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Methocl for oalcrrlation of &iLution capacity jn the slllpts walce

Subrntttecl .iointlv bv the l{etherlancle and ldo:esav

1. llhe Govemuent of the Kingd.on of the Netherlancls a$d. the CovernneErt of the
Kingd.on of Norway have reviewed. t?re resrlts of clischarge dilution experinents
oa,mierl out in the two cor:ntrj.es. llhe objeot of the experinente has been to
cl.etemine the capabil.ity of a shlpts trake to dilute water-eoluble dLsclrarges

fron the strip.

2. lBre experinents J:r the Netberlantls were ca,:riecl out by the use of nodlels

in the Netherlands Ship I'tode1 Basin. A report of thj.s ruork ie subuitted. to
t*re thirc!. session of }IEPC (I{EPC IIIANF.4). Irr Nornay firll. scaLe neasurenents

vere nad.e on tlischar6es fron M/S ttESSO SITAGEII" of J.8'0OO t.d$. A report of
ttris work is subnittetL to the t}rlrd. eeseion of MEPC (MPpg III/rhflF.5). Preuior:s

experineerts ca,rtied. out in the trrited. States, the Netherlands ancl No:rrua,y and

reported. uBon at the 13,IC0 1977 Pollution Prevention Confer€nce, were also
oonsiclered. in this context.

,, llhe present subnission by the NetherLancls ancl No:rray contains a propoeal

for a nethocl of calcrrlation of the dilution capacity in the Bhipts wake and

takee i.nto acoount the available researoh d"ata on this subJect as uentioned.

tmcler iten 2 above. See list of references undcr'lten L4. I
Conclusions

4. BaseA on tests camiecl out ln the Urrited. States, the Nether].ands ancl in
No::way, conprialng both notlel. and. fuLL-scaLe tests for discturge of eoLuble

eubstances into a shipls r.lake, the diLution capacity of, the uake nay be

expressed by the f,olIow:ing eguation:

For rsasons of economy, this document is printad in a limitod number, Dolegates
are kindly asksd to bring their copies to moetings and not to nequest additional copies.
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in the c&se of a singL€ point of discharge.
$ynbols ere defined in item number 9.
For nultiple discharges locaterl sy'ffinetrically about the shipbcentre
line, the dilution capabitity is incrsased W 5W.'

tr

C onsid.elatlons
The results frpn the exporl.nente inrl.igato that,the itilution Ls effected- : . _*' .,:".,..in three Ciffer"ent e tages:

1 . By turbulent mixi'n6 iyr tho
order of gecorid.s.

7" By turbulent rnixing ln the

shipt s bourrdary 'layer, duration of thrr

ahipt* rake, dp.ration in thb order,o.f
20 rni.rlute s

, 3. By- sqbseq-u,e-nt difJ'usion j.nto th6 sL8rolndfutg.eea. ; . i

ConsiderinS'an expbsur:e.reaction threshold tine of lrOO se"., the rtitutio6
of interest will occur in the second. stage when the coneentration is l

declining ve'.'y rapidly (narr-rlfe of the .gliter,ot.200 sec.).

5. The volum* of ifre wake, may be nelated to t,he speed anrt. the .eiae ,9f the, 1 . t. .,

ship. Thue"l the di1ut19n capacity may.bo .expresaed as a function of
ona.l. expression cD%/cpyl2. [h" $rlution eapa,city,.'.:

lncreises ni'th the dletance fron the ship.and may be rel.ated to the _' ': , :.'. I , ,.

rron-dinensjr:nal el1pr9sslon1 Vt/! (UnfC IJ/1a),,
' '':' .. : ..,. .. - ,i 

"

Plottins the exlerimental resurts in a dlagram'of ,"*(tr% tcrvt)"ealnst
rog {rtll.).and tkawing the rore:: anverope of these poirrl"-(""r, ?ig.t)
a cur'/e ib obtairred.;1t116 lef,t hand slde of bhe cur/e r,6lites to the"
modeL t.ests nhere measur€ments were taken ininecliatoly aft of the" ship;
fn this reg'ion the curve rL,r:es moet s.teep1y, indtrcat*ng,,'that the mixing
prooess i s very strong. The center portlon of the curve :relatas to .the
full scale meaaurements taken eone ! - 10 mlnutes aft of the ship. The
1eve1}:ing of the ctuve tc the right is baaed on full.ecale measurements
taken t to t hour bft of the ship. The curve thus shovs the tlmee
stages'ot' ailution'dlscuesed in the ltem {,above. ' :

l.
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B. Introduclng t; ]00 sec/in tte expression Vt/t anil the lower epeed

llait for discharse of J knots (5r5 ur/sec.), for a shlp of J6O n langth
the expression Vt/L * 3. Thls nay be conslderecl the lorer llmlt of the
cutnre for pract,lcal applications also covering bargce yhcre the lower
speed. limit is 4 knots. 0n the other sirle, introducing t = lOO.sec and

a epeed of 16 knots (a.Z n/sec.) fcr a ship of 5z m 1ength the
expression Yt/L o 40. This nay be c.:nsid.ered the upper f.imit of the
curve for practical appllcations.

9. Introduci-.ng a str:aight line below the curve (safe eide) in the region
S{Vt/t (+o, tf.is line may be presented by the equation:

cDQD = o,oo, , o'/, 
''/u 

t'{rl

where

cn

QD

C"p

L1.6 V 1.4 C .p

i.nprovener.t ie Lllustrated ln flgure, ].

eoncent::ation of chenical ln Cischarge

rate of dlscharge

maximun concentrat-ior. of pollutant in uake of
rressel at time af ber shlpr s passage t.

L ship lcngth
V ship rrpeed.

t tine after shiprs parleage = ]OCr sec.

For ships oircrating significantly outsl,le thi,q range of Vt/L, speclel
c,rnslderations may bc nad.e (ref . fig"4 ).

10. In addition to discharges through a single disoharge looatlon at
approximately 1/q L afb of midshlp, betwr:en the water 1lne and the b1lge
kr:el, model tests have been made in the Netherlands rith nultlple
dir-rc,ha3gg points, symmetrlc to the shipts centre lin6. The dilution wlth
two or more dlsr:harge points Lncreases about 5q Ln rel.ation to a rlngle
d.ischarge point. The dllution equation representlng suoh discharges 1e

thus:

co%=o'oo45to'4
The principle of rlistribution
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11. Dlscharge beblnd the nhipre pro1nLler {n thc uekc of the ehlp undar the
vater Erfaee ehould ba peruttted. ln vi.ev of the chealcel propartles of
sone reeiduct.
the ffetherlandl model study shora thet tha dllutlon for such e disoharge
locatlon echlsved ]00 eeoonds nf+,er the shiptB IrBtB8gt Ls comparable rlth
that obtatnad uclng slngle rltscharge locatlon ehead of itlre englne Roornr

iPropoeal

12. ltaxlmum allovable retc of discherge of noxloua Liqulda ln the yake of
the shtp ahourtt ba de ber"ninctt by the follor.ing foruurar

cu% ' crerto't1'4L1'6

= coflc€htratlorr of ehenlca]. ln d.lscharge

- rate of dincharge

- marL,lturi concent,ration of pollutant in treke of veseel at tlme
after ehiprs pessa8e (t) (o- 6 for category E lrrcd,ucts and
10 - ) for Category C products).

t = ]00 seconds

t = ship lenl3th
v - ship specrt, rhere , < +- (OO
Ct .- Or00]0 for single dlscharge
Ct * 0r0045 for nultiple d.lscharge, Ioceted BJrrDnetrlcelly rlth respect

to centre l1ne of .bhe ship end forwarcl of O.Zt from ths ruitd.eratook.
llote:The fornnrla P.ermltp the uee of any eonslatertneaeurenentsyeten e.g. the lnteraatlonal aigian.

1]. The maximurn allonabLe discharge rate earr be deternlnc<l fron flgure {.

Ref'erenceg to. research

14. a) Flnal Repott on Pollution caused by the Illseharge of l{orloue Llqutd
SubstanceB other than 01t through norual Operatlonal Proced.ure of
Ships engaged in Bulk Transport. (IUCO, 197j).

b) H.C.HelJer and l. Coomang m trlodaL test on cllscharge of f1uld ylth
neutral rlenslty in the bounrtary layer of r llght shlpr. (letft
Shlpbullding Laboretory, Report Xr. I92r Septenbar 1g7r).

cu

%
(.:

p



-5- IINPC TTT/7

1

c) J.A. llerc.terl R.f. Eiree and t. yo, " lIodel study of the dllution of
soluble llqulils discherged fron tankersn (Stevens fnstitute of
tlochnologr, Report [r. CG -: D - 12 - ?4, .septerrber 197r).

d) J.B. Ilah1 et. iI. l i Dllutlon ln the Shlpts wak* of Tank Washings
Released fron l/T Eeso sLagen,. (rnstltute of Atonancrgy, f,jerIer,
197r).

e) A.J.il. Overgaa6t I Dilutlon of liqulds ti.ischarged. fron a ship.
llotlel stutly ori the i.nfluence of various .ship paranetersrJ (nerrt
Hydraultcs Laboratory, Report Sr. ll 151?, Aprll 1975),

f) J.B' Dehr et. aI. t tr ueasurenent of the dil.rrtion of t** uaahings
in the yake of M/f ,Esso Slagen on th.r 4th and lth February 1975." o

(Inetttute of Atouencr&r, I(jeller, Marah 1g7il.
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SHIP

MAXIMT'M
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5

SHIP SPEED + M/SEC

IOo

I.'IGURE 4. GRAPHS FOR DETERMII{ATION OF

10 Ib 20
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AI,LOWABTE DISCHAROE RATE
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