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be expected to eoncounter having regard to its draught,
frecboard, stability and manocuvrability without

recourse to the use of oil tanks for water ballast,"

"(5) Where aWmorually scvere weather conditions render it
necessary to carry additional water ballast in oil tanl:s,
such ballast watcr shall be processed and disposed of in
accordance with the requirenents of Repgulation 15 of this
Annex, and ontry shall be nade in the 0il Recoxrd Book
referred to in Regulation 21 of this Annex,"

The crucial words in these two paragraphs are "normally" and "abnormnlly".
It is clcar that in the practical interpretation of the Convention by various
adninistrations, <the text so worded will lcad to differences in its assessnent
which may be considcrable, Such distortions connectcd inevitably with the
subjective character of the words "normally" and "abnornally" (or any
periphrasis that cnc night be tenpted to adopt to make thosc words less
specific) must be avoided, On the one hand such a result is contrary to the
ain of any intornational Convention which ig uwnifomiity of application and on

the other hand it night have a negative coffect on salety,

One exanple will denonstrate the risks involved, The very interesting
study subnitted by the Notherlands in MP/CONF/8/6/Add.1 conpares the criteria
proposcd for hallasted conditione with the probability »f bow ciersence in
civen weather conditions, It night scen justifiable to choose as a rofercnce
point a 10% probability in a sca corresponding to a Beaufort Scale Force 5
wind in the North Atlantic; but other probability values or wind forucs
(2096 probability or Forec 8, for instance) night be equally reasonablc. 4n
exacination of raphs on sca conditions in Porce 5 and Force 8 shows that the
corresponding displaccicnts in ballast are 35% and 50% for o 250,000 tdwt ship,
The very size of this differential throws doubt on the credibility of a rule
inplicitly amthorizing such diver;encics,

It .iiht also be considercd that the weather conditions found on one day
at nost on a 30~day voyasc froim Europc to the Persian Gulf arc abnormal, cven
if they arc found on alnost every voyare, and hence systematically involve the

gsane anount of pollution through dirty ballast on cach voyagc.
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It seens necessary, therefore, to adopt a slightly different approach to
the whole of Regulation 1% and particularly paragraphs 2 and 5, This would
rmean (a) specifying a conventional segregated ballast capacity (the level of
which could be ncpotiated sc us to correspond to "normal® conditions, but
vithout any mcntion of that consideration in the text) and (b) specifying what
should be done to any supplementary ballast nade by the Master of the vesscl

for safoty reasons, of which he rugt renain the sole judge at all tines.

2. Present paragraph 3 specifics on the one hand a ninimum forward draught
and an adequate after drau_ht and on the other a mininun (average) draucht or

a niniiawa displacerient in ballist conditions, which comes to the sane thing,

It is cagy to denonstrate that thesc two criteria are not independent and
that the nunericol valuces adopted ncan cither that one is less strict than the
other and henee uscless, or that the two are cquivalent and hence one is
redundant. Two applications »f thig point are given in the Annex, for
280,000 and 410,000 dwdt ships rcspectively, Thesc are representative of

shipg currcatly on order,

The first point worth nntinz is that data relating to a forward drausht
in the ballast condition (0,025 L) and an "adeguate" after draucht (in practicc,
this vague term would cquate with propeller iimersion of rou hly 0,1 D, where
D is the diancter - and in any case it would lie between 0,05 D and 0,15 D)
determine displaccient in the ballast condition, and accordingly that the first
critoria proposcd would detemmine tne sccond, '
Sinilarly, forward and ofter draushts were wholly deternined by the rotio
of displaccirnt in the ballagt condition to displacencnt in the leaded condition,
fron the nenent the carso's specific weiht was stated (which indeed is the

case, a8 ships were degizmed with volues of the order of 0,82 1o 0,84),

In practice, for a vesscl of a civen dendweisht tonnarc (or a Given
displaeccicnt in the loaded condition, the lisht weight of the vessel, dircctly
rclated to its size being known alricst cxactly once the deadweisht is fixed),
and of a given displaccaent in the ballast condition, the following arc knowns

(i) the volune of the cargoe

(ii) the fixed scprepated ballast volune
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(i11) the position of the centre of gravity, and the centre of volune,
of the cargo from the clementary balance in the loaded condition

with zexo trin.

On the natural assumption}/ that we are attempting to build a ship with
no spaccs other than carge or ballast tank spaces, once we know the volune of
the ballast and cargo spaces and the centre of the carge volune, we also know

the centre of volume of the ballast tanks,

This neans that the weight of a vessel in the ballast condition is wholly

deternined, both as to displaccment and trin (or forward and after draughts).

3, The actual figures attached in Amnnex show that the choice of a forward
draucht of 0,025 L and an after draught of about 0,10 D leads to a ballast to

loaded displaccrent ratio »f approxinately 46% and 45%.

These findings confimm the figures civen by Japan in PCMP/4/23, the table
of which is given in Annex: the 29 results lie between 47.,7% and 42«6%; with
the exception of one figurc of 49.,%% and one other of 41,6%, and with the

cxception of one markedly different result of 34.T%.

Moreover, a closer look at this particular fisurc, nanely 34.%%, is very
instructive, as it is duc to the unusual proportions of the ship, the
477,000 dwt "Globtik Tokyo', This vesscl is short in conparison with cone
ventional ships (in respeet of which a forward draucht in proportion to the
ship's length gives a relatively low value), and which also has a rclativcly
small propeller (with the result that the after draucht riven by the propeller
imnersion criteria is relatively small),

The intcresting lesson of this particular instance is that it shows that
the adoption of o regulation specifying a forward draught proportional to the

ship's length leads to the construction of a shorter ship than at present,

1/ Howevery, an attenpt nisht be made to construct a vessel with niniman depth,
by placing the ballast tanks further forward, where their nnuent would
heve a preater cffeet on the forward draught, and corrcspondingly by
provicding ecupty spacee aft, The calculations show the difference to be
ingignificant,
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just as the adoption of a rule specifying an after draucht as a function of
the propeller's diamcter nay lecad 1o thie provision of propulsion unlits in

which the propellers arc smaller (ané faster) than ot i resent,

In order to avoid these scnewhat artificial constructions and the
energence of "paracraph tankers”, it scens desirable to adopt the criterion
which provides the greatest possible degree of design freedont the ratio
of ballasted 1o loaded displacenent (or of avcrage ballast to loaded draught)
scons best to meet this requirement, If this criterion were accepted, it is
evident that very precise rules for loading conditions would be necessary'

(e loading conditions of slop tanks, peaks, ctc.).
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A .- BASIC ASSUMPTIONS SFLECTED FOR THI STUDY

1, Two vessels, represcnting "standard" vesscls currently in scrvice or on
order, wcre studicd:

~ an oil tanker of approximately 280,00C tdwt: LDP ceesss 330.7 n
) 51-8 |

Inaded C.‘Lrau-gh'b to6o00cves 21.8 |
- an oil tenter of approximately 410,000 tdwis Lpp sevese 550,0 =
B XXX X 70.0 n
Loaded draught ceeveses 23.0 1
2, The displaccnents in ballagt condition envisaged were:
-~ for the vessel of 230,000 ¢t ¢ 40 and 554 of the load displacement:
- for the vessel of 410,000 t ¢ 35 and 50 of the load displacenent,

These ballastings roughiy represent the IMCO minima and the "normal®
values used by vessels in service (figurcs rosulting from analyses of ships!

registers),
3. The densities and load coefficicuts chosen were:
- for Oil [ FN NN NN NN ENNEENNENENNNNENNNENENNNRNN] 0082 to 923,/‘5 Of 108.(1
- for ballast water 6000000 B0COIRRGOIIBOIRDY 1.0?5 to 10@6 of load
4« The "fixecd weights", including fuel oil, fresh water, oil, provisions,

crew, ctce, see Were taken as being equal respectively to 8,500 t for the oil
tanker of 280,000 t and 9,500 t for the oil tanker of 410,000 t,.

5e It was assuned that the wvessel in loaded condition had a zero trin,

6. There were no voluies that were not uscd cither for cargo or for ballasting.

B « OIL TANKER OF 280,000 T

1. A0 Segrogated ballast:

1.1 assunptionss
= the vessel has a depth of approximately 30,8 n
« the tip of the propecller is 11 n above base line ‘
= light displacenent 47,000 t, contre of gravity at 175.2 n from the BPF
- centre of gravity of "fixed weights" (8,500 f) at 296,8 m lrom the BPF

= total wvolune of cargo plus ballast 414,135 m’, centre at 149.5 m from
the BIF
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- cargo volune of 340,000 o (i.c4y a cargo weight of 273,224 t)
- volune of scgregated ballast of 74,135 m§ (i.e., a ballast weight
of 75,989 t) .

- centre of keel, with draught of 22 n (zero trin) at 157.6 m from the
BPF (2.%6 of L forward of the midship section) for a displacemcnt

of 328,724 t

1,2 The equilibrium conditions with the ship loaded, zero trim, produce
a centre of gravity of the cargo situated at 150,2 m from the BPF; i.e.s

| Wejgkht 1¢/BFF | lonont/BPF

| L%%? i cc?é | Jonient,/

' i Z ; -
Total ; 328 724 | 157.6 51806 902 |
Fixod weight % 6 500 | 296.8 'i 2 522 800
Light condition | 47 000 175.2 ;8234 400 |
Ronainder of cargo ’ 275,220 1 150,2 o T

1.3 Talidng into acccunt that the total volwie avallable for cargoe and ballast
is 414,135 n2 to 149,5 a fren the BPY, the volune remaining for ballastage
will have a centre of gravity of a length of 145.3 11 in relation to the

BPT, given bys

-

g Voluae : cle/BOF % Moriont/3PF

! () : ()

1 v - -
Totnl | 414 135 9.5 1 61 915 132
Cormo ; 240 000 L 150,251 068 000
Ballasot E 74125 6.3 . 10 845 132
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l.4 The ballasting condition will then be given by:

L Yeipht cdg/BPF Monent /BPF
(t) g (1)
Fixod. weight 8500 | 296.8 2 522 800
Light condition [ 47000 ¢ 175.2 .8 234 400
Ballast 7598 1463 11 117 044
Total 131488 166.3 21 874 244

1.5 In these conditions, the craught and crin in the ballast condition
are 9,55 m and 5,5 1 respectively, which produces a forward draught of

6.60 i (bolow the linit draught of 330.7 x 0 x 025 = 8,27 m), the after
draucht is 12,%0 n,

the freceboard in loadcd condition = 70.8 - 22 = 3,8 n
" " T pallast condition = 30.8 - 9,55 = 21,25 m

2. 598 3¢ mepated ballast
2.1 Loswintiong:
A ol N G A S

- the vesscel has a depth of approsinatoly 34 n

+ the tip of the propeller is 11 11 above the basoe line

-« light displocunent of 495000 t, centre of gravity at 175 n froix the BPF

- total volune of carpo plus ballast 461,364 m3 centre at 149.5 m {from
the BPYF

- volune of carge 540,000 i’ (i.o., a caryo weisht of 273,224 t)

- voluwue of sciregated bellast 121, 564 m3 (i.c., a ballast weight of
124,399 t)

- centre of kecl at draught ol 22 5 (zcro trin) at 157.7 n fron the
BPF (2.3 of L forward of wuidship scction) for a displaceiicnt of
250,724 %

D [

< centre of keel at a draught of 17 o (z&ro trim) at 154 w1 fron the

BPF {or a displaccnent of 185,908 ¢
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242 The cquilibrium condition, ship loaded, zero trim, produces a
centre of gravity of the cargo situated at 150,% m from BPF; i,e.:

Weight ¢d::/BPF Moment/BPF ;

() (o) —_

Total 1,330 72 LYY 52125 215, é

Fixed weight 8 500 296,8 2 582 800 ?
Light condition 49 000 175,0 8 575 000

Romainder of cargdl 273 224 | 150,3 | 41 057 375 §

) 4 . ’

2.7 Taking into account.that the total volume available for the cargo
and ballast is 461,364 n’ to 149.5 n fron the BPF, the volune remaining
for ballasting will have a centre of sgravity in length at 147.3 n

in relation to the BPF, given bye

¢/ Volwre | cdy/BPF § Moricnt,/BPF
() {n §
Total | 461 364 14945 68 973 918
Car:o 340 000 150.3 | 51 102 000
Ballast 121 364 147.3 Z 17 871 918

2+/4 The ballasting condition will thus be [iven by:

Weloht cdy/BPP Moment/BPF ‘

(1) () - "

Fixed weights 8 500 296.8 2 522 800 ‘

) .
Light condition 49 000 175.0 8 575 000
Ballast 124 398 1AT 3 18 32% 825
| Total 181 898 | 1617 29 421 625
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2,5 Under those conditions, the drausht and trim in ballast condition
arc 12,8 n and 4,5 n respectively, which produces a forward draught of

reu

10,55 1 (hicher than the draurht limit of 8,27 n).

The after drausht is 15.05 m

12 n
21.2 n

il

The frocboard in loaded condition = 54 - 22
in ballast condition= 34 - 12.8

Ballosting ziving a forvard drausht of 2,57 Ls

- If we assume a lincar variation of the charactoristics of the vesscl
in the arca studicd, we find that the displaccnent in tho ballast
condition corrospondinU to a forward drauht of 8,27 n ig approxinately 46N.

For this casc:

the depth of the ship 18 sesereessssesecncsssseses 72,0 11 approx,

= the volunc of scorrepgated ballast 1S sesccorsncsene 92,500 m3 apHproxs
= the averasc draucht in the ballast concdition is.es 10,3 1 approx.

= the trim in the ballast condition i8 seesesssevsss 5.0 1 approx,

-~ the after draught in the ballast condition is .ees 13,3 m approx.

=~ TImnersion of the point of the¢ propellor in

ballast condition seveseseceassosssscsccesssnsnse 2.5 11 approx,
= the frecboard in the loanded condition 18 seeeesee 9,8 nm approx.
- the froebédrd in the ballasgt ~ondition i esesnee 21,2 n approx.

It can therefore be scen that, sinply by deternining the ninimal
forward draught, woe nay arrive at a minimun volune of ballastace
which, solcly tQEQQ“h the conSderntions of the eentre of  ravity

. of the volune and ggg}li ;$gm of g vos§ol, muet g _priori oxeced

the ninima indicated in paragraph 3(b)(1i) of Repulation 13.
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C. OIL TANKER OF 410,000 T.

1. 3% Serremated Ballasts

1.1 Assunptions

the vessgel has a depth of approximatecly 31,8 n

the tip of the propeller is 11 n above the base line

light displacenent 67,000 t, centre of gravity at 184 m from BPF

total volune of cargo plvwe ballast 597 956 m3 centre at 160 m from BPF,
volune of cargo 500,000 0 (isc. a corgo weight of 401,800 t)

volune of scgregated ballast 97,956 m5 (i,c. a ballast weight of

100y 405 t)

centre of keecl at draught of 22490 n (zero trim) at 166.2 n from

BPF (2.5% of L forward of nidship scction) for a displaccment of 478300 ¢
centre of keel at a draught of 9 m (zero trim) at 162,8 n from BPF for a
displaccncnt of 1784600 t,

1,2 The equilibrium condition, ship loaded, zero trim, produces a centre
of gravity of tho cargo situated at 159.7 m from BPF; {i,es

Weight ced.¢, /BPF Morient/BPF

(t) (n)
Total 478 300 166.2 79 494 460
Fixcd weight *9 500 316,45 3 006 750
Light condition 67 000 184,0 12 328 000
lenainder of cargd 401 800 159,7 64 158 710
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1.3 Taking into account' the fact that the total volunme available for the
cargo and ballast is 597,965 n” to 160,0 m from the BPF, the volune
remaining for ballasting will have a centre of gravity in length at 161,5 n

in rclation to the BPF given by:

Volyne ced.gs /BPF Monent/BPF
(o) m)
i
| Total 597 965 160. 0 95 674 400
' Cargo 500 000 159 7 79 850 000
: Ballast 97 965 161, 5 |15 824 400
1.4 The ballast condition will then be given by

Weight cedegts/BEF Monent/BPF

(t) m)

' Fixed weight 9 500 3160 5 3 006 750
' Light :
. condition 67 000 1840 12 328 000
! Ballast 100 405 161.5 16 215 391 :
Total 176 905 178.3 31 550 141

1.5 Under these conditions, the draught and trim in the ballast oconditions are
9.10 n and 6,3 n respectively, which produces a forward draucht of ,
5.95 n (below the linmit draught of 8,75 ni).

The after draught is 12,25 1,

The frocboard in the loaded condition = 31,8 = 22,90 = 8,90 1,

" " " " ballast condition = 31,8 = 9,10 = 22,70 n
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500 Se;me;ated ballast

2.

1 Hymotheses:
the ship has a depth of the order of 35 n

the tip of the propeller is 11 m above the basc line

lizht displacement 69,000 t, centre of gravity at 183,5 nm from the BPF
total volume cargo + ballast 657,707 m5 , contre at 160,0 n from the BPF
volune of caxgo 500,000 o (i.ee a cacpo weight of 401,800 t)

volune of segrecated ballast 157,703 m? (i.cs a ballast weight of |
161,650 t)

contre of keel with a draught of 23 n (zero trim) at 166,2 m fronm the
BDF (2,55 of L forward of the nidships scetion) for a displacement of

480,300 %

centre of kel with a draught of 12,5 m (zero trim) at 163 m fron the
BrF for a displaccnent of 251,920 t

2,2 IEquilibriun conditions, with the ship loaded, zero trin, lecad to
a contre of gravity of the cawrgo situated at 159.7 n from the BPF;
in fact:
Weizht - cdy/BPF Moment/BPP :
(t) . n)

~ Total 480 300 - 166,2 | 79 825 860

Fixed wolght 9500 - 316,5 i 3 006 750

Lisht condition 69 000  183,5 j 12 661 500

Car;o remaining : 401 800 159.7 f 64 157 610

e P,
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2,3 Taking into account the fact that theBtotal volune available
for the cargo and the ballast is 666,975 m” at 160,0 m from the
BPF, the volume remaining for ballasting will have a centre of
gravity in length at 160.9 m in relation to the BPF given by:

Volyme % cdg{BPF % Monent/BPF

] (m%r)n - (m %
Total 6T 0T 160,0 | 105 233 120
. Caxgo . 500 000 :  159,7 ; 79 850 000
Ballast 057707 1609 ; 25 383 120

2.4 The ballast condition will then be given by:

: L Veight ] cdg{BPF ‘ Momcnt/BPF

IO NN

 Pixed weizht | 9500 | 3165 3 006 750

' Light condition = 69 000 . 183.5 12 661 500

| Ballast | 161650 © 160.9 26 009 485
Total 240 150 1735 41 677 735

2,5 In thesc conditions, the draught and trim in the ballast condition
are 12,1 n and 4.5 n respectively, which leads to a forward draucht of
9,85 n (greator than the maximun draught of 8,75 n)

The after draucht is 14.%35 u

The freeboard (loaded) = 3523 =12n
"o (ballaest
oondition)= 35 = 12,1 = 22,9 n
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3. Ballastin~ piving a forward draucht of 2,5% Lt

If onc assuncs a linear variation of the characteristics of the ship in the
zone studied, onc finds that the displacement in the ballast condition
corresponding to a forward d:aqght of 8,75 m is about A5%: .

For this caset

= the depth of the Bhip 18 evevervevssvocosasaccrnss 34.0 nm approx,

= the volume of the segrepated ballast 18 ceevssvesss 137,000 m5 aPPLOK.
- the average draught in the ballast condition ..... . 11.2 n approx.

= the trim in the ballast condition seseescsescsnses 4,9 1 approx.

« tho after draught in the ballast condition ....;;. 13,65 n approx.

«+ immersion of the point of the propeller

in the ballast conditionN ceesssecevsssesctsarsens 2.65 Il approx,
~ the frecboard in the loaded condition eveceeeseses 11,0 n approx.
~ the freeboard in the ballast condition seeecossees 22,8 m approx.

In this casc too, by taking into consideration the centre of gravity, the
volune and the stability of the ship only, it can be scen that the single datun
of the forward draught deterninee a mindtmn volume of ballast which satisfics
all the requircments of Legulation 13,

D, POSSIBLE REDUCTION OF THE NECESSARY PERCENTAGE

1, It has been assuricd above that the volume of cargo and ballast was completely
utilized and one then porceives that, in order to o¢neure the condition of zero trim
in the loaded condition, the cargo takes up a part of available volume, centred

in such a way that the volunc rcomaining for ballasting cannot be brought forward
sufficiently to reduce the trin,

2. Sotting aside g priori the case in which ballast tanks "exterior" to the
tank space were available Zfor exanples ballast tanks forward on the upper

deck, which would reduce the visibility forward of the bow), one can, nevertheless,
supposc that, if an excess volune is available in the tank spacc, it is possible
both to reduce the displacement in the ballast condition and to have a sufficient

forward draught,
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3, TFor a 410,000 t ship, the working hypothecses would be as follows:

- forward draught to be obtaincd s 8,75 n ,
- aftor draught for a propcller immorsion of rouchly 0,1 D ((n) s 12,0 m

This casc corresponds to a displacement of 205,000 t (or 436 of the loaded
displacement) and to a centre of keel situated 171,7 m from the BPF,

4. Assuming that it is desired to teke advantage of this slight improvement in

the displacement ratio (as shown in (3), theorctically this would be 45)0), what we
would necd would be a ballasting volume of 123,414 m” centred 154,4 m from the BFF,

o

; Weight CeColle /BPF Moment/BPR

: (t) (m '
; - RSN S ——— o ar s et e S e it
i
- Total ; 205 000 171.7 35 198 500
o - ————— et i it b o s e s
. Fixed We_ght : 9 500 51645 3 3 006 750
: Light condition 69 000 183.5 12 661 500
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| Ballast {126 500 154,4 L 19 530 250

i
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5 Let us now assume that the centre of sravity of the Ytank" volunce
(cargo + ballast + available space) is always 160 m from the PPAV and that thc
tank spaces arc parallelepipedical and placed 295 m and 25 m from the BPF.

The voluwe of a cargo with ite centre 159,7 n from the BPF nay for all
practical purposcs be treoated as beiny the ceontre of the tanl, and az a first
apprexination, we nay oxpress this by soying that the centre of gravity of the
available space ghould be situated 289.,4 m fron the BPF,

The lengelh of thoe spoge eaveilnble 1e 11,2 n, which corresponds te an
unusable volyae of 54341 m), ¢iving o total volwie of ballost < unusnble spacc
of 128,755 .’ commarcd with 137,000 n’found in Ce3e

It oot be goun thet the sedn in volww is very slisht and would be reduced

still furshoer if o nowre sovere crlterion as rogards the lumersion of the point
(R b 1 ! ‘
of the propeller hnad been chosen (042 D fow cxnuple)s

L B Y N )



