure fr,r supplying inert gas should be 

10 ccnn cct inr·rt ga~ duct to the tan.k Lefore discharging in 

order to let inert gas flc,w in c.tS the cargc flows oct. This 

means that the maxin,um discharge of inert gas should be equal 

to the cargo pump discharge. The maximum could be set at 

20,000 c.m.p.h. 

This procedure wodd be mud: better tha:r. supplying inert gas 

after discharging, and repla.cing afterwards the atmcsphere cf 

the tank l;y inert gas, In aspects of spC'cd, safety and air 

pollutio1: the intrc,cucticn cf inert gas while discharging has 

all the advantages. 
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After discharging of the inert tanks is completed, the 

req\l.irement would ·t;.e to maintain inert conditions ur.til after 

the w6.Shing. 

This mea.n.s that inert gas supply should involve at least two 

ducts : 

- one high discharge pipe to be connected to the ,.mfoading tank. 

This pipe bas to mcve from one tank to the other, meaning 

that tanks intended for clean ballaet r.ave to be dischargec 

one after the other. Between successive discharging of the 

tan.ks to be clean.ed, an other tank can be discr.argeo., 

alk1wir:.g time to make the new c:onnection of inert gas pipe. 

- one smaller pipe easy to handle for the purpc-se cf maintaining 

inert conditions after discharging and while \\'ashing. This 

pipe could be mo,·"-d alf frcm c,ne tank to the other. In the 

practice, this pipe could be connected to tl:e tank undergoing 

Wb.Shing. This me:ans that the two pipes could be operated 

separately. 

To sum up the requirements implied by inert gas supplied to 

nc,n inerted tan.ke.r, the following features can. be indicated 

- maximum discharge 20,000 c.m.p.h. 

" connection ,,I ga.s supply when discharging 

.. maintenance of inert conditic,r:s until completior. of 
washing · 

- generation of gas by an installatiC'•n either en !\-hore 
or on a barge, in which slops (after adec;u.ate 
treatment) could be economically lurnt. 

The washing of tanks to be ba11asted would then be undertaken 

cm non-iM!rted ships, under cond.itkn.!i of safe.ty which are never 

met when this operation is undertaken by tle ship itself at ses.. 

This may be a comper.sating advantage to take into account in 

the economy of the procedure. 

. .. I . .. 



It is important to notice also that the purification of the inert 

gas generates sulforic acid which has to be dispcsed of. If the 

purification is. ur.dertaken aboard the ship the effluent from the 

scrubber s,.hould not be rejectt·c in the r.a.r'bour unless it is 

neutralized. If the operation is made as~c,re the same prc,blem 

has tC\ be solved and ne:utraliz.ation of the sulfuric ac.id ma.y 

be an element of the cost. 

For tan.kt:r equipped with inert gas installation, the 

requirements as they already exist today, wol!ld not be 

different if washing is undertaken alongside tl:e discharging 

pier. This mean.s that in many cases the contemplated procedi:.re 

would uot involve e.c'tditional constrain.ts. 

6. 3. 5. Jl'es.£!yj.!2:.£._Sfil!B.c.ities a she~ k!:J.S,lh!.te.A.~:..aJ.£!. 

When washing is ur.d.ertaken, polluted water from washing 

should be pumped directly ashore (by stt·ipping pumps). 

The shore installation shall then be able to receive ,separate 

and. store the effluents from washing. 

The volµme ·to be treated derives frc,m figures already 

eetablished in schedul(?S 26 and 27. 

SCREDt!LE 35 _______________ .,._ 

POLLUTED WATER TO BE SENT ASHORE WHEK WASHING AT 

DISCHARGI?-!G BERTH 

m.tons 

Total water 

good weather 

bad weather 

Oil contained 
gC\od weather 

bad weather 

Rate of discharge 
c:.m.p,h. 

60 

1,800 

2,700 

90 
135 

300 

Si:r.e of ihip 

100 210 260 320 

2,400 7,0CO 9,000 12,000 

4,800 14,000 18,000 24,000 

150 320 390 500 
300 640 ,

180 1,000 

500 850 900 1,000 
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This polluted water appears to contain approximately 5 % of 

c,il. But this will not be constant. Oil content will be higl-:.er 

at the beginning cf the operation. From tl:e ir_formatic,ns 

available at tank cleaning stations the following concentraticns 

could be expected : 

- first 10 % of water would cor..tain 20 % of oil 

b 20 % II ti 10 ~~ - su sequent i) ,., 

II 30 ,~ II II 2 % 
fl 40 % II It 1 % 

As separation installations have o. better efficiency with low 

oil content, it is suggested. that the first part of water frcm 

washing could be p'Ultlpe.d into settling tank and the rest would 

be processed thrcugh separators. 

The sepa.rating caps.city should be then superior or at least 

eqc.al tc• the rate of discharge, this means a sepa.ration 

capacity of 1,000 to 1,500 c. m. p. h., quite a stand a.rd value. 

The storage capac.ity should be of the order of 2,000 c.m. 

for storage/settling tank, Fin.al capacity ·of sept,rated oil 

storage should be arcttnd J000 c.m. All the.Ee figurE'·S are 

corresponding to a small size tank. cleanir: g station. 

The wiu,hing being done ur.dcr inerte~ conditic,ns, clcse eye.le 

procedures could be used. This means tliat the effluent to 

ser.d ashore could he even much less than ir1dicatE.'d here-above. 

In the practice it should be pc,ssible tc contemplate a procedure 

by which the cont£•nt of the sk,p tan.ks would be ser.t ashore. os 

soon as the washing is cor.;pleted, This can be done while 

ballasting c,f the last tank takes place. The total amount of 

niixture of water and oil would not in this case be superior 

to the c.apacity of the slop tanks i.e. 
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► Class 60 1,500 cn.m. 

100 3,000 

210 6,000 
260 12,001 

320 15,000 

Thi.::: is mud: less than the quantitie:s involved by an oper. 

cycle procedure, as contcn1i;latecl previously and tlie capacity 

of E€pc1ratic,n ancl. storage nl?horc indicated here-above can be 

consk1er"c quite• ci.dcquate • 

.A~ a conclusion the foa.tures of the iu;tallations ashore can 

be limited. to : 

- sepcraticr, capacity 1,000 cu.m. pe:r lour 

- stort.gc/scttling ca.pa.city 2,000 cu.m. 

Oil issued from the sept:trution could have nv. easy utilisatfon 

at tl: e refinery v.• hich is, in many cases, adjacent tc, the 

cHsc-hnrgir_g berth, It can be tised. nlso for inert gas generatic,n 

as irdi<:att•d in porn.. 6. 2. 4. 

Many discharging pc,rts arc: nlrcady cqutppcd witl storage 

and ticpa.ration fc:.cilitics wl.ich are intended for the petrc:,k:tir:) 

pre.ducts trade. Di-= char&ir g pc,rts for crude oil li.re usually 

also lc,ading ports for pNrc,lcvm pn:icJuc:tE. Fc,r tl1i~. kind of 

trulc- ,tankers dtcn return tc, the lcadit.g pc,rt with dirty ballast 

th1t 1,as to be pumped ,.u.horc· before locding a new c~argo. The 

prc,bkm is tl:en to determine in each case i.f tl:e existing 

fac ili.tics cou Id have acl.ditic•nal availa.ble capacity. 

An indic.s.ticn of existing fadliti12s in sor.,e r.-1ain etrrc,pean 

pE'.trc,kum ha.rlours are given L.ercaftcr : 
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Fos 

Shell Errc,p(>Orl 

Shell l'crr:d.u J 

She 11 f' E:n. d.~. 11 

Chevrc;n E1.1rc·J!('<~1-t 

Chcvr,m Pc•r11l ~- JJ 

Gulf Evrc,pcc,rt 

M.obiJ E 11n1poort 

BP Eur<.•J:l'<'·rt 

Eurc:pd; Fcropc.:crt 

M.at t.>:• Fu 1•c,pc1c,r-t 

].(, 650 

lL,., 65U 

JL.,,650 
14,650 

10,COO 
13,000 

l 6,000 

L,,000 

7,000 

10,COC 
7,000 

10,00G 

25,000 

so,coo 
2e,ooo 
10,0CO 

cu,m. 

~•imilarly, tcrm111<.1] is dtt•n aln·ndy cquippr~d "ith Hr.es 

c1nd pipE•s frr receiving wuter fron, ships. Additicr.al facilities 

would. 'not l,c required in most cases, 

6.L:. TANK \VA§Jl1]'JqJ1/JI1LE "Q!.SCIIARGIJJG 

(prccecure B) 

The cliff <'n'nC<" h<.'tvccn tb.f, rw,cc<lurc.- and prc,ceduri? A i~ tl1at .. 
vn1shing \'\•Ct•ld he vr:<l.crtakcr. t..t..ndcr inc'.rt gos) on ank~ inter.d.cd for 

c:.lean. lallast, while other tank& are r .i11g di.£chargcd. In this case 

the tan.ks to be wnshec ha.veto be unloacl.ec ar,.d strippec fjrst, 
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Thr, pc,ssibility to unclc~rtakr· this operation clcpt'.lHh primarily on the 

characteristics of tl.e strippir1g systems cf tank.e:rs. This system 

ts presently used, inter aha, fer stripping cargc while discharging 

other tanks through ca.rgo pumps. In all cases which have been 

examined, the use of etripping lines for water while discharging~ 

impossilile. 

Therefore this procedu.!'_!!_ would require the ins!_allation of a new 

separate £-tripEing ne:twork s:n tankers 

This new stripping syst~m would have to be installed only on those 

tanks which are intended for clean ballast, i.e. center tanks only. 

Appropriate stripping pumps with a rate of di:;charge equal or supericr 

to the rate of discharge of the washing machines have to be provided. 

This means a d.ischa.rge rangi.ng from 300 to 1,000 c.m.p.h. depending 

on ship's size, 

Separate connections with thC'· terminal have to be provided also, 

but terminal is very often already equipped with apprcpriate lines. 

All ether factors examined for pro,.:edure A : ~nert gas supply and • 

shore rcc~iving capacities are the same in this case. . . 

As can be seen in schedule 3~- the total time for washing is of a 

di:ration which is somewhat inferior to the usual duration of stay 

alongside discharging pier. The diff<>rence is howen::r small and 

this means that washing shall begin as soon as posstblP. if no 

ad.ditiond time is to be spent akngside pier. 

In this case the first tank to l1 e discharged and etr·ipped should be a 

tank intcnc'ed fc•r clean ballast and the washing operation should be 

undertaken immediately. This implies a correct isolation of the tanks 

undergoing washing from the tanks being discharged. A risk of a 

faulty operation c:an always remain and some reluctance con be 

expressed from harbour and custom authorities and from refineries. 

The succession of operations has to be tightly watched &nd cc-r.tto1led 

and this would be an additional constraint for the ship's crew • 
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Howeve:.r it sl!etns that with adeGyate prcc:auti.ons and close control, 

the washing cf tanks intended for cle,m b·,llust c;_:rn ~.c t:ndcrtaken 

while discharging if the ship is equipped with Ll1 aclditlon&J stripping 

system. In this case the ,vashing cf 2 to L,. center tm,ks can be 

ccmplctcd at the same time as the discharging of the cargo n.nd 

ballasting will then take place in clean tonks. (1) 

The problem is to see if the ndcitional investment cf a new stripping 

system can be balanced against irr.mobilization of ti. 1: ship. This 

calculation 1s made in chapter 7. 

6.5. CHANGF OF BALLAST AT A SEPARATE BERTH 

(procedure C) 

6. 5. l. General 

In this case the ship leaves tl,e unloading pier witi: the 

minimum dirty ballast correspor.ding ot the n:aximum t,:i gocd 

weather conditions, and t:.ndert&h.'S ,vashilig ffnd. chang,i cf 

ballast at n separate. berth, at a tank cleaning statior.. 

The ca.se in which the ship anchors within the harbour 
" . 

area to wash and cleaning byl!'ITiC'lf will not he considered, 

because rejection of dirty ballast cannot be authorize-cl rn 

harbour waters and bas to be pumped ashcre m any case. 

6. 5. 2. Tlme analys:is 

.. 

After leaving the unloading terminal 1 the following operations 

would be condttcted, as an example for a 210,000 t<lw charging 

dirty ballast in 1 C and 4 C tanks upon lcnving terminal : 

(1) The requirements would be more complicated for the ships 

using the free-flow system, Separ{,tiou of tanks to be washed 

should be in this case specially provided. 
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Duration Time Hchcdule 

Displacement to new site, 
mooring 3 H+O H+3 
Rinsing and flushi.ngs 2 1-1+3 H+S 

Washing 5 C 6 H+S H+ 11 

De ballasting 4 C ashore 4 H+9 H+ 13 

Balla.sting 5 C 2 H+ 11 H + 13 

Washing 2 C 6 H + 11 H + 17 
Deballasting l C ashore 4 H + 15 H + 19 

Ballasting 2 C 2 H + 17 H+ 19 

As shown in this schedule deballasting of a dirty ballast tank 

i.s undertaken while washing the next tank intended for cll'.'an 

ballast. De ballasting can be therefore undertaken at a low er 

discharge rate. This is important for the reception capacity 

of the tank cleaning station. 

It can be seen also that 3 different operations have to be 

undertaken at the same time (H+ 11 - H + 13) on three different 

tanks : 

- ballasting 

- washing 

- de ballasting 

For some tankers the line and pump system would render this 

procedure impossible. In this case an additional delay of 2 

hours shall be taken into account. As displacement time and 

mooring at a new site is depending on harbour configuration 

and can have in many cases an important duration, it is 

suggested to add in all ca~es 2 hou:rs to the described 

procedure in order to be on the safe side. 

From this example and from previous mit values, the following 

figures have l:ccn established for different ship's sizes . 

. . . I . .. 



SCHEDlJLE 36 

DURATION OF Ilv:?v\OBILlZATION 1\T DISCHARGING HARBOUR FOR 

CHANGING OF BALLAST A.TA SE PARA.TE STATION 

hours 

Displacement, mooring, 
rinsing .•. 

Washing dcLallasting 
and ballasting 

good weather 

bad weather 

Total time 

good weather 

bad weather 

Additional time 

good weather 

bad weather (l) 

60 

4 

10 

16 

14 
. 20 

14 
19 

Class of ship 

100 210 260 

4 

12 
20 

16 

24 

16 
22 

5 

16 

28 

21 

33 

21 

31 

5 

18 

30 

23 
35 

23 
33 

320 

6 

20 

34 

26 

40 

26 

37 

(1) deduct difference of till~e between good and bad weather 

dirty ballasting 

Additional time is in this case about 50 % as much as for 
' 

'procedure A. 

The major part of this additional time is spent at the new 

berth and this involves the availability of new expensive 

facilities. 

The receiving capacity of the station should be also much more 

important than in procedure A, because in this case dirty 

ballast as well as washing water has to be sent ashore. 

The total amount of water and oil would be as follows : 
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SCHEDULE 37 ...... _.,. _________ .. 
WATER AND OIL SENT ASHORE WJIIL E CHANGE OF BAt LAST AT 
----------------------------------------------------------------
A SEPARATE STATION IN UNLOADING PORT -------------------------------------------

m.t. Class of ship 

60 100 210 260 
Dirty ballast 15,000 25,000 45,000 50,000 
Washing water : 

good weather 1,800 2,400 7,000 9,000 
bad weather 2,700 5,000 14,000 18,000 

Oil from dirty ballast 70 120 250 310 
Oil from wash. water 

good weather 90 150 320 390 
bad weather 135 300 640 'JBO 

Total water 

good weather 16,800 27,400 52,000 59,000 
bad weather 17,700 30,000 59,000 68,000 

Oil - good weather 160 270 570 700 
bad weather 205 420 890 1090 

This would involve following requirements for the station 

- capacity of separation 5,000 c,m.p.h. 

- storage/settling capacity 5,000 c,m. 

These requirements are approximately 3 to 4 times those 

needed in procedure A. 

320 
70,000 

12,000 
24,000 

410 

500 
1,000 

82,000 
14,000 

9,10 
1410 

In very good weather conditions, the volume of ballast needed 

for movements within harbour area may be less than those 

indicated hereabove, but even in exccptiona 1 good conditions 

this procedure shall cost substantially more in time, investment 

and operating expenditures as procedures A or B. 
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The same is obviously true if the ship is anchored in the 

harbour area and undertakes washing by herself and then 

proceeds to a special berth for unloading dirty ballast and 

washing water. 

A choice can be therefore made right now to disregard this 

procedure in subsequent cost calculations and to prepare 

estimates for procedures A and B only. 



7. CC.ST ESTIMATES 

7 .1. GENERAL 

In this chapter a.11 assessment of costs will be ma.de for procedure A 

(washing at discharging berth after discharging) and procedure B 

(washing while discharging). 

Unit costs shall be established first and it should be emphasized 

that it is only possible to reach approximate average values, as 

harbour conditions, features of ships And economic conditions may 

vary to a great extent. 

On the basis of unit costs, and using economic calculations procedures 

suggested by paper n ° MP /Xl/2/3 submitted to the OMCI, the economic 

consequences of the suggested measures will be ass2ssed. 

7. 2. COST OF IMMODlLIZATlON OF THE SHIP 
. 

The fact that the ship has to spend more time at discharging berth 

involves additional ,i:ost. This is usually assessed tak.ing into account 

time-charter rates. In 1972, the incurred cost is as follows, depending 

on ship's size and time-charter rates, 

SCHEDULE 38 

IMMOBILIZATION COST PER DAY 

US dollars 60 
Time-charter rate \V 100 6,000 

W 80 5,000 
w so 3,000 

Size of ships 

100 210 
12,000 25,000 
10,000 20,0CO 
6,000 12,000 

260 

23,0CC 
27,000 

14,000 

320 
42,0CC 
34,000 
22,0cc 
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We suggest to take into account the hourly costs indicated hereafter. 

These costs are based on W 80 condi.tions. 

The multiplication by the average additional time spent at discharging 

berth gives additional cost involved per ship and per voyage. 

SCHEDULE 39 ..., ____ ... ___ ..,..,. ___ _ 

ADDITIONAL COST PER SHIP AND PER VOYAGE FOR IMMOBILIZATION 

Class of ship 

60 100 210 260 320 

lmmob. cost per hour ($) 210 420 84.0 1,120 1,400 

Average add. time (hr) (1) 13 15 20 22 26 

Incurred immob. ,:ost 2,700 6,300 16,800 24,600 36t400 
per ship per voy. 

. . ' 

(1) figures deriving from schedule 34 with : 
C 

60 % br.d weather for class 60 and 100 

80 % b~,.., weather for class 210 and above 

7.3. COST OF WASHING 

7 .3.1. Washing by shi:e without assistance 

The handling of washing machines (if mobile machines are used) 

is in this case undertaken by the ship'~ crew, in similar 

conditions as at sea. No additional cost is involved. 

7 .3.2. Wasl}__iE.&.with assistance from shore 

This could well be the practical case because, if washing is 

completed at discharging port, no further washing would be 

necessary en route in routine voyages. 
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This could lead to reductions of the ship's operational costs. 

The cost of assistance from the shore will be rherefore 

balanced by savings in crew expenses. Although savings may 

actually amount to more than costs of assistance for washing 

it is assumed here that it compensates equally. No additional 

cost will be therefore taken into account. 

7,4. COST OF lNERT GAS SUPPLY 

This would apply to non-1nerted tankers only. As described in 

para.6.3,4. inert gas, when not available at the nearby refinery, 

could be generated by burning of slops discharged from ships. Therefore 

no fuel costs will be taken into account, 

A generating plant would be a. rather simple installation either with a. 

simple burner and combustion chamber, followed by a scrubber. In 

addition waste heat could be used to generate steam which could find 

a.number of utili.zations , among which production of hot water for 

washing machines. 

ThE: generating pla~t can serve two berths and would _be connected with 

appropriate ducts and handling faciliti.es on the pier. 

The ,costs related to such a facility could be assessed to the following 

amounts : 

- Investment costs : generating plant 
connections 

- Operating costs per year labor 
other costs 

$ 12O,OC0 (1) 
80,000 

40,0CC 
20,000 

This investment would be amortized in ten years. This means a yearly 

equivalent of about 20 % per year (with a 10 % yearly di::ic.>unt rate). 

Yearly costs would then be : 

. depreciation 

• operating costs 

40,0CO 
60,000 

lOOrOOO 

(1) This does not include the cost of boiler which could 
be balanced by supply of steam and hot water. 
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As indicated, the installation could serve two adjacent berths and 

therefore treat about 300 ships per year. However taking into 

account terminals with less traffic and inerted tankers for which 

this installation would not be cf use, it seen~s safe to assume 

that this facility would handle 60 operations per year. This gives 

a mean average amount of$ 1,300 per ship. This can be modulated 

as follows : 

Class 60 per ship per voyage 

Class 100 

Class 210 

Class 260 

Class 320 

$ 1,000 

1,300 

1,600 
2,000 

2,500 

7 .5. ADDlTIONAL COST FOR THE HARBOUR (procedure A) 

7. 5. 1. General 

The additional cost for the harbour would derive from 

- additional time spent thus requiring additional 

facilities 

• cost of receiving and treating effluent water from. 

washing 

- cost of inert gas supply (already 1;-ccounted for in 

para. 7 ,4.) 

7. S. 2. Need for additional facilities 

Comparing time spent at the discharging pier, in the present 

situation and under conditions of procedure A, the following 

schedule can be established. 
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SCHEDULE 40 ---------------
ADDITIONAL TIME SPENT ALONGSIDE DISCHARGING PIER 

hours 
Additional time 

Pres~ntly with procedure A % 
(average) (average) increase 

Class 60 30 13 44% 
100 30 15 50% 
210 32 20 62% 
260 34 22 65 % 
320 36 26 72 % 

This means that harbour facilities ,vill be on the average used 

from 44 to 70 % more. This means that corresponding 

additional facilities have to be provided. 

However harbour terminals are not always saturated and 

additional capacity is often available. >his would be 

. particularly the case in t~rminal handling_ less than 10 milHon t 

of crude oH per year. ' 

Judging from the conditions of exploitation in major petroleum 

ports, such as Rotterdam, Marseilles or Le Havre, one . 
discharging berth can be considered as saturated when the 

frequentation reaches 170 ships per year, which means an 

occupation of 5,000 hours or 56 % occupation. (See schedule 

n°40a of occupation of unloading piers in Marseille and Le 

Havre). 

All existing piers do not yet reach this level and in many ,;:ases 

additional available capacity would permit to postpone the 

immediate implemE"ntation of additional facilities. 
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However the need for additional facilities would be f-ully felt 

• on development programmes and development would have to 

be implemented 60 % foster than presently contemplated. 

The cost increment deriving from an acceleration of development 

programmes is very much depending on the distribution of 

traffic between harbours and differences in traffic growth 

among major ports. 

SCHEDULE 40 a 
----------------
OCCUPATION OF DISCHARGING PIERS 

OCCUPATION OF DISCHARGING PIERS MARSEILLES 1970 
---------------------------------------------------------

no nb Duration Total 
pier ships Total per ship disch - Mt. 

721 84 3142 37 2,1 
722 104 3610 35 3,0 
723 112 3653 33 4,0 · 
724 110 3387 31 ·4,6 

725 163 4920 .. 30 8,9 
726 159 4883 31 9,0. 
800 71 2067 29 3,0 
802 176 4969 28 14,5 
803 112 3137 29 10,3 
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no Nb. Duration Total 
pier ships Total per ship dis ch. "Mt. 

103 131 4339 33 4.5 
105 84 2628 31 1.4 
106 137 3708 27 6.9 
107 153 5080 33 10,7 
108 J.59 4592 29 14.0 
110 34 (1) 1906 35 7.2 

(1) operating since July 1970 

An approach to the problem of cost can be made as follows : 

a) Taking direct and ind~rect costs into account, the 

investment required for discharging of 1 t of crude oil 

· can be assessed today at US $ 0~ 25 · 

This means that a discharging berth capable of handling 

20 Mt of crude oil would cost US $ 5 M. 

A twin pier was r~cently built in Rotterdam for 17 M n 
(5,4 M $). 

b) Using a yearly equivalent of 12 % of the investment (which 

means a 20 year amortization with a 10 % discount factor) 

the yearly equivalent per ton of crude oil would be : 

0.25 x 0.12 = 0.03 US S pert per year 

This amount is more of what is presently charged by harbours 

authorities for occupation of berth after discharging and 

prior sailing. ln Rotterdam the charge is about 0.03 fl per 
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GRT or 0.02 fl (0.007 US $)pert. 

The charge for discharging crude oil in Rotterdam is 

0.10 US $ per GRT or about 0.06 $ pert. But this charge 

includes also operating cost!!. 

Similarly occupation of berth at Rotterdam tank cleaning 

station is 250 fl per hr for 100,000 tdw. For 30 hours 

the total would be 7,500 fl or 2,500 US $ or 0.025 $ 

per ton. 

We think therefore that 0.03 $ pert can be considered 

an acceptable figure. 

c) The additional cost incurred for longer occupation of 

discharging berth per ship per voyage would be then 

simply cak11lated- by multiplying the dw tonnage by O, 03 

and by the percentage of increase shown in schedule 40. 

This gives the following rounded figures 

Class 60 s 800 

100 1,500 

210 3,900 
260 5,100 

320 6,900 

7 .S.3. ~ost for receiving water effluents 

This cost will be very much dependant on available capacities 

in existing installations which are intended for receiVing dirty 
\ 

ballast and water effluents from tankers in the petroleum 

products trade. 

Therefore any assessment is difficult. A short cut may be 

found by taking into account the rates char.ged by tank cleaning 

stations for similar operation!'. This is supposed to take 

appropriately into account all incurred costs. 

. .. I . .. 
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The cost of slop discharging at some important tank cleaning 

stations appears as follows (in round figures) 

Rotterdam <:I erolme Tank Cleaning) 

60,000 tdw 220 .t1/h x 20 : 4,400 fl 

100,000 tdw 360 .fl/h x 20 : 7,200 fl 

210,000 tdw 360 fl/h x 24 : 8,640 fl 

(1,400 $) 

(2,200 $) 

(2,700 $) 

Hamburg (Hansamatex) 3 DM per cu.m. effluent 

100,000 tdw 2,000 cu.m. x 3 : 6,000 DM (1,900 $) 

200,000 tdw 3,000 cu.rn. x 3 : 9,000 DM (2,800$) 

Marseilles (Tanker Service) lump quotation 

100,000 tdw 9,000 F 

200,000 tdw 12,000 F 

(1,800$) 

(2,400 $) 

We suggest therefore to take into account the following figures 

per ship per voyage : 

Class 60 1,500 
100 2,000 
210 2,800 
260 3,200 
320 4,000 

. 
7.6. RECAPITULATION. TOTAL COST PER SHIP AND PER VOYAGE 

for procedure A 

The results arrived at in preceding paragraphs are summed up in 

the .following schedule : 

.•. I •.. 
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SCHEDULE 41 

TOTAL ADDITIONAL COST PER SHIP PER VOYAGE FOR PROCEDURE A 
----------------------------------------------·----------------~-----

Immobilization 
l 

Inert gas supply 

Add. facilities 

Reception of 

effluents 

per tdw 

60 

2,700 

1,000 
Boo 

1,500 

6,000 

0.10 

100 

6,300 

1,300 
1,500 

2,000 

11,100 

0.11 

Class of ship 

210 260 320 

16,800 24,600 36,400 
1,600 2,000 21500 
3,900 s,100 6,900 

2,800 3,200 4,000 
-·--

25,100 34.900 49,800 

0.12 0.13 0.15 

The cost is somewhat smaller for tankers equipped with inert gas for 

which no inert gas supply has to be provided. 

The result can be summarized as follows : 

• 

. Snip with Ship without % (1) Average 
inert gas inert gas 

Class 60 5,000 6,000 30 5,700 
100 9,800 11,100 40 10,600 

210 23,500 25,100 50 24,300 
260 32,900 34,900 60 33,700 
320 47 ,~300 49,Boo 60 48,300 

(1) percentage forecasted of number of ships equipped with 

inert gas in 1975 and after. 
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7. 7. TOT AL COST WORLD\VlDE FOR PRC)CEDlm EA 

The results arrived at in the precedent paragraph and the figures 

cstabli.shed previously lead to schedule 42. 

SCHEDULE 42 

TOTAL COST WORLDWIDE FOR PROCEDURE A (1975) 

Average cost Nb.of voy Total cost 
per ship per voy M$ 

SP 

Class Go 5,700 6,000 34.2 
100 10,600 5,500 58.3 
210 24,300 2,200 53.5 
260 . 33,700 1,200 39.4 
320 48,300 100 4.8 

190.2 

T01' AL COST WOR LDWlDE FOR PROCEDURE A (1980) 
---------------------------------------------------. . 

Average cost ··Nb.of voy Totai cost 
per ship per voy (1) M$ 

$ 

Class 100 '10,600 7,700 81.9 

210 24,300 3,300 77.5 
260 33,700 2,000 67,4 

320 48,300 330 15.9 
500 (2) 60,000 660 39,6 

282.3 

(1) Suez closed round figures 

(2) Extrapolated 1mit cost for class 500 

... I . .. 



1t appears from these rcsultti that for the total tonnage of oil 

transported by sea, the add Wonal cost per ton of oil would be 

In 1975 

In 1980 

] 90 . 2 = 0. 112 S 
1720 

282.3 "" o 113 -~~ 21/fo'- . ..., 

7. 8. '-;OST OF POLLUTION PREVENTION - procedure A 0975) 

As established in para.5.2.4. total pollution incurred. by tankers 

when changing ballast at sea is at the minim um 60,000 t per year. 

This pollution would be prevented at a cost o.f 

190 ' 200 = 3,170 US $ per ton 

60 

(If any other value is adopted for total pollution, the cost of prevention 

could be easily established). 

The cost for each class of ship would be as follows 

SCHEDULE' 4J --------------
COST OF POLLUTION PREVENTION (procedure A - 1975) ~------------------------------~-----~-----~-"---"~~·--

Class of ship 

60 100 210 260 320 

Cost per ship per voy. ($) 5,700 10,600 

Pollution per ship per 
voy. (t) 2.1 3.2 
Cost of prevention 

$ per ton 2,700 3,310 

24,300 

a.a 

3,040 

33,700 

10.0 

3,370 

48,300 

13.3 

3', 630 

7,9. INTEREST OF INSTALLING INERT GAS SYSTEMS ABOARD SHIPS 

Comparison between cost of supply of inert gas at discharging port 

and yearly equivalent for investing inert gas systems aboard newly 
built tankers is shown in the following schedule : 

... I . .. 



SCll EDU LE 44 

COMPARISON OF COSTS FOR INERT GAS 

,000 of US dollars Class of ship 

60 100 210 260 320 

Investment for inert gas 
system 200 250 350 400 500 

Yearly equivcJcnt (12 %) 24 30 42 48 GO 
Cost of gas supply at port 1 1.3 1. 6 2.0 2.5 
Number of voyages per year 16.1 13.0 6.8 6.5 7.0 

Yearly cost 16.1 16.9 10.9 13.0 17.5 

This would mean that, for the only purpose of a.voiding the cost 

of supply of inert gas at the discharging harbour, it would not pay 

to install inert gas system aboard ships. 

7 .10 NEEDS or ADDJTION AL TONNAGE 

The additional time spent in discharging port leads to an increase of 

the tanker fleet. • 

This c;an be assessed by taking into consideration the total additional 
' . 

time lost for each.class of ships, and then by considering that a new 

ship would be needed for 348 x 24 = 8350 hours. 

The needed tonnage is then easily deduct~d. The results appear in 

the following. schedule 

p_StlF_1?Y.1:.~ _4~ 
Al?Pl!l9.!'-J..~!--_ !~~t,i Aq¥_ ~F-~P:5_,_ J>!'~~:~:1-!':. ~.1- !~Z~ _ 

60 

Add. time per ship per voy. 13 
Nb. of voyages 6,000 
Total add. time (hours) 78,000 

Nb.of new ships needed 9,3 
Corresponding tdw 

(000 tdw) 
558 

Class of ship 

100 210 260 

15 20 22 
5,500 2,200 1,200 

82,500 44,000 26,400 

9.9 5,3 3.2 
990 1113 832 

320 

26 
100 

2,600 
0,3 

96 
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The total of last line is 3,589,000 tdw (which can be a.chieved with 

a different distribution of ship's size). 

Compare<] wi.th the esti.mated total for 1975 (184 M tdw) 

The increase of tonnage should be approximately 2 % 
Tliis is less than the npproximation used when assessing the tonnage 

and composition of the fleet in 1975 and considerably leBs than the 

possible ujustments to the market provided by combined carriers 

(OBO). 

7 .11 COST E~3Tllv1ATES FOR PROCEDURE B 

7 .11. 1. General 

The basic difference between procedure A and procedure B 

is that the feasibility of procedure B is entirely dependant 

· on the implementation of a'new equipment aboard the ship 

(new stripping network) as indicated in para. 6.4, 
Once the ship is equipped, the total time spent at discharging 

berth will remain the same as today. Therefore cost of 

immobilization and cost for additional harbour facilities will . 
not be taken into account any more. 

The only remaining items · of cost will be 
V • 

- yearly equivalent for new equipment aboard the ship 

- inert gas supply (for ship not equi.pped with inert gas 

systems) 

- reception of water effluents. 

7 .11. 2, Cost of newstripping line 

This new equipment shall serve the whole line of central 

tanks. Assessment of investment cost is as follows : 
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SCHEDULE 46 

INVESTMENT COSTS FOR NEW STRIPPING LINE 

, 000 US dollars Class of ship 

60 100 210 260 320 

Investment cost for 200 300 400 500 600 
new ship 

Yearly equivalent 24 36 48 60 72 
(12 %) 

Investment cost for 300 400 600 700 900 
existing ship 

Yearly equivalent 
(20 %) 60 80 
(15 %) 90 105 135 

It has been estimated in the above schedule that the remaining 

life of existing ships of class 60 and 100 would be less than 

for ships of. class 210 and 26o. Hence the different ratios for 

the calculation of yearly equivalents. • 

It can be estimated further. that in 1975 th~ percentage of new 

ships among the fleet is as follows 

Class 60 : 3% 
100 : 20 % 
210 : 45% 
260: 70 % 

The average yearly equivalent per class of ship will be 

therefore (in rounded figures) 

Class 60 $ 60,ooo 
Class 100 70,000 
Class 210 70,000 
Class 260 70,000 
Class 320 100,000 

... I . .. 



Taken into account average number of voyages per year, the 

cost per ship and per voyage. will be 

SCHEDULE 47 

COST PER SHIP AND PER VOYAGE FOR NEW STRIPPING LINE 

Y l:arly Nb. Cost per ship 
equi. voy. per voy. 

Class 60 60,000 16. 1 3,700 
100 70,000 13.0 5,400 

210 70,000 6.8 10,300 

260 70,000 6.5 10,800 
320 100,000 7 14,000 

7 .11.3. Total cost per shi)2 12cr voyage for ;erocedure B 

The results appear on the following schedules 

SCHEDULE 48 ______ .., __ ,.. ___ _ 

. 
!'£1 ~I-.. S:_<;?~I- I'_Tf ~t ~ IU!: R.~~- Y.s?.'!: ~S!.~ -~9Y._?..;9S:J~pp_; ~ _ ~-
NON INERTED TANKERS 
-----------·--~~-------- Class of ship 

60 100 210 260 320 

New stripping line 3,700 5,400 10,300 10,800 14,000 
Supply of inert gas 1,000 1,300 1,600 2,000 2,500 
Reception of effluents 1,500 2,000 2,800 3,200 4,000 

• 

--
6,200 8,700 14,700 16,000 20,500 

.•. I . .. 
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TOT AL COST PER SHIP PER VOYAGE FOR PROCEDURE B 

INER TED TANKERS Class of ship -"---------~-------
60 100 210 260 320 

New stripping line 3,700 5,400 10,300 10,800 14,000 

Reception of effluents 1,500 2,000 2,800 3,200 4,000 

5,200 7,100 13,100 14,000 18,000 

Taking into account the percentage of ships equipped with 

inert gas in 1975 as already indicated in sclu;idule 41a, the 

average total per ship per voyage will be : 

SCHEDULE 48a .,. __ .,._.,. __ .,..,._~---
TOTAL AVERAGE COST PER SHIP PER VOYAGE FOR PROCEDURE 

B 

Class 60 5,900 us$ 
100 8,200 
210 13,900 
26o 14,890 
320 19,000 

7.11.4. Total cost world wide for procedure B 

SCHEDULE 49 (1975) -----------------
Average cost Nb. of Total 

per shi$ per voy. voy. cost 
M$ 

Class 60 5,900 6,000 35.4 
100 8,200 5,500 45.1 
210 13,900 2,200 30.6 
260 14,800 1,200 17.8 
320 19,000 100 1.9 

130.8 
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SCHEDll LE 49a (1980) -·-------------

Average cost Nb. of Total cost 
per shi.p per voy. voy. M$ 

$ 

Class 100 8,200 7,700 63.1 
210 13,900 3,300 45.9 
260 14,800 2,000 29.6 
320 19,000 330 6.3 
500 30,000 660 19.8 

164.7 

(Schedule f~9a takes into account an extrapolated cost for 

class 500) 

in 1975 

in 1980 

Cost per ton of oi.l transported : 

130.8 
----= 0.077 $ per ton 

1720 

164.7 

2470 
- 0,066 $ per ton 

The difference between 1975 and 1980 is representative of 

the better economy of the procedure for large tankers • . 

7 .11.5 Cost of polh1tion prevention procedure B (1975) 

Polluti.on accruing to 60,000 t will be prevented at a cost of : 

130,800 ____ .. 2,180 US $ per ton 
60 

The cost of each class of ship would be as follows 
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SCHEDULE 50 

COST OF POLLUTION PREVENTION PER CLASS OF SHIP 

9J..7_~ P:.9~~9 ~:-7 _ °?.? 

Cost per ship Pollution Cost per ton 
per voy. per voy. 

Class 6o 5,900 2.1 2,810 
100 8,200 3.2 2,560 
210 13,900 8.0 1,740 

260 14,800 10,0 1,480 
320 19,000 13.3 1,430 

The cost of pollution prevention for procedure B decreases 

with the size of the ship. 

7.12.COMPARISON BETWEEN ESTIMATES FOR PROCEDURE A AND 

PROCEDURE B 

. 
The r~.sults which have been established in this chapter can be . , 

summarized and compared as ~hown in the following schedules 

SCHEDULE 51 
--------·-----
COMPARISON OF COST PER SHIP PER VOYAGE ---------~·---~--·--~----~--·-----~-----------

,000 US dollars 

proc,A proc.B % gain 
for B 

Class 60 5,700 5,900 -4% 
100 10,600 8,200 2.3% 
210 24,300 13,900 43 % 
260 33,700 14,SOO 54% 
320 48,300 19,000 6o % 

... I . .. 
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:3 _s:_1-gip_"l;! !.-f.. ~ ,?_ 

COMPARISON OF TOTAL WORLD WIDE COST 

Total worldwide 

million US $ 

Cost per ton of 

oil transported 

US cents 

• 

(1975) 
(1980) 

1975 
1980 

proc.A 

190.2 
282.3 

11.2 

11.3 

proc.B 

130.8 
164.7 

7.7 
6,6 

COMPARISON OF COST OF POLLUTION PREVENTION 

us$ 

World avera,ge . 
per ton (1975) 

Per class of ship per ton 
Class 60 

100 
210 

260 
320 

proc.A 

3,170 

2,700 

3,310 
3,040 
3,370 
3,630 

proc.B 

2,180. 

2,810 
2,560 
J., 740 
1,480 
1,430 

% gain 
for B 

31 % 
42% 

31 % 
42 % 

% gain 
for B 

31 % 

-4% 
23% 
43 % 
54% 
60% 

The interest of procedure B is clearly increasing with the size 

of the ship. 



8. MISCELLANEOUS AS J>ECTS RELATED 

TO CONTEMPLATED PROCEDURES 

8.1. CONTROL AND REGULATIONS 

The procedures of control related to the interdiction of sailing from 

the discharging port with dirty ballast are not easy to implement. 

The verification that the ballast is clean will be made essentially 

a posteriori when the ship reaches the loading port. There is no 

clear and obvious way to control the cleanliness of the ballast upon 

sailing, 

The control of the tanks to be ballasted is not easier. As suggested in 

this report the tank washing should be undertaken under iner1• gas. This 

means that the tanks will be completely inerted before ballasting and . ' 
this renders any gas free measurement irreleva.."1t and it prevents an 

easy visual examination. 

Any checking on the state of the tankt1 or of the "clean" ballast seems 

to be therefore impossible or unreliable. 

The only control which can be contemplated is to verify that washing 

operations are undertaken under normal conditions and within limits 

of normal duration before ballasting, 

As an example the ship shall state how many center tanks are intended 

to receive ballast and verification shall be made that washing operation 

is being conducted on those tanks. When reaching the loading port 

another verification shall take place in order to check that the ballast 

11 still in those same tanks and that no other tanks have been ballasted . 

. . . I .. . 
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8.2. THE PROBLEM OF WASHING AT SEA 

Th.t:? contemplated procedure implies that the ship has to forecast the 

weather conditions likely to be encountered en route. 

It should be emphasized however that if a ship takes additional ballast 

en ·route, thi~ ballast can be charged in washed tanks and the 

additional pollution resulting from additional ballasting would 1,e 

generated from washing the tanks intended for additional ballt: ,t and. 

not from discharging dirty ballast. The si.tuation in this respH:t would 

be the same if a ship cleans some of her tanks without ballasti.ng them. 

The problem appears then to be wether any washing at sea should be 

forbidden. If not, additio .. al ballasting at sea in previously washed 

tanks shall be also permitted. 

The inte'rdktion of any washing at sea is clearly a stringent constraint 

and would result in accumulation of sedime!'l.ts and sludges. 

If washing is per . .aitted at sea, a verification of the slop tanks at the 

. loading port should demonstrate that the washing operations have been 
• 

conducted in the appropriate manner. 

As stated in chapter 5, the mo.in polluting factor is the effluent from 

the slop tanks, rather than the bulk of the dirty ballast. If therefore 

a ship sails from discharging port with clean ballast in center tanks 

but with all other tanks dirty and reaches loading port without 

additional ballast but with some of the wing tanks cleaned, the incurred 

pollution would not be negUgible as compared with the pollution which 

has been prevented by cleaning tanks at discharging port before 

ballasting. 

A consequence of any interdiction to wash at sea would bP. the 

necessity ir ships at given intervals to clean the tanks which are not 

usually used for ballasting at a special tank cleaning station. This 

problem is not special to thiS study : 

... I . .. 
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if ships are to be designed with permanent ballast and without any 

possibility to ballast tanks intended for cargo, these tanks have still 

to be washed, just as the tanks which are not used for ballast in 

present conventional ships. It could he interesting to know if ships 

designed with separ.ate systems (water and cargo) would ever be 

allowed ·co wash cargo tanks at sea. 

We suggest that this problem should be discussed and it seems that 

a special study could be undertaken with a view to assess the 

consequences of an interdiction of any tank cleaning at sea. Thi.s 

problem is clearly independant of the ballasting procedure. 

8.3. SIDE CONSEQUENCES FOR THE SHIP 

Washing at the discharging port instead of en route could have some 

advantages : 

- the ship may not have to undertake any further washing at sea. 

This would save operating costs and possibly crew ~xpenses • 

• non inerted ships would undergo washing operations under inert 

gas at discharging berth, thus in. better con.ditions of salety than 

at sea by themselves. For those ships corrosion will be also 

reduced • 

.. the additional stripping system could have other uses and 
• 

improve the sequences of operation at the loading port. 

8.4. THE PROBLEM OF HARBOUR POLLUTION 

As suggested the discharging port will receive effluents from the 

washing of the tanks intended for ballast. These effluents will be 

se pa.rated ashore and the "clean" part will be rejected in harbour 

waters. 

• .. I . •• 
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The problem i.s to know how n:nlly clean this "clean" part could be. 

M investigation carried at some major tank cleaning stations in 

Western Europe seem to indicate that the "clean" part rejected in 

the harbour waters contains nbout 30 ppm of oil. 

This could become a problem for harbours having an important crude 

oil traffic. Rotterdam receives presently about 1,000 crude oil 

tankers per year, This traffic would show a steady increase, the 

increase being more related to the size of the ships than to the 

number of the ships. Let suppose for example that Rotterdam would 

receive in 1975 : 

Class GO 
100 

400 ships 

400 

210 200 

260 100 

The effluent pumped ashore during washing operations at discharging 

berth would be, according to schedule 35 : . 

class 60 4CO x 2,700 = 1,080,000 cu.m. 
100 400 X 4,800 = 1,920,000 
210 200 X 14,000 = 2,800,000 
26o 100 X 18,000 = 1,800,000 

• 
7,600,000 cu.m. per year 

At a concentration of 30 ppm thi.,; represents about 230 t of oil rejected 

in the harbour waters per year. 

It shall be remembered that this operation was conducted in order to 

prevent the rejection at sea of an amount of oil which in the example 

under consideratf.on would have been (using figures of schedule 28) : 

.•. I . •. 



Class 60 
100 

210 
26o 

400 X 2, 1 • 840 

400 X 3. 2 "' 1280 

200 X 8.0 "" 1600 
100 X 10.0 = 100() 

4720 t 

This means that instead of rejecting 4,720 t of oil at sea, 230 t 

will be rejected in harbour waters. This could be expresse.:l also 
by saying that about 5 % of the oil which is not rejected at sea will 

be rejected in the harbours. 

The problem is then to know wether this pollution of a confined area 

is not far worse than sea pollution • 

• Another problem of harbour pollution would be related with the 

disposal of sulfuric acid generated from the scrubbers of the inert 

gas installation. Rejection in the harbour water would compell 

neutralization. 

However it should be emphasi.zed that harbo11r waters are already 

heavily polluted by quite a number oi effluents, the additional pollution 

contemplated here is probably small compared with the present 

situation. 

As far as air pollution is concerned, it seems that the contemplated 

procedure would not lead to a worsening of the present situation. The 
amount of hydrocarbon gas sent into the atmosphere would not be 

different in this case than when the ship takes dirty ballast and displa

ces therefrom an equivalent ·.-olume of gas in the atmosphere. 

The fact that the tanks will be clean when oallasting could even lead 

to a reduction of hydrocarbon gases sent to the atmosphere as 

compared with the present situation. This air pollution seems to be 

very small compared with the gas effluents of industrial installations 

and of ship stacks in harbour areas. 
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9. SUMMARY AND CONCLUSIONS 

9.1. THE CRUDE OIL TRAFFIC IN 1975 AND 1980 

The traffic to be taken into consideration in this study is clearly the 

crude oil traffic, as the petroleum products trade does not involve 

the same pattern of constraints related to discharging ports. 

The number of ships and number of voyages for crude oil shipping 

have been assessed as follows for 1975 and 1980 : 

1975 (1) 1980 (1) 

Nb Nb Nb Nb 
ship voy. ship voy. 

~lass 60 373 6,000 
(50/80 ,000 tdw) 

• 
Class 100 423 5,500 450 7739 
(80/150,000 tdw) 

Class 210 321 2,200 410 3290 
(150(240,000 tdw) 

Class 260 184 1,200 285 2023 
(240/300.000 tdw) 

Class 320 14 100 so 331 
(300/350,000 tdw) 

Class 500 100 662 
• 

(1) Suez canal closed 

(an alternative assessment has been made also for Suez canal 

opened). 
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9.2. POLLUTION INCURRED FROM CHANGE OF BALLAST 

The operations of changing of ~a.Hast at sea generates pollution on 

three ma.in counts : 

(a) by rejection directly at sea of the main part of dirty ballast 

(b) by rejection at sea of the overflow from "clean" slop tanks when 

dirty water is processed through slop tanks 

(c) by rejection at sea of th:! effluents of the "reduction" of slops 

in order to reach loading port with slops containing minimum water. 

The oil content in water rejected at sea has been taken at the level of 

50 ppm for (a), 150 ppm for (b) and 200 ppm for (c). These values are 

the result of an investigation among shipowners. This is, of course, 

opened to discussion and ag~,eeinent on accepted values seems 

to be desirable. 

Therefore the total amount of oil rejected at sea per ship per voyage 

is as follows (average) 

Class 60 
100 

210 

260 

320 

2.1 t 

3.2 
8.0 

10.0 

13.3 

This assessment is made in the assumption that all ships use the load_ 

on top procedure (involving processing via slol:! tanks) with full 

efficiency. 

The multiplication of pollution per ship per voy. Je by th~ number of 

voyages previously established give the total worldwide pollution per 

year from the crude oil trade : 

in 1975 
ill 1980 

61,000 t 
s,,ooo t 
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This appears to be less than estimated by certain authors and it is 

clearly resulting from the assumptions related to unit oil content of 

effluents. 

9.3. POLLUTION INCURRED FROM PRE-REPAIR TANK CLEANING 

Pre-repair tank cleaning is presently a very polluting operation 

because a great number of ships do not discharge their slops at the 

repair harbour. The experience at major repair yards in Southern 

Europe shows that up to 50 % of all ships arrive at the repair harbour 

completely cleaned including slop tanks. 

This leads to a pollution 5 to 6 times that of routine changing of 

ballast. It seems therefore important that an adequate control should 

be applied in the future in order to prevent ships from discharging 

at sea all the residues and sludges when en route to repair yard. 

9.4. CONTEMPLATED PROCEDURES FOR CLEAN BALLASTING 

AT DISCHARGING PORT 

Three procedures can be contemplated : 

Procedure A : after completinn of discharging operv.tions the ship 

undertakes washing of the tanks intended for ballast, then ballast. 

1n this case the safety requirements would impose that the washing . 
operations are conducted under inert gas. This means that the shore 

has to supply inert gas when the ship is not herself equipped with an 

inert gas system. 

This procedure involves also that the shore is able to receive the 

effluents from the ship when washing is undertaken. 

Procedure B : The washing operation would be undertaken while 

discharging in order to complete those operations at the same time as 

discharging is completed. Thus no additional time would be spent 

alongside discharging pier. 
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This operation is presently impossible and would require that the ship 

is equipped with a new stripping system. Requirements for inert gas 

supply and receiving capacities for effluents are the same as for 

procedure A. 

Procedure C : The ship takes minimum ballast after discharging 

and proceeds to separate berth where washing and change of ballast 

are undertaken. Part of the operation can also be made while the 

ship is anchored in the harbour area, This operation involves 50 % 
more time than procedure A and leads also to more additional 

expenditures for harbou! facilities. Therefore this procedure can be 

disregarded off-hand and costs estimates have been prepared for 

procedures A and B only, 

4' 

9.5. TIME REQUIREMENTS AND COSTS ESTIMATES 

The main figures arrived at in this report are summarized in the 

following schedules : 
. 

9. 5. 1. Additional time alongside discharging berth (procedure A) 

hOUl"S Bad weather Good weather Average 

Class 60 14 10 13 
100 19 10 15 
210 22 12 20 

.; 

26o u 13 22 
320 28 15 26 

Average values ar.a calculated by taking 60 % occurenc:es of 

bad weather for ship! of classes 6o and 100 and 80 % for shipa 

of classes 210 and above. 

This leads to the f oUowing increase in percentage, as compared. 
with pre1ent duration alongside discharging pier : 

class 60 44% 
100 so" 
210 62" 
260 65% 
320 72 % 

I 
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9.5.2. 5=.9st Eer ship per voyage for proce4ure A 

US dollars Class of ship 

60 100 210 260 320 

Immobilization of ship 2,700 6,300 16,800 24,60o 36,400 
Add. harbour charges 800 1,500 3,900 5,100 6,900 
Reception of effluents 1,500 2,000 2,800 3,200 4,000 

Total for inerted tanker 5,000 9,800 23,500 32,900 47,300 
Inert gas supply 1,000 1,300 1,600 2,000 2,500 

6,000 11,100 25,100 34,900 49,800 

Total average 5,700 10,600 24,300 33,700 48,300 

fl 

Notes : 

- immobilization of ship is calculated on the basis of time 

charter rates W 80 
- additional harbour charges correspond to additional 

facilities required on account of longer duration t.ilongside 
pier 

.. reception of effluents and inert gas supply correspond to 

additional services rendered by the shore 

c• total average is calculated by assuming that the percentage 

of inerted tankers in 1975 and beyond is 30 % for ships of 

class 60, 40 % for class 100, SO % for class 210 and 6o % 
for class 26o and 320. 

9.S.3. Cost per ship per voyase for procedure !L 
Immobilization of ship and additional harbour charges no 

longer apply t but a yearly equivalent related to additional 

equipment aboard the ship haa to be taken b1to account • 

. . . I . .. 



US dollars Class of 

6o 100 210 

Add. stripping system 3,700 5,400 10,300 
• 2,soo Reception of P.!fiuents 1,500. 2,0CX> 

Total inerted tanker 5,200 7,400 13,100 
Supply of inert fl.,..S 1,000 1,300 1,6oo 

Total non inerted tanker 6,200 8,700 14,700 

Total average 5,900 8,200 13,900 

9. 5. 4. Other results related to costs 

Total annual cost worldwide 
(Million dollars) 

1975 
1980 

Cost per ton of trani;ported tons 

procedure A 

190.2 
282.3 

of crude oil (US cents) ~ 

1975 
198o 

• Cost per ton of pollution 

prevention (US dollars) 

Additional tanker fleet needed 

(percentage of fleet) 

11.2 
11.3 

3,170 

2% 

ship 

260 320 

10,800 14,000 
3,200 4,000 

14,000 18,000 

2,000 2,500 

16,000 20,500 

14,800 19,000 

procedure B 

130.8 
164.7 

7.7 
6.6 

2,180 

a I t / t I t 



9,6. MISCELl.ANEOUS CONSEQUENCES 

a) Control and measurement appears to be difficult to implement. The 

only workable procedure would be to verify that washing operations 

are undertaken. Control of cleanliness of ballast would be 

unreliable. 

b) The prevention of dirty ballasting would. not prevent the polluting 

consequences of washing at sea. tanks which do not contain dirty 

ballast or which are not intended for ballast. This problem is 

independant of ballasting procedurP.s and would also apply to 

tankers equipped with an independant permanent ballast system. 

The prevention of washing cargo tanks at sea has to be examined, 

c) Prevention of sea pollution would lead tC' harbour pollution. At 
least 5 % of oil not rejected at sea wiU be rejected in harbour 

waters. Harbour pollution may appear more damaging than sea 
pollution. 

9.7. CONCLUSIONS 

1. 1! interdiction of dirty ballasting upon leaving discharging port 

has to be adopted, the best and less costly procedure would be to 

equip ships ,or at least ships above 150.000 tdw, with a new 

stripping system. 

2. The cost of pollution prevention appears to be high. 

3. The problem of washing cargo tanks at sea would remain. 

4. Harbour pollution would increase. 


