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I N T R O D U C T I O N

The th irteen  papers subm itted  contain, am ong them , an extrem ely compre­
hensive review of p resen t day knowledge in the  field of pollution of coastal and 
ocean w aters. They deal w ith all aspects of th e  problem , including causes, 
effects, m ethods of minim izing and com bating pollution and th e  current s ta tu s
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of anti-pollution laws. Most of the  papers deal in  general term s w ith the  problem 
of pollution bu t several deal in very  specific term s.

Discussion of the  various papers follows :

Australia

This paper deals w ith the  various studies which were carried ou t in connection 
w ith th e  construction  of a 2 1/2 mile long causeway between the  m ainland of 
W estern A ustralia and G arden Island. G arden Island, which runs parallel to 
the  m ainland coast and  w'hich helps form  a body of w ater known as Cockburn 
Sound, was to  be the site of a new A ustralian  naval base and it  was necessary 
th a t highw ay access be provided to  th is off-shore area. A causeway was selected 
over a shorter bridge because i t  w'ould supply protection to  the  lower end of 
Cockburn Sound, which was to  be subsequently  developed by the  nearby po rt 
of F rem antle.

The chief concern of the A uthorities charged w ith  th e  construction of the  
causeway was th a t the  proposed stru c tu re  m ight restric t the  flow of w ater th rough 
the southern  entrance to  Cockburn Sound, to  a point where there  m ight be signi­
ficant dam age to th e  m arine ecosystem. Their concern was heightened by the  
fact th a t  a large portion of the m ainland shore of the  Sound was devoted to  an 
oil refinery, a steel p lan t and other industries wdiich handle poten tia l po llu tan ts 
and which generate polluting effluents. Some of the  beaches along the  Sound 
provided a recreational area for th e  people of F rem antle  and P erth  and the  
A uthorities were anxious th a t  these invaluable facilities no t be d isturbed.

To achieve the  best possible design for the  causeway, an extensive, m ulti­
discipline environm ent investigation program m e was in itiated . This program m e, 
which provided for continual environm ental studies th roughou t all phases of 
the  causeway project, showed, the  au thors sta te , th a t  the  com m encem ent of 
such construction work need no t be delayed until a final environm ental assessm ent 
had  been made.

The au thors stress th a t  investigations of th is type  m ust be carefully planned 
so th a t  unnecessary d a ta  is no t assem bled and  so th a t costs are kep t w ithin 
reasonable bounds. In the prelim inary stages, th e  investigators should m ake 
full use of existing inform ation and  should ob tain  generalized d a ta  and opinions 
from qualified environm entalists. Once th is has been done, it  is possible to 
form ulate a definite plan of a ttack  and th e  necessary investigations can be 
commenced. A t th is  point the  au thors stress th a t,  although th e  investigations 
are to  be m ade by a m ulti-disciplinary team , it is essential th a t  they  be led by 
an engineer, since only an engineer can possess an over-all view of the  project.

The au thors describe the philosophy of th e ir investigations a t  some length 
and detail the  seven steps which were followed in each of th e ir  various studies.

The group which directed the  investigations included biologists, botanists, 
chem ists, engineers, geologists and geographers. Among them  were experts
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in th e  fields of m arine ecology and  biology, m arine bo tany  and algology, w ater 
chem istry and analysis of anim al flesh for toxic containm ents, near-shore hydro­
logy, coastal geomorphology and sedim entology and  coastal engineering.

The paper describes Cockburn Sound as a « barred basin », inasm uch as it  
is to ta lly  enclosed by Garden Island on the west and m ainland A ustralia  on the 
east and is partia lly  closed-off by shallow sandbanks a t the  northern and southern 
entrances. The chief concern of the ir studies was, therefore, to  determ ine (1) 
the  ra te  and natu re  of the  n a tu ra l replacem ent of w ater (if any) w ithin the  
Sound (2), th e  effect of a causeway across the  southern  entrance and (3) th e  long­
term  effects of the causeway, com bined w ith th e  continued disposal of industria l 
w aste into the  Sound.

To provide p artia l answers to  th e  foregoing questions, a num ber of hydro- 
logical investigations were carried out. These included m easuring of the  salinity/ 
tem pera tu re  characteristics of the  Sound, recording of w ater velocity and direction 
profiles w ith  a direct-reading curren t m eter, m easurem ent of curren t velocity 
and direction w ith continuous-recording curren t m eters, track ing  of drogue 
floats and release of dyes, w ith associated aircraft observation.

The salinity and tem pera tu re  surveys revealed th a t  com plete replacem ent 
of w ater in Cockburn Sound did tak e  place and th a t  th e  replacem ent period 
varied from 1 to  3 weeks. This study  also showed th a t  the  w ater m ovem ent 
was generally northw ard  in the sum m er and  southw ard during the w inter and 
th a t  the m ovem ent of w ater in the  Sound is largely independent of either tide 
or wave action.

The m etering studies generally confirmed th e  conclusion reached from the 
salin ity /tem pera tu re  survey and  th e  float studies overcame certain  inconsistencies 
which were noted during the  salin ity  profiling and the curren t m etering.

D uring the  course of all investigations, fluctuations of dissolved oxygen 
levels were recorded and these fluctuations could be directly related  to  the  
photosynthetic processes of the  seagrass meadows. Also, light penetration  
m easurem ents were taken . These m easurem ents re la ted  industria l discharge- 
caused tu rb id ity  to the  breakdow n of the  seagrass meadows.

The paper sum m arizes the  hydrological investigations by sta ting  th a t  the  
w ater exchange in Cockburn Sound is dom inated by oceanic currents and th a t 
the  localized influence of wind and tide  are unable to  individually dom inate the  
w ater exchange.

O ther investigations included studies of coastal stab ility  and these studies 
concluded th a t  seagrass and its root m ateria l are the m ajor stabilising elem ent 
for off-shore sedim ents. The beach m orphology studies included :

(1) Seasonal profiling of the  beaches, to determ ine the ir fluctuations w ith regard
to  configuration and volume.

(2) The track ing  of dyed sand.
(3) Physical and chemical analysis of sedim ents.
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From  the foregoing studies the  au thors conclude th a t  the  beaches of Cockburn 
Sound are in a s ta te  of dynam ic equilibrium  and  th a t  any changes in beach 
form ation can be m onitored and related to  either m an-induced or n a tu ra l pheno­
mena.

The principal purpose of th e  investigations in itia ted  by the  need for the 
causeway was to  establish an  ecological baseline for m onitoring environm ental 
change. Such m onitoring would then perm it the  concerned A uthorities to  
develop a program m e for th e  Sound which could perm it the use of its w ater for 
industrial, recreational and navigational purposes.

In establishing its baseline, the  investigating team  posed for themselves 
four ecological questions and then  proceeded to discover answers to  these questions. 
Their investigations covered various studies of th e  seagrass com m unities, a study  
of the  d istribu tion  of algae on seagrass fronds, a study  of the  biology of a group 
of filter-feeding sedentry  anim als (mussels, clams, etc.), a study  of plankton 
distribu tion , chemical analysis of contam inated and non-contam inated w ater 
samples, contam inated  and non-contam inated  bottom  sedim ents and algae from 
polluted and  non-polluted areas, m icro-biological investigations to  determ ine 
the  dispersion of bacteria  from F rem antle sewer outfalls into surrounding w aters, 
an evaluation of spillage from ships operating in Cockburn Sound and a study  
of th e  therm al pollution effects of industrial cooling w ater discharged into the 
Sound.

The ecological investigations indicated clearly th a t  it  was essential th a t  
adequate w ater circulation be m ain tained  in Cockburn Sound and, to  accomplish 
th is, two bridged openings, located a t  the  sections of m axim um  flow, were incor­
porated  into the  causeway.

A fu rth er finding of the  ecological investigation was th a t  pollution-caused 
deterioration  of th e  environm ent was the  result of im proper in troduction  of the  
po llu tan ts into the  Sound, ra th e r th an  th e ir chemical composition.

The au thors indicate th a t  fu rth e r ecological assessm ent of th e  Sound will 
be m ade during th e  coming years.

The paper continues w ith a detailed description of m atte rs  re la ting  more 
directly  to  the  actual construction of the causeway th a n  to  the  ecological effect 
of the com pleted causeway. Such m atte rs  as sounding surveys, testing  of soils, 
quality  of construction m aterials, wave conditions a t  the  causeway site and 
hydraulic model testing  are discussed a t some length.

In conclusion, the  au thors indicate th a t  they  are pleased w ith the results 
of the m ulti-disciplinary approach to  th is problem  and th ey  sta te  th a t  cooperation, 
am ong the  various disciplines, is no t difficult to  achieve « when each discipline 
is accorded its  appropriate  place ». They go on to  s ta te  th a t  all-encom passing 
approaches of th is type  can prove to  be expensive. Finally, th ey  adm it th a t, 
while the  « com pletion of the causeway has dem onstrated  the  adequacy of the  
norm al engineering investigations » it  is still too early to  s ta te  w ith certa in ty  th a t  
the  g roup’s ecological conclusions have been fully verified.
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B elg iu m

The paper sta tes th a t  w ater pollution in Belgian ports can be divided into 
tw o principal categories :

(1) The discharge of po llu tan ts directly into th e  w aters of the  ports by vessels, 
industrial p lants and m unicipal sewers, and

(2) by the  adduction  of polluted w aters by the  rivers on w hich the  ports m ay 
be situated .

A special category of pollution is th a t  caused by petroleum  products and 
th is m a tte r is dealt w ith la te r in th e  paper. The au thors sta te  th a t, while all 
Belgian ports have polluted w aters b rought to  th e ir boundaries by th e  rivers 
on which they  are situated , the  p o rt m ost acutely affected by th is s ituation  is 
Ghent, which is situa ted  on th e  rivers Scheldt and  Lys. These rivers rise in 
N orthern  France and flow through highly industrialized areas of F rance and 
Belgium. W hile bo th  rivers are badly  polluted by industries and  com m unities 
lying along th e ir upper reaches, th e  Lys has an additional problem  which is 
caused by the  discharge into it  of w aste w aters from  the  flax-retting  industry . 
This pollution is so severe th a t, for six m onths per year, the  L ys’ w aters m ust be 
m ade to by-pass the  c ity  of Ghent. There are no w ater tre a tm e n t p lan ts along 
th e  Belgian section of the Lys.

The Lys and the  Scheldt join a t  G hent and their w aters are fu rther polluted 
by the  fact th a t  these stream s m ust also ac t as the c ity ’s sewers.

To the pollution of G hent’s sewers and  th e  pollution brought to  the  city 
from inland com m unities is added the  industria l discharges of the  p o rt itself. 
The quality  of the w ater in th e  po rt is equivalent to  th a t  which would be created 
by a  com m unity of one million inhab itan ts  (G hent has a population of 270,000) 
which discharged its u n trea ted  sewage into th e  w aterw ay. In Ghent, all of the 
factories, except the  very newest, discharge th e ir cooling and waste w aters, 
w ithou t trea tm en t, into the  w aters of th e  p o rt area. P o rts  such as G hent are 
greatly  handicapped by the fact th a t  m uch of th e ir polluted w ater originates 
outside th e ir boundaries and they  are unable to  ac t effectively w ithou t cooperation 
from the  national G overnm ent — and even foreign G overnm ents.

The au thors divide th e  prevention of w ater pollution into tw o categories :
(a) the  drafting of regulations controlling th e  discharge of polluted m aterials 
into w aterw ays and (b) the  actual trea tm en t of industrial and dom estic wastes 
before Ihey are discharged.

Dealing w ith regulations, the  au thors s ta te  th a t  Belgium has had simple 
anti-pollution regulations on its s ta tu te  books since ancient tim es. However, 
it was not until 1950 th a t more com prehensive laws were drafted. These laws 
require th a t  all dischargers into rivers, canals, etc., receive authorization  and 
they  laid down certain  basic rules regarding w aters w hich were to  be used for 
various purposes. D espite the  num erous decrees em anating from the  1950 
pollution law, pollution still proved very difficult to  control in actual practice.
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This situation  developed from divided au tho rity , com plicated adm inistra tive 
procedures and the  fact th a t  the  cities were still perm itted  to  discharge un trea ted  
domestic sewage into the rivers and stream s.

The 1950 law  was replaced by a new anti-pollution law in 1971. This new 
law centralized th e  adm inistra tive au th o rity  and  gives th e  pollution control 
au thorities g reater powers to  achieve wholesale purification.

A recent study  of polluted w aters of the  P o rt of G hent indicated  th a t  the  
left bank of the  canal, where th e  older industries are located, was by fa r th e  grea test 
local con tribu to r to  the  pollution situation . On the  righ t bank, th e  big, m odern 
industries have special w ater purifying p lan ts and no special action is required 
in th e ir  cases. F o r the  left bank, however, a central purifying p lan t, com plete 
w ith collector sewers, is recom m ended. Once th is  system  has been p u t in place, 
the  pollution in th e  p o rt of G hent will be lim ited to  po llu tan ts b rough t in from 
upstream  and  to  petroleum  products which m ay accidently  escape into the  w ater. 
The au thors are hopeful th a t  new Belgian and French anti-po llu tion  measures 
will soon im prove th e  quality  of th e  w ater being b rought to  th e  City by the 
Scheldt and the  Lys.

Turning now to pollution by hydrocarbons, the  au thors s ta te  th a t  th is  has 
developed into an acute problem  during the  p ast several decades. The petroleum  
products no t only pollute the  po rts’ w aters b u t they  also present a fire hazard.

The paper points ou t th a t  th e  risk of petroleum  spills is closely related to 
th e  num ber of vessels powered by petroleum  products, the  num ber and dead­
weight of tankers using the  p o rt facilities and  the  increasing num ber and size of 
th e  refineries located ad jacen t to  the  harbour. Illustrations accom panying the 
paper clearly indicate the  m anner in which th e  opportunities for oil spills have 
steadily increased during the p ast six ty  years.

Petroleum  pollution can resu lt from  tw o situations : (1) the  discharge of 
process w ater from  refineries and washing w aters from  tankers and (2) accidents 
which occur during bunkering, during loading and unloading of petroleum  products 
and  as a resu lt of collision leakage and  breakdow ns. Pollution caused by the 
first situation  can be controlled by adequate  regulation and trea tm en t. Pollution 
caused by the  la tte r  situations, being usually th e  resu lt of hum an error, is not 
so m uch subject to  regulation and, therefore, the  m ain hope lies in th e  field of 
successful clean-up techniques.

W ith  regard to  im provem ent of process w ater from  refineries, th e  paper 
sta tes th a t  petroleum  losses from th is source can be reduced to  acceptable levels 
by m eans of air-cooling and  re-cycling. In th e  case of w ashing w ater from 
tankers, the  loss of petroleum  products can be reduced to  acceptable levels 
th rough the  use of the  « load-on-top » system  and th e  in troduction  of m ore land- 
based cleaning and storage stations.

E qually  as im portan t as the  developm ent of m e th o d s 'o f trea tin g  process 
w ater and w ashing w ater is the  developm ent of techniques for th e  cleaning-up
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of petroleum  which has been spilled into th e  w ater. The containm ent and  the  
rem oval of such spills is accom plished by absorption  products, detergents, 
m echanized rem oval apparatuses, separation gates, air-bubble curtains and floating 
booms. M any of these m ethods have been tried  and, la ter, rejected. For various 
p ractical reasons, the  au thors believe th a t, for closed areas such as the  p o rt of 
G hent, the best solution lies in the use of floating oil skim m ers, used in conjunction 
w ith « carefully selected detergents ».

A fter intensive studies, regarding the best ty p e  of floating oil skimmer, 
the  au thors fu rther conclude th a t  th e  vacuum -pum ping type  is superior. Such 
a un it was constructed and p u t into service, in  A ntw erp, in  1954 and  a detailed 
description of its operation is included in the  report. Refinem ents, to  the  
operation of th is unit, were effected over th e  years and the  1955 ratio  of 1 litre 
of petroleum  product to  28 litres of pum ped emulsion, was reduced to  1:2.2 by 1971. 
In 1967, during a m ajor oil spill, th e  un it was able to  recover an average of 100 tons 
of oil per day, over a 12-day period.

The authors believe th a t  the  A ntw erp floating oil skim m er has m ore th a n  
proved its w orth and they  feei th a t  an  up-to-date and larger variation of the 
existing un it is urgently  needed for the  port.

Canada

The paper sta tes th a t  pollution from  ships arises from th ree principal sources :
(1) Spillages resulting from accidents.
(2) The need to  clean the  in terior of the  ships w ith w ater prior to loading different 

cargoes.
(3) The discharge of sewage, garbage and bilge w ater.

W ith  regard to  th e  discharge of petroleum  products into the sea, the  paper 
indicates th a t, in the  past, up to  ten  million tons of oil have been discharged into 
the  oceans in a single year. This figure has now been reduced to  1 /10th of the 
record tonnage b u t even th is  am ount is considered unacceptable and efforts 
should be m ade to  achieve an additional 90%  reduction.

The au tho r discusses the  various types of pollution individually  and indicates 
the  procedures curren tly  being adopted to minimize and /o r rem edy each type.

Pollution by oil : I t  can be considered th a t,  for practical purposes, all m odern 
ships are fuelled by petroleum  products and th e ir bunker tan k s have capacities 
ranging from 300-5,000 tons. These fuels range from light diesel oil to  heavy 
bunker « C ». A portion of th is fuel usually ends up in the  sea, as th e  resu lt of 
the  discharge of bilge and ballast w ater. This situation  can be rem edied by- 
m eans of b e tte r  housekeeping aboard  the  ship and  by not using fuel oil tanks 
for the  carrying of ballast water.

More im p o rtan t th an  the  foregoing, however, is the oil which reaches the 
sea as a result of tank-cleaning on oil tankers. This process takes place because



9

of the  need to  use a portion of the  oil tan k s as ballast tanks when these vessels 
are travelling  light. This ty p e  of pollution can be all b u t elim inated by the 
use of th e  « load-on-top » m ethod. However, a t  the  present tim e, a substan tia l 
portion of the  w orld’s tankers are unable or are unwilling to  use th is system . 
The au th o r suggests th a t, if these vessels are to  avoid discharging oil into th e  sea, 
the  only solution for them  is to  have shore reception tan k s available a t all ports 
used by vessels of th is type.

One solution to  the  tank-cleaning-w ater problem  would be to  com pletely 
separate the  cargo-carrying tan k s from the  ballast tanks. W hile th is  solution 
would be a 100% effective from the  pollution poin t of view, it would add greatly  
to  th e  capital costs of the  vessels. The au th o r feels, however, th a t  since the 
additional cost is p roportionately  less w ith the  large new tankers presently  being 
built, th is m ethod  will eventually  be universally used.

A serious cause of oil pollution a t sea is spills resulting from ship-wrecks, 
collisions and groundings. W hile accidents a t  sea can never be to ta lly  elim inated 
and while i t  is no t possible to  construct ships in a m anner which would guaran tee 
to ta l re ten tion  of th e ir  fuel/cargo in cases of such casualties, it  is possible, if 
costly, to  construct vessels in a m anner w hich would greatly  reduce the possibility 
of oil pollution in such circum stances. The au th o r suggests th a t  th is end could be 
achieved by lim iting the size of cargo tanks, by installing double bottom s, by 
locating fuel and cargo tan k s in less vulnerable p a rts  of the ship and, ultim ately , 
by using com plete double hulls.

Obviously, th e  best m ethod of preventing accident-caused oil pollution a t 
sea is to  p revent the  accidents them selves. The paper suggests th a t  the num ber 
of accidents can be g reatly  reduced through the use of traffic rou ting  schemes, 
by increased and im proved navigational equipm ent, by traffic control and  through 
the  use of more highly qualified seamen.

The paper deals a t some length with m ethods of trea tin g  oil spills a t sea, 
when they  do occur. The first step should be the containm ent of the spill and 
booms are suggested for th is  purpose. There are m any m anufactured  booms 
on the  m arket b u t, when such booms are no t readily a t hand, it  is possible to  
jerry-rig  booms from  logs, barrels, etc. Once the oil has been contained, it can 
be rem oved from  the  w ater th rough  the use of oil absorbents and /o r floating 
equipm ent, such as « slick-lickers ».

I t is often more difficult to  cope w ith spills once the oil reaches the beaches. 
W hen th is happens, it is often necessary to  resort to  steam -cleaning and even 
physical rem oval of the  oil-soaked beach m aterial.

Pollution by chemicals : In recent years, more and m ore chemicals, of types 
which could pollute th e  sea, have been carried by ships in bulk form. W hile, 
to -date , pollution from this source has not been extensive, the  po ten tia l is there  
and in ternational codes, covering the carry ing of bulk chemicals, have been 
developed. These codes go as far as requiring double-skinned hulls for th e  
m ore dangerous and polluting chemicals.
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Bilge discharges : The au th o r sta tes th a t  it  is relatively simple to  remove 
pollu tan ts (m ainly oil) from bilge discharges and th a t  there is no reason for th is 
ty p e  of pollution to  continue.

Pollution from sewage : N ot only is sewage introduced into th e  oceans by  the  
ships which cross them  b u t m any nations m ake a practice of dum ping the ir 
shore-generated sewage a t  sea, from specially designed ships. The au tho r 
believes th a t  th is la tte r  practice should be abandoned b u t sta tes th a t, if th is 
is n o t possible, then  such discharge should be beyond th e  continental shelves.

The au th o r suggests several ways of doing aw ay w ith pollution caused by 
ship sewage. These m ethods include th e  re ten tion  of sewage in  tanks, for la te r 
discharge to  a shore tre a tm e n t p lan t, and the  trea tm en t of sewage on board  ship 
to  a degree such th a t  the  discharged effluents will be non-polluting. A num ber 
of variations of the  form er system  are being developed and i t  is expected th a t, 
when these m ethods are perfected, on-board purification trea tm en t system s will 
no longer be used.

Pollution by garbage : This particu lar problem  is relatively  simple to  resolve, 
in th a t  garbage can either be incinerated  on board  ship or it  can be ra ta ined  and 
discharged ashore. To serve ships electing to  use th e  la tte r  m ethod, th e  various 
p o rt au thorities should be prepared to  receive and dispose of garbage from 
vessels docking a t  the ir wharves.

Pollution from ship-loading and unloading operations : This ty p e  of pollution 
consists principally of dust from such products as grain and  coal. The degree 
of pollution can be greatly  reduced th rough the  use of canvas screens around the 
ship’s holds and, in the  case of grain, by the  installa tion  of vacuum -type, dust 
rem oving equipm ent in the  grain  elevators.

The au th o r concludes th a t, while progress has been m ade in the  cam paign 
against ship-caused ocean pollution, m uch work rem ains to be done. He believes 
th a t  th e  m ajor problem s will be resolved to  a po in t where such pollution will 
no longer be a cause for public concern.

D enm ark

The fishing po rts  on the w est coast of Ju tla n d  each year handle a million tons 
of fish which is destined for processing into fish m eal and fish oil, ra th e r th an  
for hum an consum ption. This fish, referred to  as « tra sh  fish », consists m ainly 
of herring, pou t and  sand eel and it  is caught by traw lers in th e  50-250 G.R.T. 
range.

These D anish ports have been plagued w ith polluted w aters as a resu lt of 
the  pum ping of th e  fishing vessels’ bilge w ater d irectly  into the  harbours. The 
surfaces of the  harbours have been alm ost entirely  covered w ith  patches of organic 
oils and fa tty  substances and, below the  surface, discharged blood, lym ph, etc. 
has done g rea t dam age to  the  w ater.

The fishing vessels in question norm ally spend up to  eight days a t  sea obtaining 
th e ir  cargoes and, during th is period, there  is a considerable build-up of liquid 
in the  bo ttom  of the  cargo-holds. This liquid consists of salt w ater, oil, blood
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and  lym ph from the  fish, m elted ice and  sea w ater resulting from  leaks. W hen 
the  fish are rem oved from th e  vessel, a considerable volum e of the above-m entioned 
liquid rem ains in the  hold. This volum e am ounts to  approxim ately  5%  of the 
gross weight of th e  fish and i t  is composed of approxim ately  8%  flesh and  protein, 
42%  oil and  50%  w ater. The norm al practice has been to  pum p th is liquid 
directly into the  harbour, w ith  th e  re su ltan t pollution described above.

F o rtuna te ly , the  pum ping of th is  bilge w ater into th e  harbours has now 
been prohib ited  and these D anish fishing ports are developing m ethods to  tak e  
care of th is undesirable liquid, w ithou t polluting th e ir  harbours. This paper 
describes the  m ethod used a t  Esbjerg, which is the  m ost im p o rtan t of th e  D anish 
trash-fish ports.

Basically, th e  E sbjerg system  consists of pum ping the bilge w ater directly  
from  the  vessels’ holds to  th e  various fish factories, where th is m ateria l is then  
used in the  processing of the  fish. This is accomplished by m eans of (a) a special 
vertical suction pipe in each fishing vessel-extending from ju s t above the  vessel’s 
bo ttom  to 20" above th e  deck (b) a 3" self-priming pum p located a t  each poin t 
of discharge (c) special drains along the  w harves which lead to  a single sum p 
for each factory  (d) sewer pum ps in each sum p w hich force th e  bilge w ater into 
large retain ing tan k s from which (e) connecting lines lead directly  to  th e  factories.

W hen a vessel is ready to  get rid  of its  bilge w ater, it  is only necessary to 
connect th e  hose from  th e  discharge pum p to the  suction line on the  craft and 
commence pum ping in to  th e  special drains.

W hen traffic is heavy and there  are no t sufficient discharge pum p connections 
available for all vessels requiring them , bilge w ater is transferred  tem porarily  
to  a small tan k  vessel, from which it is la te r pum ped back into the  system  described 
above.

A t Esbjerg, th is  system  has been designed to  handle approxim ately  25,000m3 
of bilge w ater per year and none of th is w ater will be re turned  to the  sea or the 
atm osphere un til it  has been to ta lly  cleaned by the  factories.

In conclusion, the  au th o r sta tes th a t, although th is  pum ping system  had 
only been in  effect for a m onth  a t  the  tim e of w riting, it  was already possible 
to  m easure th e  im provem ent in the  w ater in the harbour.

France

The French paper deals w ith m eans for protecting  H arbours and Coastlines 
against pollution.

Because of the  im m ensity  of the  sea, m an has always felt free to  th row  w aste 
of any kind into it. The m ost im portan t p a rt of pollution finds its refuge along 
the  Coast and m an has to  suffer th e  direct and indirect consequences. Changes 
near the Coastlines, being th e  resu lt of the  developm ent of hum an activities, 
do no t necessarily bring pollution b u t some effects w ith  no consequence to-day  
can become dangerous in the long term . Inven to ry  of existing pollution and  
study  of its effects can only lead to  positive action to  keep the  sea clean.
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Type of Pollution

Pollution m ay be classified into two groups :
(a) Pelagic pollution, which is connected w ith m arine tran sp o rt, commercial 

and pleasure-boat activities, vo lun tary  acts, like disposal of nuclear wastes, 
and  ship collisions a t  sea.

(b) Telluric pollution, which is directly  related  to  wastes coming from rivers, 
stream s and outfalls and contains all types of pollution, such as bacteria 
and organic m atters.

Pollution Effects

(a) H y d r o c a r b o n s  : Sheets of hydrocarbons spread on w ater m ay disturb  the  
gaseous exchange between th e  sea and  the  atm osphere. This situation  becomes 
disastrous for th e  life of birds, fish, etc. If the  results do no t go as far as a 
com plete destruction of life, they  could affect th e  organism s to  a point th a t  they  
become unfit for food.

(b) O r g a n i c  m a t t e r s  : The ferm entation  of organic m atte rs  in w ater contributes 
to  the  deterioration of the oxygen level w ith the  resu lt th a t  species of low 
oxygen-dem and are growing very  rapidly  while higher species are asphyxiated.

(c) B a c t e r i a l  p ol lu t io n  : A lm ost all of the  pathogenic micro-organism s are of hum an 
origin. A lthough the  sea can kill m ost of th e  germs, some m icro-organisms 
can live a certain  period of tim e and  keep th e ir  pathogenic power.

(d) M i s c e l l a n e o u s  t o x i c s  : D etergents, phosphorous and  chlorous products, m etal­
lic com pounds and nuclear substances can have disastrous effects when present 
in excessive quantities in th e  sea.

(e) T h e r m a l  p o l l u t i on  : The fu tu re  developm ent of therm al sta tions near the  sea 
m ust be vigilantly  studied.

Action Taken to F ight Pollution

France is giving particu lar a tten tio n  to  th e  pollution problem s created by 
hydrocarbons. Disposal a t  sea of polluted ballast or petroleum  is severely control­
led and m any harbours are equipped w ith tre a tm e n t p lan ts to  take  care of pollu­
ta n ts  a t the  tim e of unloading a ship. In th e  case of ship collisions, efforts are 
m ade to  collect petroleum  products a t  th e  site of th e  casualty, which is less costly 
th an  cleaning the  Coastline later.

The trea tm en t of wastes on shore before the ir disposal a t sea m ust be sub­
m itted  to  scientific processes and  be perm itted  only if good control is exercised.

Scientific studies are also carried ou t in connection w ith  the location of 
sewer outfalls. This has led to  positive results in connection w ith determ ining 
the  am ount of ac tiv ity  th a t  can tak e  place a t sea w ithout endangering the  quality  
of the  environm ent.

R egarding pleasure-boat activities, strong action has been taken  to  reduce 
pollution by imposing severe rules on th e  owners of m arinas and boat-builders, 
who m ust respect certain  criteria and provide adequate  facilities.
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France possesses a N ational Centre to  co-ordinate the  scientific research 
related  to  m arine pollution. A dm inistrative regulations are im plem ented to  
preven t pollution a t  sea. There are laws in effect which prohibit pollution in 
harbours. In ternational action should be well co-ordinated and  should deal 
w ith the pollution problem in general, and no t ju s t hydrocarbon pollution. In 
order to  p ro tec t the  environm ent, it is im perative th a t  the  objectives be well 
defined, so th a t  pollution problem s m ay be inventoried and understood, and 
positive action be taken.

G erm any

This rep o rt deals w ith  th e  steps already taken , as well as those being 
considered, to  preven t and com bat pollution in the  harbours and coastal regions 
of the  Germ an Federal Republic. The rep o rt considers conditions on b o th  the  
N orth  Sea and the  R altic  coasts of G erm any and it  sta tes th a t, because of the  
co un try ’s relatively  short coastline, in relation to  its large population, very  in ten­
sive use is m ade of th a t  coast.

The N orth  Sea and  the  R altic  differ greatly  in th e ir ability  to  handle pollu tants. 
The relatively high tides of the  N orth  Sea, com bined w ith storm  surges, provide 
for rapid dispersal of incoming pollu tants. In  the  R altic, however, w ater move­
m ent is m ainly controlled by th e  winds, which ac t chiefly on the  surface w aters, 
and, in certain  basins of th is sea, there  are periods when oxygen is tem porarily  
absent. Because there  is very  little  interchange of B altic w aters w ith  th e  ocean, 
the  B altic  is particu larly  exposed to  th e  th re a t of pollution.

As is the  case in Belgium, the  quality  of th e  w ater in German harbours is 
often adversely affected by activities which occur on the upper reaches of the  
rivers on which th ey  lie. The au thors a ttr ib u te  th e  pollution of Germ an harbours 
to  th ree  sources : D om estic sewage, industrial processing and cooling w aters and 
shipping.

The au thors deal a t  length w ith th e  various types of polluting agents and 
th e ir  effects.

Oil and Oil dispersing contrivances : E ach year, G erm an coastal w aters are 
subjected to  oil pollution am ounting to  as m uch as 100,000 tons. The au thors 
suggest th a t unauthorized discharge from  cessels m ay be a source of th is  oil. 
Among the  serious results of the  escape of th is  oil are the  destruction of ocean 
plants, the  annual killing of thousands of sea birds, th e  contam ination  of fishing 
tackle, w ith subsequent undesirable effects on fish being used for hum an consum p­
tion, and the  rendering unuseable, a t least tem porarily , of seaside resorts.

The au thors s ta te  th a t  the  use of oil dispersing contrivances can also be 
extrem ely dam aging to  organism s in the w ater.

Pesticides and Polychlorinated Biphenyls : G erm any, like o ther countries 
th roughou t the  world, uses large quantities of pesticides to  overcome weeds and 
p lan t diseases. A high percentage of these pesticides finds its w ay into the  coun-
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t r y ’s rivers and is then  carried to the  sea. Pesticides appear to  present a greater 
m enace to  th e  w aters of the  Baltic th a n  those of the  N orth  Sea. R ecent tests 
have shown th a t  the  D D T con ten t in B altic  seals runs ten  tim es as high as th a t  
in seals inhabiting  th e  N orth  Sea. Pesticides a tta c k  th e  enzyme system s in orga­
nisms, affect th e  production  of hormones, reduce th e  calcium production of birds, 
thereby  m aking th e ir shells subject to  breakage, and produce tum orous grow ths 
w ith  cancerous affinities.

W hile the  effects of polychlorinated biphenyls have no t y e t been fully investig- 
t  a ted , i t  is know n th a t  num erous organism s in  th e  Baltic and  N orth  Seas have

concentrations of these dangerous substances w hich are g reater th a n  th e ir DDT 
content.

Heavy M etals : H eavy m etal salts norm ally en ter th e  w aterw ays through 
th e  discharges of industrial p lants. The m ost dangerous of these m etals are 
m ercury, lead and cadm ium  and  these are followed by zinc, copper and arsenic. 
O ut of the  to ta l Germ an annual consum ption of 775 tons of m ercury, 60 tons 
finds its  way to  th e  N orth  Sea via the  R hine river alone. In certain  oxygen- 
starved areas, th is  m ercury is transform ed into highly poisonous m ethylm ercury. 
M ethylm ercury and te tra -e th y l lead are stored in th e  brain  and  nervous system  
and, am ong o ther th ings, can cause grave genetic troubles.

Cadmium, which is stored m ainly in th e  kidneys, can cause dam age to  the 
kidneys, th e  nervous system  and  the  bone structu re .

Oxygen-Consuming M atter : B o th  dom estic and  industrial effluents contain 
large quan tities of n itra te s  and phosphates. These, com bined w ith  the  n u trien t 
salts of nitrogenous and phosphoric fertilizers, contribu te  to  the  grow th of certain 
undesirable aquatic p lan t life, th u s reducing th e  available oxygen in the water.

O ther po llu tan ts in th is class consist of industria l and dom estic effluents 
which contain organic residues and need oxygen for their disintegration. N ot 
only do these m aterials consume oxygen b u t they  could also, as a  result of the 
infectious bacteria  which th ey  carry, be a source of epidemics, in cases where 
these were carried back to  m an by edible sea-life.

I t  is in teresting  to  note th a t, in addition to  the  large quan tities of u n trea ted  
dom estic sewage carried to  th e  B altic and  N orth  Sea by rivers and  sewer outfalls, 
Germ any also each year sends some 270,000 tons of sewage to  sea by  ship.

Inorganic M atter : This class of po llu tan t is carried to the  sea both  by rivers 
and  by specially-constructed vessels and  th e  au thors estim ate th a t, in the  la tte r 
category, over five million tons per year are dum ped into th e  N orth  Sea by the  
various nations bordering on it.

Inorganic wastes fall into th ree groups :

(1) Salts, acids and alkalines (slightly toxic).
(2) Toxic inorganic substances (fluorides and cyanides).

(3) Insoluble solids.
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Solid Substances : This category includes such item s as scrapped autom obiles, 
drum s of w aste m aterial, such as arsenic, cyanide, etc., and w ar m aterials, such 
as poison-gas shells. The au thors conten t th a t  all such substances presen t a 
hazard  b u t they  have no t m ade a particu larly  strong case for a ban  on th e  dum ­
ping of scrap m etal and  sim ilar item s, under controlled circum stances.

Radio-active substances : The escape of these substances from  generating 
p lants and o ther industria l installations is carefully controlled by  th e  G erm an 
Governm ent.

Thermal Burdening by Cooling W ater : The paper relates the  raised tem pera­
tu res of river and harbour w aters to  th e  creation of fog, w hich can adversely 
affect shipping. I t  also m entions the  advantageous side of th is  tem pera tu re  
change, in th a t  th e  form ation of ice is re tarded . No m ention is m ade of the  effects 
of the  higher tem pera tu res on p lan t or anim al life.

In concluding th is  section of the  paper, the  au thors appear to  indicate th a t, 
while th e  po ten tia l for pollution exists, there  is little  cause for concern a t th is 
time.

The paper discusses, a t  some length, th e  cu rren t s ta te  of anti-pollution 
legislation in th e  Federal R epublic of G erm any and it  points ou t th a t,  under a 
Federal s truc tu re , close cooperation is required, am ong th e  various levels of 
G overnm ent, to  establish effective anti-pollu tion  m easures. M ention is also 
m ade of the  necessity of securing the  cooperation of the  G overnm ents of ad jacen t 
countries. A t the  present tim e, there  does no t seem to  be an  over-all pollution- 
checking netw ork in G erm any. Special te s ts  are m ade for rad ioactiv ity  and oil 
pollution b u t o ther types of pollution appear to  be handled on an  ad  hoc basis.

The paper proceeds w ith a discussion of different m ethods by which pollution 
can be controlled and it  deals specifically w ith th e  control of oil-caused pollution 
by m eans of reducing shipping accidents. The m ethods suggested follow generally 
the recom m endations outlined in the  C anadian paper.

In Section 3.2.2, the  au thors list G erm any’s general phylosophy regarding 
the  fighting of oil pollution and, in Section 4.1, th ey  call for increased knowledge 
of all factors re la ting  to  pollution so th a t  th e  au thorities will be b e tte r  equipped 
to  com bat the  increase in pollution which will correspond w ith th e  increase in sea 
traffic and industria lization  in the  coming years.

The au thors s ta te  th a t  « A t present, our knowledge of the  physical, chemical 
and biological processes in w ater, in relation to  th e  inflow of deleterious m atte r, 
rem ain obscured by  a series of unknow n factors ». They urge th a t  bo th  Govern­
m ents and industries devote more energy to  the  study  of pollution, th e  definition 
of threshold values and  the developm ent of new techniques w hereby w aste m a tte r 
can be re-em ployed in production processes.

In Section 4.3, the  au thors m ake a num ber of recom m endations which, if 
im plem ented, would go a long way tow ards solving ocean pollution problem s.
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W hile a t  the present tim e the  fight against sea pollution is restricted  p rin­
cipally to  petroleum  products, it  is felt th a t  th e  experience gained in th is work 
can eventually  be applied to  th e  fight against o ther types of pollutants.

The au thors appear to  feei th a t  the world is no t y e t sufficiently aware of the 
degree of pollution which has already occurred and of th e  u ltim ate  results of 
continued a ttacks on the environm ent. This m ay be tru e  in G erm any b u t there 
are o ther areas where the  public has become so aroused abou t pollution th a t  it 
cannot ac t or th ink  ra tionally  in any  situation  involving alleged dam age to  w ater. 
G reat care m ust be tak en  to  p reven t unnecessary economic hardships, brought 
abou t in the  nam e of ecology.

India

This long, b u t interesting, paper commenced w ith  a definition of « m arine 
pollution » and the  au tho r then  m akes the  po in t th a t  th is  problem  « has to  be 
solved tak ing  into due consideration the  fundam ental economical needs of a 
developing country  ».

India has advanced technologically since independence b u t th is advance 
has been accom panied by an  increase in pollution. All types of pollution known 
to the  w est are present, in a g reater or lesser degree, in India.

The au tho r divides pollution of w ater into th ree categories : Oil pollution, 
general pollution and miscellaneous pollution. U nder general pollution he includes 
solid, liquid and  gaseous wastes, sewage and  radioactive m aterial. Included 
in the  miscellaneous category is pollution caused by weeds.

Oil pollution is sub-divided into « persisten t » and « non-persistent » oils but 
only the  form er is considered a serious problem . These oils en ter the  sea in the 
m anners already described in previous papers and there  are no hard  and fast 
rules for dealing w ith such pollution — each case m ust be studied  and handled 
individually.

To-date, India has had no cases of oil pollution in its surrounding seas b u t 
tan k e r traffic is increasing rapidly  and planning m ust be carried out to  handle 
serious spills, if and  when they  do occur. The au th o r discusses the  basis upon 
w hich th is planning should be carried out.

W hile there have been no recorded cases of offshore oil pollution in Ind ia ’s 
neighbourhood, there  have been a num ber of such cases in the  various ports. 
The paper describes four such instances a t  the  p o rt of Cochin. The causes of 
these incidents and the corrective actions taken  are described in detail.

U nder the  heading of « general pollution », the  paper describes the  source 
of the  various types of pollution which fall in th is category and describes m ethods 
for com bating the  different pollu tants. The au th o r discusses in detail several 
docum ented cases of w ater pollution by toxic chemicals.
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The sea has enorm ous capacity  to  assim ilate w astes and  the  paper contends 
th a t,  w ith  proper scientific research, efficient m anagem ent of w astes and very 
precise controls over these wastes, certain  types of po llu tan ts can be used to  pro­
vide fertilizers which will im prove th e  m arine environm ent.

A t the  p resen t tim e, only a very small percentage of the  sewage produced 
in India receives any trea tm en t w hatsoever. For instance, even in  B om bay, 
while seventy-tw o million gallons of sewage per day receive p rim ary  trea tm en t, 
before discharge to  th e  sea, th e  rem aining one hundred and tw enty-eigh t million 
gallons are sent d irectly  to  th e  river or the ocean.

U nder th e  heading of miscellaneous po llu tan ts, th e  paper discusses th e  
dum ping of dredged spoil in the  sea and it  m akes th e  po in t th a t  a very  high per­
centage of all ocean dum ping consists of dredged m aterial. The paper does no t 
m ake it  sufficiently clear th a t, while some of th e  dredged m ateria ls m ay be pol­
lu ted , the  g rea t m ajo rity  are n o t —  nor does it  m ake th e  po in t th a t  the  effects 
of dum ping dredged spoils on fish-breeding grounds m ight be positive, ra th e r 
th an  negative.

Also under the  heading of miscellaneous pollution is an in teresting  discussion 
of pollution caused by weeds. The weed discussed is th e  w ater hyacin th , which 
has become an economic scourge in th e  backw aters of K erala S tate . These 
weeds clog th e  canals and rivers and block navigation, sm other fish, destroy 
fertile fields and encourage the  breeding of disease-carrying m osquitos. In 
addition, it  is s ta ted  th a t  these weeds can endanger the  operation of hydro-electric 
generating  sta tions and can weaken bridge piers.

In the  p ap er’s « conclusion », the  au tho r expresses his concern abou t the 
rapidly  increasing world population and the effects th a t  th is will have on pollu­
tion. H e sta tes th a t  rapid  industria l expansion has led to  an unhygienic and 
unsan itary  environm ent in his country  and  he sta tes th a t  th is  situation  m ust be 
halted , by rem odelling th e  com m unities, re-using w aste w ater and  planning 
settlem ents in a m anner which will avoid pollution. The au th o r sta tes th a t  « the  
w orst pollution of undeveloped countries is the  pollution of poverty  which m ust 
be eradicated from  source by an  all-out effort ». The paper does no t m ention 
the b irth -contro l efforts which are curren tly  under way in India.

Nether lands

This paper is divided into two parts. The first p a r t contains a general 
discussion of w ater pollution in th e  N etherlands and of the steps w hich have been 
tak en  to  com bat th is  pollution.

A lthough there  had  been m any a ttem p ts , over the  past 110 years, to  legislate 
against w ater pollution, th e  N etherlands did no t ob tain  s ta tu to ry  power to  deal 
w ith  th is problem  until the  passing of the  Surface w ater Pollution Act, in 1969.

In the N etherlands, they believe th a t  an au tom atic  prohibition of th e  discharge 
of w astes into w aterw ays is unrealistic. They therefore have developed a licen­
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sing policy which gives the  G overnm ents control over all w aste disposal operations, 
bo th  as to  q u an tity  and  quality . The national G overnm ent is responsible for 
th e  licensing of discharges into th e  principal rivers, th e  harbours and th e  N orth  
Sea, while th e  Provincial G overnm ents are responsible for licensing w ith  regard  
to  m inor w aterw ays. E ach  application for a licence is trea ted  individually and 
the  issuance of th e  licence is subject to  w hatever conditions and restrictions m ay 
seem appropriate  in th e  particu la r case.

An in teresting  aspect of th e  licensing system  is th e  fees w hich accom pany 
th e  perm its. Thus, the  polluting organization is n o t only bound to  im prove the 
quality  of its discharge into th e  w aterw ays b u t i t  is also required  to  help finance 
the  construction and operation of anti-pollution systems.

The paper deals a t some length w ith  various m ethods of com bating pollution 
of th e  w ater by oil and, as was the  case in several previous papers, it  favours the  
rem oval of oil by m echanical means.

The au thors believe th a t, in  th e  foreseeable fu ture, the  regulations regarding 
th e  discharge of w aste m ateria l into th e  sea will be alm ost as stringent as those 
covering discharges into inland w aters.

In the  second p a rt of the  paper, th e  au thors deal w ith the  history  of waste 
disposal in th e  City of R o tterdam  and th en  describe a new installation  for the  
handling of pollu tants.

Since the  Second W orld W ar, the  docks of R o tterdam  have been expanded 
considerably. This dock expansion was accom panied by extensive industrial 
grow th, a g reat p a rt of which was in the  petro-chem ical field. This industrial 
grow th led to  a large increase in the  quantities of w aste m aterials generated by the 
port. These w astes included packaging m aterial, dam aged goods, chemicals 
and polluted w ater. The volum e of th e  w astes became so large th a t  a num ber 
of businesses were established for the  specific purpose of collecting and rem oving 
these m aterials.

The solid m aterials were deposited on dum ps near the city bu t, for the m ost 
p art, the  liquids were discharged into the w ater. N either of these m ethods of 
disposal offered acceptable long-term  solutions and, in 1963, the  City A uthorities 
authorized an extensive study  of the subject. The u ltim ate  aim of the  study 
was to  determ ine the  best m ethod for processing the  C ity’s wastes and it was 
decided th a t  the  m ethod selected should be capable of disposing of all of the  
w astes generated, regardless of q u an tity  or composition. It was finally de­
cided th a t  a new incinerator offered the best solution to  the C ity’s problems. The 
incinerator was to  be designed to  process 700,000 tons of m ateria l per year and 
it  was estim ated th a t  its cost would be approxim ately  forty-eight million dol­
lars. Since R otterdam  did no t have th is am ount of money readily available, 
it  was finally arranged th a t  the  p lan t would be constructed  by a lim ited com­
pany, the shareholders of which were to  be tw enty-three m unicipalities from 
the  Rhine d e lta  area.
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The incinerator was divided into two parts , one section to handle domestic 
and industria l w astes and  th e  o ther to  handle chemical wastes. The first section 
consisted of six com bustion units, each w ith a capacity  of sixteen tons of w aste 
per hour. The h ea t produced by these com bustion un its is used for the  production 
of steam . The boilers produce steam  a t  th e  ra te  of 50 tons per hour and  th is 
steam  is used for tw o purposes : th e  generation of electricity  and  th e  distillation 
of river w ater. The tu rbo-generators are designed to  produce 200 million K W H  
of electricity  per year and the  evaporators are designed to  produce approxim ately  
16 million cubic m eters of distilled w ater per year.

The second section of the  p lan t, th a t  for th e  disposal of chemical wastes, 
consists of two large ro ta ry  furnaces behind w hich are after-burning cham bers 
for the disposal of liquid chemical wastes. E ach of these furnaces has a capacity  
of 1 1/2 tons of solids and  2 tons of liquids per hour.

Before being fed to  the  ro ta ry  furnaces, th e  solid chemical w astes are stored 
in a sub-divided bunker having a capacity  of four thousand  cubic m eters. They 
are fed to  the  furnaces, in 50 kilogram  charges, via an airlock. The liquid wastes 
are tem porarily  stored in a ta n k  farm , which contains nineteen tan k s and  has a 
to ta l capacity  of five hundred  cubic m eters, and are then  delivered to  the  a fte r­
burning cham bers by m eans of nitrogen pressure on th e  tanks.

M ethods of rem oving chemical po llu tan ts, such as HCL, S 0 2 and H E, from 
the  flue gas of th e  ro ta ry  furnaces have, as ye t, no t been perfected. Tests are 
being carried ou t w ith  the  hope th a t  effective filtering m ethods can be developed.

The p lan t is designed to  receive waste m aterials by tru ck  and, by ship.

The final cost of th e  p lan t, w hich w ent into full operation in March of th is 
year, was alm ost seventy-tw o million dollars and  i t  is expected th a t  th e  annual 
operating cost, including an allowance for in terest and depreciation, will be eleven 
million dollars. I t  is planned th a t  the  revenues derived from the  operation  of 
th is p lan t (sale of electricity, distilled w ater and scrap and fees for the  destruc­
tion of wastes) will exactly  m eet th e  cost of operation. To accomplish th is will 
involve th e  annual ad justm en t of charges and  fees.

Portugal

This paper deals exclusively w ith the  tre a tm e n t of oil-bearing w aters ex trac­
ted  from oil tankers.

In th e  in troduction , th e  au thors deal, in general term s, w ith th e  natu re , 
causes and  effects of w7a te r pollution caused by petroleum  products. In particu lar, 
th ey  deal w ith  th e  types of polluted wra te r which are associated w ith oil tankers.

There then  follows a discussion of in ternational efforts to  p reven t pollution 
of th e  seas by oil. P a rticu la r reference is m ade to  five resolutions passed by an 
Inter-G overnm ental Conference w hich took place in London in 1954. These
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resolutions contained specific recom m endations th a t  m ajor ports be equipped 
w ith  sta tions capable of collecting oil and oily m ixtures.

The authors po in t ou t th a t, inasm uch as six ty  percent of th e  w orld’s tan k e r 
fleet passes the  coast of P ortugal on its way to  and from the  Middle E aste rn  oil 
fields, i t  is particu larly  im portan t th a t  the  country  should be equipped w ith oil- 
collecting stations.

W ith  the  construction  of th e  Lisnave ship repair yards, which are capable of 
receiving the  largest tankers afloat today , i t  becam e more im portan t th an  ever 
th a t  L isbon have facilities for washing and de-gassing tan k s and disposing of oil 
residues. This requirem ent led to  th e  form ation of Gaslimpo in 1967. The sole 
purpose of th is Company is to  receive oil and contam inated w ater from vessels 
visiting th e  po rt of Lisbon.

Gaslimpo utilized for its cleaning sta tions tankers, in  the  17/23,000 TDW  
range, which were nearing th e  end of th e ir useful lives as operating ships. There 
are now th ree of these vessels in service. To convert these ships to  cleaning 
stations, the  owners removed all m achinery and structures, such as m ain engine, 
shafting, propellers and  mid-ship accom m odation, w hich were not stric tly  necessary 
for the carrying-out of the new functions of th e  vessels. However, the boilers, 
pum ping system s and auxiliary  generators were retained and overhauled, since 
they  play a v ita l role in th e  operation of th e  stations.

The oil received by the stations is separated  by m eans of a continuous cascade 
system  which utilizes th e  ships’ cargo tanks. In preparing the  ships for th is 
service, the  cargo tanks were interconnected and  discharge lines were constructed. 
Because th e  stations handle a high percentage of paraffin wax, the  heating coils 
in the  tan k  bottom s play an especially im p o rtan t role and, in some cases, it  was 
necessary to  add additional coils, to  achieve proper oil tem peratures.

The sta tions are equipped w ith all facilities necessary to  assist in the cleaning 
of average-size tankers. They can provide ho t and  cold wash w ater, steam , 
electricity, compressed air and, also, mobile ven tila tors for de-gassing work.

Cleaning operations are norm ally carried ou t a t  anchor in th e  harbour, ra th e r 
th an  a t  one of the p o rt’s w harves. The station , which is equipped w ith  special 
fenders, is tow ed to  th e  tan k er and  moored alongside the  la tte r  vessel. B oth  
ships are held in position by the  ta n k e r’s anchor. Since th e  establishm ent of 
Gaslimpo, there  has not been a single accident involving cleaning sta tions and the  
tankers being serviced.

The liquid which is recovered from th e  prim ary  separators is piped to  storage 
tanks. I t  does, however, still contain a high percentage of w ater and secondary 
separation is therefore carried out, by decanting the  storage tanks, where the 
m ix ture  is k ep t at a high tem perature.

In take and o u tp u t of these cleaning sta tions varies w idely w ith  the  type 
of m ix ture being processed. W ith  liquids containing less th an  one percent oil, 
the  stations have an in take  ra te  of up to  2,500 tons per hour b u t th is ra te  m ay
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fall as low as 200 tons per hour when highly emulsified oils are being handled. 
In its five years of operation, Gaslimpo has trea ted  in excess of tw o million tons 
of contam inated  w ater. The effluent discharged from  th e  sta tions is constan tly  
sam pled and analyzed, to  assure th a t  its quality  m eets th e  required standard ,

A featu re  of th e  cleaning sta tions which helps to hold down operating  costs 
is the  ability  to  use the  recovered oil as fuel for the  s ta tions’ boilers. Before 
th is  can be done, however, the  flashpoint, which because of the  high proportion 
of light p roducts is very  low, m ust be rectified. This is accomplished by  means 
of releasing the  light p roducts th rough steam  injections in th e  processing tanks.

Because th e  m achinery in these vessels is old, it  requires more th a n  norm al 
m aintenance, to ensure th a t  no stoppages occur while th e  sta tion  is in operation. 
For the  same reason, the  owners a tte m p t to  have duplicates of m ost v ita l pieces 
of m achinery.

The crew of the  sta tion  consists of seven m en per shift during cleaning opera­
tions and th is  crew is augm ented by a bridge officer and two seam en when the 
ship is manoeuvring. O perations are carried on tw enty-four hours per day 
and seven days per week.

The au thors suggest th a t  th e  cost of a com plete cleaning station , such as 
those owned by Gaslimpo, would run between 1.4 and  2 million dollars. This 
figure could vary  fu rther, depending on the size of th e  vessel, the  process used 
and th e  country  in which the sta tion  is prepared.

Vessels of th is  type  have two sources of income (1) the  fees which th ey  charge 
the ships using th e ir service and (2) th e  receipts from  th e  recovered oil which 
they  sell.

Spain

Man has neglected, un til recently, to  tre a t oceans and seas w ith th e  respect 
due to  them  for all the  fauna, flora and treasures of all kinds to  be found therein. 
S trangely enough, it is only when m an hopes th a t  the  sea will be helpful to  him 
th a t  he realizes his presence has changed th e  physical and biological characte­
ristics of m arine life. Faeces, chemical products, petroleum  an nuclear wastes 
presen t serious danger to  the  environm ent. The good health  of the  oceans and 
seas is largely dependent upon activities on shore. The problem  dealt w ith in 
th is  paper is the discharge of sewage and industria l refuse into the sea.

Types o/ Pollution

Pollution created by disposal of w aste into the  sea m ay be classified into 
two groups :
1. P o l l u t i o n  a f fe c t ing  t h e  a p p e a r a n c e  of a n  a r e a  : Included in th is group are wood 

debris, chemical residues, pulpwood and d irty  w ater. These can prevent 
norm al coastal developm ent and th ey  present an em barrassing aspect to  leisure 
activities.

2. D a n g e r o u s  p o l lu t io n  : H um an waste is one of the  chief offenders in th is  group. 
Due to  the ever-increasing num ber of people who spend th e ir vacation  near the
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sea, th is situation  is becoming m ore acute. E ven though num erous studies 
m ade in different countries did no t come to  th e  conclusion th a t  th is ty p e  of 
pollution could be dangerous to  hum an health , it  can be observed th a t  fauna 
and  flora absorb toxics and bacteria, m aking them  unfit for hum an consum ption.

Auto-P urifying  of the Sea

The sea possesses m echanism s to  fight against foreign m a tte r  deposited in it. 
Physical processes, such as solar light, as well as biological processes help to  
purify th e  oceans. This auto-defence, in  some instances, take  place w ithout 
changing th e  biological equilibrium  of the  sea bu t, in  the  case of dangerous pol­
lution, ecological changes occur. The sea will th en  tak e  its  revenge on m an 
by  giving back contam inated  products containing a high concentration of the  
foreign substances which m an has deposited in it.

H um an Action

A dm inistrative m easures should be adopted  to  control th e  disposal of sewage 
into th e  sea, thus preventing its pollution. In  the  case of th e  first class of pol­
lution, as described above, th e  satisfactory  quality  of w ater seems to  be assured, 
for swimming purposes, if th e  color is no t spoiled and there  is no bad  odor. W ith  
regard to  th e  second class of pollution, certain  standards will have to  be establish­
ed in order to  tre a t  sewage refuse and reduce th e  degree of danger to  a stric t 
m inim um .

Sewage Systems

The sewage disposal system s th a t  are of concern in th is  study  deal w ith  the 
ones w hich would have an  effect on coastal areas. W astes coming from urban 
com m unities, farm ing areas and  from industries should be adequately  trea ted  
before th ey  reach the  sea via direct discharge of rivers or agricultural drainage 
ditches.

O ther system s for disposal of sewage include tre a tm e n t p lan ts w ith  no 
discharge into the  sea and th e  use of sewage w aste for agricultural purposes. 
Spanish standards do no t perm it th e  use of septic tan k s close to  beaches. They 
can only be perm itted  if located well aw ay from th e  sea a t  locations where the 
soil offers good perm eability.

Sub-M arine Outfalls

M any factors govern th e  choice of locations for sewage outfalls. The end 
of th e  discharge should be located in an area and  a t  a dep th  where th e  m ost 
favourable conditions exist for antib io tic  action and dispersion. In o ther words, 
in order to  obtain  the  best purifying results, th e  ou tle t should be located a t  the  
po in t w here physical and biological processes will perform  a t optim um  levels. 
W hen we deal w ith th e  disposal of hum an w aste, com plete tre a tm e n t m ust be 
accomplished before depositing i t  in to  th e  sea. B oth  aesthetic and  biological 
s tan d ard s have to be respected.
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Design and Construction of Outfalls

In  the  design of subm arine outfalls, special a tten tion  has to  be given to  the  
chemical and corrosive action on the  construction  m aterials to  be used and  to 
the dynam ic forces acting on th e  sewer pipe. The design of these structu res 
will depend on the  n a tu re  of the  bo ttom  on which they  are to  be laid and different 
anchorage system s will be developed to  su it th e  existing conditions. The 
characteristics and  the  location of the  diffusers are of prim e im portance.

Large Treatment Plants

In order to  solve problems created by the  present developm ent along Spain’s 
M editerranean coastline, studies are under way for large trea tm en t plants. The 
m ost advanced one of these is for the  com plete trea tm en t of all wastes for the 
Malaga area and th e  au th o r gives da ta  used in the  design of this san ita ry  scheme.

Swe den

The au th o r introduces his subject by saying, w ith regard to  ocean pollution, 
th a t  « one phenom enon creates the problem and  another leads to  dem ands for 
m easures lim iting the  effects of the  first ». As he sees it, the  first phenom enon 
is rap id  technical developm ent and the  second phenom enon is the  recent rapidly 
growing consciousness th a t  the  lim it of pollution which can be accepted has 
alm ost been reached.

This paper lim its itself to  those aspects of ocean pollution having to  do w ith 
petroleum  products. There are lengthy sections dealing w ith (a) the  various 
ways in w hich oil pollution can occur (b) m ethods of im proving the  design of 
tankers, so as to  reduce pollution (c) m ethods for im proving ocean navigation, 
so as to  reduce accidents (d) m ethods of im proving cargo handling on tankers (e) 
th e  s ta te  of Sweden’s curren t p reparation  for the  handling of oil spills (/) the  
establishing of oily w ater receiving sta tions in the  harbours (g) the  rou ting  of 
traffic (h) the  com bating of oil pollution. All of th e  aforem entioned sections 
deal, for the  m ost p a rt, w ith m atters  covered by earlier papers and it would no t be 
profitable to  repeat the  inform ation outlined elsewhere in th is report. For this 
reason, discussion will be lim ited to  the  unique features of the  Swedish paper.

An in teresting suggestion, contained in the discussion of w ater ballast, is the  
possibility of installing a flexible m em brane in the oil tanks, to  prevent the  
interm ixing of oil residues and w ater ballast.

In his discussion of ship collisions, the au th o r sta tes th a t  the question of 
stopping distance is of g rea t im portance and he points ou t th a t, currently , it 
takes a 250,000 tons tan k e r alm ost three miles to  stop. The paper suggests th a t 
parachutes could be used lo reduce th is stopping distance by as m uch as 75% .

In th is  section dealing w ith safer navigation, the  paper lists a num ber of 
new navigation aids which have come into common use in recent years. These
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include anti-collision radar, satellite navigation and D oppler logs. Satellite 
navigation works com pletely autom atically  and the precision of position determ in­
ations is norm ally accurate to  w ithin less than  100 m. The num ber of possible 
« fixes » varies w ith the location of the vessel bu t they average abou t one per 
forty  m inutes. Between « fixes », position determ ination  is carried ou t by dead- 
reckoning. The D oppler log, which records velocity over th e  bottom , gives the 
navigator accurate speeds w ith which to determ ine the ship’s position by dead- 
reckoning.

For continuous accurate position determ ination, the Decca and  th e  T oran 
system s, which are activa ted  by continuus radio waves, can be used.

The repo rt contains a m ost interesting  description of th e  anti-collision radar 
system . In th is system , ships on collision courses, or those which will pass very 
close to  each other, are specially m arked on the rad a r screen and  the  system  
sounds or flashes an alarm .

In the  section dealing w ith safer cargo-handling, the  paper describes au tom atic  
cargo handling devices which, during the course of loading, continuously m onitor 
the  shearing force, bending m om ents, deadw eight, d ra ft and trim . W hen any 
of these factors fall outside pre-determ ined limits, so th a t  the safety of the  ship 
is endangered, an  alarm  is im m ediately given.

W ith  regard to  m ethods of com bating oil pollution, this paper is in agreem ent 
w ith  the earlier papers, in sta ting  th a t  m echanical m ethods of oil rem oval are 
superior to chemical m ethods.

Dealing w ith dispersion agents, the paper sta tes th a t there  is now a « th ird  
generation » of these m aterials on the m arket and th a t  they  are characterised 
by low toxicity , g reater dispersion action, lower cost and b e tte r decomposition 
properties.

Still in the  section dealing with the com bating of oil pollution, the  au thor 
describes a series of microbes which have the  capability  of serving as « oil eaters ». 
The draw back here, however, is th e  possibility th a t, a fter they  have devoured 
the  oil and have died, they  m ay become fish food and thus endanger the  ocean 
fish population.

The paper presents a well-detailed description of m ost aspects of pollution 
of ocean w ater by petroleum  products. As sta ted  in the  conclusion, space lim ita­
tions prevented a discussion of oil discharges th rough sewer outfalls, from 
dam aged shore-based oil tan k s in close proxim ity to  ocean w aters and from off­
shore oil drilling operations. Also no t included in th e  report was a discussion 
of pollution resulting from the discharge into th e  ocean of chemicals and waste 
industrial and domestic m aterials.

U n ited  K in g d o m

This paper deals w ith the subject of ocean pollution b u t confines itself 
principally to  the problem s associated w ith oil pollution. I t  is sim ilar in m any
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this report.

In the  in troduction , th e  au thors pose a num ber of in teresting  questions. 
They refer to th e  public hysteria  which, of recent years, has been aroused by the 
mere m ention of th e  word pollution and they  point ou t how easily politicians 
respond to th is  hysteria . They also ask if the  general public is prepared to  pay 
the price for a b e tte r  environm ent and they  w onder from whence the  money 
to fight pollution will come if the  « conservationists » have th e ir wray and  the 
ra te  of industrialization  is reduced.

The paper contains an  in teresting discussion on the  « resurrection » of the 
Tham es, w'hich receives the  w aste from eleven million people b u t has only an 
average freshw ater flow of 2,500 cfs. The river’s troubles began in the  1860’s 
when w ater-borne san ita tion  was first introduced. B y 1949, th e  Tham es had 
become « stinking and lifeless ». A t th is point, a lengthy study  wras in itiated , 
to  identify  sources of pollution, to  establish m echanics of tida l m ixing, to  study  
the  chem istry of purification and to  determ ine the  stra tegy  to  be used to  revive 
the river. Nine years after th e  com pletion of the study  and im plem entation  
of its recom m endations, the  Tham es is well on its wray to  recovery.

The au thors believe th a t the  th ink ing  of the  1860’s, w ith regard to  the  disposal 
of w astes dow nstream  from the City of London, is being repeated a t  the  present 
tim e, w ith the sea being su b stitu ted  for the  river. They feei th a t  such th ink ing  
is short-sighted and th a t  im m ediate steps m ust be taken  to  p revent serious 
dam age to the  seas, especially those sections im m ediately ad jacen t to land masses.

The au thors points ou t th a t, while the  Inter-G overnm ental M aritim e Consult­
ative O rganization (IMCO) has been severely criticized for its failure to  a tta in  
its goals, it has achieved very worth-while results. They suggest th a t  m uch 
of the  oil pollution a t  sea results from ships which fly « flags of convenience » 
and which do no t comply w ith the procedures recom m ended by IMCO.

The paper po in ts ou t th a t the  general public appears to be m ore concerned 
about aesthetic  pollution th an  the  more serious hidden types of pollution. It 
says, fu rther, th a t  th is same public rarely  recognizes its own very considerable 
contribution to  the  pollution problem .

In the section dealing w ith th e  prevention of oil pollution, the  paper disagree 
w ith the  belief th a t  the  in troduction  of any petroleum  into the  sea is harm ful.

The paper discusses the po rt of Milford H aven, where forty-three million tons 
of crude oil are handled each year. The au thorities there believe th a t, despite 
the  high volum e of oil passing th rough the port, oil pollution has been kep t a t  a 
satisfactory  level. M onitoring of the harbour w aters indicates th a t  there  have 
been no harm ful ecological effects.

The au tho rs contest th e  belief th a t  the  risk of oil pollution increases as the 
tankers grow in size. They contend th a t  there  is no evidence to  show th a t  large 
ships are more prone to  collision or stranding  th an  are sm aller ships. They
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therefore m ain tain  th a t, if fewer ships are used, there  should be fewer casualties. 
In reply to  the  argum ent th a t  those fewer casualties m ight be of g reater m agnitude, 
th ey  point ou t th a t hazards can be kep t w ithin acceptable lim its by complying 
w ith the  tan k er construction regulations approved by IMCO.

The au thors approve highly of offshore single buoy m oorings for oil tankers. 
One of th e  great advantages of th is system  is th e  fac t th a t  small accidental spillages 
of oil are quickly dispersed in th e  ocean, whereas a sim ilar spillage inside th e  h ar­
bour could present serious problem s.

In discussing rem edial action in  cases of accidents involving tankers, the 
paper sta tes th a t  the  best way of reducing the  th re a t of serious oil pollution is to 
undertake successful salvage operations, w hether or n o t such operations can be 
financially justified by the  value of th e  salvaged ships and  th e ir cargoes.

The paper discusses m eans by which tan k e r owners m ay p ro tec t them selves 
from liabilities relating to  th e  spillage of oil and  it describes insurance coverages 
which can be achieved through  TOVALOP and  CRISTAL.

One favourable feature of oil spillages a t  sea, in tem pera te  w aters, is the 
fact th a t  oil is degraded biologically quite rapidly.

The repo rt points out th a t  spillage of non-petroleum  products, during the ir 
handling a t a term inal, can pose considerable pollution problem s. As an example, 
one pound of sugar requires as m uch oxygen, for its  « bacteriological breakdow n 
as does the to ta l raw  sewage em anating from one m an in one week ».

The au thors deal a t  some length w ith the  effects of dredging activities on 
w ater pollution. They point ou t th a t, because of th e ir quiet w aters and generally 
g reater depths, p o rt areas ac t as trap s  and collect large quantities of sewage 
discharges and toxic m aterials. The ac t of dredging such areas can p u t into 
suspension m aterials w hich m ight otherwise lie dorm ant on the bottom . Dealing 
w ith th e  P o rt of London, th e  au thors s ta te  th a t  i t  was p ast practice to  deposit 
dredged spoil in coastal w aters, « in the  hope th a t  it  would no t come back quite 
as quickly as i t  was dredged ». This la tte r  problem  is now being overcome by 
selecting new' spoil areas where adequate  m ixing and dispersal can be achieved.

The P o rt of London has recently  provided pum p-ashore facilities for the 
disposal of m ost of the  m aterial dredged w ithin  its  jurisdiction. This m ethod 
of disposal has resulted in a reduction in sedim ent m ovem ent, a reduction  in dredg­
ing requirem ents and a reduction in th e  level of suspended solids in the  w ater. 
The au thors s ta te  th a t  th is  system  has progressively removed polluting m aterials 
from th e  w aters of th e  Tham es b u t, un fortunately , no details are given of the  
m ethods employed to  prevent the carrying w ater, used in the  pum ping process, 
and its non-solid po llu tan ts (dissolved chemicals and bacteria) from  re-entering 
the  Tham es. I t  is possible th a t  th is  w 'ater receives trea tm en t, and  is then returned 
to  th e  river, b u t the  paper does no t say so.

W hen discussing m eans of preventing accident-caused pollution, th e  paper 
makes the telling point th a t  heavy fines levied against Corporations have « little 
effect on the ir rem ote employees ».
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The paper deals w ith  several unwelcome side effects which can accom pany 
an  im provem ent in w ater quality . These include the  retu rn  of m arine borers, 
hydroids and barnacles and a need for cathodic protection  for m arine structures 
constructed  of steel.

In  its conclusion, the  paper w arns th a t  m arine pollution control m ust no t 
become a political m atter.

U.S.A.

In its trea tm en t of pollution in harbours and in coastal w aters, th is  paper 
describes m any of th e  practices, studies, in ternational organizations, pollution 
fighting devices, etc., which have been discussed earlier in th is  report. However, 
to  achieve some degree of brev ity , the  discussion of th is paper will be lim ited to 
those sections w hich contain  additional inform ation or which present ideas a t 
variance w ith  those expressed in o ther papers.

The au th o r places the com m encem ent of « the  g rea t anti-pollu tion crusade » 
on M arch 18th, 1967, the  date  of th e  stranding  of th e  « T orrey Canyon ». The 
initial reaction to  th is  accident was « a deluge of ill-advised and often tim es con­
flicting legislation by various governm ental entities ». M uch of th e  legislation 
was a duplication of effort by overlapping jurisdictions and there was no coordi­
nated  overall plan for th e  effective control of pollution. The au th o r states,how ever, 
th a t  th is situation is now being reassessed in the  U nited S tates and revisions, 
based on economic practicalities and  ecological and environm ental considerations, 
are being m ade.

The au th o r foresees a great increase in oil pollution poten liai in United S tates 
w aters as a resu lt of the  oil shortage w hich th a t  coun try  is nowT facing. He 
estim ates th a t, by 1985, some fifteen million barrels of oil will be im ported each 
day and he forecasts th a t  a high percentage of th a t  q u an tity  will arrive by tanker.

The paper in troduces a new source of ocean pollution when discussing the  
effects of th e  very  large propellers on th e  super tankers now coming into service. 
These propellers m ay have an  effect on tu rb id ity  and  salinity  and, thereby , a 
de trim en tal effect on some species of fish.

The paper discusses a t some length the requirem ents of various anti-pollution 
laws in the  U nited S tates and  o ther countries. D etails of th e  U.S. W ater Q uality 
Im provem ent A ct of 1970 are provided and th e  in teraction  of Federal and S tate  
regulations are discussed.

In the  U nited  S tates, the  Coast G uard curren tly  has th e  responsibility of enfor­
cing th e  above-m entioned Act. The Refuse A ct of 1899, which prohibits dischar­
ges into navigable w aters w ithou t a perm it, is adm inistered by th e  A rm y Corps 
of Engineers b u t a ttem p ts  are being m ade to  transfer the ir perm it-gran ting  au tho ­
rity  to  th e  E nv ironm ental P ro tection  Agency.
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The paper makes m ention of th e  B ritish Oil and N avigable W aters Bill, the  
Canada Shipping A ct of 1971 and th e  Greek Pollu tion  Control A ct of 1971. I t 
also advises th a t  the  S tate  of Maine has passed a law which imposes a ta x  of 
1 /2c per barrel on all oil transfers. This m oney is to  be used to  pay  for policing 
term inals and for the  cleaning-up of tan k e r spills.

The paper deals a t  length w ith various in ternational conferences and conven­
tions which have taken  place, or will take  place, in the  in te rest of fighting oil 
pollution. On the question of pollution insurance, the  paper describes TOVALOP 
and CRISTAL.

This paper contains in teresting descriptions of various pollution detection 
devices and m ethods. Among these are the  « finger p rin t » m ethod for establis­
hing th e  source of a given oil by the  use of m odern analy tical techniques, a m icro­
wave radiom eter, a device for spotting oil slicks from above (even during foggy 
or night-tim e conditions), a portable floating oil detector, which can record traces 
of oil no t visible to the naked eye, and infra-red sensors which, when used aboard 
helicopters, can detect sources of pollution by m eans of m easuring tem peratu re  
differentials.

In its discussion of containm ent devices, the  paper m entions a bottom  tension 
ty p e  oil containm ent boom, which can be used in waves up to  20’, curren ts up 
to  2 knots and winds up to  60 knots, a floating air b arrier device, which can be 
used in rough w aters, and underw ater ten ts , which are used for containing oil 
seepage from  below.

In the  same section of the  paper there  is a description of the  « Seadragon », 
which has been developed for the American Petroleum  In s titu te  by th e  G arre tt 
Corporation of Los Angeles. This device is light enough to  be transpo rtab le  by 
air and it  sweeps, skims, separates and stores the oil from  ocean spills. I t  is 
designed to  work in waves up to 8 ’ high and to  sweep an ocean area a t  th e  ra te  
of 120 acres per hour. Furtherm ore, it  is expected th a t  th is  un it will process a 
m inim um  of 25,000 gallons of oily w ater per hour.

Linder the  heading of m echanical recovery devices, the  paper discusses 
skimmers and  vacuum  barges and th e  au th o r points ou t th a t, for th e  efficient 
operation of the  former, the  w ater m ust be alm ost fla t calm.

The paper also deals w ith  absorbents and  m entions th e  use of such m aterials 
as straw , saw dust, styrofoam  and peatm oss. An interesting  addition to  th is 
list is cotton which, the  au tho r states, is more absorbent th an  straw  and, in cases 
where it  cannot be recovered after a spill, is less harm ful than  certain  chemicals.

The au tho r deals w ith the « sand sinking » m ethod of trea tin g  oil spills bu t 
sta tes th a t, although it  is effective in rem oving spills, there  is some doubt regarding 
its effect on the  ocean bottom .

In the  section headed « o ther means of lim iting pollution » the  au tho r discusses 
vessel construction, accident prevention, shoreside reception facilities, the  « load-
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on top  » procedure, harbour flushing, aeration, ship-board w aste-trea tm en t and 
ship-board w aste com pactors.

In the  section dealing w ith  « p o rt clean-up operations and contingency 
plans », the  au th o r points out th a t  a g rea t effort is being m ade to  control pollution 
of the harbours and  coastlines of the  world and th a t  the  leaders in th is effort 
are some of th e  sm aller ports, ra th e r  th a n  th e  super-ports. The paper then  
goes on to  describe the  program m es being carried ou t in P o rtland , San Francisco, 
O akland, F rem antle , Baltim ore, Boston, Mobile, Norfolk, Hong Kong, Toledo 
and Los Angeles.

The au tho r then  lists certain  suggestions and objectives which he feels would 
be beneficial in th e  fight to  clean up the  environm ent. These include form ation 
of pollution fighting co-operatives, identifying m arks on vessels, to  indicate the 
cargo being carried, the  confinem ent of super tankers to  a relatively small num ber 
of ports, fu rth er study  into physical properties of various products being handled 
by  ocean shipping, m onitoring and  da ta  collection program m es in each m ajor 
harbour, additional research, of a ty p e  th a t  would be « directed to  solutions of 
real problem s and no t m erely satisfy academ ic curiosity  », over-dredging of 
harbours and channels, to  m inim ize propeller-caused tu rb id ity , the  establishm ent 
of realistic standards for w ater quality , th e  replacem ent of th e  existing m ultip licity  
of single purpose agencies w ith  a  single m ulti-purpose regulatory  agency and the 
closing of th e  com m unication gap between the  academ ic world & lawm akers, 
on the  one hand, and the  practical decision-m akers of th e  business world, on the 
other.

The au th o r decries the  fact th a t  the  professions m ost directly  affected by 
world pollution problem s have not, to -date , offered sufficient leadership in the  
anti-pollution war. He feels th a t  people who have practical first-hand knowledge 
of engineering, economics, etc. m ust assume leadership roles before millions 
of dollars are w asted on « im practical and  uneconom ical academ ic ideas ». Despite 
all obstacles, the  au th o r feels th a t  definite progress is being m ade and  ventures 
to  hope th a t, by 1975, the  necessary legal m achinery, equipm ent and knowledge 
will be available to  control pollution no t only along the  w orld’s coastlines bu t 
on all of the  high seas. In closing, the  au tho r counsels his readers to  m ake it 
know n to  the  public th a t  one hundred percent elim ination of pollution is an 
impossible goal. They should be advised th a t  there  are certain  safe levels of 
w ater quality  w hich are technically  feasible and  economically practical and  th a t  
those in au th o rity  are striv ing to m eet those levels.

C O N C L U S I O N

All of the  papers considered were well w ritten  and  inform ative. There is 
probably no aspect of ocean pollution which has not been touched-upon by a t 
least one of th e  papers.
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U nfortunately , a g reat num ber of papers covered alm ost identical ground 
and th is has led to  ra th e r unbalanced reporting  of those from th is group which, 
in th e  alphabetical trea tm en t used herein, appear tow ards th e  end of the  report.

Because of the  above-m entioned duplications, those papers which dealt 
w ith  specific a ttacks on pollution were, generally speaking, the  m ost interesting. 
This com m ent, of course, is no t m ean t to reflect on th e  au thors of the  general 
papers bu t i t  would seem more th an  worth-while, in th e  fu ture , to  offer central 
guidance, as to  subject m a tte r, to  th e  various authors. Such guidance would 
avoid duplication and would, by reason of directing th e  au thors to  specific, ra th e r 
th a n  general, subjects perm it g reater am ounts of d a ta  to  be subm itted  to  the  
Congress.
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I N T R O D U C T I O N

Les treize rapports  présentés contiennent une revue extrêm em ent com plète 
des connaissances actuelles dans le dom aine de la pollution des eaux de m er e t 
des côtes. Ils tra ite n t de tous les aspects du problèm e, y compris les causes, les 
effets, les m éthodes de réduire e t de com battre  la pollution, e t l’é ta t  actuel des 
lois anti-pollution. L a  p lu p art des rapports  tra ite n t en term es généraux du 
problèm e de la pollution, m ais certains d ’en tre  eux le fon t en des term es très 
spécifiques.

L a discussion des différents rap p o rts  su it :

A l le m a g n e  (R.F.)

Ce rap p o rt tra ite  des m esures déjà prises, de m êm e que de celles qui sont 
envisagées, pour prévenir e t com battre  la pollution dans les po rts  e t les régions 
côtières de la R épublique Fédérale Allem ande. Le rap p o rt exam ine les conditions 
ta n t  de la Mer du N ord que de la  B altique, e t il déclare que, vu  la longueur rela­
tivem en t faible des côtes du pays, p a r rap p o rt à sa grande population, cette  côte 
est utilisée de m anière très  intensive.

L a Mer du N ord e t la B altique diffèrent beaucoup dans leur capacité de 
tra ite r  les polluants. Les m arées re la tivem ent hautes de la Mer du Nord, combinées 
avec les ondes de tem pête, p erm etten t une dispersion rapide des polluants qui y 
parviennent. D ans la B altique, cependant, les m ouvem ents de l’eau sont princi­
palem ent contrôlés p ar les vents, qui agissent principalem ent sur les eaux de 
surface, et, dans certains bassins de cette  m er, il y  a des périodes où l’oxygène 
est m om entaném ent absent. Comme les eaux de la B altique se m élangent peu 
avec celles de l’océan, la B altique est spécialem ent exposée à la  m enace de 
pollution.

Comme c’est le cas en Belgique, la qualité  de l’eau dans les ports allem ands 
est souvent affectée de m anière nocive p ar les activ ités qui sont exercées sur le 
cours supérieur des rivières à l ’em bouchure desquelles ils se trouven t. Les au teurs 
a ttr ib u e n t la pollution des ports allem ands à tro is sources : les égouts dom estiques, 
le tra item en t industriel e t les eaux de refroidissem ent e t la navigation.

Les au teurs tra ite n t longuem ent les différents types d ’agents polluants 
e t leurs effets.

Le pétrole et les appareils de dispersion de celui-ci : Chaque année, les eaux 
côtières allem andes sont su jettes à une pollution p a r le pétrole s’élevant ju sq u ’à
100.000 tonnes. Les au teurs suggèrent que le déversem ent non autorisé p a r les 
b a teaux  pourra it être une source de ce pétrole. P arm i les conséquences sérieuses 
de la  fu ite  de ce pétrole, il y  a la destruction  des p lantes m arines, la m ort 
annuelle de milliers d ’oiseaux de m er, la contam ination  des engins de pêche, avec 
les effets secondaires peu désirables sur le poisson destiné à la consom m ation 
hum aine, e t la mise hors service, au moins tem poraire, de stations balnéaires.
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Les au teurs affirm ent que l’emploi d ’appareils de dispersion du pétrole 
peut aussi être extrêm em ent dom m ageable aux organismes aquatiques.

Pesticides et B iphenyls polychlorum  : L ’Allemagne, comme d ’au tres pays 
du m onde, utilise de grandes quan tités de pesticides pour com battre  les m auvaises 
herbes e t les m aladies des p lantes. U n pourcentage élevé de ces pesticides fa it 
son chemin vers les rivières du pays e t est ensuite charrié vers la mer. Les 
pesticides sem blent p résenter une plus grande m enace pour les eaux  de la B altique 
que pour celles de la Mer du Nord. Des te s ts  récents on t dém ontré que la teneur 
en D D T dans des phoques de la B altique é ta it dix fois plus élevée que dans les 
phoques qui h ab iten t la Mer du Nord. Les pesticides a tta q u e n t les systèmes 
d’enzym es dans les organismes, affectent la production d ’horm ones, réduisent 
la production de calcium  des oiseaux, rendan t leurs coquilles fragiles, e t produisent 
des tum eurs à affinités cancéreuses.

Bien que les effets des biphenyls polychlorurés n ’aien t pas encore été 
pleinem ent découverts, il est connu que de nom breux organismes de la B altique 
et de la  Mer du N ord possèdent des concentrations de ces substances dangereuses 
qui sont plus grandes que leur contenu de DDT.

M étaux lourds : Les sels de m étaux  lourds pénètren t norm alem ent dans les 
voies d ’eau grâce au x  déversem ents des usines industrielles. Les plus dangereux 
de ces m étaux  sont le m ercure, le plom b e t le cadm ium , e t ceux-ci son t suivis 
par le zinc, le cuivre et l’arsenic. Sur la consom m ation to ta le  annuelle allem ande 
de 775 tonnes de m ercure, 60 tonnes tro u v en t leur chem in vers la Mer du Nord, 
p a r le B hin  seulem ent. Dans certaines régions m an q u an t d ’oxygène, ce m ercure 
est transform é en m ercure m éthylique hau tem ent toxique. Le m ercure m éthylique 
e t le plom b té tra -e th y l sont em m agasinés dans le cerveau e t le systèm e nerveux 
et, en tre  au tres choses, ils peuven t provoquer de graves troubles génétiques.

Le cadm ium , qui est em m agasiné principalem ent dans les reins, peu t causer 
des lésions aux  reins, au systèm e nerveux et à la s truc tu re  osseuse.

M atières consommatrices d'oxygène : Les effluents dom estiques e t industriels 
contiennent de grandes quan tités de n itra te s  e t de phosphates. Ceux-ci, combinés 
avec les sels n u tritifs  de fertilisants azotés e t phosphoriques, con tribuen t à la 
croissance d ’une certaine vie de p lantes aquatiques indésirables, rédu isan t par-là 
l’oxygène disponible dans l’eau.

D ’au tres polluants dans cette  classe consistent en effluents industriels e t 
dom estiques qui contiennent des résidus organiques e t qui on t besoin d ’oxygène 
pour leur désintégration. Ces m atières, non seulem ent consum ent de l’oxygène, 
m ais elles peuven t aussi, à cause des bactéries infectieuses qu ’elles tran sp o rten t, 
être une source d ’épidémies, dans les cas où ces dernières re to u rn en t à l'hom m e 
par des produits m arins comestibles.

11 est in téressan t de no ter que, ou tre  les grandes quan tités d ’eaux dom estiques 
non tra itées charriées vers la B altique e t la Mer du N ord par les rivières e t p a r les 
débouchés d ’égouts, l ’Allemagne envoie égalem ent chaque année quelque
270.000 tonnes d ’eaux d ’égout par bateaux.
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Matières inorganiques : Cette catégorie de polluants est charriée à la mer 
chaque année ta n t  p ar les rivières que p ar des b ateaux  spécialem ent constru its 
à cet effet, e t les au teurs estim ent que, dans cette  dernière catégorie, plus de 
cinq millions de tonnes par an  sont déversées dans la Mer du Nord p ar les différents 
pays qui la bordent.

Les m atières inorganiques se répartissen t en tro is groupes :

(1) Sels, acides e t alcalins (légèrem ent toxiques).
(2) Substances inorganiques toxiques (fluorures e t cyanures).
(3) Solides insolubles.

Substances solides : Cette catégorie com prend des objets tels que des au to ­
mobiles au rebut, des fû ts de déchets tels que l’arsenic, le cyanure, etc., e t du 
m atériel de guerre te l que les bom bes de gaz empoisonné. Les au teurs p ré tenden t 
que tou tes ces substances présen ten t des risques, mais ils n ’ont pas particuliè­
rem ent insisté pour q u ’on interdise le re je t de m étal de reb u t e t d ’au tres objets, 
fa it sous contrôle.

Substances radio-actives : La fuite de ces substances des usines génératrices 
et d ’au tres installations industrielles est soigneusem ent contrôlée par le Gouver­
nem ent allem and.

Charge thermique par eaux de refroidissement : Le rap p o rt décrit l’augm enta­
tion des tem pératu res des eaux de rivière e t des ports a llan t ju sq u ’à la création  
de brouillard, ce qui p eu t ê tre  nuisible à la navigation. Il m entionne aussi le côté 
avan tageux  de ce changem ent de tem péra tu re , en ce q u ’il re tarde la form ation 
de glace. Il n ’est pas fa it m ention des effets des tem péra tu res plus élevées sur la 
vie des plantes e t des anim aux.

E n  concluant ce tte  section de l ’exposé, les au teu rs sem blent indiquer que, 
encore que les potentialités de pollution existent, il y a peu de m otifs de se faire 
du souci actuellem ent.

Le rapport discute assez longuem ent l’é ta t  actuel de la législation a n ti­
pollution de la République Fédérale d ’Allemagne e t il souligne que, dans une 
structu re  fédérale, une étro ite  collaboration est nécessaire, aux  différents niveaux 
du Gouvernem ent, pour étab lir des mesures efficaces contre la pollution. Il 
m entionne égalem ent la nécessité de s’assurer de la collaboration des pays voisins. 
A l’heure actuelle, il ne semble pas exister en Allem agne un réseau global de 
contrôle de la pollution. Des tests spéciaux sont effectués en ce qui concerne la 
pollution par la rad ioactiv ité  et par les hydrocarbures, m ais les au tres  types 
de pollution sem blent être tra ité s  au fur et à m esure qu ’ils se présentent.

Le rappo rt poursu it en d iscu tan t différentes m éthodes par lesquelles la 
pollution peut être contrôlée e t il tra ite  spécialem ent du contrôle de la pollution 
causée par le pétrole, contrôle effectué en rédu isan t le nom bre d ’accidents de 
navigation. Les m éthodes suggérées su iven t généralem ent les recom m andations 
décrites dans le rap p o rt canadien.



D ans la .Section 3.2.2., les au teurs donnent la philosophie générale allem ande 
en ce qui regarde la lu tte  contre la pollution p ar hydrocarbures et, dans la 
Section 4.1., ils p laident en faveur d ’une meilleure connaissance de tous les 
facteurs a y a n t t r a i t  à la pollution en sorte que les au to rités soient m ieux équipées 
pour com battre  l’accroissem ent de la pollution qui va correspondre à l’accrois­
sem ent du trafic en m er et de l’industrialisation dans les prochaines années.

Les au teu rs déclarent que « A  l ’heure actuelle, nos connaissances des réactions 
physiques, chim iques e t biologiques dans l'eau sous l’afflux de m atières délétères 
resten t obscurcies p ar une série de facteurs inconnus ». Ils insistent pour que les 
G ouvernem ents e t les industries consacrent plus d ’énergie à l’étude de la pollution, 
à la définition de valeurs lim ites e t au développem ent de nouvelles techniques 
grâce auxquelles les déchets puissent être réutilisés dans les processus de pro­
duction.

Dans la Section 4.3, les au teurs font un nom bre de recom m andations qui, 
si elles sont mises en vigueur, aideraien t beaucoup à résoudre les problèm es de 
la pollution des océans.

T andis qu 'actuellem ent la lu tte  contre la pollution en m er est confinée 
su rto u t aux  produits pétroliers, on estim e que l’expérience acquise en ce dom aine 
peut éventuellem ent être appliquée à la lu tte  contre d ’au tres types de polluants.

Les au teu rs  sem blent estim er que le monde n ’est pas suffisam m ent conscient 
du degré de pollution qui p révau t déjà et des conséquences ultim es des a ttaq u es 
continuelles contre l’environnem ent. Cela peu t être vrai en Allemagne, mais il y  a 
d ’au tres régions où le public est tellem ent en éveil au su jet de la pollution q u ’il 
ne peut pas agir ou penser rationnellem ent dans les situations qui com portent 
un dommage supposé causé à l’eau. On doit prendre grand soin d ’év iter des 
contrain tes économiques inutiles, édictées au nom de l’écologie.

Australie

Ce rap p o rt tra ite  des différentes études qui on t été poursuivies en vue de 
la construction d ’une chaussée (causeway), longue de 2 milles e t demi, en tre  le 
continent d ’A ustralie occidentale e t G arden Island. G arden Island, qui s’étend 
parallèlem ent à la te rre  ferm e de la côte et qui enferme en partie  un plan d ’eau 
connu sous le nom de D étroit de Cockburn, devait servir de te rra in  pour une 
nouvelle base navale australienne; il fallait prévoir une chaussée d ’accès vers 
cette base au large de la côte. On choisit de créer une chaussée, p lu tô t q u ’un pont 
plus court, parce q u ’elle form erait une protection pour l’ex trém ité  inférieure 
du D étroit de Cockburn, qui devait p ar la suite être développé p ar le port voisin 
de Frem antle.

Le principal problèm e des au torités chargées de la construction de la chaussée 
é ta it que l’ouvrage projeté pouvait dim inuer le débit d ’eau passant p ar l’entrée sud 
du D étro it de Cockburn, à tel point que cela pouvait provoquer des dégâts im por­
ta n ts  dans le dom aine de l’écologique m aritim e. L eur problème se com pliquait
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du fa it q u ’une grande p artie  de la côte continentale é ta it occupée par une 
raffinerie de pétrole, une aciérie e t d ’au tres industries qui m anipulen t des polluants 
possibles e t qui donnent naissance à des effluents polluants. Certaines plages 
le long du D étro it form aient une zone de loisirs pour les h ab itan ts  de F rem antle  
e t de P erth , et les au to rités ne voulaient pas po rter a tte in te  à ces lieux favorisés.

P our arriver à la meilleure conception possible de la  chaussée, un  vaste  
program m e, m ulti-disciplinaire, de recherches de l’environnem ent fu t entrepris. 
Ce program m e, qui prévoyait des études continuelles de l’environnem ent pendan t 
tou tes les phases du pro je t de chaussée, dém ontrait, d it le rapport, que le débu t 
des tra v a u x  de construction ne devait pas être re tardé  ju sq u ’à ce que les conclusions 
finales sur l’environnem ent aien t été a tte in tes.

Les au teurs du rap p o rt insisten t sur le fa it que des recherches de ce genre 
doivent être soigneusem ent program m ées, en sorte qu ’on ne rassem ble pas de 
données inutiles e t q u ’on puisse ainsi m ain ten ir les dépenses dans des lim ites 
raisonnables. Au stade prélim inaire, les chercheurs doivent utiliser au m axim um  
les renseignem ents ex istan ts e t doivent recueillir des données e t des opinions 
généralisées auprès d’experts qualifiés de l’environnem ent. Lorsque cela a été fait, 
il est possible d ’élaborer un p lan  définitif d ’a tta q u e  e t les recherches nécessaires 
peuvent commencer. A ce m om ent les au teurs soulignent que, encore que les 
recherches doivent être poursuivies p ar une équipe m ulti-disciplinaire, il est 
essentiel q u ’elles soient dirigées p ar un ingénieur, car seul un ingénieur peut 
avoir une vue d ’ensemble du projet.

Les au teurs définissent assez longuem ent la philosophie de leurs recherches 
e t détaillent les sep t étapes à suivre dans chacune des différentes études.

Le groupe qui dirigeait les recherches com prenait des biologistes, des bo ta­
nistes, des chimistes, des ingénieurs, des géologues e t des géographes. Parm i eux 
il y  ava it des experts dans les dom aines de l’écologie e t de la biologie m arines, 
de la botanique e t de l ’aloguologie m arines, de la chimie de l’eau e t de l’analyse 
de la chair anim ale au point de vue des substances toxiques, de l’hydrologie 
des côtes, de géomorphologie e t de sédim entation  côtières e t de la  construction 
côtière.

L ’exposé décrit le D étro it de Cockburn comme « un bassin barré », en ce sens 
qu ’il est to ta lem en t entouré p ar G arden Island à l’ouest, par le continen t australien  
à l ’est, e t q u ’il es t partiellem ent ferm é p ar des bancs de sable peu profonds à ses 
entrées nord e t sud. Le principal ob jet de leurs études é ta it donc de déterm iner (1) 
la vitesse e t la n a tu re  du renouvellem ent de l’eau à l’in térieur du D étro it (s’il 
y en avait), (2) l’effet que produ irait la  chaussée en trav ers  de l’entrée sud et (3) 
les effets à long term e de la  chaussée, combinés avec la décharge continuelle de 
déchets industriels dans le détro it.

Afin de fournir des réponses partielles aux  questions précédentes, des recher­
ches hydrologiques fu ren t effectuées. Elles com portaien t la mesure des caracté­
ristiques salin ité /tem pérature  du D étro it, l ’enregistrem ent de la vitesse de l’eau 
e t  des profils de sa direction à l’aide d ’un courantom ètre à lecture directe, la
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mesure de la vitesse du couran t avec des instrum ents de m esure à enregistrem ent 
continu, le pistage d ’ancres flo ttan tes e t le je t de colorants, associés à l’observation 
p ar avion.

Les observations de salinité e t de tem péra tu re  on t révélé que le renouvel­
lem ent to ta l de l’eau dans le D étro it de Cockburn s’effectuait bien e t que la période 
de renouvellem ent v a ria it en tre  une e t tro is semaines. Cette étude a dém ontré 
égalem ent que le couran t é ta it généralem ent en direction du nord  pendan t l’été 
e t en direction du sud p endan t l’hiver, e t que les m ouvem ents de l’eau à l’in térieur 
du D étro it sont indépendants en grande partie  de l’action  des m arées e t des 
vagues.

Les études de m esurage on t en général confirmé les conclusions auxquelles 
on est parvenu  p ar l’exam en sa lin ité /tem pérature  e t l ’étude des flo tteurs a 
résolu certaines anom alies qui avaien t été relevées p ar les profils de salinité e t 
les m esures de courant.

Au cours des investigations, on a no té  des fluctuations des n iveaux  d’oxygène 
dissous e t ces fluctuations on t pu être d irectem ent ra ttachées aux  processus 
photosynthétiques des prairies de varechs, etc. E n  outre, on a m esuré la péné­
tra tio n  de la lum ière. Ces m esures on t ra tta ch é  la tu rb id ité  provoquée par les 
décharges industrielles à la destruction  des prairies de varechs, etc.

Le rap p o rt résum e les recherches hydrologiques en d isan t que l’échange 
des eaux dans le D étro it de Cockburn est régi p ar les courants océaniques e t que 
l’influence locale du v en t et des m arées n ’est pas capable de régir individuellem ent 
l ’échange des eaux.

D ’au tres recherches com prenaient des études de la stab ilité  des côtes e t ces 
études concluaient que les herbes m arines e t leurs racines sont les élém ents les 
plus im portan ts  de stabilisation des dépôts côtiers. Les études de la m orphologie 
de la  plage com prenaient :

(1) Le profilage saisonnier des plages, afin de déterm iner leurs fluctuations au 
po in t de vue configuration e t volume.

(2) Le dépistage de sable coloré.
(3) L ’analyse physique e t chim ique des dépôts sédim ents.

Suite aux  études précédentes, les au teurs concluent que les plages du 
D étro it de Cockburn sont dans un é ta t  d ’équilibre dynam ique et que tou tes les 
modifications dans la form ation des plages peuven t ê tre  surveillées en perm anence 
e t ra ttachées soit à des phénom ènes natu re ls  ou in trodu its p ar l ’homme.

Le bu t principal des recherches entreprises pour le problèm e de la  chaussée 
é ta it d ’étab lir une ligne de base écologique p e rm ettan t de surveiller les change­
m ents de l’environnem ent. Cette surveillance p e rm e ttra it ensuite aux  au torités 
concernées d ’étab lir un program m e pour le D étro it qui p e rm ettra it l’utilisation 
de ses eaux à des fins industrielles, de d ivertissem ent e t de navigation.

E n  étab lissan t sa ligne de base, l’équipe de recherches s’est posé quatre  
questions écologiques e t s’est ensuite a ttachée  à découvrir les réponses à ces
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questions. Leurs recherches on t com porté différentes études sur les com m unautés 
d ’herbes m arines, une étude de la d istribu tion  des algues sur les frondes des 
herbes m arines, une étude de la biologie d ’un groupe d ’an im aux sédentaires 
se nourrissan t par épuration  (moules, palourdes, etc.), une étude de la d istribution 
du plancton, une analyse chimique d ’échantillons d ’eau contam inés e t non conta­
minés, de dépôts de fonds contam inés e t non contam inés, e t d ’algues provenant 
de régions polluées e t non polluées, des recherches micro-biologiques afin de 
déterm iner la dispersion des bactéries provenan t des déversem ents des égouts 
de F rem antle dans les eaux avoisinantes, une estim ation des déchets provenant 
des b ateaux  évoluant dans le D étro it de Cockburn, et une étude des effets de la 
pollution therm ique de l’eau de refroidissem ent industrielle déversée dans le 
détro it.

Les études écologiques on t clairem ent indiqué q u ’il é ta it essentiel q u ’une 
circulation d ’eau suffisante soit m aintenue dans le D étro it de Cockburn. Pour 
y parvenir, deux ouvertures pontées, situées aux sections de débit m axim um , 
on t été incorporées dans la chaussée.

Une au tre  découverte des études écologiques fu t que la dégradation de 
l’environnem ent provoquée par la pollution é ta it le ré su lta t d ’une in troduction  
défectueuse des polluants dans le D étro it, p lu tô t que leur composition chimique.

Les au teurs indiquent q u ’une évaluation écologique ultérieure du D étroit 
sera réalisée dans les prochaines années.

Le rapport poursuit en donnan t une description détaillée de m atières se 
ra tta c h a n t plus d irectem ent à la construction elle-même de la chaussée p lu tô t 
qu ’aux effets écologiques de celle-ci lorsqu’elle sera achevée. On y  discute assez 
longuem ent des questions telles que les sondages, les essais de sol, la qualité 
des m atériaux  de construction, les caractéristiques des vagues à l’endroit de la 
chaussée, et des essais hydrauliques sur un modèle.

E n  conclusion, les au teurs indiquent q u ’ils sont satisfaits des résu lta ts d 'une 
étude m ulti-disciplinaire de ce problèm e, e t ils affirm ent que la coopération entre 
les diverses disciplines n ’est pas difficile à réaliser « quand  on accorde à chaque 
discipline sa place adéquate ». Ils poursuivent en affirm ant que cette façon globale 
d ’aborder le problème peut se révéler très coûteuse. F inalem ent, ils adm etten t 
que, alors que « l’achèvem ent de la chaussée a dém ontré la justesse des recherches 
norm ales de construction civile », il est encore trop  tô t  pour affirmer avec certitude 
que les conclusions écologiques du groupe se sont com plètem ent vérifiées.

B e l g i q u e

Le rap p o rt affirme que la pollution de l’eau dans les ports belges peu t être 
rangée en deux catégories principales :

(1) Le déversem ent de polluants d irectem ent dans les eaux des ports par les 
bateaux , les usines e t par les égouts des villes, e t

(2) p ar les eaux polluées des rivières sur lesquelles les ports peuvent être situés.
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Une catégorie spéciale de pollution est celle provoquée par les produits 
pétroliers, e t ce su jet est tra ité  plus loin dans l’exposé. Les au teurs affirm ent 
que, alors que tous les ports belges on t des eaux polluées qui sont am enées par 
les rivières sur lesquelles ils sont situés, le po rt qui est le plus aflecté p ar cette  
situation  est Gand, qui est situé sur les rivières E scaut e t Lys. Ces rivières 
p rennent leur source dans le N ord de la F rance e t coulent à trav ers  des régions 
fortem ent industrialisées de F rance et de Belgique. Tandis que ces deux rivières 
sont très polluées par les industries e t les com m unautés qui borden t leur cours 
supérieur, la Lys a un problèm e supplém entaire que cause le déversem ent dans 
ses eaux des eaux usées en provenance de l’industrie du rouissage du lin. Cette 
pollution est si forte que, pendan t six mois p ar an, les eaux de la Lys doivent 
être détournées pour év iter la ville de Gand. 11 n ’existe pas d ’usine de tra item en t 
des eaux le long de la section belge de la Lys.

La Lys e t l ’E scau t confluent à Gand e t  leurs eaux sont encore polluées 
davantage p a r  le fa it que ces rivières doivent aussi servir d ’égouts à la ville.

A la pollution des égouts de G and e t à la pollution amenée à la ville par les 
com m unautés de l’intérieur des terres, s’a jou ten t les déversem ents industriels 
du port m êm e. La pollution des eaux du po rt est équivalente à celle que provo­
q uera it une population d ’un million d ’h ab itan ts  (Gand a une population de
270.000 hab itan ts) qui déverse ses eaux usées non tra itées dans le bassin. A Gand, 
toutes les usines, sauf les plus récentes, déversent leurs eaux usées e t de refroidis­
sem ent, sans tra item en t, dans les eaux de la zone du port. Des ports comme Gand 
sont fortem ent handicapés p ar le fa it q u ’une grande partie  de leurs eaux polluées 
on t leur origine en dehors de leurs frontières e t q u ’ils sont incapables d ’agir avec 
efficacité sans la collaboration du G ouvernem ent national e t m êm e celle des 
G ouvernem ents étrangers.

Les au teurs divisent la lu tte  contre la pollution de l’eau en deux catégories :
(a) l’élaboration  de règlem ents con trô lan t le déversem ent de m atières polluées 
dans les voies d ’eau et (b) le tra item en t effectif des déchets industriels e t domes­
tiques av an t leur déversem ent.

P a rlan t des règlem ents, les au teurs exposent que la Belgique a été dotée 
de règlem ents simples contre la pollution figurant dans sa législation depuis les 
tem ps anciens. Cependant, ce n ’est pas av an t 1950 que des lois plus étendues 
on t été votées. Ces lois exigent que tous ceux qui déversent dans les rivières, 
canaux, etc., reçoivent une au torisation , e t elles im posent certaines règles fonda­
m entales concernant les eaux qui doivent ê tre  utilisées à différentes fins. En dépit 
des nom breux décrets pris en vertu  de la loi de 1950 sur la pollution, il s’est révélé 
fort difficile de contrôler la pollution dans la pratique. Cette situa tion  provient 
de la m ultiplicité des au torités, de la com plication de la m achine adm inistra tive 
e t du fa it que les villes sont encore autorisées à déveiser des eaux usées domes­
tiques non tra itées dans les rivières e t les ruisseaux.

La loi de 1950 a été rem placée par une nouvelle loi anti-pollu tion en 1971. 
Cette nouvelle loi a centralisé l'au to rité  adm in istra tive e t elle donne aux  au to rités
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de contrôle de la pollution de plus grands pouvoirs pour réaliser une épuration  
to tale.

U ne étude récente des eaux polluées du p o rt de Gand ind iquait que la rive 
gauche du canal, où sont situées les plus anciennes industries, é ta it de loin 
l ’élém ent le plus responsable de la pollution. Sur la rive droite, les grandes industries 
modernes possèdent des installations d ’épuration de l’eau, e t il ne fau t pas prendre 
de mesure spéciale dans leur cas. Pour la rive gauche, toutefois, on recom m ande 
de créer une usine centrale d ’épuration avec égouts collecteurs. Une fois que 
ce systèm e sera mis en place, la  pollution du p o rt de Gand sera lim itée aux  
polluants venus de l’aval e t aux  produits pétroliers qui peuvent accidentellem ent 
se déverser dans l’eau. Les au teurs espèrent que de nouvelles mesures belges e t 
françaises anti-pollu tion am élioreront b ien tô t la qualité  des eaux amenées à la 
ville p ar l ’E scau t e t p ar la Lys.

Se to u rn an t m a in tenan t vers la pollution p ar les hydrocarbures, les au teurs 
m entionnent q u ’elle est devenue un  problèm e lancinan t au cours des dernières 
décades. Les produits pétroliers ne se con ten ten t pas de polluer les eaux des ports 
mais ils p résen ten t égalem ent un danger d ’incendie.

Le rap p o rt souligne que le risque de déversem ents d ’essence est en rap p o rt 
direct avec le nom bre de b a teau x  u tilisan t comme force m otrice des produits 
pétroliers, le nom bre e t le p o rt en lourd des bateaux-citernes se servant des instal­
lations du p o rt e t le nom bre e t la taille croissants des raffineries situées près du 
port. Des illustrations accom pagnent le rap p o rt qui ind iquen t la m anière dont 
les occasions de déversem ents on t constam m ent augm enté p en d an t les soixante 
dernières années.

L a pollution par le pétrole p eu t résu lter de deux situations : (1) le déverse­
m ent d ’eau de tra item en t provenan t des raffineries e t d ’eau de rinçage des 
bateaux-citernes e t (2) les accidents qui se produisent pendan t la mise en soute, 
pendan t le chargem ent e t le déchargem ent de produits pétroliers e t aussi comme 
résu lta t de collisions, de fuites e t de pannes. La pollution causée p ar la prem ière 
situation  peu t être contrôlée p ar des règlem ents e t p a r un tra item en t adéquats. 
L a  pollution causée par les secondes situations, é ta n t habituellem ent le ré su lta t 
d ’erreurs hum aines, n ’est pas aussi soumise aux  règlem ents et, par conséquent, 
il fau t m ettre  son espoir dans les techniques de nettoyage..

E n  ce qui concerne l ’am élioration de l’eau de tra item en t des raffineries, 
le rap p o rt déclare que les pertes en pétrole p rovenan t de ce tte  source peuvent 
être  ram enées à des n iveaux acceptables grâce au refroidissem ent p a r air e t au 
recyclage. D ans le cas d ’eau de rinçage des bateaux-citernes, la perte  de produits 
pétroliers p eu t être rédu ite  à des n iveaux acceptables grâce à l’u tilisation  du 
procédé de lavage en m er (load on top) e t à l ’in troduction  de plus nom breuses 
sta tions de rinçage e t d ’em m agasinage construites à terre.

Aussi im portan t que le développem ent de m éthodes de tra item en t des eaux 
d ’usine e t des eaux de rinçage, est le développem ent des techniques pour l’élimi­
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nation  du pétrole qui a été déversé dans l’eau. Circonscrire e t enlever pareils 
déversem ents s’effectue grâce à des produits absorbants, à des détergents, à des 
appareils m écanisés d ’évacuation, à des portes de séparation, à des barrages 
de bulles d’air e t à des barrières flo ttan tes. B eaucoup de ces m éthodes on t été 
mises à  l ’essai, puis ensuite rejetées. Pour différentes raisons pratiques, les au teurs 
croient que, pour des bassins fermés tel que le p o rt de Gand, la m eilleure solution 
réside dans l’utilisation  d ’unités d ’écum age flo ttan tes, employées en m êm e tem ps 
que « des détergents soigneusem ent choisis ».

A la suite d ’études approfondies concernant le m eilleur ty p e  d ’écum oire 
flo ttan te , les au teurs concluent que le type  à pom pe à vide est supérieur. Cet 
appareil fu t constru it e t mis en service à Anvers en 1954, e t une description 
détaillée de son fonctionnem ent est fournie dans le rappo rt. Des perfectionnem ents 
de cet appareil fu ren t apportés au cours des années, e t le rap p o rt de 1955 de 
1 litre  de p rodu it pétrolier pour 28 litres d ’émulsion pompée a été ram ené en 1971 
à 1:2.2. E n  1967, au cours d ’un im p o rtan t déversem ent de pétrole, l’appareil 
a été en m esure de récupérer une m oyenne de 100 tonnes de pétrole p ar jour, 
p en d an t une période de 12 jours.

Les au teurs sont persuadés que l ’unité  d ’écumage flo ttan te  d ’Anvers a plus 
que dém ontré son efficacité e t ils estim ent qu ’une v arian te  m oderne e t plus 
grande de l’appareil actuel répond à un urgen t besoin pour le port.

Canada

Le rap p o rt déclare que la pollution en provenance des ba teau x  découle 
de tro is sources principales :
(1) R ejets ré su ltan t d ’accidents.
(2) L a  nécessité de ne tto y er l ’in térieur des navires av an t le chargem ent de

cargos différents.
(3) Le déversem ent d ’égouts, d ’im m ondices e t d ’eau de cale.

E n  ce qui concerne le déversem ent de produits pétroliers dans la m er, le
rap p o rt indique que, dans le passé, c’est jusque dix millions de tonnes d ’hydro­
carbures qui on t été déversées dans les océans en une seule année. Ce chiffre a 
m ain ten an t été rédu it à 1/10e du tonnage record, mais même ainsi ce m o n tan t 
est considéré intolérable e t des efforts doivent être faits pour am ener une réduction 
supplém entaire de 90 %.

L ’au teu r discute les différents types de pollution e t indique les m éthodes 
actuellem ent adoptées pour m inim iser et/ou pour po rter rem ède à chaque type.

Pollution par hydrocarbures : On peu t considérer que, en p ratique, tous les 
b a teaux  m odernes sont alim entés par des produits pétroliers e t que leurs réservoirs 
de soute on t des capacités a llan t de 300 à 5.000 tonnes. Ces com bustibles v o n t de 
l’huile diesel légère ju sq u ’au lourd bunker « C ». Une p artie  de ce com bustible
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se perd habituellem ent en m er, su it au déversem ent de l’eau de cale e t de l’eau 
de déballastage. On peut rem édier à cet é ta t  de choses par plus de propreté à 
bord  du bateau  e t en n ’u tilisan t pas les réservoirs à m azout pour tran sp o rte r 
de l’eau de ballast.

P lus im portan t que ce qui précède, cependant, est le pétrole qui se répand  
dans la m er suite au nettoyage des réservoirs des navires-citernes. Ceci a lieu à 
cause de la nécessité d ’utiliser une p artie  des réservoirs à pétrole comme réservoirs 
de ballast quand  ces b ateaux  voyagent légèrem ent chargés. Ce genre de pollution 
peut être presque com plètem ent éliminé p ar l’emploi du procédé de lavage en 
m er (« load on top  »). Cependant, à l ’heure actuelle, une grande partie  des navires- 
citernes du m onde ne peuvent pas ou ne veulent pas utiliser cette m éthode. 
L ’au teur suggère que, si ces navires veulent év iter de déverser du pétrole dans 
la mer, la seule solution pour eux est de disposer, à terre , de réservoirs de réception, 
disponibles dans tous les ports où ces navires fon t escale.

U ne solution au problème de l’eau de nettoyage des réservoirs serait de 
séparer com plètem ent les réservoirs destinés au cargo e t les réservoirs de lest. 
Cette solution serait efficace à 100 %, du point de vue de la pollution, mais elle 
augm enterait fortem ent les dépenses d ’investissem ent des navires. L ’au teur 
estim e, cependant, que, comme ces dépenses supplém entaires sont proportionnel­
lem ent moindres pour les nouveaux navires-citernes que l’on constru it actuel­
lem ent, cette m éthode pourrait éventuellem ent être universellem ent adoptée.

Une cause grave de pollution p ar le pétrole en m er sont les rejets résu ltan t 
de naufrages, de collisions e t d ’échouages. Comme les accidents en m er ne peuvent 
jam ais être to ta lem ent éliminés, e t comme il n ’est pas possible de construire des 
navires qui donneraient la garan tie  de re ten ir com plètem ent leur chargem ent 
de pétrole dans les cas d ’accidents, il est cependant possible, encore que coûteux, 
de construire des navires en m anière telle q u ’ils réduiraien t fortem ent les possibilités 
de pollution par pétrole dans de telles circonstances. L ’au teu r suggère que ce bu t 
pourrait être a tte in t en réduisan t les dimensions des citernes, en insta llan t des 
double-fonds, en situan t les citernes à des endroits moins vulnérables du navire 
e t, finalem ent, en u tilisan t des doubles coques complètes.

Evidem m ent, le meilleur moyen de lu tte r  contre la pollution par les hydro­
carbures en mer, provoquée par des accidents, est d ’em pêcher les accidents 
eux-mêmes. Le rappo rt suggère que le nom bre d ’accidents peu t être fortem ent 
dim inué grâce à l’emploi de plans de route, grâce à des équipem ents de navigation 
améliorés, grâce au contrôle du trafic e t par l’emploi de m arins plus pleinem ent 
qualifiés.

Le rapport discute assez longuem ent des m éthodes de tra item en t des rejets 
de pétrole en m er, quand ils se présentent. La prem ière m esure est de circonscrire 
la nappe, et l ’on suggère à cette fin des barrages. Il existe sur le m arché beaucoup 
de barrages to u t faits mais, lorsqu’on n ’en a pas sous la m ain, il est possible d ’en 
im proviser avec des tronçons de bois, des tonneaux, etc. Une fois que le pétrole 
a été contenu, il peu t être enlevé de l’eau grâce à des absorbants d ’huile et/ou 
un équipem ent flo ttan t tel que « le lécheur de nappe d ’huile » (slick-licker).
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11 est souvent plus difficile de venir à bou t des déversem ents, une fois que 
le pétrole a a tte in t les plages. Q uand cela arrive, il est souvent nécessaire d ’em­
ployer le nettoyage à vapeur, e t même de faire enlever les objets de plage eux- 
mêmes encrassés de pétrole.

Pollution par produits chimiques : D ans les dernières années, de plus en plus 
de produits chim iques susceptibles de polluer la m er on t été transpo rtés en vrac 
par bateau . T andis que, à ce jour, la pollution de cette provenance ne s’est pas 
répandue beaucoup, la possibilité de pollution est là e t des codes in ternationaux , 
rég lem entan t le tran sp o rt de produits chim iques en vrac on t été élaborés. Ces 
codes von t ju sq u ’à exiger des coques à double épaisseur pour les produits chim iques 
les plus dangereux e t les plus polluants.

Décharges d'eau de cale : L ’au teu r expose q u ’il est re la tivem ent simple 
d’enlever les polluants (surtou t le pétrole) des décharges d 'eau de cale, e t q u ’il 
n ’y a pas de m otif pour que ce genre de pollution continue.

Pollution par les égouts : Les eaux d ’égout ne sont pas seulem ent in troduites 
dans les océans p ar les navires qui les sillonnent, mais beaucoup de pays on t 
adopté  la p ra tique  de déverser en m er leurs eaux d’égout provenan t des terres 
à p a rtir  de ba teau x  spécialem ent conçus pour cela. L ’au teu r estim e que cette  
p ratique doit être abandonnée m ais d it que, si ce n ’est pas possible, ce déversem ent 
doit se faire au-delà de la plate-form e continentale.

L ’au teu r suggère différents moyens de supprim er la pollution engendrée 
par les eaux d ’égout des navires. Ces m éthodes com portent de garder les eaux 
d ’égout dans des réservoirs, pour les décharger plus ta rd  à te rre  dans une usine 
de tra item en t, ainsi que le tra item en t des eaux d ’égout sur le ba teau  lui-m êm e 
d ’une m anière suffisante pour que les eflluents déchargés ne soient pas polluants. 
Un certain  nom bre de variations du systèm e précédent sont développées e t on 
espère que, lorsque ces m éthodes seront perfectionnées, les systèm es d’épuration  
à bord des bateaux  ne seront plus utilisés.

Pollution par les ordures ménagères : Ce problèm e particulier est relativem ent 
simple à résoudre, parce que ces ordures peuven t ou bien être incinérées à bord 
du bateau  ou bien être déchargées à terre. P our servir les b a teaux  qui préfèrent 
la dernière m éthode, les au torités des ports devraien t être équipées pour recevoir 
e t détru ire  les ordures ménagères en provenance des bateaux  faisan t escale à 
leurs quais.

Pollution pendant les opérations de chargement et de déchargement : Ce genre 
de pollution consiste principalem ent en poussières provenan t de produits tels 
que les grains e t le charbon. Le degré de pollution peu t être considérablem ent 
rédu it p ar l’emploi d ’écrans de toile dressés au tou r des cales du navire et, dans 
le cas de grains, par l’installation  d’un équipem ent de pom pe à vide asp iran t 
la poussière dans les silos à grains.

L ’au teu r conclut que, bien que des progrès a ien t été réalisés dans la cam pagne 
contre la pollution des océans causée par les navires, beaucoup reste à faire. 
11 est persuadé que les problèm es les plus im portan ts  seront résolus à un point 
tel que ce tte  pollution ne sera plus une cause de souci public.
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D ane m ar k

Les ports de pêche de la côte occidentale du Ju tla n d  m anipulen t chaque 
année un million de tonnes de poisson destiné à ê tre  transform é en farine de 
poisson e t en huile de poisson, p lu tô t que destiné à la consom m ation hum aine. 
Ce poisson, dénom m é « poisson de reb u t » consiste su rto u t en harengs, lo ttes e t 
anguilles de sable, e t il est cap turé  p a r des chalutiers en tre  50 e t 250 G .R.T.

Ces ports danois on t été empoisonnés p ar des eaux polluées résu ltan t de 
ce que l’eau de cale des b ateaux  de pêche é ta it pom pée directem ent dans les ports. 
Les eaux de surface des ports on t été presqu’entièrem ent couvertes de plaques 
d ’huiles organiques e t de substances grasses e t, en dessous de la surface, du sang 
e t de la lym phe déversés, etc., on t causé un dom m age considérable à l’eau.

Les bateaux  de pêche en question resten t norm alem ent hu it jou rs en m er 
pour cap tu rer leur cargo et, d u ran t ce tte  période, il s’amoncèle une quan tité  
considérable de liquide dans le fond des cales. Ce liquide est composé d ’eau salée, 
d ’huile, de sang e t de lym phe de poisson, de glace fondue e t d ’eau de m er provenan t 
de fuites. Q uand le poisson est enlevé du bateau , un volum e considérable du 
liquide ci-dessus décrit reste dans les cales. Ce volum e représente approxim ative­
m en t 5 % du poids b ru t du poisson e t il est composé d ’environ 8 %  de chair 
e t de protéine, de 42 % d ’huile e t de 50 % d ’eau. L a  p ra tique  courante é ta it de 
pom per ce liquide d irectem ent dans le port, avec comme résu lta t la pollution 
décrite plus hau t.

H eureusem ent, le pom page de ces eaux de cale dans les ports est m ain tenan t 
défendu e t ces ports de pêche danois sont en tra in  d ’élaborer des m éthodes pour 
lu tte r  contre ce liquide désagréable sans polluer les ports. Ce rap p o rt décrit la 
m éthode employée à Esbjerg, qui est le plus im p o rtan t des ports de pêche danois 
pour le poisson de rebut.

Essentiellem ent, le systèm e d ’E sbjerg consiste à pom per des cales des bateaux  
les eaux de cale d irectem ent ju sq u ’aux  différentes usines à poisson. Cela s’effectue 
grâce à (a) un tu y au  spécial vertical de succion dans chaque bateau  de pêche 
s’é ten d an t de to u t près du fond ju sq u ’à 20” au-dessus du p on t (b) une pompe 
à amorçage au tom atique située à chaque endroit de décharge (c) des égouts 
spéciaux le long des quais qui conduisent à un seul puisard  pour chaque usine
(d) des pom pes d ’égout dans chaque puisard qui forcent les eaux de cale dans de 
grands réservoirs de retenue, d ’où (e) des tu y a u x  de raccordem ent conduisent 
d irectem ent dans les usines.

Q uand un bateau  est p rê t à se débarrasser de ses eaux de cale, il est unique­
m ent nécessaire de relier le flexible de la pom pe de refoulem ent au tu y au  de 
raccord sur le ba teau  e t de com m encer à pom per dans les égouts spéciaux.

Quand il y  a beaucoup de trafic e t q u ’il n ’y  a pas suffisam m ent de raccords 
disponibles à la pompe de refoulem ent pour tous les ba teau x  qui en on t besoin, 
les eaux de cale sont transférées tem porairem ent dans un p e tit bateau-citerne, 
d ’où elle est pompée plus ta rd  dans le systèm e décrit plus hau t.
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A Esbjerg, ce systèm e a été conçu pour tra ite r  approxim ativem ent 25.000 m 3 
d ’eaux de cale p ar an, e t aucune portion de ces eaux ne retournera  à la m er ni 
dans l’atm osphère av an t d ’avoir été to ta lem en t purifiée p ar les usines.

E n  conclusion, l’au teu r déclare que, bien que ce systèm e de pom page n ’a it 
fonctionné que p en d an t un mois au m om ent d ’écrire ces lignes, il é ta it déjà possible 
de m esurer l’am élioration des eaux du port.

Espagne

L ’hom m e a négligé, jusque récem m ent, de tra ite r  les océans e t les m ers avec 
le respect qui leur est dû pour to u te  la faune, la flore et les trésors de to u te  espèce 
q u ’on y trouve. Il est assez étrange de constater que ce n ’est que lorsque l’homme 
espère que la m er pourra  lui ê tre  utile q u ’il se rend  com pte que c’est lui-même 
qui a changé les caractéristiques physiques e t biologiques du milieu m arin. Les 
m atières fécales, les p roduits chim iques, le pétrole e t les déchets nucléaires 
présen ten t de sérieux dangers pour l’environnem ent. L a salubrité  des océans 
e t des m ers dépend largem ent des activ ités du rivage. Le problèm e tra ité  dans 
ce rap p o rt est celui du déversem ent en m er des égouts e t des résidus industriels.

Types de pollution

La pollution créée p ar le déversem ent en m er de déchets peu t ê tre  classée 
en deux groupes :

1. La p o l l u t i on  a f f e c t a n t  l ’a p p a r e n c e  d ’un e  r é g i o n  : Ce groupe com prend les débris 
de bois, les résidus chimiques, la pulpe de bois e t les eaux usées. Ces objets 
peuvent em pêcher un développem ent norm al du litto ra l e t ils donnent un 
aspect em barrassan t aux  activ ités de loisirs.

2. P o l l u t i o n s  d a n g e r e u s e s  : Les déchets hum ains sont l’un des plus grands cou­
pables dans ce groupe. Vu le nom bre tou jours croissant de personnes qui 
passent leurs vacances près de la m er, la s ituation  devient plus critique. 
Quoique de nom breuses études faites dans différents pays n ’arriv en t pas à 
conclure que ce type  de pollution pourra it ê tre  dangereux pour la santé 
hum aine, on peu t observer que la faune e t la flore absorbent des m atières 
toxiques et des bactéries, ce qui les rend  im propres à la consom m ation hum aine.

Auto-épuration de la mer

La m er possède des m écanism es de lu tte  contre les m atières étrangères qu ’on 
y dépose. Des procédés physiques, tels que la lum ière solaire, de m êm e que des 
procédés biologiques, a iden t à purifier les océans. Cette auto-défense, en certains 
cas, s’effectue sans changer l’équilibre biologique de la m er, mais, dans le cas de 
pollution dangereuse, des m odifications écologiques surviennent. L a m er prend 
alors sa revanche sur l ’hom m e en lui renvoyan t des produits contam inés con tenant 
une forte concentration des substances étrangères que l’hom m e y a déposés.
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Action humaine

Des mesures adm inistratives devraien t ê tre  adoptées pour contrôler le 
déversem ent en m er des eaux résiduaires, afin d ’em pêcher ainsi la pollution. 
D ans le cas de la prem ière catégorie de pollution, décrite plus hau t, une qualité 
satisfaisante de l’eau semble être assurée, pour les baignades, si ni la couleur 
ni l’odeur de l’eau n ’est altérée. E n  ce qui regarde la deuxième catégorie de 
pollution, certaines norm es devront ê tre  établies pour tra ite r  les eaux résiduaires 
e t réduire le danger à un stric t m inim um .

Systèmes d’égouts

Les systèm es d ’élim ination des eaux résiduaires qui concernent cette  étude 
sont ceux qui au ra ien t un  effet sur les régions du litto ral. Les déchets provenant 
des com m unautés urbaines, des régions agricoles e t des industries devraien t être 
tra ités  convenablem ent av an t qu’ils ne parv iennent à la m er par le débouché 
direct des rivières ou des fossés d ’irrigation  agricoles.

D ’autres systèm es pour se débarrasser des eaux d ’égout com prennent des 
usines d ’épuration  sans déversem ent dans la m er e t l ’u tilisation des eaux rési­
duaires pour l’agriculture. Les norm es espagnoles n ’au to risen t pas l ’usage de 
fosses septiques près des plages. Elles ne sont permises que si elles sont situées 
à une bonne distance de la m er à des endroits où le sol présente une bonne 
perm éabilité.

Emissaires sous-marins

Beaucoup de facteurs régissent le choix des endroits vers où seront dirigés 
les effluents. L ’ex trém ité  de la décharge devrait ê tre  située dans une zone et à 
une profondeur où ex isten t les conditions les plus favorables pour une action 
an tib io tique e t pour favoriser la dispersion. E n  d ’au tres m ots, afin d ’obtenir 
les meilleurs résu lta ts d ’épuration, l’émissaire devrait être situé à un point où 
les réactions physiques e t biologiques se feront à des n iveaux optim a. L orsqu’il 
s’agit du déversem ent d ’eaux fécales, un tra item en t préalable com plet doit être 
réalisé av an t le re je t dans la mer. Les normes ta n t  esthétiques que biologiques 
doivent être respectées.

Conception et construction des émissaires sous-marins

D ans la conception des émissaires sous-m arins, on doit accorder une a tten tio n  
spéciale à l’action chimique e t corrosive sur les m atériaux  de construction à 
em ployer e t aux forces dynam iques agissant sur les conduites de l'égout. La 
conception de ces structures dépendra de la n a tu re  du fond sur lequel elles sont 
déposées, e t différents systèm es d ’ancrage seront étudiés pour s’adap te r aux 
conditions existantes. Les caractéristiques et la localisation des diffuseurs sont de 
prem ière im portance.
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Grandes usines de traitement

Afin de résoudre les problèm es suscités p ar l ’actuel développem ent le long 
du litto ra l m éditerranéen de l’Espagne, des études sont en cours pour de vastes 
usines d ’épuration. La plus avancée de ces études est celle pour l’assainissem ent 
in tégral de tous les déchets de la région de M alaga, e t l’au teu r fournit des données 
utilisées dans la conception de ce program m e sanitaire.

France

Le rap p o rt français tra ite  des m oyens de protéger les ports e t le litto ra l 
contre la pollution.

A cause de l’im m ensité de la m er, l ’homme s’est tou jours cru perm is d’y 
déverser des déchets de tous genres. La masse la plus im portan te  de pollution 
trouve son refuge le long de la côte, e t l’hom m e doit en subir les conséquences 
directes e t indirectes. Les m odifications à proxim ité du litto ral, é ta n t le résu lta t 
d ’activ ités hum aines, n ’am ènent pas nécessairem ent la pollution m ais certains 
effets qui sont sans conséquence au jou rd ’hui m ais qui peuvent devenir dangereux 
à long term e. L ’inventaire de la pollution ex istan te  e t  de ses effets ne peu t q u ’en­
tra în e r une action positive pour garder la m er propre.

Type de pollution

La pollution p eu t être divisée en deux groupes :

(a) La pollution pélagique, qui est liée aux  tran sp o rts  m aritim es, aux  activ ités 
commerciales e t de plaisance, aux  actes volontaires, tels que le fa it de se 
débarrasser des déchets nucléaires, e t aux  collisions de b ateaux  en mer.

(b) La pollution tellurique qui est d irectem ent liée aux déchets provenan t 
des rivières, des ruisseaux e t des déversoirs, e t qui com porte tous genres 
de polluants, tels que bactéries e t m atières organiques.

Effets de la pollution

a) H y d r o c a r b u r e s  : Des nappes d ’hydrocarbures répandues sur l’eau peuven t 
déranger l’échange gazeux en tre  la m er e t l ’atm osphère. C ette situation  
devient désastreuse pour la vie des oiseaux, des poissons, etc. Si les résu lta ts  
ne von t pas ju sq u ’à détru ire com plètem ent la vie, ils peuven t affecter les 
organism es à un poin t tel q u ’ils deviennent im propres à la nourritu re .

(b) M a t i è r e s  o r g a n i q u e s  : La ferm entation des m atières organiques dans l'eau 
contribue à la détérioration  du niveau d ’oxygène, avec comme conséquence 
que les espèces qui n ’exigent que peu d ’oxygène croissent très rap idem ent 
tand is  que les espèces supérieures sont asphyxiées.

(c) P o l l u t i o n  b a c t é r i e n n e  : P resque tous les m icro-organismes pathogènes sont 
d ’origine hum aine. Quoique la m er puisse tu e r la p lu p art des germes, certains
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m icro-organismes peuven t vivre pendan t un  certain  tem ps e t garder leur 
pouvoir pathogène.

(d) M a t i è r e s  t o x i q u e s  d i v e r s e s  : D étergents, p roduits phosphoreux e t chloreux, 
composés m étalliques e t substances nucléaires peuven t avoir des effets 
désastreux quand  ils se tro u v en t en quan tités excessives dans la mer.

(e) Po l lu t i o n  t h e r m i q u e  : Le développem ent fu tu r des sta tions therm iques près 
de la m er do it ê tre  étudié soigneusem ent.

Action entreprise pour combattre la pollution

L a F rance accorde une a tten tio n  particulière aux  problèm es de pollution 
créés p ar les hydrocarbures. Le re je t à la m er de lest pollué ou de pétrole est 
sévèrem ent contrôlé e t  beaucoup de ports son t équipés d ’usines de tra item en t 
des polluants au  m om ent du chargem ent ou du déchargem ent des navires. E n  
cas de collision de navires, des efforts sont faits pour ram asser les produits pétroliers 
à l’endroit de l’accident, ce qui est moins coûteux que de ne ttoyer plus ta rd  le 
littoral.

Le tra item en t des déchets à te rre  a v an t leur re je t à la m er do it ê tre  soumis 
à des procédés scientifiques e t n ’être perm is que si un  contrôle efficace est exercé.

Des études scientifiques sont égalem ent poursuivies concernant l’em placem ent 
des débouchés d ’égouts. Elles on t donné des ré su lta ts  positifs pour déterm iner 
le volum e d ’activ ités qui peuven t se produire en m er sans m ettre  en danger la 
qualité  de l’environnem ent.

E n  ce qui regarde les activ ités des ba teau x  de plaisance, une action énergique 
a été entreprise pour réduire la pollution en im posant une réglem entation sévère 
aux  constructeurs e t explo itan ts de ports e t aux constructeurs de bateaux , qui 
doivent respecter certains critères e t fournir des installations adéquates.

L a F rance possède un Centre N ational pour coordonner la recherche scien­
tifique concernant la pollution m arine. Des règlem ents adm inistratifs son t imposés 
pour em pêcher la  pollution en mer. Il y a des lois en vigueur qui in terd isen t la 
pollution dans les ports. L ’action in ternationale  devra it ê tre  bien coordonnée 
e t devrait s’occuper du problèm e de la pollution en général, e t pas seulem ent de 
la  pollution par les hydrocarbures. Afin de protéger l ’environnem ent, il est indis­
pensable que les objectifs soient bien définis, en sorte que les problèm es de pol­
lu tion  puissent ê tre  inventoriés e t compris, e t q u ’une action positive soit entreprise.

Inde

Ce long m ais très in téressan t rap p o rt commence par une définition de la 
« pollution m arine » e t l ’au teu r fa it valoir que ce problèm e « doit être résolu en 
te n a n t com pte des nécessités économiques fondam entales d’un pays en voie 
de développem ent ».
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L ’Inde a progressé technologiquem ent depuis l’indépendance m ais ce progrès 
a été accom pagné p ar une augm entation  de la pollution. Tous les genres de 
pollution connus en O ccident sont présents en Inde à des degrés plus ou moins 
grands.

L ’au teu r divise la pollution de l’eau en tro is catégories : la pollution par 
hydrocarbures, la pollution générale e t la pollution p ar causes diverses. Sous le 
vocable de pollution générale, il com prend les résidus solides, liquides e t gazeux, 
les eaux d ’égouts e t les m atières radioactives. Comprise dans les pollutions 
« diverses » est celle causée par les p lantes aquatiques.

La pollution par hydrocarbures est subdivisée en produits « persistan ts » e t 
« non-persistan ts », m ais les prem iers seulem ent son t considérés créer un  problèm e 
sérieux. Ces pétroles p énè tren t dans la m er p ar les moyens déjà décrits dans les 
rapports  précédents e t il n ’y a pas de règles fixes pour tra ite r  cette  pollution 
—  chaque cas doit ê tre  étudié e t tra ité  individuellem ent.

Ju sq u ’à ce jour, l ’Inde n ’a pas connu de cas de pollution p a r le pétrole dans 
les m ers qui l’en touren t, m ais le trafic  des navires-citernes augm ente rap idem ent 
e t une planification doit ê tre  élaborée pour s’occuper des rejets sérieux, quand 
ils se produiront. L ’au teu r discute les principes selon lesquels ce tte  planification 
doit être établie.

B ien qu ’on n ’a it pas enregistré de pollution p ar pétrole au large des côtes 
dans le voisinage de l’Inde, il s’est p rodu it un  nom bre de cas de l’espèce dans les 
différents ports. Le rap p o rt décrit q ua tre  cas dans le po rt de Cochin. Les causes 
de ces accidents e t les actions pour y  rem édier sont décrites en détail.

Sous le titre  de « pollution générale », l ’au teu r décrit la source de différents 
types de pollution qui se classent dans cette  catégorie e t les m éthodes employées 
pour com battre  les différents polluants. L ’au teu r discute en détail plusieurs cas 
circonstanciés de pollution de l’eau p ar des produits chim iques toxiques.

L a m er possède une capacité énorme d ’assim iler les déchets e t le rap p o rt 
p ré tend  que, grâce à une recherche scientifique adéquate , à une u tilisa tion  ju d i­
cieuse des déchets e t à des contrôles très précis de ceux-ci, certains typ es de 
polluants peuven t fournir des fertilisants qui am élioreront l’environnem ent 
m arin.

A l’heure actuelle, un très faible pourcentage seulem ent des eaux  d ’égout 
de l’Inde passe p a r un tra item en t quelconque. P a r exemple, même à Bom bay, 
alors que sep tan te-deux  millions de gallons d ’eaux d ’égout reçoivent journel­
lem ent un tra item en t som m aire, av an t d ’être  déversées dans la m er, les cent 
v ing t-hu it m illions de gallons restan ts  sont envoyés d irectem ent à la rivière ou 
à la mer.

Sous le t itre  de polluants divers, le rap p o rt discute le re je t à la m er de déblais 
dragués, e t il souligne q u ’un trè s  fo rt pourcentage de to u t ce q u ’on déverse dans 
l ’océan consiste en m atériaux  de déblai. Le rap p o rt ne fa it pas ap p ara ître  suffisam­
m en t clairem ent que, tand is qu ’une p artie  des m atériaux  dragués peu t être
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polluée, la grande m ajorité  ne l’est pas — e t il ne prouve pas non plus que les 
effets de déversem ent de déblais dragués à des endroits où se nourrissent les 
poissons peuvent être bénéfiques, p lu tô t que nuisibles.

Sous le titre  égalem ent de polluants divers, se place une discussion intéres­
san te  de la pollution provoquée p ar certaines p lantes aquatiques. La plante 
dont il discute est la jacin the d ’eau, qui est devenue un fléau économique dans 
les eaux stagnantes de l’E ta t  de K erala. Ces p lantes b loquent les canaux e t les 
rivières e t a rrê ten t la navigation, elles étouffent le poisson, détru isen t les cham ps 
fertiles e t encouragent la prolifération de m oustiques porteurs de m aladies. En 
outre, on déclare que ces p lantes peuvent m ettre  en danger le fonctionnem ent 
de sta tions hydro-électriques e t affaiblir les piliers des ponts.

D ans la « conclusion » du rapport, l’au teu r exprim e ses soucis au su jet de la 
croissance rapide de la population m ondiale e t de ses effets sur la pollution. Il 
déclare que la rapide expansion industrielle a conduit à un environnem ent an ti­
hygiénique e t an ti-san ita ire  dans son pays, e t il déclare q u ’il fau t m ettre  fin à 
ce tte  situation , en réform ant les com m unautés, en réu tilisan t les eaux usées et 
en planifiant des installations de m anière à év iter la pollution. L ’au teu r déclare 
que « la pire des pollutions des pays sous-développés est la pollution de la pauvreté, 
qui doit être extirpée ju squ ’à la racine par des efforts vigoureux ». Le rapport 
ne m entionne pas les efforts faits en m atière de contrôle des naissances et qui 
sont en cours en Inde.

P a y s - B a s

Ce rap p o rt est divisé en deux parties. La prem ière partie  contient une 
discussion générale de la pollution de l’eau aux Pays-Bas e t des m esures qui ont 
été prises pour com battre cette pollution.

Quoiqu’il y a it eu beaucoup d ’essais tentés, pendan t les 100 dernières années, 
de légiférer contre la pollution de l’eau, les Pays-B as n ’ont pas obtenu un pouvoir 
législatif pour tra ite r  de ce problème av an t le vote en 1969 de la Loi sur la Pollution 
des E aux  de Surface.

Aux Pays-Bas, on croit q u ’une in terdiction au tom atique de déverser des 
déchets dans les voies d ’eau est chimérique. Ils ont donc élaboré une politique 
d ’autorisations qui donne aux G ouvernem ents le contrôle sur tou tes les opérations 
d ’immondices, ta n t  en ce qui regarde les quan tités que la qualité. Le G ouvernem ent 
national est responsable pour la délivrance de permis de déversem ent dans les 
principales rivières, les ports e t la Mer du Nord, tand is que les Gouvernem ents 
provinciaux sont responsables pour la délivrance de perm is en ce qui concerne 
les voies d ’eau plus petites. Chaque dem ande de perm is est tra itée  individuel­
lem ent e t la délivrance du perm is est soumise aux  conditions et aux restrictions 
qui paraissent appropriées à chaque cas particulier.

U n aspect in téressant du systèm e des permis, ce sont les redevances qui 
accom pagnent les permis. De la sorte, l’organism e polluan t n ’est pas seulem ent



tenu  d ’am éliorer la qualité  de ses déversem ents dans les voies d ’eau mais il est 
aussi obligé d ’aider à financer la construction e t le fonctionnem ent d ’installations 
anti-pollution.

Le rap p o rt tra ite  assez longuem ent des différentes m éthodes de com battre  
la pollution de l’eau par les hydrocarbures et, comme ce fu t le cas dans différents 
rapports antérieurs, il est partisan  de l’enlèvem ent du pétrole par des moyens 
mécaniques.

Les au teurs croient que, dans un avenir prévisible, la réglem entation 
concernant le déversem ent des déchets dans la m er sera aussi contraignante 
que celle qui s’occupe des déversem ents dans les eaux de l’in térieur du pays.

D ans la seconde partie du rapport, les au teurs résum ent l'h isto ire du tra i­
tem ent des imm ondices dans la ville de R otterdam  e t décrivent ensuite une nouvelle 
insta lla tion  pour la m anipulation  des polluants.

Depuis la Deuxièm e Guerre Mondiale, les bassins de R o tterdam  on t été 
agrandis considérablem ent. Cette expansion des bassins s’est accom pagnée d ’une 
forte croissance industrielle, dont une grande partie  dans le dom aine de la pétro­
chimie. Cette croissance industrielle a provoqué une forte augm entation  des 
qu an tités de m atériaux  de rebu t p rovenan t du port. Ces déchets com prenaient 
du m atériel d ’em ballage, des m archandises avariées, des produits chim iques e t 
des eaux polluées. Le volume des déchets est devenu si considérable que nom bre 
d ’industries se sont établies spécialem ent pour recueillir et enlever ces m atières.

Les m atières solides é ta ien t jetées sur des dépotoirs à proxim ité de la ville 
mais, pour la plus grande p art, les liquides é ta ien t déversés dans l’eau. Aucune 
de ces m éthodes n ’offrait de solution acceptable à long term e et, en 1963, les 
au to rités de la ville donnèrent l’au torisation  d ’effectuer une étude approfondie 
de ce sujet. Le bu t ultim e de cette  étude é ta it de déterm iner quelle é ta it la meil­
leure m éthode de tra ite r  les ordures de la ville e t il fut décidé que la m éthode 
choisie devrait être capable de la débarrasser de tous les déchets, peu im porte 
leurs quan tités e t leur com position. Il fut finalem ent décidé q u ’un nouvel inciné­
ra teu r offrait la meilleure solution pour les problèmes de la ville. L ’incinérateur 
devait être conçu pour tra ite r  700.000 tonnes de m atières par an  e t on estim a 
son coût à environ quaran te -hu it millions de dollars. Comme R otterdam  n ’avait 
pas cette  somme d ’argent à sa disposition, on arrangea finalem ent que l’usine 
serait constru ite  p ar une société anonym e, don t les actionnaires seraient v ingt-trois 
m unicipalités de la région du delta  du Rhin.

L ’incinérateur é ta it divisé en deux parties, une section pour tra ite r  les déchets 
dom estiques et industriels, e t l’au tre  pour les déchets chimiques. La prem ière sec­
tion consistait en six appareils de com bustion, chacun d ’une capacité de 16 tonnes 
de déchets par heure. La chaleur produite par ces appareils de com bustion é ta it 
utilisée pour la production  de vapeur. Les chaudières produisent de la vapeur 
à raison de 50 tonnes p ar heure, e t cette  vapeur est utilisée à deux fins : la pro­
duction d ’électricité et la distillation de l’eau de rivière. Les turbo générateurs 
sont conçus pour produire 200 millions de K W H  d ’électricité par an e t les évapo-
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ra teu rs sont conçus pour produire environ 16 millions de m ètres cubes d ’eau 
distillée par an.

L a deuxième section de l’usine, celle pour le tra item en t des déchets chimiques, 
consiste en deux grands fourneaux ro tatifs, derrière lesquels se tro u v en t deux 
cham bres post-incinératoires pour le tra item en t des déchets chimiques liquides. 
Chacun de ces fourneaux a une capacité de 1 1/2 tonne de solides e t de 2 tonnes 
de liquides p ar heure.

A vant d ’être enfournés dans les fourneaux ro tatifs, les déchets chim iques 
solides sont em m agasinés dans une soute sous-divisée ay an t une capacité de 
quatre  mille m ètres cubes. Ils sont je tés dans les fourneaux, par paquets de 50 kg, 
p ar un  sas à air. Les déchets liquides sont m om entaném ent em m agasinés dans 
une ferme à réservoirs, qui contien t dix-neuf réservoirs e t a une capacité to ta le  
de cinq cents m ètres cubes, e t ils son t ensuite versés dans les cham bres post- 
incinératoires grâce à une pression d’azote sur les réservoirs.

fr. Les m éthodes pour enlever les polluants chimiques, tels que HC1, S 0 2 e t 
H F , du gaz de carneau des fourneaux ro tatifs, n ’on t pas encore été mises au point. 
Des essais sont en cours, avec l’espoir qu ’on pourra  élaborer des m éthodes edi caces 
de fdtrage.

L ’usine est conçue pour recevoir des m atières de déchets p ar cam ion et, 
égalem ent, p a r bateau.

Le coût final de l’usine, qui a été mise en fonctionnem ent en m ars de cette 
année, a tte ig n a it presque septan te-deux  millions de dollars e t on com pte que 
les dépenses annuelles de fonctionnem ent, y compris une m arge pour les in térê ts 
e t l ’am ortissem ent, seront de onze millions de dollars. On prévoit que les revenus 
provenan t du fonctionnem ent de cette  usine (vente de l’électricité, de l’eau distillée 
e t des rebuts, e t les redevances pour la destruction  des ordures) suffiront exacte­
m en t à couvrir les dépenses de fonctionnem ent. P our y arriver, il faudra  chaque 
année réadap ter les dépenses e t les redevances.

P o r t u g a l

Ce rap p o rt concerne exclusivem ent le tra item en t des eaux chargées d ’hydro­
carbures en provenance des pétroliers.

D ans l’in troduction , les au teurs parlen t en term es généraux de la na tu re , 
des causes e t des effets de la  pollution de l ’eau causée p ar les produits pétroliers. 
E n  particulier, ils tra ite n t des types d ’eau polluée qui sont associés aux  pétroliers.

Suit alors une discussion des efforts in te rna tionaux  pour prévenir la pollution 
des m ers par les hydrocarbures. On se réfère spécialem ent aux  cinq résolutions 
adoptées p ar la Conférence Intergouvernem entale qui s’est tenue à Londres 
en 1954. Ces résolutions contenaient des recom m andations spécifiques v isan t 
à ce que les grands ports soient équipés de sta tions capables de recueillir le pétrole 
e t les mélanges huileux.
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Les au teurs soulignent que, du fa it que 60 %  de la flo tte  m ondiale des 
pétroliers passent le long des côtes du Portugal v en an t ou a llan t aux  gisem ents 
pétrolifères du M oyen-Orient, il est particulièrem ent im portan t que le pays soit 
équipé de sta tions de réception des résidus d ’hydrocarbures.

Avec la construction des chantiers navals de radoubage de Lisnave, qui sont 
capables d ’accueillir les plus grands pétroliers nav iguan t au jou rd ’hui, il devint 
plus im p o rtan t que jam ais que Lisbonne dispose d ’installations de nettoyage 
e t de dégazage des pétroliers e t pour se débarrasser des résidus de pétrole. Ces 
exigences am enèrent la création de Gaslimpo en 1967. L ’unique b u t de ce tte  société 
est de recueillir le pétrole e t  les eaux contam inées des navires fa isan t escale au 
po rt de Lisbonne.

Gaslimpo a utilisé pour ses sta tions de nettoyage, des pétroliers, dans la 
gamme des 17/23.000 TDW , qui approchaien t de la fin de leur existence utile 
comme ba teau x  opérationnels. Il y  a m ain ten an t tro is de ces ba teau x  en service. 
P our convertir ces ba teau x  en sta tions de nettoyage, les propriétaires en on t 
enlevé to u t l’équipem ent e t les superstructures, tels que le m oteur principal, 
les arbres de transm ission, les hélices e t les cabines du milieu du navire, qui n ’é ta ien t 
pas s tric tem en t nécessaires aux  nouvelles fonctions des navires. Cependant, 
les chaudières, les systèm es de pom page e t les génératrices auxiliaires on t été 
gardés e t révisés, car ils jouen t un  rôle v ita l dans le fonctionnem ent des stations.

Le pétrole reçu par les sta tions est séparé par un  procédé continu de cascade 
qui utilise les citernes du navire. E n  conditionnant les ba teau x  pour ce service, 
les citernes on t été reliées en tre  elles e t  des lignes de décharge on t été construites. 
Comme les sta tions tra ite n t un pourcentage élevé de paraffine, les rouleaux 
d ’échauffem ent dans le fond des réservoirs jouen t un rôle spécialem ent im p o rtan t 
et, en certains cas, il é ta it nécessaire d ’a jou ter des rouleaux supplém entaires, 
pour ob ten ir les tem péra tu res adéquates d’huile.

Les sta tions sont équipées de tou tes les installations nécessaires pour aider 
à ne tto y er les pétroliers de taille  m oyenne. Elles peuvent fournir de l’eau de 
nettoyage chaude e t froide, de la vapeur, de l’électricité, de l’air com prim é e t 
égalem ent des ven tila teu rs mobiles pour les trav au x  de dégazage.

Les opérations de nettoyage sont norm alem ent effectuées à l ’ancre dans le 
port, p lu tô t q u ’à quai. L a station , qui est m unie de défenses spéciales, est 
rem orquée ju sq u ’au pétrolier e t am arrée le long de ce navire. Les deux b ateaux  
sont m aintenus en position p ar l’ancre du pétrolier. Depuis l’établissem ent de 
Gaslimpo, il n ’y a pas eu un seul accident im pliquant les sta tions de nettoyage 
e t les pétroliers pris en charge.

Le liquide qui est récupéré des séparateurs prim aires est conduit dans des 
réservoirs d ’em m agasinage. Il contient cependant encore un pourcentage élevé 
d ’eau, e t une seconde séparation  est p ar conséquent effectuée en décan tan t les 
réservoirs d ’em m agasinage où le m élange est m aintenu à une tem péra tu re  élevée.

La capacité de prise e t de débit de ces sta tions de nettoyage varie beaucoup 
su ivant le ty p e  de mélange qui est tra ité . Avec des liquides con tenant moins
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d ’un  pour-cent d ’huile, les sta tions on t une capacité d ’adm ission a llan t ju sq u ’à 
2.500 tonnes par heure, mais ce tau x  peut tom ber aussi bas que 200 tonnes par 
heure quand  on tra ite  des slops fortem ent émulsionnés. P en d an t ses cinq années 
de fonctionnem ent, Gaslimpo a tra ité  plus de deux millions de tormes d ’eau 
contam inée. L ’efïïuent déversé par les sta tions est constam m ent échantillonné 
e t analysé, pour s’assurer que sa qualité  répond bien aux norm es exigées.

Une caractéristique des stations de nettoyage qui aide à m ain ten ir à un niveau 
bas leur coût de fonctionnem ent est leur possibilité d ’utiliser le pétrole récupéré 
comme com bustible pour les chaudières des stations. Pour que ce soit possible, 
cependant, le point d ’inflam m abilité, qui est très bas à cause de la forte proportion 
de produits légers, doit être rectifié. Ceci se fa it en faisan t passer les produits 
légers à travers des injections de vapeur dans les réservoirs de tra item en t.

Comme la m achinerie de ces b ateaux  est vieille, elle dem ande plus q u ’un 
en tre tien  norm al pour s’assurer q u ’un a rrê t ne se produira pas pendan t que la sta tion  
est en fonctionnem ent. Pour la même raison, les propriétaires essayent d ’avoir 
des doubles des pièces les plus vitales de la m achinerie.

L ’équipage de la sta tion  com pte sept hom m es par équipe pendan t les opé­
rations de nettoyage, e t cette  équipe est renforcée par un officier de pon t e t deux 
m arins quand le bateau m anœ uvre. Les opérations se poursuivent 24 heures 
sur 24 e t sept jours par semaine.

Les au teurs suggèrent que le coût d ’une sta tion  de nettoyage complète, 
comme celles que possède Gaslimpo, représente en tre  1,4 e t 2 millions de dollars. 
Ce m on tan t peut varier, su ivant la g randeur du bateau , le procédé utilisé e t le 
pays dans lequel la sta tion  est préparée.

Des navires de ce type  on t deux sources de revenus (1) les sommes q u ’ils 
fac tu ren t aux  bateaux  qui u tilisen t leurs services e t (2) les recettes p rovenant 
de l’huile récupérée q u ’ils vendent.

Ro y a u m e-U n i

Ce rap p o rt tra ite  de la pollution de l’océan mais se borne principalem ent 
au problème concernant la pollution par les hydrocarbures. Il ressemble, en 
beaucoup d ’aspects, aux  au tres rapports, e t les points de sim ilarité ne seront 
pas évoqués ici.

D ans l’in troduction , les au teurs posent un certain  nom bre de questions 
intéressantes. Ils parlen t de l'hystérie  qui s’est em parée du public, ces dernières 
années, à la seule m ention du m ot pollution e t ils soulignent combien facilem ent 
les politiciens répondent à cette  hystérie. Ils dem andent aussi si le grand public 
est disposé à payer le prix qu 'il fau t pour un meilleur environnem ent e t ils se 
dem andent d ’où viendra l’a rgen t pour com battre  la pollution si les « conser­
vateurs » font ce qu ’ils veulent e t que le tau x  d 'industria lisation  est réduit.

Le rapport contient une discussion in téressante au su jet de la « résurrection » 
de la Tamise, qui recueille les ordures de onze millions de personnes mais don t



le débit d ’eau douce n ’est que de 2.500 pieds cubes par seconde. Les difficultés 
de la rivière on t commencé dans les années 1860, quand les installations sanitaires 
par eau ont été in troduites pour la prem ière fois. En 1049, la Tam ise é ta it devenue 
« m alodorante e t sans vie ». A ce m om ent a commencé une vaste  étude pour 
identifier les sources de pollution, pour étab lir le m écanisme du m élange des 
marées, pour étud ier la chimie de l’épuration  e t pour définir la stra tég ie  à suivre 
pour faire revivre le fleuve. Neuf ans après l ’achèvem ent de cette  étude e t la mise 
en œ uvre de ses recom m andations, la Tam ise est sur le chemin de la récupération.

Les au teurs croient que la façon de penser des années 1860, en ce qui regarde 
le déversem ent des dé tritu s dans le fleuve à p a rtir  de la Cité de Londres, se répète 
à l'heure actuelle, la m er é ta n t substituée à la rivière. Ils estim ent que cette  façon 
de penser fa it preuve d 'im prévoyance et que des m esures im m édiates doivent 
ê tre  prises pour em pêcher de sérieux dommages à la mer, spécialem ent dans 
ses zones voisines des côtes.

Les au teu rs soulignent que, m algré que l'O rganisation Intergouvem em entale 
C onsultative de la N avigation M aritim e (1MCO) a it été sévèrem ent critiquée 
pour n ’avoir pas a tte in t ses bu ts, elle a  néanm oins ob tenu des résu lta ts  très 
valables. Ils suggèrent q u ’une grande partie  de la pollution des mers p ar le pétrole 
provient de b ateaux  qui nav iguen t sous un « pavillon de convenance » e t qui 
ne se soum etten t pas aux m éthodes recom m andées p a r l’IMCO.

Les au teu rs préconisent l'am arrage au large à une bouée (single buoy mooring) 
pour les pétroliers. Un des grands avantages de ce systèm e est que les petits  
rejets accidentels de pétrole sont rapidem ent dispersés dans l’océan, tand is q u ’un 
reje t identique dans les eaux d ’un po rt pou rra it p résenter de sérieux problèmes.

E n d iscu tan t des remèdes en cas d ’accidents im pliquant des pétroliers, 
le rap p o rt déclare que la meilleure m anière de réduire la menace d 'une grave 
pollution par les hydrocarbures est de m ener à bien des opérations de sauvetage, 
que ces opérations soient ou non justifiées financièrem ent p ar la valeur des navires 
récupérés e t de leur cargaison.

Le rap p o rt discute les m oyens par lesquels les propriétaires de pétroliers 
peuvent se couvrir contre les responsabilités qu ’en tra în en t les re je ts d 'hyd ro ­
carbures, e t il décrit les assurances qui peuvent être souscrites chez TOVALOP et 
CRISTAL.

Une des caractéristiques favorables des rejets d ’hydrocarbures en mer, 
dans des eaux tem pérées, est le fait que le pétrole est très rap idem ent dégradé 
biologiquem ent.

Ce rap p o rt souligne que le re je t de produits non pétroliers, au  cours de leur 
m anipulation  à un term inal, peu t poser des problèm es considérables de pollution. 
P a r exemple, une livre de sucre exige a u ta n t d ’oxygène pour « sa décom position 
bactériologique » qu 'il en fau t pour la to ta lité  des déchets b ru ts  p rovenant d ’un 
seul homme en une semaine ».

Les au teurs tra ite n t assez longuem ent des effets des activ ités de dragage 
sur la pollution de l'eau . Ils soulignent que, à cause de leurs eaux tranquilles e t



— 26 —

de leur profondeur généralem ent plus grande, les ports agissent comme des 
trappes e t recueillent de grandes quan tités de décharges d ’égouts e t de m atières 
toxiques. Le fa it de draguer ces zones peu t m ettre  en suspension des m atières 
qui au trem en t pourra ien t rester tranquilles sur le fond. P a rlan t du P o rt de 
Londres, les au teurs déclarent que c’é ta it p ra tique  courante dans le passé de 
déposer les déblais dragués dans les eaux côtières, « dans l’espoir q u ’ils ne revien­
draien t pas aussi v ite  q u ’ils é ta ien t dragués ». Ce dernier problèm e est m ain ten an t 
résolu en choisissant de nouvelles zones de déversem ent des déblais là où peut 
s’effectuer un m élange ad éq u a t e t une bonne dispersion.

Le P o rt de Londres s’est récem m ent équipé d 'installa tions de pom page 
à te rre  pour l’enlèvem ent de la plus grande partie  des m atières draguées dans les 
lim ites de sa jurid iction. C ette m éthode a am ené une réduction  du m ouvem ent 
des sédim ents, une réduction  des besoins de dragage e t une réduction  du niveau 
des m atières en suspension dans l ’eau. Les au teurs déclarent que ce procédé a 
progressivem ent retiré  des eaux de la Tam ise des m atières polluantes, mais, 
m alheureusem ent, ne donnent pas de détails sur les m éthodes employées pour 
em pêcher l’eau utilisée p ar le pom page e t ses polluants non solides (produits 
chim iques dissous e t bactéries) de re tourner à la Tamise. Il est possible que cette  
eau reçoive un tra item en t e t soit ensuite rendue à la rivière, m ais le rap p o rt 
ne le d it pas.

L orsqu’il discute les moyens de prévenir la pollution causée p ar des accidents, 
le rap p o rt argum ente avec raison que les lourdes am endes infligées aux Sociétés 
n ’on t « que peu d ’effet sur leurs employés éloignés ».

Le rappo rt parle de différents effets secondaires néfastes qui peuvent 
accom pagner une am élioration de la qualité  de l’eau. P arm i ceux-ci il y  a  le retour 
des ta re ts  m arins, des hydroides e t des bernaches, e t la nécessité d ’une protection 
cathodique pour les structures m arines faites d ’acier.

D ans sa conclusion, le rap p o rt ém et l’avertissem ent que la pollution m arine 
ne do it pas devenir une affaire politique.

Suède

L ’au teu r in trodu it son su jet en disant, concernant la pollution des océans, 
que « un phénom ène crée le problèm e e t un  au tre  phénom ène nous am ène à 
dem ander des m esures propres à lim iter les effets du prem ier ». Comme il voit 
les choses, le prem ier phénom ène est le rapide développem ent technique e t le 
second phénom ène est la récente prise de conscience, qui s’accroît rapidem ent, 
que la lim ite de pollution acceptable a presque été a tte in te .

Ce rap p o rt se lim ite aux  aspects de la pollution de l’océan où les produits 
pétroliers en tren t en ligne de com pte. De longues sections du rap p o rt tra ite n t de 
(a) les différentes m anières d on t la pollution p ar l’huile peu t se produire (b) les 
m éthodes pour am éliorer la conception des pétroliers, de m anière à réduire la 
pollution (c) les m éthodes pour am éliorer la navigation  en mer, pour réduire
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les accidents (d) les m éthodes pour am éliorer la m anuten tion  sur les pétroliers
(e) l ’é ta t  de p répara tion  actuel de la Suède pour tra ite r  les déversem ents d ’hydro­
carbures (/) l ’établissem ent dans les ports de sta tions pour recevoir les eaux 
huileuses (g) la coordination du trafic (h) la lu tte  contre la pollution p ar le pétrole. 
Toutes ces sections ci-dessus m entionnées tra ite n t, pour la  plus grande partie , 
de m atières déjà discutées dans les rap p o rts  p récédents; il serait donc superflu 
de répéter des renseignem ents déjà donnés ailleurs. P ou r ce m otif la discussion 
sera lim itée aux  points particuliers au rap p o rt suédois.

Une suggestion in téressante, contenue dans la discussion de l ’eau de ballast, 
est la possibilité d ’installer une m em brane flexible dans les réservoirs à pétrole, 
pour em pêcher le m élange de résidus d ’huile e t d ’eau de ballast.

D ans sa discussion sur les collisions de navires, l ’au teu r déclare que la question 
de la distance q u ’il fau t pour s’a rrê te r a  une grande im portance e t il souligne 
que, actuellem ent, il fau t à un pétrolier de 250.000 tonnes presque tro is milles 
pour s’arrêter. Le rap p o rt suggère que des parachu tes pourra ien t être utilisés 
pour réduire ce tte  distance ju sq u ’à 75 %.

D ans la section tr a ita n t de la sécurité dans la navigation, le rap p o rt énum ère 
un  certain  nom bre de nouvelles aides à la navigation  qui sont devenues d ’usage 
couran t dans les dernières années. Ces aides com prennent le rad a r anti-collision, 
la navigation  « satellite  » e t les lochs D oppler. L a navigation  satellite fonctionne 
to u t à fa it au tom atiquem ent e t la  précision des déterm inations de la  position 
sont norm alem ent justes ju sq u ’à m oins de 100 m. Le nom bre de « fixes » possible 
varie avec la situation  du navire m ais ils sont en m oyenne d ’environ une position 
to u tes les q u aran te  m inutes. E n tre  les « fixes », la déterm ination de la  position 
s’effectue à l ’estim e. Le loch D oppler, qui enregistre la vitesse sur le fond, donne 
au navigateur des vitesses exactes grâce auxquelles il peu t déterm iner la position 
du navire à l’estime.

Pour une déterm ination  exacte continue de la position, les m éthodes Decca 
e t Toran, qui sont m ues par des ondes radio continues, peuven t ê tre  utilisées.

Le rap p o rt contient une description très in téressante du systèm e de rad a r 
anti-collision. D ans ce systèm e, les ba teau x  se tro u v an t sur des tra jec to ires de 
collision, ou ceux qui von t passer très  près l ’un de l’au tre , son t m arqués spéciale­
m ent sur l’écran radar, e t le systèm e ém et un b ru it ou une lum ière d ’alarm e.

D ans la section qui tra ite  d ’une plus grande sécurité dans la  m anuten tion  
de la m archandise, le rap p o rt décrit des dispositifs de m anu ten tion  au tom atique 
qui, pendan t le chargem ent, surveillent constam m ent les efforts de cisaillement, 
les m om ents de fléchissem ent, le p o rt en lourd, le tira n t d ’eau e t le déjaugeage. 
Q uand l’un de ces facteurs tom be en dehors de lim ites pré-déterm inées, m e tta n t 
en danger la sécurité du bateau , l ’alarm e est im m édiatem ent donnée.

E n  ce qui concerne les m éthodes de lu tte  contre la pollution p a r les hydro­
carbures, ce rap p o rt est d ’accord avec les précédents, en affirm ant que les m éthodes 
m écaniques d ’enlèvem ent de pétrole sont préférables aux  m éthodes chimiques.
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T ra itan t des agents de dispersion, le rap p o rt déclare qu 'il existe actuellem ent 
sur le m arché une « troisièm e génération » de ces m atières e t qu ’elles sont carac­
térisées par une faible toxicité, un plus grand  pouvoir de dispersion, un coût 
m oindre e t des propriétés meilleures de décomposition.

Toujours dans la section tra ita n t de la lu tte  contre la pollution p ar le pétrole, 
l’au teu r décrit une série de m icrobes qui on t la propriété d ’ê tre  des « m angeurs 
de pétrole ». Le revers, cependant, est la possibilité que, après avoir dévoré le 
pétrole e t en être  m orts, ils peuvent devenir une nourritu re  pour les poissons e t 
ainsi m ettre  en danger les poissons de l’océan.

Le rap p o rt présente une description bien détaillée de la p lupart des aspects 
de la pollution de l’eau de m er par les produits pétroliers. Comme il est dit dans 
la conclusion, le m anque de place a em pêché la discussion des déversem ents 
de pétrole par les débouchés d ’égouts, ou p rovenant de réservoirs à huile situés 
sur le litto ral à proxim ité de l’océan, ou résu ltan t d ’opérations de forage au large. 
Le rap p o rt ne com prend pas non plus la discussion de la pollution p rovenant du 
déversem ent dans l’océan de produits chimiques, de résidus industriels e t de 
déchets dom estiques.

U.S.A.

En p arlan t de la pollution dans les ports e t dans les eaux du litto ral, ce rap p o rt 
décrit beaucoup de pratiques, d ’études, d ’organisations in ternationales, de 
procédés pour com battre la pollution, etc., qui ont été discutés an térieurem ent 
dans ce rapport général. Aussi, la discussion de ce rap p o rt sera lim itée aux  sections 
qui contiennent des renseignem ents supplém entaires ou qui présen ten t des idées 
différentes de celles exprim ées dans les au tres rapports.

L ’au teu r situe le début de « la grande croisade anti-pollution » le 18 m ars 1967, 
date de l’échouage du « Torrey Canyon ». La prem ière réaction à cet accident 
fu t « un déluge de lois e t règlem ents mal avisés et souvent contradictoires élaborés 
par les diverses entités gouvernem entales ». Beaucoup de cette  législation é ta it 
une répétition d’efforts faits par des jurid ictions se chevauchant, e t il n ’y ava it 
pas de plan global coordonné pour un contrôle efficace de la pollution. L ’au teu r 
déclare, cependant, que cette  s ituation  est en tra in  d ’ê tre  réexam inée aux  E ta ts- 
Unis et que des révisions, basées sur des faits économiques e t sur des considéra­
tions écologiques e t de l’environnem ent, son t effectuées.

L 'au teu r prévoit une forte augm entation des possibilités de pollution par 
hydrocarbures dans les eaux des E ta ts-U nis comme conséquence de la pénurie 
d’essence à laquelle ce pays fait face actuellem ent. Il estim e que, en 1985, on im por­
te ra  journellem ent quelque quinze millions de barils de pétrole, e t il prévoit 
qu ’un pourcentage élevé de cette qu an tité  parv iendra p ar pétroliers.

Le rapport in trodu it une nouvelle source de pollution des océans quand  il 
discute les effets des très grandes hélices des super-pétroliers mis en service



actuellem ent. Ces hélices peuvent avoir un  effet sur la tu rb id ité  e t sur la salinité 
et, par-là, un  effet nuisible sur certaines espèces de poissons.

Le rap p o rt discute assez longuem ent les exigences de différentes lois a n ti­
pollution aux  E ta ts-U n is e t dans d ’autres pays. Des détails sont fournis sur la 
loi de 1970 des E ta ts-U nis sur l’A m élioration de la Q ualité de l’E au, e t l ’in teraction  
des réglem entations fédérales e t des E ta ts  est discutée.

Aux E tats-U nis, la Garde des Côtes a actuellem ent la  responsabilité de faire 
respecter la Loi susm entionnée. L a Loi des D échets de 1899, qui in te rd it le déver­
sem ent dans les eaux navigables sans un permis es t du ressort du Corps des 
Ingénieurs de l’Armée, mais on ten te  de transférer leur pouvoir d ’accorder des 
perm is à l’Agence de P ro tec tion  de l’Environnem ent.

Le rap p o rt m entionne la Loi b ritann ique sur les hydrocarbures e t les voies 
navigables, la Loi canadienne de 1971 sur la N avigation  e t la Loi grecque de 1971 
sur le Contrôle de la Pollution. Il m entionne aussi que l’E ta t  du Maine a voté une 
loi qui impose une taxe  de 1/2 cent par baril sur tous les tran sp o rts  de pétrole. 
Cet argent est destiné à payer pour l ’en tre tien  des points de destination  e t pour 
les nettoyages des re je ts en provenance des pétroliers.

Le rap p o rt tra ite  longuem ent des différentes Conférences e t Conventions 
in ternationales qui on t eu lieu ou qui v on t avoir lieu dans le b u t de com battre 
la pollution p ar les hydrocarbures. P ou r la question de l’assurance contre la 
pollution, le rap p o rt explique ce que font TOVALOP e t CRISTAL.

Ce rap p o rt contient d ’in téressantes descriptions de divers dispositifs et 
m éthodes de détection de la pollution. P arm i elles, il y a la m éthode d ’« em preinte 
digitale » qui perm et d ’étab lir la source d ’une huile donnée p ar l’emploi de tech­
niques m odernes analytiques, un  radiom ètre à micro-ondes, un appareil pour 
détecter des nappes d ’huile en m er p ar avion (même par brouillard  ou pendan t 
la nuit), un détecteur portable de pétrole f lo ttan t, qui peut enregistrer des traces 
de pétrole qui ne sont pas visibles à l’œil nu, un  enregistreur à l'infra-rouge qui, 
quand il est utilisé à bord d ’hélicoptères, peu t déceler des sources de pollution 
en m esurant des différences de tem péra tu re.

D ans sa discussion des dispositifs de retenue, le rap p o rt m entionne un 
barrage (boom) de retenue de pétrole à tension dans le fond, qui peu t être utilisé 
dans des vagues de 20’, des courants de 2 nœ uds e t des vents de 60 nœ uds, un 
barrage flo ttan t à air, qui peu t être utilisé dans des eaux agitées, e t deà tentes 
sous-m arines qui sont employées pour contenir les fuites d ’hydrocarbures sous 
l’eau.

D ans la même section du rappo rt, il y a une description du « D ragon de la 
Mer » (Seadragon), créé pour l’In s titu t Pétro lier Am éricain p a r la Société G arre tt 
de Los Angeles. Cet appareil est assez léger pour être transpo rtab le  p ar air, 
e t il balaye, écume, sépare e t em m agasine le pétrole p rovenan t de déversem ents 
en mer. Il est conçu pour fonctionner parm i des vagues pouvan t a tte ind re  8’ 
de h au t e t pour balayer une zone au ry thm e de 120 acres par heure. E n  outre, 
on escom pte que cet appareil tra ite ra  un m inim um  de 25.000 gallons d ’eau huileuse 
par heure.
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Sous le titre  d ’appareils m écaniques de récupération, le rap p o rt discute 
les écumoires e t les barges à vide, e t l ’au teu r souligne que, pour obtenir un fonction­
nem ent efficace des premières, l ’eau doit être presque to u t à fa it calme.

Le rap p o rt tra ite  aussi des absorbants e t m entionne l’emploi de m atières 
telles que la paille, la sciure de bois, la mousse de styrol e t les sphagnacées. Une 
add ition  in téressante à ce tte  liste est le coton qui, déclare l’au teur, est plus 
abso rban t que la paille et, dans les cas où il ne p eu t pas ê tre  récupéré après l ’ac­
cident, est moins nocif que d ’au tres produits chimiques.

L ’au teu r parle du « sable coulé », m éthode de tra ite r  les rejets de pétrole, 
mais il déclare que, encore q u ’elle soit efficace pour enlever les rejets, il subsiste 
des doutes concernant ses effets sur le fond de l’océan.

D ans la section intitu lée « au tres moyens de lim iter la pollution », l 'au teu r 
tra ite  de la construction des navires, de la prévention des accidents, des instal­
lations de réception à terre, du procédé « Lavage-en-m er », du curage des ports, 
de l’aération, du tra item en t des déchets à bord des navires et des com pacteurs 
de déchets à bord.

D ans la section tr a ita n t de « opérations de nettoyage des ports e t plans 
pour im prévus », l ’au teu r souligne q u ’un gros effort a  été fa it pour contrôler la 
pollution des ports et du litto ra l du m onde e t que les pionniers dans cette lu tte  
sont de petits  ports, p lu tô t que les ports géants. Le rap p o rt continue en décrivant 
les program m es qui sont en cours à Portland , San Francisco, O akland, F rem antle, 
Baltim ore, Boston, Mobile, Norfolk, Hong-Kong, Toledo e t Los Angeles.

L ’au teu r donne alors une liste de certaines suggestions e t objectifs qui, à 
son sens, seraient bénéfiques pour le nettoyage de l’environnem ent. Elle com prend : 
la form ation de coopératives de lu tte  contre la pollution, un m arquage des bateaux  
ind iquan t la cargaison qu’ils tran sp o rten t, le fait de confiner les super-pétroliers 
dans un nom bre rela tivem ent p e tit de ports, des études ultérieures des propriétés 
physiques de différents produits qui sont m anipulés dans les navires océaniques, 
des program m es pour chaque grand po rt de surveillance constante et de récolte 
de données, des recherches supplém entaires d ’un ty p e  qui serait « orienté vers 
des solutions de problèmes réels e t qui ne se co n ten te ra it pas de satisfaire une 
curiosité académ ique », le dragage excessif des ports e t des canaux, pour réduire 
la tu rb id ité  provoquée par les hélices, l ’établissem ent de norm es réalistes pour 
la qualité  de l’eau, le rem placem ent de la m ultiplicité actuelle des agences à 
fonction unique par une seule agence régulatrice à fonctions m ultiples, la sup­
pression du « fossé de com m unication » entre, d ’une part, les législateurs e t le 
monde académ ique et, d ’au tre  part, ceux qui, dans le m onde du commerce, 
doivent prendre des décisions pratiques.

L ’au teu r regrette  de constater que les professions qui sont le plus d irectem ent 
affectées par les problèmes de la pollution m ondiale n ’ont pas, à ce jour, suffisam­
m ent pris la tè te  de la guerre anti-pollu tion. 11 estim e que les personnes qui ont 
une connaissance p ra tique  de prem ière m ain du Génie Civil, de l’économie, etc., 
doivent assum er le rôle de chefs a v a n t que les millions de dollars ne soient
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gaspillés « dans des idées académ iques peu pratiques et anti-économ iques ». E n  
dépit de tous les obstacles, l’au teu r pense que des progrès réels sont réalisés e t 
il se perm et de croire que, en 1975, les rouages du m écanism e légal nécessaire, 
l’équipem ent e t les connaissances seront disponibles pour contrôler la pollution 
non seulem ent le long des côtes du m onde en tier m ais sur tou tes les mers. E n  
conclusion, l’a u teu r conseille à ses lecteurs de faire connaître au  public que 
l’élim ination de la  pollution à 100 % est un objectif impossible, m ais q u ’il y a 
certains n iveaux de sécurité pour la qualité de l’eau qui sont réalisables technique­
m en t e t praticables économ iquem ent, et que les au to rités s’efforcent d ’a tte in d re  
ces niveaux.

C O N C L U S I O N

Tous les rapports exam inés sont bien élaborés e t instructifs. Il n ’y a  proba­
b lem ent aucun aspect de la pollution des océans qui n ’a it été relevé p ar l ’un au 
m oins de ces rapports.

Il est cependant regrettab le  q u ’un grand nom bre de rappo rts  t r a ite n t à peu 
près des m êm es sujets, e t ceci a mené à un  com pte rendu  p lu tô t déséquilibré 
pour ceux de ce groupe qui, du fa it de l ’ordre alphabétique adop té  ici, ne figurent 
q u ’en fin du rap p o rt général.

A cause des doubles emplois ci-dessus m entionnés, les rapports  qui tra ite n t 
de lu tte s  spécifiques contre la pollution sont, de m anière générale, les plus in téres­
sants. Ce com m entaire, bien sûr, ne do it pas ê tre  considéré comme critique 
envers les au teu rs des études plus générales. Mais il sem blerait souhaitable, à 
l’avenir, de donner des directives aux  différents au teu rs q u an t aux  sujets à tra ite r. 
Ces directives év itera ien t les doubles emplois e t perm ettra ien t, en aiguillant 
les au teu rs vers des sujets spécifiques, p lu tô t que vers des sujets généraux, q u ’un 
plus grand nom bre de données soient soumises au Congrès.
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I N T R O D U C T I O N

In 1969 the  A ustralian G overnm ent 
decided to  develop a naval base on the 
W estern coast of the  continent on Garden 
Island in Cockburn Sound. Previously all 
significant naval facilities had been concen­
tra te d  on the  South E astern  Coastline. The 
general area of Cockburn Sound had  been 
selected as a site for a naval base as early 
as 1911. Careening Cove, on Garden Island, 
form s a na tu ra lly  protected  harbour for the  
w harf facilities and other p arts  of the 
Island provide isolated areas for barracks 
and an arm am ent depot which are nor­
m ally m ost difficult to  locate ad jacen t to 
centres of population. The base is only ‘25 
miles (40 km) by road from Frem antle, the 
port of P erth , capital of W estern A ustralia 
(Fig. 1).

The efficient operation of the  base 
and its economical construction required 
the construction of an access road be­
tween the Island and the  m ainland. The Location.
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two alternatives were a bridge or a causeway. The la tte r  was selected as i t  would 
provide protection to  an area which the  P o rt of F rem antle  had planned to  develop, 
was probably cheaper due to  the  exposed location of the  shorter bridge rou te  
and represented a sm aller security risk.

The causeway, which is approxim ately  2 1/2 
miles long (3.3 km) was located in relatively shal­
low w ater over its full length, the  greatest depth 
being 18 feet (5.5 m) below low w ater. I t  was 
k ep t back from the  edge of th e  sand flats it  was 
to be built upon so th a t  the larger ocean waves 
would break before reaching the structu re  (Fig. 2). 
The causeway would have otherwise faced the 
full force of the  waves from the alm ost lim itless 
Southern Indian Ocean.

The chief concern w ith regard to  the layout 
was th a t the  causeway m ight so restric t the 
passage of w ater m oving to  and from across the 
Southern F la ts  th a t  it  m ight cause significant 
dam age to  the  m arine ecosystem w ithin the 
Sound. This was strongly linked to  the fact th a t  
one third of the m ainland shore of Cockburn 
Sound had  been industrialized w ith an oil re­

finery, a steel p lan t and other industries also requiring the handling of bulk, 
obnoxious and potentially  polluting m aterials and effluents. A t the  same tim e, 
the w aters of the Sound and some of its beaches represent an invaluable 
recreational resource for the city of P erth . The Sound has clear warm w ater 
which is protected from ocean waves and swell and is com paratively free of 
nuisance organism such as sharks, sea wasps and sea snakes.

Consequently an extensive m arine environm ent investigation program m e 
was set up to  provide the best possible basis for an assessm ent of such possible 
dam age and any necessary design variations, to  advise upon problem s in the  
construction phase and to  m onitor the  actual effects of th e  construction. The 
investigation program m e, conducted on a m ulti-discipline basis in tegrated  
inform ation gathered by n a tu ra l scientists, design and construction engineers 
and po rt planners. This allowed continual environm ental assessm ent th roughout 
all phases of the  project from initial planning to  construction. The program m e 
showed th a t  work could proceed w ithout a pro tracted  w ait w hilst environm ental 
docum entation and assessm ent were being undertaken.

The causeway has been com pleted a t a cost of approxim ately  $A10 million 
including the  cost of investigations (approxim ately $A700,000). Figure 3 is 
a photograph of the causeway in a late stage of construction.

All costs are quoted in A ustralian dollars : $A1 =  SU SI.2.
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3

Fig. 3.

Garden Island causeway.

I N V E S T I G A T I O N S  -  G E N E R A L

A part from the  main m arine environm ental investigation program m e, it 
was necessary to  undertake hydraulic model testing  for detailed design purposes, 
m athem atical hydraulic modelling to  check the prelim inary assessm ent of flows 
through the  restricted  openings, wave m easurem ents, m aterials surveys and 
subsurface investigations.

M any of these investigations posed problem s which were no t fully overcome 
although in all critical areas the  results were adequate to  enable a successful 
outcom e to  the  project. The individual sections of th is paper will em phasize 
these problems.

In a m aritim e project such as this, the  investigations them selves are very 
expensive and need careful planning as a separate project.

The investigations need to  be staged so th a t  excessive am ounts of money 
are no t spent on unnecessary detail which is la te r no t used. V arious alternative  
solutions are firstly  exam ined using all available inform ation such as A dm iralty  
Charts, wind and wave inform ation from generalized sources, and th e  opinions 
of environm entalists who would draw  on basic reference da ta  sources. I t  is 
no t possible to  overem phasize the  im portance of tak ing  the environm ental factors 
in to  account a t th is  very lirst stage, th is is the stage where i t  is easiest to  ensure 
a proper environm ental solution.

Thus, before even commencing any investigations on site, an « order of 
cost » estim ate is available combined w ith an « order of problem  » sta tem en t 
of all aspects both engineering and environm ental.
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The first stage of site investigations is then  planned ; these should be extensive 
ra ther th an  intensive and are planned specifically to prove the  relative m erits 
of the alternatives. They would include environm ental investigations; in m any 
cases it  will be necessaiy to  commence the  environm ental investigations first 
as they  frequently  have seasonal aspects. Commonly it  is necessary for the  
biologists to establish m ethods and techniques which are norm ally already 
established for engineering facets of investigations.

As the results of the  site investigations become available, the alternative  
likely to  be adopted crystallizes and effort is concentrated upon the  investigations 
concerning it.

A stage is then  reached when a « prelim inary  » sta tem en t of the  engineering 
and environm ental aspects can be made.

Following upon a decision to proceed with one definite scheme, a new stage 
of site investigations is planned to  give detailed inform ation for design and final 
assessm ent of the  effect of the proposal upon th e  environm ent. Even a t this 
stage variations will occur and the  investigational program m e m ust rem ain 
flexible so th a t  it is possible to  concentrate upon problem areas when they  arise 
and to  lim it effort upon areas proven to  be satisfactory.

I t will be seen th a t  th is m ethod of proceeding required a very closely kn it 
m ulti-disciplinary team . The m em ber of each discipline m ust be given the 
opportun ity  to  impress his professional judgem ent on each relevant issue bu t, 
for a project of th is type, the  leader m ust be an engineer as only he is aware of the 
possible alternatives which are available to  solve o ther discipline’s problems.

M A R I N E  E N V I R O N M E N T A L  I N V E S T I G A T I O N S

Philosophy of Investigations.

The environm ental investigations were conducted using problem solving 
scientific m ethodology. By adopting th is philosophy d a ta  collection and collation 
becam e an assessm ent process ra th e r th an  an encyclopaedia docum entation 
of environm ental phenom ena such as winds, waves, direction and speed of currents 
and extensive species lists of th e  flora and fauna of the  area. All investigations 
were conducted w ithin th e  following conceptual framework.

(i) The phenom enon to  be m easured was observed and the « apparen t » relation­
ships between the param eters noted.

(ii) The problem was defined and a research hypothesis postulated.
(iii) The hypothesis was tested using low in tensity  field investigations.
(iv) D ata  gathered was evaluated in relation to  the  hypothesis which was either 

accepted or rejected.
(v) Program m e re-direction followed either the  acceptance or rejection of the 

hypothesis. The pragm atic approach facilitates a m ultivariable exam ination

8



of the  relationships between environm ental phenom ena. This is in con trast 
to  th e  uni variable approach usually adopted by research scientists.

(vi) Intensive da ta  collection followed re-direction, w ith an em phasis on th e  . 
in tegration of field techniques to  give as broad a range of sim ultaneous 
d a ta  as possible.

(vii) D ata  synthesis in the report preparation phase incorporated all environ­
m ental param eters relating to  the  problem.

D ata collection was conducted by a team  of scientists drawn from the 
disciplines of biology, botany, chem istry, engineering, geology and geography. 
These scientists were specialized in the subject areas of; m arine ecology, and 
biology, m arine bo tany  and algology, w ater chem istry and analysis of anim al 
flesh for toxic containm ents, nearshore hydrology, coastal geomorphology and 
sedimentology and coastal engineering.

Com m unication of ideas and the redirection of the  investigation program m e 
followed close liaison with all m em bers of the m ulti-disciplinary project team . 
This facilitated  an in tegration  of hydrological, ecological, geomorphological and 
engineering concepts a t all phases of the  investigations.

Pre l imina ry  Analys is .

Figure 1 shows th a t  Cockburn Sound is a euxinic (barred basin) s truc tu re  
enclosed by G arden Island to  the w est and shallow sand sills to the  north  and 
south-w est. A lthough industrialization  had  been progressing along th e  m ainland 
foreshore of the  Sound, since the mid 1950’s little  hydrological inform ation was 
available. Therefore, it was essential to  determ ine w hat was :

(i) The n a tu ra l replacem ent of w ater w ithin Cockburn Sound.
(ii) W h a t would be th e  effect of constructing a causeway across the  Southern 

F lats.

(iii) W h at long term  changes would be induced by the combined effect of the 
causewray structu re  and the  continued disposal of industrial w aste into the  
Sound.

Cockburn Sound has one of the  sm allest ranges of tide in the world w ith 
an average daily tida l range of 0  5  m, the  tides are norm ally diurnal. H o d g k i n  

and D i l o l l o  (1958), E a s t o n  (1970). Tidal curren ts m easured along the South 
W est A ustralian  coast were e ither very weak or non-existent. Therefore tidal 
rise and fall could be an tic ipated  to  cause an in trud ing  and re trea ting  wedge 
of w ater moving across the sills. This type  of w ater exchange would no t effect 
any  significant rinsing of th e  bo ttom  w ater of Cockburn Sound. U nder these 
conditions any constructional im pedim ent to  the  southern entrances of Cockburn 
Sound would fu rther restric t w hat was already a very low level of circulation.

The F rem antle area records a high incidence of seasonal and local winds. 
W in ter storm s, which have persisten t north  west to  west winds as the low pressure 
system s approach the coast, would produce flows to  the south. T hroughout
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th e  sum m er there are consistent afternoon sea breezes a t  15-18 knots (7-9 m/sec.), 
from a south to  south westerly direction. It was postulated th a t  these southerly  
w inds would produce a n e tt flow of w ater to  th e  north . However, th e  sills a t 
e ither end of the  Sound were considered likely to  im pede the  circulation of bottom  
w ater in the  basin of Cockburn Sound.

The general p lan t and anim al com m unities of the  shallow sand fla t fringing 
Cockburn Sound are typical of em baym ent environm ents along the W est A ustra­
lian Coast. I t was considered th a t  reduction of surface circulation by the  cause­
way construction and a consequent increase in salinity and tem pera tu re  m ight 
acrue from a reduction in the  size of the  southern entrance to  Cockburn Sound. 
A large ecological im balance m ight then  occur and th is would effect sea grass 
meadows m aintain ing the  foreshore stab ility  along the unconsolidated sand 
beaches. The program m e therefore required and in tegrated  study  of hydrology 
m arine ecology and foreshore stability .

The m arine investigation tim e table from 1969 until Decem ber 1972 is shown 
in Fig. 4.

MARINE ENVIRONMENTA L INVESTIGATIONS 1969-1972

INVESTIGATION PROJECTS
1969 1970 1971 1972

J F M AMJ J AS O N D J F M A M J  J A S O N D J F M AM J JA SON D J F MA M J J A S O N D

HYDROLOGICAL.
1. Salinity Profiling
2  Current Profiling
3 Continuous Current Metering
4 Float Tracking
5 Dye Release and Observation
6 Physico-Chemical M easurements

COASTAL STABILITY
1 Structure and Thickness at 

S ea Grass root mat.
2 Peg Profiling
3 Surveyed Profiles
4 Sediment Tracking
5 Sediment Analysis

ECOLOGY
1 Sea G rass S tudies
2 Epiphitic Algae
3 Indicator Organisms
4 Plankton Studies
5 Chemical Analysis

GENERAL
1 Wind
2 Waves
3 Tide a t remote locations
4 Long Period Wdves and Tide

Fig. 4 .

H Y D R O L O G I C A L  I N V E S T I G A T I O N S

The hydrological investigations were to  determ ine the  existing exchange 
ra te  of w ater and the mechanism by which exchange in Cockburn Sound occurred.
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To do this w ithin the period of tim e th a t  would enable the  results to  be taken  into 
account in the design of the Causeway a num ber of techniques were used sim ulta­
neously. This recognises the lim itations of individual techniques and broadens 
the  base for d a ta  collection. The techniques used were as follows :

1. M easuring th e  salin ity /tem pera tu re  characteristics of the Sound.
2. Recording of w ater velocity and direction profdes across the  Southern align­

m ent w ith a d irect reading curren t m eter.
3 . M easurem ent of cu rren t velocity and direction using continuous-recording 

curren t m eters m ounted on tow ers a t selected sta tions in the  bottom  of Cock­
burn Sound.

4 . Tracking of drogue floats a t different locations in th e  Sound in relation to  
environm ental param eters of wind and tide.

5. Release of dyes w ith associated aircraft observation a t  significant locations 
w ithin and outside th e  Sound.

Salini ty Profi l ing.

The first essential feature of the hydrology of Cockburn Sound to  be deter­
mined was the general tim e scale in which w ater was rinsed through th e  Sound,
i.e. w hether it was a period of hours, days, m onths or years.

Reconnaissance of Cockburn Sound showed th a t  discrete w ater bodies could 
be visually identified. In m any cases the  interfaces were only inches th ick  and 
the difference in salin ity  and tem perature, between the  tw o bodies, could be 
established using portab le  tem pera tu re  and salinity  bridges. W here th e  w ater 
m ass contained blooms of uni cellular algae the interface could be identified w ithin 
the  w id th  of a divers face m ask.

The work of Rochford (1969) showed th a t  the  salt content of ocean w ater 
of! F rem antle changed seasonally, w ith high salin ity  in sum m er and low salinity 
in w inter. He showed th a t these alterations in salinity  were related to  the origin 
of the  w ater m ass in th a t the low salinity w ater was « tropical » in its origin and 
moved southw ard down the coast during w inter. This was subsequently  replaced 
by a northw ard flow of w ater from tem perate  la titudes in the  sum m er period. 
The overall annual change in w ater salinity off the  W est A ustralian Coast was 
approxim ately  one and a half parts  per thousand (35.0-36.5 pp t) which is well 
w ithin the range of portable salinom eters which have an accuracy of i  .03 p arts  
per thousand.

From  field observation of w ater bodies and the general inform ation on the  
salin ity  characteristics of the  w aters of the  South W est A ustralian  coast an investi­
gation program m e was designed. It was hypothesised th a t  it  was possible to  
determ ine the replacem ent period for both  top  and bottom  w ater in in Cockburn 
Sound by m easuring the  salinity of the  w ater mass, a t  a num ber of stations, over 
a short period of tim e in relation to  the  general onshore oceanic salinity . The 
lapse ra te  of oceanic w ater through Cockburn Sound could thus be p lo tted  and the  
ra te  of rinsing calculated.
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Some 36 sam pling sections were selected both ad jacen t to  and w ithin the 
Cockburn Sound. These were p lo tted  a t 6 f t  (1.8 m) in tervals from th e  surface 
to  the  bo ttom  a t each sta tion  for both salinity  and tem perature. The profding 
was com pleted a t all sta tions w ithin a 12 hour period.

Recordings were m ade either once or tw ice per day depending upon the  
m anner in which th e  pa tte rns of salinity  were changing. If th e  p a tte rn  p lo tted  
after each survey showed m arked changes, th e  survey was repeated im m ediately.

R epeated surveys of salinity  and tem pera tu re  showed th a t  the  replacem ent 
of w ater in Cockburn Sound was complete. W ater from top to  bo ttom  is replaced 
w ithin a period of tim e ranging from one to  th ree weeks. The study  confirmed 
th a t  there  is a general northw ard directional m ovem ent of w ater in the sum m er 
and a southw ard flow of w ater during th e  w inter. There are accasional short­
term  reversals of these seasonal flows. The direction of exchange of w ater th rough 
th e  Sound was largely independent of either tide or wind stress.

Fig. 5 sum m arizes the  w inter p a tte rn  of flow docum ented by the  salinity 
plo tting  technique. The w in ter p a tte rn  shows how bodies of diluted river w ater 
either en ter the  Sound or pass along the  western shore of Garden Island. Rising 
tide  re tards the flow of riverine w ater into th e  ocean. E bb  tides release w ater 
w ith a high unicellular algal bloom which proliferattes when mixed w ith oceanic 
w ater and is readily identifiable. The m ovem ent is assisted by a persistent 
longshore oceanic current, which is re tarded  by th e  southern sill in Cockburn.

BerthPerth Perth

FremantleFrem antleFremantleFremantle

RISING TIDE 

DAY 3

FALLING TIDE 

DAY 2

FALLING TIDE 

DAY 1

RISING TIDE 

DAY 2

6000600060006000 60006000 

SCALE IN METRES

6000 6000

SCALE IN METRES SCALE IN METRESSCALE IN METRES

Fig. 5.
Winter pattern of exchange.
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This produces an acceleration through the  gap to  th e  open sea (Fig. 7). The in­
trinsic circulation p a tte rn  set up w ithin the  Sound causes some deflection of w ater 
north  of Garden Island.

Current  Meter Profi l ing.

The direction and velocity of w ater m ovem ent a t  11 individual sta tions 
across the southern  opening to  Cockburn Sound was m easured a t  approxim ately  
3 week in tervals, tw ice per day for fourteen m onths. A Kelvin H ughes direct 
recording cu rren t m eter was used w ith a diver controlled bo ttom  release technique. 
Calculations were m ade from  the  profile m easurem ent to  determ ine th e  n e tt  
volume exchange for each sam pling period. I t  was considered th a t  th is sam pling 
would be random  for wind and tide  over th e  extended period and th a t  varia tion  
due to  tide and wind stress would be absorbed w ith in  the  sam pling period. The 
sites surveyed were in a reasonable sheltered location and th e  tides were daily.

The results of th is survey
120 -
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Flow
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100-

are given in F igure 6 and 
confirmed the  hypothesis on 
th e  seasonal directional m o­
vem ent of w ate r through 
Cockburn Sound. Flow is 
northw ard  in sum m er and 
southw ard in w inter. Howe­
ver, a num ber of significant 
short term  deviations from 
th is general trend  occurred.

Continuous Recording
Current  Meters.

Alekseev 2B curren t me­
ters (usually three) were run 
synchronously a t different 
locations w ithin Cockburn 
Sound. This program m e was 
subsequently  am ended to  
include a curren t m eter loca­
ted  in the  ocean w est of Gar­
den Island. These m eters were 
suspended from tripod  towers
a t selected stations. Recordings were taken  5 f t (1.6 m) above th e  bo ttom  a t  
10 m inute in tervals w ith  the d a ta  recovered weekly. The Alekseev m eter aver­
aged the  cu rren t velocity for th e  3 m inutes prior to  recording and  gave an 
instantaneous reading for direction a t the  tim e of recording. The basal velo­
city  of these m eters was 3 centim eters per second.

Fig. 6.

N ett flow of water through the southern opening 
of Cockburn Sound during the period 27 May 1969 

to 16 July 1970.
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This study  showed th a t  the  bo ttom  w ater moved continuously in relation 
to  the  seasonal p a tte rn  of exchange, gyres were detected a t  certain  locations and 
they  dem onstrated  the localized influence of bo ttom  and sill configuration upon 
th e  p a tte rn  of w ater m ovem ent w ithin th e  Sound. Long period waves (in excess 
of 10 m inutes) were detected and were found to  be im portan t in accelerating the 
m ovem ent of w ater in the bo ttom  layers. Short te rm  changes in curren t direction 
were noted and often showed a strong correlation w ith barom etic changes follow­
ing th e  passage of low pressure fronts across the  coast.

Tr ac ki ng  of Drogue  Floats.

A num ber of types of drogue floats were tested  in th e  field un til a ty p e  w ith 
a suitable response to  w ater m ovem ent was obtained. (This was ascertained by 
cross calibration with curren t m eters and observation of perform ance into surface, 
wind-induced, currents). Following th is detailed experim entation  a set of floats 
were constructed for the  field investigation program m e.

Floats were chosen as a prim ary  mode for recording w ater m ovem ent because 
th ey  can record th e  spatial dispersion of th e  currents as well as th e  curren t speed 
a t  different depths beneath  the supporting  buoy.

Each float was individually  m arked and identified by a num bered flag. The 
set of floats was dropped in a p a tte rn  best suited to  sam pling the  environm ental 
conditions of wind and tide. Radio controlled shore based theodolites were 
used to  fix the  location of th e  floats as m arked by the  track ing  vessel.

The float studies overcame some of the  inconsistencies noted w ith the  current 
m etering and salin ity  profiling. These included docum entation of changing 
pa tte rn s  of dispersion w ith tim e and detecting  currents below the  threshold  value 
of the  cu rren t m eters.

D uring the  float track ing  program m e continuous curren t m etering was 
conducted from a central station. C urrent da ta  obtained from the floats could 
be cross correlated w ith continuous m etering da ta  and salin ity  profile inform ation. 
Tide, long period wave and wind d a ta  was gathered synchronously w ith the  hydro- 
logical data.

Figures la  and b shows the  typical p a tte rn s  of flows into and ou t of the  Sound 
as detected by the  drogue floats. The n a tu ra l channeling of flow has been utilized 
in the  siting of the  bridge openings. A reduction in curren t speed is seen in Fig. la  
as the  floats en ter the deeper w aters of the  Sound.

Dye Release and Aircraft  Observat ion.

Dyes were used to  obtain  a qualita tive  picture of the  gross p a tte rn  of w ater 
m ovem ent w ithin and outside Cockburn Sound. R hodam ine B and fluorescein 
dyes were dissolved with chemicals and mixed w ith ten gallons (approxim ately 
45 litres) of sea w ater. The dye was released from the  10 gallon containers one 
m eter and six m eters below th e  surface. The m ovem ent of the  dyes were observed
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a n d  p h o to g r a p h e d  
(hand held obliques) in 
relation to  either topo­
graphical features or 
p a tte rn s of m arker 
floats and navigational 
aids.

D uring the obser­
vation  period the dis­
tinctive w ater bodies 
were also recorded by 
colour photography.
Industrial effluent was 
also used to  detect w a­
te r  m ovem ent in fore­
shore areas.

Tide  and Long P e ­
riod Waves.

Intensive tide and 
long wave recording 
was conducted to  do­
cum ent th e  following 
phenom ena :

(i) The differences in 
wind set between m ain­
land and G arden Island 
locations.

(ii) V ariations in tide 
height a t shoreline and 
deepw ater locations.

(iii) The occurrence of seiche waves w ithin the basin.

D ata  obtained was in tegrated  w ith the general hydrological da ta  and evalu­
ated  in relation to  the  m eteorological conditions prevailing during the study.

These studies showed th a t  wind set occurred under vary ing  conditions of 
wind and tide. Micro barom etric changes associated w ith localized low pressure 
system s could cause rapid variations in w ater level and induce seiche waves.

Phy sic o -C he m ic al  M easur em ent s .

The diurnal fluctuation  in dissolved oxygen levels was recorded during the 
course of both hydrological and ecological investigations. These fluctuations
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could be directly related to  the  photosynthetic  process of the  sea grass meadows.

L ight penetration was measured as it  related directly  to  the  respiration of 
macroscopic benthic plants. This investigation related tu rb id ity  due to industrial 
discharge to  the  breakdow n of sea grass meadows. The spread of tu rb id  w aters 
was recorded during all phases of the  hydrological investigations.

S u m m a r y  of Resul ts  of Hydrological  Invest igations .

The results of all studies showed th a t  the  localized influences of wind and 
tide were insufficient to  individually  dom inate w ater exchange in Cockburn Sound. 
Current recordings m ade in th e  open sea showed th a t  th e  tide had insufficient 
power to produce ebb and flood currents. W ind was, however, the  dom inant 
factor m oving w ater in the  nearshore areas.

W ater exchange between Cockburn Sound and the  open sea is dom inated 
by the  oceanic curren t which has a d istinc t seasonal direction of flow. Short 
te rm  (3-4 days) reversals in  th e  direction of flow were detected. This oceanic 
cu rren t is due to  th e  com bined effects of a num ber of forces. However, the 
persisten t seasonal p a tte rn , w ith its associated short term  reversals in flow, 
indicated th a t  m ajor variations in the  atm ospheric pressure gradient, along the 
W est A ustralian coast, are m ost probably  the  prim ary  cause. F u rth e r in te rp re t­
ation of d a ta  will be necessary to  determ ine the  exact cause of the seasonal oceanic 
current.

W ind and tide w ithin th e  Cockburn Sound area ac t to  inhibit or assist the 
dom inant direction of flow. Subm arine topography serves to  inh ib it flow and 
produce local gyrations.

The investigations showed th a t  th e  w ater m ass of Cockburn Sound is exchan­
ged w ith the  open sea. B ottom  circulation is inhibited by topographical influences 
b u t is m aintained by the  inertia  of th e  dom inant p a tte rn  of surface w ater 
m ovem ent.

S T U D I E S  O F  C O A S T A L ' S T A B I L I T Y

W i n t e r b o t t o m  (1917) docum ented th e  v irtually  indestructab le  natu re  of 
the  root fibre of sea grass. As p art of the  causeway structu re  was to  be founded 
on this substra ta , investigations of the depth  and durab ility  of the  m aterial were 
conducted.

These investigations showed th a t  the root m a t was from 0.5-2.0 m in thickness 
along the causeway alignm ent. The sea grass and its roo t m at are the  m ajor 
elem ent stabilizing offshore sedim ents. This s tudy  confirmed the stable nature  
of m uch of the  surface of Southern F lats. The source of sedim ents and ra te  
of sedim entation of the  subm arine deltaic feature, is still being investigated.
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Beach Morphology.

The beaches of Cockburn Sound have been m onitored over a period of tim e 
for the ir varia tion  in volum etric configuration (Fig. 4). These studies have 
been m ade in relation to  w ater level oscillation together w ith prevailing w inds 
and wave a ttack . The studies of beach morphology are as follows :
1. Profiling of the  beach on a seasonal basis for its configurational and volume 

fluctuation.
2 . The track ing  of dyed sand used as a tracer released onto the  beach then  

collected on a sta tistical grid for spatial dispersion over a 12 m onth  period.
3 . Physical and chemical analysis of sedim ents collected from th e  oil' shore, 

swash and backwash and æolian energy zones a t  selected beaches.

Profil ing.

Eighteen individual beaches, on the  m ainland and on Garden Island, were 
surveyed a t  m onthly  in tervals over a 27 m onth period. The average num ber 
of transects per beach was 15. From  the  results of these surveys the beach 
shape and volume was ascertained and evaluated in relation to  the  environm ental 
conditions of wind, tide and waves which m aintain  the  particu lar beach configur­
ation. The m ethods and techniques used included the  calculation of the  am ount 
of m aterial moved m onthly  together with a q u an tita tiv e  sta tem en t on the 
s tab ility  of each beach studied on an annual basis.

This detailed study  developed from a simple reference peg m onitoring 
program m e which commenced in 1969. A line of five pegs 5 m apart, across 
the  beach face, were m easured for th e  rate  of erosion or accum ulation of m aterial.

The results of the  beach profiling showed th a t  the  beaches were in a sta te  
of dynam ic equilibrium  when the  annual sedim ent budget was considered. 
Profiles showed th a t  there was oscillation in the beach structure . The variations 
in the  sweep profiles a t  different beaches was due to  the relative exposure and 
shelter from prevailing wind and wave a ttack . Garden Island and m ainland 
beaches showed discrete seasonal varia tions in form. This is due to  the direct 
influence of land and sea breezes across the length and w idth of the  Sound.

S e d i m e n t  T racki ng .

Sand m aterial from the  individual beaches was collected, dried and painted  
w ith a fluorescent m arker-pain t. The m aterial was then  released in th e  nearshore 
zone of individual te s t beaches. I t  was subsequently  collected a t different tim e 
in tervals using greased cards on a gridded sta tistica l basis. The dilution and 
dispersion of the  m arker sand were then  traced. This enabled a determ ination  
of th e  n a tu ra l m ovem ent of sand along beaches in Cockburn Sound. D ifferent 
coloured sand was used for individual beaches.

This study  showed th a t  while there is an equilibrium  in the  beach configur­
ation there  is a m ovem ent of sedim ents between certain  of the beaches of Cockburn 
Sound and reten tion  of sedim ents in o ther areas.
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S e d i m e n t  Analys is .

Sedim ents from  selected m ain­
land beaches were representatively  
sam pled in sum m er and w inter 
and analysed for the ir physical 
sorting characteristics and chemical 
composition. The results of these 
studies showed th a t  selected 
beaches could be categorized by 
both  the ir energy regime and the  
chemical composition of th e  beach 
m aterial.

Figure 8 shows the  calcium 
silica ra tio  for selected beaches, over two seasons. Each beach was sampled 
w ithin th ree discrete energy zones. The locations of th e  beaches investigated 
are shown in Figure 7.

The results show th a t  there  are discrete m ainland beaches. These are 
related  to  the  in p u t of silica from th e  breakdow n of the  æolian calcarenite headland 
a t  Cape Peron and the  calcium carbonate produced by organic m aterial from 
the  sea grass meadows.

S u m m a r y .

The studies of coastal stab ility  showed th a t  the  beaches were in a s ta te  
of dynam ic equilibrium .

Sweep profiles have established a mean from which possible changes, induced 
by the causeway structure , can be assessed.

The stable na tu re  of th e  coastline of Cockburn Sound was assessed by :

(i) The depth  and distribution of sea grass roo t systems.
(ii) The ra te  of beach volume changes.

(iii) The p a tte rn  of the  seasonal beach profde changes.
(iv) The response of beach sedim ents to  sorting under various energy conditions.
(v) D ocum enting the discrete na tu re  of selected beaches by chemical composition.

Therefore any changes in beach form can be m onitored and related to  either 
m an induced or natural phenom ena.

E C O L O G I C A L  I N V E S T I G A T I O N S

Prior to  the  ecological investigations conducted by the F rem antle P o rt 
A uthority  and the  Commonwealth D epartm en t of W orks, only lim ited biological 
and ecological inform ation had been obtained to  docum ent th e  natu ra l environ-
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m ent of Cockburn Sound. The inform ation available was restricted  to  un­
published academ ic theses and a few scientific journal articles.

The geological history  of the  Sound was briefly described by F a i r b r i d g e  

(1950) and C h u r c h i l l  (1959).

Rational le for Ecological  Invest igations .

The investigations in itia ted  in connection w ith the  causeway design and 
the fu rther planning of the p o rt complex a t  Cockburn Sound were to  establish 
an ecological baseline for m onitoring environm ental change. These studies 
provide the  basis for a m anagem ent program m e to  m ain tain  th e  w aters of Cockburn 
Sound for a m ultitude  of uses. The area m ay be used by industry  for cooling 
w ater and to  receive industria l w aste. The causeway oilers protection for the  
developm ent of bulk cargo and o ther p o rt facilities. R ecreational use and 
aesthetic enjoym ent of the  area m ust also be m aintained as far as is com patible 
w ith port and industria l activities.

A program m e was developed to  assess w hat effects industrial waste was 
having on the Sound prior to  the com m encem ent of causeway construction. 
The techniques used were refined to  provide the basis for a m onitoring program m e 
th a t  could discrim inate betw een the  effects induced by e ither industrial pollu tan ts 
or the  im parem ent to  w ater flow caused by causeway construction. This pro­
gram m e in tegrates da ta  obtained during hydrological investigations to  fully 
assess the  dispersion and m ixing characteristics of industria l wastes and shipping 
spillages.

Invest igat ion Objectives.

In developing an investigation program m e the following factors were assessed 
and a research plan im plim ented.
1. W h a t were th e  critical elem ents w ithin the  m arine environm ent contribu ting  

to  ecological stability .
2. W h a t p lan t and anim al com m unities would best reflect the  subtle changes 

produced by :
a) N atu ra lly  changing seasonal energy regimes of;

(i) W ave and swell.
(ii) Tide and m ean sea level oscillation.
(iii) Storm  paths and w ater spout activ ity .
(iv) N atu ra l w ater tu rb id ity .

b) The discharge of industria l effluents either in solution or as suspended solids.
3 . W h a t n a tu ra l elem ents could be used to  assess the  results of physically changing 

the  geographical configuration of the  boundaries of the Sound.
4 . W h at functional role did Cockburn Sound have as an ecosystem. There 

was a need to  determ ine w hat was its im portance as an economic fishery, 
nursery or as a unique biological h a b ita t for rare floral and faunal species.
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Projects.

The following projects were conducted as p a rt of the  ecological investigations.

1 . The distribu tion , density  and diversity  of the  sea grass com m unities were 
docum ented in relation to  th e  subm arine m orphology of the  basin.

2. The biology and life history of the  seagrass com m unity Posidonia Australia  
was studied in detail to ascertain  the  p lan ts grow th hab its  and th e  susceptibility  
of the  sea grass meadows to  changes induced by both engineering construction 
and industrial contam inants.

3 . The distribution  of epiphitic algæ on sea grass fronds was related to  natu ra l 
regimes of; wave and curren t energy, light penetration  w ith w ater depth 
and tu rb id ity . The distribu tion  of epiphitic m ateria l was then  related to  
the  dispersion of industrial pollutants.

4 . The biology of a group of filter feeding sedentry  anim als was studied and their 
flesh and stom ach contents chem ically analysed. D uring the  program m e 
detailed studies were m ade of the  common mussel M ytilus edulis the  « razor 
clam » P inna dolabrata (a bi-valve molusc), and various species of ascidians 
« sea squirts ».

5 . P lankton  distribution in relation to  the  general hydrology of the  Sound was 
docum ented. The da ta  obtained was sta tistically  analysed using standard  
biom etrical s ta tistical techniques. This s tudy  provides base line da ta  for 
assessing w ater quality  in relation to  industrial discharge and natu ra l rates 
and p a tte rn s  of w ater circulation.

6 . Chemical analysis of :
a) W ater collected from industrial outfalls.
b) Sea w ater collected on a grid basis w ithin and outside Cockburn Sound 

covering contam inated  and oceanic conditions.
c) B ottom  sedim ents collected from a range of sites covering both industrialized 

and non-industrialized locations.
d) The alga Ulva lactuca collected from both polluted and non-polluted areas. 
Sam pling was repeated a t random  intervals to  overcome problem s arising
from the release of « slugs » of effluent. All sam pling was related to  the
prevailing hydrological and meteorological conditions.

7. Microbiological investigations were conducted to  determ ine the  dispersion 
of coliform and salmonella bacteria  from sewerage outfalls into all m arine 
locations around Frem antle . One m ajor sewerage outfall is located a t the
N orthern end of Cockburn Sound.

8. An evaluation was made of spillage from shipping operating in the  industrial 
areas of Cockburn Sound. The industrial area contains; an oil refinery, 
blast furnace and steel rolling mill, alum ina refinery and a chemical and 
fertilizer p lant. Bulk cargo spillage had been recorded from all these industries.

9 . The therm al pollution effects of cooling w ater discharge were exam ined during 
the  w ater sam pling program m e.
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Results .

A base line program m e for m onitoring the ecology of Cockburn Sound had 
been established by May 1971. This was five m onths after causeway construction  
had commenced and before there  was any significant reduction in w ater flow 
through th e  southern  opening into and ou t of the Sound. The base-line study  
provided a thorough docum entation  of the  deleterious effects of industria l w aste 
on the  floral and faunal com m unities along the  eastern shoreline of the  Sound.

S E A  G R A S S  S T U D I E S

The da ta  obtained related the  dispersion of industrial effluent to  the  intrinsic 
nearshore circulation pa tte rns adjoining the industrialized area. Investigations 
showed th a t  by May 1971 the physical stab ility  of over one th ird  of the  eastern 
shoreline had been im pared by th e  break down in th e  physical s tru c tu re  of the 
sea grass meadows. For a distance of 5.5 km the sea grass meadows had been 
alm ost com pletely destroyed leaving only fossil rhizomes (root m aterial) to 
stabilize the loose nearshore sedim ents.

Figure 9 shows the  difference 
betw een the  length and w idth 
characteristics of sea grass leaves 
from a non-polluted (W oodm ans 
P t) and a polluted (Jam es Point) 
location. The studies showed th a t  
tu rb id  and toxic conditions, pro­
duced by industrial waste, reduces 
the size and w idth of the  sea 
grass fronds. This enables areas 
which are « stressed » by natu ral 
conditions of tu rb id ity  to be dif­
ferentiated  from those affected by 
industrial contam inents. The sea 
grass in areas affected by natu ra l 
conditions responds by having 
either a second « m orph » (a p lan t 
with a d istinctive leaf w idth characteristic) or a bi-modal d istribu tion  of leaf 
w idths.

Epiphyt ic  Algae.

The studies found th a t  there  were 84 varieties or species of epiphytic algae
using the fronds of the  sea grass Posidonia australis as a substrate . D istinctive
suites of epiphytes were found and these suites could be related to  polluted, 
transitional and non-polluted environm ents by using algæ epiphytes as a m ethod
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of pollution detection. It is possible to  observe th e  effects of industrial w aste 
1 km  ahead of zones where it  is stressing th e  sea grass com m unities.

Indicator O r g a n is m s .

Biological studies and chemical analysis, of ascidians and razor clams showed 
th a t  they  effectively filter particu late  m a tte r from the  w ater. Therefore, they  
can be used to  accum ulate m aterial which is released into th e  w ater mass a t 
levels below norm al chemical detection. The anim als can m onitor th e  areal 
dispension of industrial contam inents in relation to  the  hydrological regime of 
th e  Sound.

P lankton  were found to  differ generally in abundance between th e  Sound 
and the  open sea. They confirmed th a t  these was a lag in th e  natu ra l ra te  of 
flow through Cockburn Sound. This lag gave the  organism s tim e to  proliferate. 
P lank ton  were found to he d istribu ted  in relation to  the  hydrology of the Sound 
and confirmed th a t  th e  w ater quality  of th e  body of the Sound differed from the  
nearshore locations where industrial w astes were released.

General .

The results of the  ecological investigation showed th a t  i t  was essential to  
m ain tain  adequate  w ater circulation if the  Sound was to  be retained as a viable 
ecosystem. This factor was taken  into account in the  causeway design th a t  was 
finally adopted. The two bridged openings allow for optim um  exchange between 
th e  Sound and the  open sea.

An in tegration  of hydrological shoreline stab ility  and ecological d a ta  indicated 
th a t  deterioration of th e  environm ent was due to  po llu tan ts being incorrectly 
introduced into the  Sound ra th e r th an  the  chemical com position of the waste. 
P o llu tan ts  are discharged into the  narrow  litto ral fringe and directly  affect the 
stab ility  of all floral and faunal nearshore com m unities.

The ecological stab ility  of the areas adjoining the  causeway alignm ent were 
docum ented prior to  construction commencing. This will allow a thorough 
assessm ent to  be m ade of any deterioration in th e  sea grass meadows or change 
in the structu re  of anim al com m unities in relation to  the  engineering works.

S U R V E Y S

Theoretically, surveys of the  sea bed level can now be undertaken  quickly 
and effectively by echo sounder. Two contracts were let, the  first ran 320 miles 
of line a t  a cost of §A88 per mile or 515Km a t  8A55/Km (which includes p lo tting  
b u t no t the  initial baseline survey on shore or tide guages), the  second ran 160 miles 
of line a t a cost of $A26 per mile (257 Km  a t  $>A16/Km) w ith the  same exclusions.

The surveys took much longer to  complete th an  an tic ipated  (4 m onths from 
letting  con trac t to  com pletion of final drawings) and the  first one was so dubious
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th a t  a hand  leadline survey had to  be carried ou t on the whole area directly 
beneath  the  causeway location for con trac t purposes. I t  is still no t know n w hat 
w ent wrong; careful control of tide guages, calibration of equipm ent and location 
was exercized. There were no problems w ith th e  second survey.

Materials.

Critical to the  design of a causeway or breakw ater are the m aterials available 
for its construction. Careful investigation of these before design will be repaid 
m anyfold. This area of W estern A ustralia  is m ost fortunate  in having extensive 
areas of a m edium  quality  lim estone w ithin 8 miles (13 Km ) and of good quality  
granite  approxim ately  14 miles (22 Km ) away.

The lim estone was suitable for core m ateria l for which purpose it  was placed 
a t  a cost of $A3.50 per cubic yard  $A4.6/m3 and the  gran ite  was suitable for 
arm ouring ($A9 per cubic yard  or $A12/m3 placed). As th e  arm ouring sizes 
were not. large (7 tons m axim um ) no problem  was encountered in obtaining such 
m aterial although larger sizes would have required a change in quarry ing  m ethods 
and hence increased cost.

Soils .

Investigations of the  engineering properties of the m aterials supporting  a 
causeway are nearly always required. However, obtain ing th is inform ation from 
beneath the sea can be surprisingly difficult. The investigations nearly  always 
take  considerably longer th an  an ticipated , are more expensive th an  expected 
and results which are by no m eans complete, have to  be accepted. A part from 
the d irect effect of bad w eather e.g. a 15 to  20 k n o t (7.5-10m/sec) wind will often 
preven t drilling and sam pling proceeding and cause standby  rates to  be paid, 
there is the  problem of logistics w ith the  floating rig ; the  loss of only one critical 
item  m ay stop work for m any hours w hilst a replacem ent is obtained.

These problems p u t a prem ium  on forward planning to  ensure the rig and 
all its ancillaries are in good working order and th a t  spares for critical item s are 
carried. I t  also emphasizes the  need for a higher level of supervisory control 
th a n  for land based drilling as it  is often necessary to m ake onsite decisions as to 
which item s (depth , S.P.Ts, samples) to abo rt when the  wind and waves s ta r t 
to  rise. In th is  case a jun io r engineer from the  design team  is a good solution as 
he can m ake a decision against his background of the  inform ation the  prelim inary 
design requires.

The drilling con trac to r designed a light fram e which was to  enable the drilling 
to  proceed w ithou t interference from the w eather. However, the  fram e and its 
moorings were too light and w hilst the results were be tte r th a n  from floating 
p lan t i t  em phasized the  need for such equipm ent to  be substan tia l.

The boreholes showed th a t  the  subsurface consisted of loose sand overlying 
a m ixture of sandstone and sand layers sta rting  a t  abou t 60 feet (18 m) below
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datum  down to  a dense sand layer a t  100 feet (30 m) below datum . The types 
of m aterials and the ir depths were unusually  uniform , for exam ple, the  dense sand 
layer depth  varied by less th an  ten  feet (3 m) over a distance of four miles (6 Km ).

Waves.

The initial assessm ent of the  wave clim ate a t  the causeway location was 
based on deep w ater wave inform ation from « Ocean W ave S tatistics » (H ogan and 
Lum b 1967) and was undertaken  by a refraction/diffraction analysis using wave 
directions from W est N orth W est to  South South W est and periods of 8 to  
16 seconds. These have to  be carried ou t by hand as though program m es are 
available for refraction analyses the  combined refraction/diffraction analysis 
is highly subjective and no t am enable to  being program m ed for a com puter. 
The analyses showed a surprising selectivity  w ith regard to direction and it  was 
necessary to  undertake them , in some cases, w ith differences of approach angle 
as little  as seven degrees as large changes to  the  wave height were derived. As the 
m ost uniform  of wave tra ins has an angular spread of more th an  th a t  am ount it 
could be seen how the  waves would probe for th e  least line of resistance.

The entrance between G arden Island and P o in t Peron has scattered  reefs 
and sharphy varying seabed levels; these m ake a refraction/diffraction analysis in 
th a t  area very  difficult and the  results susceptible to considerable error even 
after using sm oothing techniques. Consequently, a series of aerial photographs 
were taken  a t  appropriate tim es, the  wave crests p lo tted  and the wave orthogonals 
used to  calibrate the earlier theoretical assessments. W ave period and tide 
level were measured a t  the tim e of tak ing  the  photographs. I t was no t easy to  
obtain  useful photographs as it was necessary to  w ait for the  required conditions 
of reasonable large waves, clear sky and sun in the  right position to outline the 
crests.

Simple fetch/w ind velocity/duration calculations were combined w ith refrac­
tion diagram s done for local wind blowing down the  Sound to  provide design 
wave heights for the landw ard side of the  causeway.

As the  causeway had been located approxim ately  1000 feet (300 m) from the 
seaward edge of the  Southern F lats, the design wave height was in m any cases 
governed by the  lim iting w ater depth  criterion.

The length of the  causeway was split in to  sections over which the design 
wave height was constant.

A t an early stage it  was decided to  m easure the  wave heights offshore, to  the 
N orth of the Island, in Careening B ay where the  N aval Support Facility  is to  be 
bu ilt and in the  Southern entrance to  im prove th e  quality  of the  prelim inary 
assessm ent of the  design wave heights for th e  causeway and a t  the  proposed 
facility.

Tlie D atawell W averider system  was adopted and became the  second such 
installation to  be p u t into operation in A ustralia, the first being placed off th e  Gold 
Coast by the  Beach P rotection A uthority  of Queensland.
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The w averider system  consists of a series of buoys (in th is case four including 
one standby) which directly  m easure th e  vertical acceleration of the  w ater surface, 
doubly in tegrate  th is and then  radio the vertical displacem ent to  shore where 
it is picked up by a receiving un it which then  punches the  inform ation onto paper 
tape  which can be fed d irectly  into a com puter either for analysis or for storage 
on m agnetic tape.

The only tw o problem s which have of significance have been breakages in 
the m ooring system  and m any little  th ings going wrong w ith th e  Preflok punch 
unit. The form er has been a worldwide problem  and has been solved by substi­
tu ting  a chain and polypropylene rope for the  stainless steel wire and by placing 
the rubber length nex t to  the  anchor. The buoy are rem arkably  robust and have 
been found undam aged on beaches several times.

The system  can be operated in various w ays; in our case th e  system  records 
th e  d a ta  tran sm itted  from each buoy for tw en ty  m inutes every six hours. The 
lim itation is the batteries which power the  buoy; these tran sm it inform ation 
for approxim ately  9 m onths before replacem ent.

Despite the  problem s previously described, th e  system  can definitely be 
regarded as satisfactory  as we have obtained da ta  for approxim ately  70%  of the 
tim e. This is a high figure for th is type  of work particu larly  as the  outages have 
no t been concentrated  a t tim es of high waves as has been th e  case w ith o ther 
systems.

The cost of the  whole installation was $A25,000 of which the  m ain p a rt was 
the receiving sta tion  a t $A 16,000. Each buoy costs $A2,100. A m aintenance 
con trac t for the  electronic and m echanical m aintenance has cost $A6,000 per year 
w hilst work done by the D epartm ent in replacing the buoys and other work is 
estim ated to  have cost $A2,000 per year. Cost of analysis is no t included.

Hydraul ic Model Test ing .

A fter prelim inary designs had been established using criteria from « Shore 
Protection , P lanning and Design » (Corps of Engineers, 1966) they  were tested 
in the  W ater Research L abora to ry  of the  U niversity of New South W ales. The 
length of the  causeway tru n k  was divided into six sections representing various 
wave exposures, each section was tested  in a flume w ith waves a t  90° and 45° to 
the  face. W ave heights varied from th ree  feet to  twelve feet (1-3 m) and periods 
from four seconds to  twelve seconds. The four bridge abu tm ents representing 
breakw ater heads were tested  in a th ree dim ensional tan k  w ith a to ta l of six 
com binations of wave directions and periods. Special series of tests  for a non- 
arm oured tru n k  (three foot waves), toe blankets, a s tra igh t sheet piled bridge 
ab u tm en t and a cellular sheet piled bridge abu tm en t were also undertaken . 
D etails of the  tests  are contained in a report of the W ater Research L aborato ry  
(Foster and Nelson, 1971).

The tests  on the  prelim inary designs of the  causeway tru n k  sections and 
abu tm ents dem onstrated  th a t am endm ents were necessary. Figures 10 and 11
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show typical changes. The m ain changes were due to  the  runup  coefficients 
being higher th a n  an tic ipated ; th ey  varied from 1.3 to  1.4. These refinem ents 
indicate the  type  of changes required when proceeding from the  general design 
rules to  a particu lar case.

It was originally proposed th a t  an unarm oured quarry  run m aterial should 
be used for the lengths in which the  design waves were th ree  feet (0.9 m). The 
tests  showed th a t, w hilst th is m ay have been suitable for the  Sound side of the  
causeway where m axim um  wave periods were abou t five seconds it  was quite 
unsuitable for the  Ocean side where tw elve second waves could a tta ck  the  cause­
w ay a t an angle of 45° (due to  th e  m ovem ent of m ateria l along th e  cause­
way). These lengths therefore had to  be arm oured although w ith only one 
layer of limestone.

The lim estone which was used in th e  causeway is a porous rock w ith a dry 
bulk specific g rav ity  of betw een 1.2 and 1.4. W hen sa tu ra ted  the specific g rav ity  
is increased to  between 1.8 and 2.0; tests  on stones seven pounds (3.5 kg) in 
w eight showed th a t  th ey  became sa tu ra ted  in abou t five seconds. A lthough 
fairly  soft, the  m aterial has been used successfully in a num ber of m aritim e works 
in W estern A ustralia. The unusual properties of th e  m aterial required all 
relevant model tests  to  be undertaken  using th e  pro to type m aterial.

For con trac tu ral reasons i t  was desired to  use a stra ig h t wall of sheet piling 
as the  abu tm ents for the  Southern bridge. Tests of th is showed th a t  w hilst the 
size of arm our units which would be required for th e  alternative  rounded head 
structu re  would be stable in th e  sheet piled case, a Mach stem  wave was produced 
along the wall which would have endangered the beams under the bridge deck, 
also severe turbulence and erosion was created, extending n inety  feet (27.4 m) 
a t  the  leeward end of the  wall. This only occurred on the Southern abu tm ent, 
so a norm al rounded head s tructu re  was used there  w hilst the  sheet piled wall 
was used for the N orthern abu tm ent.

Limestone. 
Quarry run. 

-Seo bed

«ó Limestone
Quarry run. 

'if ^ _ _ _ |̂ S_eiabed ^

•2 layers 0  5  ton granite

ORIGINAL PROPOSAL
ORIGINAL PROPOSAL

—1 layer
RL+15 0

Lim estone  
Quarry run.Limestone 

Quarry run.

2 layers Q 5 ton granite

Fig. 10.

Nine foot design wave. —  Original 
proposal (top) and Recommended  

design (bottom).

Fig. 11.

Twelve foot design wave. —  Original 
proposal (top) and Recommended  

design (bottom).
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A single sheet piled cell (d iam eter 70 feet, 21.3 m) was used for each abu tm en t 
of the N orthern  bridge to  enable th e  bridge con trac t to  proceed independently  
of th e  rubble m ound. Rock arm ouring was la te r placed around th e  cell to  join 
it  to  the  rubble m ound. Tests were undertaken  to  see if the  arm our would be 
moved by back pressure b u t th ey  showed th a t  a t  design wave conditions no more 
th an  th ree stones would be rem oved and the  rest were stable.

The toe b lanket te s ts  showed th a t  there  would be underm ining of the arm our 
rock if no b lanket was used w hilst a b lanket 20 feet (6 m) wide was too conserv­
ative. A b lanket w idth  of 10 feet (3 m) was adopted except th a t  th is was increased 
to  15 feet (4.6 m) a t  the  bridge abutm ents.

Mathemat ica l  Model ing .

Considerable th o u g h t was given to  the  construction of a physical hydraulic 
model of th e  Sound and th e  surrounding w aters to  check the  prelim inary estim ate 
of the  effect of the  causeway upon th e  flow of w ater across th e  Southern F lats. 
In a more norm al case w here one causative factor such as tide has a dom inant 
effect upon such flows a physical model is theoretically  easy to  construct, operate 
and assess although for such a large area problem s of size and /o r d isto rtion  would 
have arisen.

B u t in the  case of Cockburn Sound the  tide is very small and ill defined. 
The causative factors which are norm ally secondary, such as effect of oceanic 
current, wind and m acro and micro m eteorological d isturbances, can then  be 
as im portan t as the tide. A t the  tim e when th e  decision w hether to  build an 
hydraulic model had to  be taken  i t  was not known which of these factors were 
im portan t and which could be neglected or be taken  into account by  small cor­
rections. I t  was therefore pointless to  fu rther consider building such a model 
as it  could no t even be designed.

A t a m uch la te r date, m athem atical modelling techniques had advanced 
to  a stage where they  could be considered. Professor R a d o k  of the Horace 
Lam b In stitu te , South A ustralia, undertook a prelim inary analysis using a coarse 
grid (points 460 m  ap a rt and tim e steps of 40 sec.) trea tin g  separately the  cases 
of a tw en ty  k n o t (10 m/sec.) wind from the  N orth  and a 0.4 k no t (0.2 m/sec.) 
oceanic curren t flowing Southw ards. These were each undertaken  for a model 
w ithou t the causeway and for one w ith the  causeway in position. These tended 
to  support the earlier prelim inary assessm ent of flows through the  bridged 
openings.

Figure 12 shows the  com puter p rin t out for the p a rt of th e  model a t the  
Southern F la ts for a case w ithout the  causew ay; obviously the  grid is too coarse 
for detailed considerations. Figure 13 shows the readings which would be obtained 
if a velocity m eter were placed a t position A in figure 12 and then  a N orth wind 
commenced to  blow. As the  wind is applied, Cockburn Sound begins to  seiche 
w ith a period of approxim ately  20 m inutes as was confirmed on site. Twelve 
hours after the  onset of the wind the Sound has alm ost reached a steady sta te .
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I t is intended to  select a case of known tide, wind and oceanic curren t when 
currents have been m easured and calibrate the  model w ith these; th e  mesh of 
points would also be m ade finer.

■ GARDEN ISLAND

VELOCITY FIELDS INDUCED BY 20 KNOT NORTHERLY WIND AFTER 
13 HOURS (WITHOUT CAUSEWAY)

As Mr. F .L . W i l k i n s o n  of the D epartm ent was studying Coastal Engineering 
a t  D elft U niversity a t  th e  tim e, i t  was decided to  try  a program m e which had 
been developed in D enm ark for the  m athem atical modelling of sueli hydraulic 
problem s. P relim inary results were obtained for the cases of 20 kno t (10 m/sec.) 
wind from th e  N orth plus rising 0.6 in tide, 20 k no t wind from the N orth  plus 
steady flow, 20 kno t wind from the  N orth plus falling 0.6 m tide each case being 
repeated w ith and w ithout causeway.

It was then decided to  proceed w ith a more detailed analysis to  calibrate 
the  model against da ta  obtained in the  hydrological studies b u t despite efforts

1 0 -

15 -

2 0 -

Hours

VELOCITY NDUCED BY PRESSURE GRADIENT (AT PONT A .|

Fig. 13.
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by the  originators of th e  system  instab ility  problems arose and the  a tte m p t had 
to  be abandoned. A worrying feature of th is is th a t, a t  the  present tim e, there 
appear to  be no know n analytical m ethods which can pred ict w ith certa in ty  
w hether instab ility  problem s will arise. There is no doub t th a t  these problems 
will be overcome and engineers will then  have tw o possible m ethods of modelling 
such a hydraulic system ; one physical and one m athem atical.

C O N C L U S I O N S

An engineering project of th is type  m ust be planned in close co-operation 
w ith the  local conservancy au th o rity  and w ith an awareness of th e  possible 
m ultiple use of th e  area. These concepts m ust be in tegrated  w ith those of 
function and cost so th a t  a properly planned result is obtained.

This approach requires a m ulti-disciplinary group to  solve the problem s; 
the  natu ra l scientists and planners m ust be brought in prior to  the com m encem ent 
of initial site investigations and rem ain in the  team  th roughou t the  project. 
Experience on th is  project has shown th a t  such cooperation is no t difficult to  
achieve provided th a t  each discipline is accorded its appropria te  place.

Investigations of such projects are expensive, approxim ately  $A700,000 has 
been expended in th is case including $A300,000 for th e  m arine environm ental 
investigations. Investigations should be staged and in tegrated  w ith the  continu­
ous refinem ent of the  designs.

W hilst th e  successful com pletion of the causeway has dem onstrated  the 
adequacy of th e  norm al engineering investigations, it  is too early to  s ta te  th a t  
the  ecological investigations have been validated . Nevertheless, there  is no 
indication th a t  any  ecological problem s are arising and coupled w ith th e  more 
stringent a ttitu d e  of th e  conservancy au th o rity  tow ards industria l pollution, 
i t  appears likely th a t  the  objective of no significant dam age to  the  m arine eco­
system  has been accomplished.
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R É S U M É

Le rapport décrit les études de génie civil et les recherches faites sur l ’environnement lors 
de l’élaboration du plan final d’une chaussée (causeway) d’une longueur de 4 km, dans le détroit 
de Cockburn. Cette digue doit relier une base navale située sur l’Ile Garden à la côte de l’Etat 
de Western Australia au sud de Perth. On souligne l’importance d’une bonne conception de tels 
plans et de les réaliser en étapes; de plus, on insiste sur l’utilité de consulter des experts de diverses 
disciplines professionnelles.

Les plus importantes recherches, concernant l’environnement, discutées dans le rapport 
sont dans le domaine de l’écologie maritime; ces études sont étroitem ent liées aux recherches 
d’ordre hydrologique du détroit et à celles sur la stabilité des plages de la côte voisine. Le rapport 
passe également en revue les levés hydrographiques, les types de sols et de m atériaux, ainsi 
que la mesure des lames et l’application des modèles physiques hydrauliques et m athématiques 
au projet.

Pour bien concevoir des projets de ce genre, il faut prendre en considération les divers 
besoins locaux et insister, dès le commencement, sur l’intégration précise et la coopération de 
toutes les disciplines d’importance. Enfin, le rapport évoque les problèmes généraux des diverses 
investigations entreprises.
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M E A S U R E S  F O R  P R E V E N T I N G  W A T E R  P O L L U T I O N  
IN T H E  P O R T S  O F  A N T W E R P  A N D  G H E N T

The prevention of the  pollution of the w aters of the  harbour docks etc. of 
the Belgian ports is, like in m ost of the industrial countries of the  world, a very 
topical problem.

This w ater pollution can be classified in 2 m ain categories : pollution caused 
by the discharge of all soris of w aste products (and liquids) directly in the  docks 
of the ports and pollution by the  adduction of polluted w aters by the  rivers and 
stream s on which the ports are situa ted  or from the  sea (although th is la tte r  is 
ra th e r  hypothetical). The pollution caused by th e  discharge of petroleum  
products forms a special chap ter of the first sort of pollution and the action of 
the P o rt of A ntw erp to  prevent it  will be trea ted  extensively in the  la tte r  p a rt 
of this paper.

A. Pollut ion caused by the feeding waterways .

This sort of pollution exists only in ports which are connected w ith th e ir  
h in terland by a system  of w aterw ays and are therefore situated  on a river or 
canal w ith an upper discharge.

All the Belgian ports are of th is type  and the quality  of the river- or canal 
w ater is of a more or less great im portance.

The question is however the m ost acute for the P o rt of G hent since the w aters 
of the  upper rivers the  Schelde and the  Lys are very polluted near the  town.

Both rivers have th e ir  origin in the  N orth of France and flow through the 
very industrialised French D epartm ents of the « Pas de Calais » and the « N ord »
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and in Belgium respectively through the  industrial zones of T ournai and 
O udenaarde and through the  South W est F landers for the  river Lys.

The used w aters of the French M etropole of N orth Lille are released on both  
rivers.

Both rivers are already polluted by the industries in th e ir upper section. 
For the river Lys, the so called « Golden B iver », an additional problem is caused 
by the w aste w aters of the  flax re ttin g  industry  through which the pollution 
takes such dimensions th a t in th e  period from 15 April till 15 October the river 
w ater cannot be used any more to  feed the port of G hent and  has to  be evacuated 
directly to  the sea. The w aste w ater of the  flax industry  which contains a ra th e r  
high percentage of H2S still represents abo u t 1 million of ieq. The only trea tm en t 
p lants which are in service are a few in France on the river Lys.

The river Lys flows into the Schelde in th e  town of G hent itself. G hent 
is a city of about 270,000 inhab itan ts  w here the  rivers also function as town 
sewers so th a t  im m ediately upstream  of the  po rt an im p o rtan t pollution of 
dom estic type  takes place which prevents the  auto-purification of the river.

The flow off of the  two rivers ju s t upstream  from G hent has a m ean level 
of only about 16 m 3/sec. for each river w hilst the  characteristic  m inim um  discharge 
is about 6 m 3/sec. so th a t it  is quite conceivable th a t  the  feeding w aters are not 
of the quality  th a t  could be expected.

B. Industrial  pollution.

The second cause of pollution is the  pollution by industrial and domestic 
discharges in the port zone itself. For the  po rt of G hent th is pollution is of the 
same degree as the  pollution of the  feeding w aters and can be estim ated of the 
order of 1,000,000 ieq.

In nearly all ports, the factories discharge the ir waste w aters (purified or not) 
in the nearest w aterw ay or dock of sufficient section to evacuate them . Most 
of the industries in the Belgian ports thu s discharge the ir cooling- and waste 
w aters in the dock of the ports; only those of the newest factories are previously 
purified.

A lthough the natu re  of the  d irect pollution of the ports resembles the pollution 
of the  feeding w aters, the greatest difference consists in the  fact th a t  in th is case 
the polluting m aterials are discharged directly into the port zone itself so th a t  
the  port au thorities have to  tak e  the  in itiatives them selves not only to  rem edy 
the  pollution b u t also to  prevent it. The prevention of pollution of the  upper 
w aters on the o ther hand is not a local problem b u t one which dem ands national 
or even supranational in terventions such as for the Schelde and the Lys where 
the pollution is partially  caused outside the co un try ’s boundaries.

ieq inhabitants equivalents.
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C. Th e prevention of the  w ater  pollution.

As nearly  all over the  world, public opinion in Belgium  has been m ade aware 
of th e  question of w ate r and a ir pollution and action is taken  in th is  respect by 
m any very different bodies.

The prevention of w ater pollution can be subdivided into tw o different 
categories :
a) rules to  be observed and the  drafting of norm s as to  th e  to lera ted  discharges 

w ithou t repressive m easures;
b) the  purification of the  industria l and dom estic w aste w aters before th ey  are 

discharged into th e  docks or w aterw ays (this can be an individual or a collective 
purification).

a) 1) Rules to be observed.

From  old tim es there  exist in m any countries some regulations which forbid 
the  pollution of th e  w aterw ays. Often i t  was only a simple sentence in a regulation 
book or a law by  which all discharge of w aste w aters or m aterials was forbidden 
w ithou t any  fu rth e r specification.

In  Belgium  there  exists since abou t 20 years a lawful régularisation : « the  
law of 11 M arch 1950 on the  protection of th e  w aters against pollution ».

This law  forbids all discharges in the  canals, rivers, docks etc. w ithou t a 
prelim inary au thorisation . The practical regulations were no t defined by th e  
law itself b u t had  to  be settled by  different decrees and specially by  th e  Royal 
decree of 29-12-53 th a t  fixes th e  general stipulations which th e  discharges th a t  
do no t come from  borough sewers have to  meet.

The royal decree divides the  Belgian w aters in to  th ree  classes :

Class. No. I : W aters for the  supply of drinking-w ater;
I I  : W aters for fishing and for w atering cattle ;

I I I  : W aters used for industria l needs.

The rigour of th e  discharge stipulations diminishes natu ra lly  w ith th e  num ber 
of th e  class.

F o r class No. I I I  in which th e  Schelde, th e  Lys and  th e  Sea canal to  G hent 
(the P o rt of G hent) are classified, these stipulations are :
1 . The tem pera tu re  of the receiving w ater m ay no t exceed 30 °C through the 

discharged w aters.
2 . The pH  of th e  receiving w ater m ay not, th rough th e  discharged w aters, 

exceed 8.7 and  no t be less th a n  6.5. I t  m ay how ever locally a tta in  9.2 and 5.
3 . The percentage of oxygen dissolved in the  receiving w ater m ay not, through 

the  discharged w aters, fall below 3 mg/1; locally it  m ay fall lower th a n  3 mg/1 
b u t no t lower th a n  1 mg/1 is allowed during a m axim um  period of one m onth  
per year.
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4. The percentage of m aterials which p recip ita te  in  a sta tic  sedim entation  m ay 
no t exceed 0.5 mg/1 in th e  discharged w ater; the  determ ination of th is  
percentage m ust be m ade on th e  w ater th a t  has not been previously diluted.

5 . The percentage of m aterials in suspension in the receiving w ater m ay not, 
because of all th e  discharged w aters, increase by more th an  100 mg/1.

6 . The concentration of any chemical m aterial in the  receiving w ater m ay not, 
because of th e  discharged w aters, increase in such m easure th a t  the w ater 
becomes unsuitable for the  purposes for which it  is used by the  industry  or 
for the  irrigation of th e  land.

The lim it concentration is fixed for every case by th e  M inister of the  Public 
H ealth  and Fam ily. Advice is supplied by the  Service for the  Purification 
of W aste W ate r of the  M inistry of H ealth  concerning the  special stipulations 
which have to  be included in every au thorisation , reckoning w ith th e  ty p e  
of industry , th e  q u an tity  and th e  com position of th e  discharged w ater, th e  
volum e of the  receiving w ater and its  degree of load. These stipulations 
also prescribe th e  so rt of purification which is accepted.

A lthough different execution decrees were published in the  m eantim e, for 
exam ple these concerning the  steel industry , th e  sugar industry , the  paper 
industry  etc., th e  above m entioned law  appeared very  difficult to  be brought 
into practice and the  control and th e  checking of the  trespassings were very 
inefficient. One of th e  principal factors of th is  was th e  very  com plicated 
adm inistra tive procedure which had  to  be followed and also th e  g reat num ber 
of au thorities which had to  intervene.

A nother reason of inefficiency was the  fac t th a t  th e  above m entioned royal 
decrees only concerned the  individual discharges w hilst for those in th e  borough 
sewers there  were no fu rther specifications and  th e  abuses of th e  discharges in 
these sewers could no t be checked.

To rem edy th is inefficiency, th e  law which in principle was very good, was 
replaced by a new law voted on 26-1-71 which divides the country  in to  3 w ater 
purification companies according to  the catchm ent areas.

This new law instructs these companies no t only to  build  and run  th e  
necessary sewers and purifying p lan ts  for th e  sewage and other w aste w aters 
in th e ir  area b u t they  are also empowered to  deliver the  authorisations for the  
discharge of w aste w ater and to  supervise these discharges. By th is new law 
which comes in action a t  last on th e  30-4-74, all th e  powers which were dispersed 
over several bodies for th e  previous law are now centralised (natu rally  under 
governm ent control) in one h and ; th e  w ate r purification com pany is a public 
body w ith legal s ta tu s  of which are m em bers, th e  concerned provinces, the  bodies 
w hich gain superficial w ate r supplies for d istribu tion  purposes in th e  area, and 
also those undertakings which bring on a big pollution.

This centralisation will rem edy the unwieldiness of th e  adm inistra tive 
appara tus of th e  previous law which was partia lly  cause of its inefficiency.
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B oth the ports of A ntw erp and G hent are situa ted  in the  jurisd iction  of the  
W ater Purification Com pany of th e  Basin of the  Schelde.

a) 2) Special administrative actions against pollution in the Belgian ports.

Since the  enforcem ent of the  legal stipulations and the  checking of the  
trespassings were vers- inefficient, several instances, supported  in th is by public 
opinion which had  become aware about the  problem , have created com m ittees 
and  action groups to  try  to  prevent, in the  m easure of th e ir power, th e  continuously 
growing air and w ater pollution.

The tow n Council of A ntw erp took the  in itiative in th is  respect to  establish a 
« Centre against A ir and W ater pollution». This centre is a m unicipal service 
whose object is to  study  and to  solve problem s which arise in an efficient fight 
against air and w ater pollution.

The area of action was la te r extended to  th e  whole province in compliance 
w ith an agreem ent w ith  th e  provincial governm ent of A ntw erp. The au tho rity  
of the Centre is both  to  give advice and to  control. The advising task  includes 
delivering of advice concerning th e  building and exploitation requests of th e  
industries.

The controlling function includes perm anent m easuring of different polluting 
m aterials and also to  control if the  imposed stipulations of the  building and 
exploitation licences are being observed. A perm anent guard service was installed 
in th e  « Centre » to  deal w ith th e  com plaints of th e  population.

The G overnor of E ast-F landers, following th is  exam ple, established a t  the  
end of 1969 « The technical commission for th e  E nv ironm ent » which advises th e  
P erm anen t D eputation  of E ast-F landers on each exploitation  request and also 
on the  extension of existing industries.

The au th o rity  of th is Commission covers the  whole province of E ast-F landers 
b u t its principal action confines itself to  tw o areas : th e  surroundings of G hent 
and its po rt and  th e  left bank  of th e  Schelde, on th e  te rrito ry  of th e  province of 
E a s t F landers on which the  extension of the  p o rt of A ntw erp is in full construction. 
The commission in close collaboration w ith the  Centre of A ntw erp tries a t  presen t 
to  keep th is  last zone « unpollu ted  ».

The Technical Commission of the  E nvironm ent, consisting of experts and 
technicians of the  different disciplines concerned, after investigation proposes 
very  stric t s tandards against a ir and w ater pollution. I t  officiates fu rther as a 
« com plaint bench » to  which all the  com plaints concerning th e  environm ent 
pollution are subm itted . The commission, a fte r exam ining th e  com plaints 
and in case i t  finds it opportune, proposes new exploitation conditions to  th e  
P erm anen t D eputation . I t  can even propose to  w ithdraw  th e  exploitation 
licence which results in the  closing of th e  industry.

A lthough so fa r no spectacular im provem ents have been obtained concerning 
w ater pollution, some points have been scored and different anti-pollution
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installations are under exam ination or under construction in some factories. 
T he noticeable resu lt concerning the  a ir pollution is already greater.

D. Th e  purifying of the was te  w aters  in the  « Canal Zone » of Ghent.

As already m entioned above, the  Canal zone of G hent (or the  po rt of Ghent) 
constitu tes one of th e  m ost im p o rtan t problem s in Belgium as concerns th e  
environm ent pollution (and especially air and w ater pollution).

The ex ten t of pollution of th is  zone by industria l w aste w aters took such 
proportions in  th e  last years, th a t  i t  was impossible to  w ait for th e  effective 
coming into operation of th e  new law  and th a t  special m easures had to  be taken .

On the in itia tive  of th e  M inister of Regional Econom y, the engineering 
consulting bureau « H a e c o n  » from G hent was instructed  to  m ake a study  
of th e  purification of th e  w aste w aters of th e  Canal Zone a fte r a prelim inary 
study  by th e  Technical Commission of th e  environm ent had  proved th e  pro­
portions of the  problem  which reaches to  abou t 1,000,000 ieq.

The resu lt of the  study  which was laid down in th e  sum m er of 1972 has 
pointed out th a t  th e  problem  was the  grea test on the left enbankm ent of th e  
canal where the  older industries are settled. Only a few big m odern industries 
w ith  individual w ate r purifying p lan ts which deliver w ater th a t  conforms to  the  
standards, are situa ted  on th e  righ t bank  so th a t  here no special m easures have 
to  be taken . F o r th e  left bank  w ith its  m any and very  polluting industries, 
individual purification is no t considered to  be economical and the  study  leads 
to  th e  conclusion th a t  a central purifying p lan t for abou t 1 million ieq. w ith 
th e  necessary collectors to  which the  borough of Zelzate (13,000) would be 
connected, is the  adequate  solution.

The investm ent expenses are estim ated  a t  1.5 thousand  million B F  and a 
special aid has been asked from th e  M inister of Regional Econom y.

Once th is  collector and th e  purifying p lan t is in service, the  port of G hent 
will no longer be polluted by its  industries b u t only by th e  feed w ater of the rivers 
and by petroleum  products which now and th en  accidentally  flow into the docks.

F or the  feed w aters there  are hopeful expectations as to  th e  effect of the  
new law on the  discharges in Belgium  and to  th e  m easures which will be taken  
in  France.

D OC K W A T E R  P O L L U T I O N  BY H Y D R O C A R B O N S
WF

D uring the  last decades, p o rt pollution by floating hydrocarbons has developed 
into an acute problem . The increased quan tities of hydrocarbons, spilled into 
th e  docks, constitu te  a serious risk, as well in the  field of cleanliness, as in th a t  
of fire hazard  in p o rt installations.

The po rt authorities concerned are confronted w ith the  ta sk  of developing 
an ever more effective and extend appara tus in order to  cope w ith the spills of
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hydrocarbons and  to  evacuate  th e  quantities spilled in th e  m ost efficient way. 
Such, after exhaustive study  and research on th e  m a tte r  and in close cooperation 
w ith  all parties in terested  in safe po rt exploitation.

The problem  of hydrocarbon pollution is no t confined to  po rts; on a larger 
scale it am ounts to  an in ternational problem  of pollution of th e  sea, coasts and 
rivers.

The im portance of th e  situation  was clearly stressed by  th e  convocation 
of an in ternational conference, held in London, 1954, exclusively devoted to  th is 
problem . In 1957 as well, during the  X lX th  In ternational N avigation Congress 
of PIA N C, in London, a m ajo r conclusion was th a t  a study  was to  be m ade of 
th e  m eans of fighting pollution of coasts and ports by crude oil and ba llast w aters 
of petroleum  tankers.

R isks and volum e of hydrocarbon spills in docks are in close relation  to  :
—  the  num ber of vessels using hydrocarbon fuels (either for th e  heating  of 

boilers or for in ternal com bustion engines);
—  the  num ber and deadw eight of tankers berth ing  in docks for unloading 

(cargo +  fuel);
—  the  increasing im plan ta tion  and exploitation  (num ber and capacity) of crude 

oil refineries alongside docks, these refineries being th e  p rim ary  « energy 
suppliers » of m odern industria l com m unities, w ith an ever growing consum p­
tion of energy of which, in W estern Europe, m ore th an  50%  originates from 
th e  processing of m ineral oil.

Figures 1, 2 and 3 give an  idea of the  change in coal/oil burn ing  vessels, 
expressed in percentages of the  world fleet, as from 1914 (d a ta  given in the  annual 
reports  of L loyd’s R egister of Shipping) and of num ber and deadw eight of tankers,

TONNAGE OE 
W O RLDFLEET

COALBURNERS ( s te a m s h ip s  )

OIL BURNERS ( m o to r & s te a m s h ip s  )too% -

5 0 %

1930 1970

Fig. 1.

Number of coal and oil burning vessels —- Evolution as from 1914 
(data from Lloyd’s Register of Shipping —  annual report 1970).
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m oored a t  th e  petroleum  berths in the  north  p a rt of the po rt of A ntw erp as from 
1951.

T A N K E R S

Fig. 2.

Number of petroleum tankers berthed in the north part of the port
of Antwerp.

B  N  T m  m i l l i o n s  o f  to n s

iS

s

'955 I960

Fig. 3.

Belgian net tonnage of the tankers shown in figure 2.
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Basically, causes of hydrocarbon pollution are grouped in tw o categories :

—  pollution resulting  from  norm al trea tm en t or processing of crude oil, i.e. 
caused by th e  process w ater from  refineries and cleaning w ater from petroleum  
tankers; both subject to  control and regulation;

— pollution caused by  accidental circum stances during bunkering, loading/un­
loading of crude oil and finished products, as a resu lt of collision, leakage,
breakdow ns, foul pum ping. These generally are of accidental n a tu re  and 
therefore no t subject to  routine control, resulting  as they  are from unforeseeable 
m echanical and  hum an failures; th ey  are to  be m astered by  protection 
m easures and techniques for evacuation.

Responsibilities for these accidents cannot always be established; m oreover 
clandestine spills cannot be fully elim inated, which accounts for considerable 
quantities of hydrocarbons finding th e ir w ay to  th e  dock w aters.

An inquiry  held in the  po rt of A ntw erp in  1955 pointed out th a t  less th an
40%  (in volume) of oil spills were identified. W hich are th e  m eans to  be used
in fighting hydrocarbon pollution?

I t  seems appropriate  to  deal first w ith the  pollution from  causes subject 
to  control and regulation, i.e. the  « process w ater » from  refineries and th e  cleaning 
w ater from tankers.

P ro cess  w ater  from refineries.

The w aste w ater- and processing installations m ust be designed in such 
a way th a t  the  w aters discharged do no t contain more th an  th e  admissible 
q u an tity  of oil expressed in parts  of oil in a million p arts  of w ater (ppm ). For 
inland refineries th is  regulation m ust be very stric t.

D evelopm ent of a ir cooling and of recycling of the  cooling w aters, especially 
in regions having w ater shortages, is very  interesting from th is po in t of view.

In trad itiona l cooling system s, including one passage of w ater through the  
system , the  q u an tity  of cooling w ater required for refining one volum e of crude 
oil m ay am ount to  30/1. Via recycling, th is  ra tio  can be reduced to  0.5/1 and 
if cooling is effected m ainly by air, a ra tio  of 0.2/1 can be obtained. The presence 
of oil charges in the  w ater is then  considerably reduced.

Cleaning w at er  from  petro leum tankers.

The w ater ballast, to  be carried in th e  holds by light tankers, in view of s tab ­
ility , is evacuated either outside or inside ports. M oreover, th e  tan k s need 
cleaning in oi'der to  prevent oil deposits; the cleaning w aters w ith  th e  oil slicks 
are generally dum ped into sea.

In order to  a tten u a te  the  effect of th is kind of pollution, a convention came
in to  force, as from 1958, indicating  th e  zones whei’ein dum ping of oils or w ater
emulsions containing more th a n  100 ppm  of oil becam e forbidden. (Final ac t 
of the  In ternational Conference on Prevention of Pollution of th e  Sea by Oil,
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and the  Conference of C ontracting G overnm ents to  th e  Convention signed a t 
London on 12 May, 1954). In addition, the  «Load-on-top » system  w ith sloptank 
was designed about 1962 w ith a sim ilar goal, and adopted  by  m ore th an  75%  
of th e  world petroleum  tan k er fleet.

This system  avoids —  roughly estim ated —  the  spillage of m ore th an  
1.6 million tons of oil a y ear (da ta  from « The im pact of the  Oil In dustry  on the  
E nvironm ent » —- W.C. H opper and B. R ayzach ter of « The Oil Companies 
In ternational S tudy Group for the  Conservation of Clean Air and W ater in W estern 
Europe —  C o n c a w e  ».

If, however, th e  goal set by  th e  prem entioned Convention is to  be reached, 
i t  is essential to  elim inate th e  dum ping of polluted ballast w ater and cleaning 
w ater into the  sea by installing « cleaning sta tions » in th e  ports where oil tankers 
m ake th e ir  calls for loading/unloading and for repairs.

A cleaning and storage sta tion  of th is  n a tu re  was bu ilt in the  p o rt of A ntw erp 
in 1971. I t  has a storage capacity  of 5,500 m 3 for cleaning w aters, slops and 
residues a t  a m axim al pum ping capacity  of 500 m 3/hour, and features the  
equipm ent for evacuation, to  unlim ited quantities, via separators, of ballast 
waters, a t  a ra te  of 500 m 3/hour, and th e  m edia necessary for m aking tanks 
gasfree. Steam  (a t a pressure of 7 kg/cm 2), h o t w ater, compressed a ir and  fresh 
w ater can be furnished to  ships.

On the o ther hand  a tten tion  m ust be given to  the  techniques to  be employed 
for rem oval of hydrocarbons by m eans of adap ted  equipm ent and products.

To th is effect p rim ary  m edia of elim ination (absorption products, detergents 
and appara tu s for m echanical rem oval) are available and, parallel to  these, 
secondary m eans such as separation  gates, air bubble curta ins and floating booms. 
The secondary m eans can yield good results in the  separation or sectioning of 
docks or parts  thereof and in containm ent and isolation of oil spills, pending the  
trea tm en t of those spills by the  prim ary  m edia (integration of m eans). Needless 
to  say th a t  environm ent, local circum stances, n a tu re  and im portance of spills 
are co-decisive in the  choice and w ay of use of these media.

In im pounded docks, as found in A ntw erp, th e  use of products occasioning 
absorption and sinking of floating oils is to  be disregarded. Indeed, the  sedim ent­
ation process in these circum stances does no t m eet w ith essential requirem ents 
such as :

—  the  oils rem ain on the  dock bottom , albeit in a less harm ful condition;
—  repeated use of th is system  causes unw anted rises of th e  dock bottom , 

resulting in additional dredging w orks;
—  th e  m aterials dredged are polluted and cannot be used for reclam ation of 

p o rt sites;
—  th e  system  m ay be relatively  expensive, when considering price and q u an tity  

needed of th e  absorption product.
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Use of detergents — no t a cheap solution either —  is also subjected to  stric t 
lim itations in im pounded docks. The hydrocarbons trea ted  are indeed no t 
com pletely elim inated; in the  m ost favourable supposition th ey  are caught in a 
stable emulsion. M oreover, considerations re lating  to  em ulsifying effect, tox icity  
and biological destructib ility  d ictate  severe restrictions in choice.

T ogether w ith  the  use of carefully selected detergents, availability  of effective 
and well-dimensioned equipm ent for m echanical rem oval, i.e. floating oil skimmers, 
forms th e  m ost favourable solution in im pounded docks.

This calls for a survey of th e  m easures to  th a t  effect prevailing in the  p o rt 
of Antw erp.

Up to  1953-54, floating oils were exclusively skimmed off « by hand  », collected 
in drum s, tran sp o rted  and destroyed. Increasing pollution soon m ade i t  evident 
th a t  th is  procedure was indequate. Skimming off by hand  could only be effected 
from the  coping stone of quay  walls, when the floating oils, under th e  influence 
of wind from a constan t direction, had accum ulated in dock corners.

Possibilities and efficiency of th is  m ethod, depending on a host of factors 
such as thickness of the  oil film, wind, wave height, ship traffic, viscosity of the  
oil, tem pera tu re , presence of driftwood, etc. were insufficient for elim ination of 
m ajo r spills w ith in  an acceptable delay.

So option was m ade for m echanical rem oval of hydrocarbons by m eans of 
a floating oil skim m er. Basically, the  choice to  be effected was : direct or vacuum  
pum ping.

Tests had  been carried ou t in the  p o rt of Le H avre on bo th  system s.

D irect pum ping involves collection of a th in  layer of oil in an ou tboard  drum , 
lowered below th e  w ater surface. The emulsion of w ater and oil is sucked in 
by  a ro ta tin g  w ater pum p and forced to  an open décantation  tan k , having siphons 
or a perforated  bo ttom  for elim ination of surplus w ater.

The m ajor disadvantage of th is system  consists in th e  danger of small drifting 
objects (fibres, paper, straw , cork, wood, etc.) blocking the  grid of th e  collecting 
drum  or entering th e  pum p body and th u s blocking or dam aging th e  impeller. 
In  th e  vacuum  pum ping system  th e  emulsion is no t b rough t into th e  pum p body, 
b u t sucked into a ta n k  w herein a certain  vacuum  is m ain tained  by an air pum p. 
This way, dam age to  th e  delicate pum p im peller by small drifting objects is 
avoided. The rem aining p a rt of the  operation is sim ilar to  th a t  of the  d irect 
pum ping m ethod. Difficulties encountered here resu lt from high viscosity of 
th e  oils to  be skimmed.

As satisfactory  results k ep t lacking, tests  were abandoned in Le H avre. 
Useful o u tp u t was insufficient : in favourable conditions the  efficiency factor 
obtained (i.e. volum e of oil to  volum e of emulsion pum ped) did no t exceed 1 : 31 
which m eans th a t, in order to  skim  off 1,000 litres of oil, a t  least 31,000 litres of 
emulsion were to  be pum ped and  decanted. A fter thorough study  of bo th  system s, 
A ntw erp gave its  preference to  a floating oil skim m er of th e  vacuum  pum ping
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type  (see Fig. 4). C ontract 
was passed in 1953 and 
1954 saw the  first tr ia l 
runs and pum pings. The 
oil skimming vessel con­
sists m ainly of a steel 
pontoon (10 m x  4 m  x  
2.20 m), propelled by an 
outboard  m otor (see 
Fig. 5), a com bined vac- 
uum -com pressor group, 
tw o tanks for sim ultaneous 
operation, of 3,500 litres 

F*8' 4' each, an  open décantation
Oil skimming vessels of the port of Antwerp. ta n k  (20 000 litres con­

ten ts) fitted  w ith siphons,
a 2 112" suction pipe, connected to  th e  collecting drum , and  tw o 1 1 /4" suction pipes.

Oil skimming vessel (port of

A. Articulated collector
B. Suction pipe 0  2 1/2”
C1-C2. Suction pipes 0  1 1/4”
D. Vacuum pump
E. Compressor
F. Motor
G. Power generating set

0  5m
 1 I I I I I I I ! _ J  I

'ig. 5.

Antwerp) —  Longitudinal section.

K1-K2. Valves on suction- and discharg­
ing pipes 

K 3-K4. Valves on air pipes 
R1-R2. Tanks for simultaneous action 
L. Décantation tank 
M1-M2-M3-M4. Overflow siphons 
X. Outboard motor

The personnel accom m odation includes a mess and a shelter room, a wheel- 
house on th e  aft deck and  a dressing- and storage room. L ighting and signal 
equipm ent are fed by a power generator and  batteries.
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The system  operates on the  vacuum  principle and is designed for synchron­
ised double action (sim ultaneous suction and discharge) —  see Figure 6.

10 m -J

Fig. 6.

Oil skimmer vessel (port of Antwerp) —  Principle of operation.

The hydrocarbons, floating as a th in  film on the  dock w ater, converge into 
th e  ou tboard  collector when i t  is lowered slightly below the w ater surface. A 
circular collector, originally used, was replaced by an articu la ted  one in 1956, 
which allowed doubling the  efficiency during 1957. Through a grid, needed 
in order to  keep floating debris out, oil and inevitably  a certain  q u an tity  of w ater 
reach th e  collector, connected v ia  a suction pipe ( 0  2 1/2” ) and tw o three-w ay 
valves to  the  tw o tan k s for sim ultaneous action. One of these offers a certain  
vacuum , m ain tained  by a ro ta tin g  air pum p. The oil and w ater sucked in form 
an  emulsion which, after the  filling level has been reached, and the  ta n k  is subjected 
to  the  pressure of a compressor, is forced to  the  décantation  tank .

M anipulation of one single lever effects a lte rnative  operation of both  tan k s 
on th e  suction or pressure regime, resulting in un in terrup ted  operation w ithou t 
painstak ing  handling of several valves.

Initially , th e  décantation  ta n k  is filled w ith w ater, in view of balance and 
stab ility  of th e  vessel. The emulsion, received for décantation , reaches a certain 
degree of tran q u illity  which perm its ne t separation of oil and w ater. The specific 
g rav ity  of oil being inferior to  th a t  of w ater, th e  oil floats up and the  excess w ater, 
via th e  siphons, is re tu rned  to  the  dock. As pum ping goes on, the  thickness of 
th e  oil layer in the  décantation  ta n k  increases. P ractical experience has shown 
th a t, even w ith  an 1.5 m thick oil top  décantation  rem ains v irtua lly  perfect : 
th e  w ater re tu rn ing  to  the  dock via the  siphons carried negligible oil charges.

This induces th e  conclusion th a t  th e  décantation  tan k  —  m easuring 
4 m x  2.5 m  — offers a collecting capacity  of a t  least 15,000 litres of oil between 
tw o successive evacuations. In th e  initial stage th is evacuation  was done by 
hand  ; la te r on, on account of th e  soiling and tim e consuming n a tu re  of the oper­
ation, it  was perform ed by m eans of a vacuum -tank  vehicle of 6,000 litres contents. 
The vacuum  in the  vehicle tan k  is originated by  connection to  one of th e  sm aller
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suction pipes of the  skim m er vessel. A suction hose between décantation  and 
vehicle tan k s perm its a 15,000 litres/hour evacuation. As from  1971, when th e  
cleaning and  storage sta tio n  becam e operative, all collected oil is pum ped and  
delivered there  directly from th e  vessel décantation  tank .

A fter a break-in period, during which th e  equipm ent of the  skim m ing vessel 
was run  in and adjusted , and the  personnel fam iliarised w ith operation and 
possibilities of the  craft, satisfactory  results were obtained.

The results of th e  pum pings as from 1955 are gathered in th e  Table given 
below. These show th a t  the  efficiency, originally 1 : 28, has increased to  1 : 2,2 
which signifies am elioration by m ore th an  1,000%.

A rem arkable achievem ent was perform ed in O ctober 1967 : th e  vessel 
skim m ed 1,219,000 litres of oil in less th an  12 days, a fte r an  exceptional spill upon 
refinery tan k  rup tu re .

Y ear

Q uantity
of

emulsion
pum ped
(litres)

Q uan tity
of

hydrocarbons
rem oved

(litres)

Average
factor

of
efficiency

Average
capacity

of
evacuation 

per hour

1955 8,260,000 295,000 1 28 700
1956 5,185,000 305,000 1 17 1,160
1957 6,384,000 480,000 1 13.3 1,650
1958 5,541,000 386,005 1 14.3 1,528
1959 2,904,000 226,400 1 12.8 1,427
1960 2,829,000 264,000 1 10.7 1,719
1961 3,018,000 324,000 1 9.3 2,009
1962 3,123,000 438,000 1 7.1 2,595
1963 4,689,000 779,500 1 6 2,928
1964 4,011,000 500,000 1 8 2,171
1965 7,374,000 985,500 1 7.5 2,225
1966 5,106,000 752,500 1 6.8 2,577
1967 6,027,000 2,113,500* 1 2.8 5,500
1968 4,278,000 1,351,000 1 3.2 3,758
1969 3,135,000 1,098,500 1 2.9 3,797
1970 3,105,000 1,359,000 1 2.3 3,220
1971 2,832,000 1,271,000 1 2.2 3,839

TOTAL . 77,801,000 12,929,400

N ote : As from 1956 an articulated collector is used in replacement of the suspended collec­
ting drum used initially.

* Esso spill : 1.219.000 litres removed from 5 to 16 October.
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The experience, gathered during the  1955-1971 period, pointed ou t th a t  
in th e  specific A ntw erp p o rt conditions the  principle of vacuum  pum ping adopted 
yielded the best results.

D uring the  same period th e  dock w ater area grew from 460 ha to  1,300 ha, 
as a resu lt of p o rt extension. Moreover, th e  num ber of petroleum  tankers,
berthed in th e  im pounded docks, rose from 468 un its in 1956 to  1,892 in 1971,
while the  tonnage increased from 2,330,000 B .N .T. in 1956 to  12,273,122 B .N .T. 
in 1971.

W hile in 1956 th e  oil skim m er evacuated  305,000 1 of floating hydrocarbons, 
in 1971 it  had to  deal w ith a volume of 1,271,000 1.

This shows th e  urgent need for an additional oil skimmer.

The studies have been carried out, im plying the  same principle of vacuum  
pum ping and  featuring  some secondary im provem ents such as :

-  an increase of th e  décantation  tan k  capacity  from 20 tons to  50 tons;
— an increase of th e  m ax. propulsion speed to  15 km /hour;
— fitting of a deck-m ounted pum p for the  spraying of detergents;

OD□
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Fig. 7

OU skimmer II (port of Antwerp) —  Longitudinal cut and vertical view.

A. Articulated collector M l to M6. Overflow siphons
R1-R2. Tanks for simultaneous operation P. Grab crane
L. Décantation tank S1-S2. Containers for floating debris and

driftwood

45



— 16 —

-— installation of a grab-crane and containers on deck, for evacuation  and 
storage of driftwood and o ther floating debris;

—  radio-telephonic equipm ent.

A vailability  of a second oil skim m er of th e  ty p e  shown in Figure 7, will 
resu lt in an im p o rtan t im provem ent of th e  m eans for efficient fighting of the  
pollution of th e  docks com plex b y  hydrocarbons.

R É S U M É

M e s u r e s  de  p r é v e n t i o n  c o n t r e  la po l lu t i on  
de s  e a u x  d e s  p o r t s  d ’A n v e r s  e t  de  G a n d

Les causes de pollution des ports peuvent être divisées en 2 grandes catégories : la pollution  
par les débits d’alimentation des rivières et canaux sur lesquels les ports sont situés, et la pollu­
tion provoquée par la décharge d’égouts et d’eaux résiduaires industrielles directement dans les 
darses des ports. La pollution par produits pétroliers forme un chapitre spécial de la dernière 
catégorie.

Les ports belges étant reliés avec leur hinterland par un réseau de voies navigables sont tous 
confrontés avec les deux sortes de pollution, mais le problème des eaux d’alim entation est le 
plus grand pour le port de Gand, l ’Escaut et la Lys étant très pollués par les décharges sur leurs 
cours supérieurs qui traversent les zones industrielles du Nord de la France et du Sud Ouest 
de la Belgique. Une source supplémentaire de pollution pour la Lys est le rouissage du lin qui 
donne une pollution de l’ordre de 1.000.000 e q h contenant beaucoup de H2S. Le confluent 
des 2 rivières est dans la ville de Gand (270.000 hab.) qui y  déverse ses eaux d’égouts non épurées. 
Le débit caractéristique minimum total des 2 rivières étant d’environ 12 m3/sec., la capacité 
d’auto-épuration est nulle à l’entrée du port.

La pollution industrielle des eaux du port de Gand est également d’environ 1.000.000 e q h. 
Les mesures de prévention contre la pollution des eaux peuvent être divisées en 2 catégories : 

la réglementation des décharges autorisées avec ou sans mesures répressives et l’épuration pro­
prement dite des eaux résiduaires industrielles ou domestiques (soit épuration individuelle ou 
collective).

Comme réglementation il existe en Belgique la loi du 11 mars 1950 sur la protection des 
eaux contre la pollution. Cette loi-cadre défend toute décharge dans un cours d’eau officiel sans 
autorisation préalable. Les clauses générales auxquelles les décharges qui ne proviennent pas 
d’égouts communaux doivent satisfaire sont réglées par des Arrêtés Royaux d’exécution et entre 
autres celui du 29 décembre 1953.

Cet arrêté divise les eaux belges en 3 catégories :
Classe I : les eaux servant d’alimentation en eau potable.
Classe II : les eaux piscicoles et pour l ’abreuvage du bétail.
Classe III : les eaux employées pour des buts industriels.

Pour la classe II dans laquelle sont classés l’Escaut, la Lys et le Canal Maritime vers Gand
(le Port) les clauses sont les suivantes :
1. la température de l ’eau recevante ne peut dépasser 30°;
2. le pH  de l ’eau recevante doit être compris entre 8,7 et 6,5, et localement entre 9,2 et 5;
3. le pourcentage d’oxygène dissous dans l ’eau recevante ne peut descendre en dessous de 3 mg/1 

(avec un minimum d’au moins 1 mg/1 pendant maximum 1 mois par an);
4. les eaux déchargées ne peuvent contenir plus de 0,5 mg/1 de matières qui se déposent dans 

une sédimentation statique;
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5. le pourcentage des matières en suspension dans l ’eau recevante ne peut augmenter de plus 
de 100 mg/1;

6. la concentration de n’importe quelle matière toxique ne peut être telle que l ’eau devient 
impropre pour l ’usage industriel ou l ’irrigation des terres.

L’Office d’épuration des eaux usées fixe, pour chaque autorisation, les conditions spéciales 
tenant com pte des circonstances particulières à la décharge.

La procédure pour le contrôle et la répression des abus était très longue de sorte que cette  
loi qui était en soi excellente devenait inefficiënte. En plus, les décharges dans les égouts com­
munaux n’étaient pas réglées par les arrêtés précités, de sorte qu’il était impossible de réprimer 
les abus des déversements dans les égouts.

C’est pour cela que la loi a été remplacée par celle du 26 janvier 1971 qui divise la Belgique 
en 3 sociétés d’épuration des eaux suivant les bassins hydrologiques. Les sociétés, qui sont des 
associations de droit public ayant la personnalité civile, sont com pétentes non seulement pour 
l ’établissement et la gestion des stations d’épuration des eaux résiduaires industrielles et domes­
tiques mais elles délivrent et contrôlent en outre les autorisations pour déverser des eaux rési­
duaires dans les cours d’eau, etc.

La pollution de l'air et de l ’eau a pris de telles dimensions qu’une m ultitude de comités et 
de groupes d’action ont été créés en Belgique.

Ainsi, un Centre contre la pollution de l’air et de l ’eau fonctionne à Anvers. Ce service com­
munal a non seulem ent un rôle de conseil quant aux autorisations de bâtir et d’exploitation  
pour toute la province, mais il contrôle aussi leur observance et il mesure continuellem ent diffé­
rentes matières polluantes. En plus un service de garde est à la disposition du public.

En Flandre Orientale « La commission technique pour l ’hygiène du milieu » conseille la 
députation permanente au sujet des autorisations d’exploitation et au sujet des plaintes du 
public. Son terrain d’action couvrant toute la province se concentre surtout sur la zone portuaire 
de Gand et sur l’extension du port d’Anvers sur la rive gauche de l ’Escaut.

En ce qui concerne l ’épuration des eaux de la zone portuaire de Gand, l ’étude du bureau 
HAECON conclut que pour la rive gauche du canal maritime vers Gand la solution consisterait 
dans la construction d’une station d’épuration centrale pour une charge d’environ 
1.000.000 e q h qui traiterait égalem ent les eaux de la commune de Zelzate (13.000 hab.).

La rive gauche est en effet occupée par un grand nombre d’usines très polluantes datant 
de plusieurs années de sorte qu’une épuration individuelle est à déconseiller.

Sur la rive droite on trouve un nombre restreint de grandes industries récentes outillées 
d’installations d’épuration; des mesures spéciales ne s’im posent donc pas pour cette rive.

Les coûts d ’investissem ents pour la rive gauche sont estimés à 1,5 milliard de FB.

La po l l u t i on  d e s  e a u x  p o r t u a i r e s  p a r  h y d r o c a r b u r e s

Le problème de la pollution des eaux par hydrocarbures pose un problème aux autorités 
portuaires du monde entier.

Elles se voient confrontées avec la tâche d’adapter et de moderniser constam m ent les moyens 
et l ’appareillage destinés à combattre ce fléau dont les risques ne cessent d’accroitre.

La fréquence de la pollution, ainsi que le volume des matières polluantes à évacuer sont 
en relation directe avec :
-— le nombre de navires utilisant les hydrocarbures comme carburant (fig. 1);
—  le nombre et le tonnage des navires transporteurs d’hydrocarbures faisant escale aux ports 

(fig. 2 et 3 pour Anvers);
—  la présence dans les ports de raffineries, qui représentent en Europe occidentale 50 % des 

producteurs d’énergie primaire.
Fondam entalem ent, on peut distinguer deux sources majeures de pollution :

—  celle qui résulte du processus normal de transport et de traitem ent d’huiles minérales (eaux  
de rinçage des navires pétroliers et eaux de refroidissement des appareillages de raffinage), 
qui est bien connue et constante et de ce fait soumise à contrôle et réglementation;

—  celle provenant de circonstances accidentelles au cours du chargement/déchargement des 
porteurs en vrac, de collisions, d’avaries, d ’erreurs de manipulation au cours du pompage, 
etc. qui elle, au contraire, n ’est pas contrôlable d’avance et pour laquelle on n’a recours 
qu’à des mesures de protection et d ’évacuation. Un grand nombre de ces pollutions acci­
dentelles est clandestin et de ce fait sans recours contre les responsables, ce qui ne diminue 
en rien la nécessité d ’y  remédier dans le plus bref délai possible.

Le volume des eaux polluées provenant du raffinage connaît une diminution spectaculaire, 
due à la modernisation des procédés. Cette diminution peut atteindre, dans le cas optimum, 
le rapport 150 : 1 vis-à-vis des volum es d’eau requis dans le passé.
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D ’autre part, des installations destinées à la réception des eaux de rinçage des navires, 
fonctionnant depuis 1971 à Anvers, éliminent cette source antérieurement im portante de 
pollution.

Reste alors le problème d’évacuation des hydrocarbures introduits quand même dans les 
bassins, par quelque cause que ce soit.

Dans le passé, la cueillette se faisait à la main. Vu l’accroissement constant des volum es 
à traiter, cette méthode s’est avérée inadéquate depuis bien des années.

L’arsenal moderne m et à la disposition des intéressés des moyens primaires d’élimination 
(produits absorbants, détergents et appareils pour l’évacuation mécanique) et des m oyens 
secondaires, comme les portes de sécurité, barrages à bulles d’air et barrières flottantes. Les 
moyens secondaires s’utilisent utilem ent pour le barrage et le sectionnem ent de bassins, et pour 
la circonscription et l’isolem ent de déversements d’huile, en attendant le traitem ent par les 
moyens primaires (intégration des moyens).

Le traitem ent aux détergents et celui aux matières absorbantes, provoquant la précipitation, 
présente, outre ses avantages, des inconvénients qui dictent la plus grande circonspection lors 
de leur usage en bassins éclusés, comme ceux du port d’Anvers.

La nécessité d’appareillage mécanique d’évacuation est de ce fait indéniable.
Depuis 1954, le port d’Anvers dispose d’une unité flottante d’écumage, munie d’un collecteur 

articulé positionné hors bord juste en dessous de la nappe d’huile (fig. 4). Par l’intermédiaire 
d’un groupe aspirateur/compresseur, l ’émulsion (eau/huile) est aspirée dans une des deux citernes 
de réception jumelées, prévues pour fonctionnem ent continu (une étant remplie pendant que 
l’autre est vidée), d’où elle est refoulée dans un bac de décantation.

Pour le pompage, il fut fait appel à une pompe à vide, ce qui a le grand avantage de ne pas 
mener le liquide dans la pompe même et de ce fait de pallier aux inconvénients inhérents au 
pompage direct, qui sont : usure rapide des parties mobiles de la pompe et blocage fréquentss 
par corps étrangers aspirés avec le liquide.

Cet engin, dont le texte  décrit en détail le fonctionnem ent, et dont des coupes schéma­
tiques (fig. 5 et 6) montrent la réalisation pratique, donne entière satisfaction et permet un 
rendement utile (huiles évacuées/émulsion pompée) très élevé. L’article donne des chiffres exacts 
sur les quantités assez impressionnantes évacuées de cette façon.

La conclusion de l'article m et en évidence la nécessité, en raison de l’augmentation toujours 
croissante des volumes d’huile à évacuer, de la mise en œuvre d’un deuxième navire écumeur, 
pour lequel les études sont terminées et qui sera construit à bref délai suivant les mêmes principes 
de fonctionnement (fig. 7).
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PAPER
by

J.H. B IR TW H IS TL E,
Deputy Chairman, Board of Steamship Inspection, 
Marine Services, Departm ent of Transport, Ottawa.

P O L L U T IO N  FROM S H I P S

T Y P E S  O F  P O L L U T I O N  E M A N A T I N G  F R O M  S H I P S

N early all of th e  w orld’s goods and resources m ust a t  some tim e in the ir 
passage from producer to  consum er be carried by ship. Inevitab ly  a percentage 
of th e  m ateria l carried is deposited in th e  sea itself because of accidents to  the  
ships and because of th e  need to  clean th e  in terior of th e  ships w ith w ater before 
loading different cargoes. The principal m ateria l carried a t sea and which forms 
60%  of the  tonnage so carried is oil and  m ost of th is  is in the  crude form. In 
addition, practically  all ships a t  sea today  burn  oil as fuel for propulsion of th e  
ships and for providing power for ship services. The ships also, in the ir norm al 
operations, generate sewage and garbage, m ost of which is discharged into the 
seas.

Hence ships become a serious source of pollution of all types and while th e  
m ost serious a t  th is  tim e is oil, it m u st no t be forgotten  th a t  ships also discharge 
polluting chemicals, sewage, garbage, grain dust, coal dust and  cargo packing 
m ateria ls in th e  course of th e ir norm al operations. W hen ships are dam aged 
as a resu lt of collision or grounding th e  release of oil and polluting chemicals 
can be catastrophic.

The loss of chemical cargoes has caused considerable destruction  of m arine 
resources in various p a rts  of th e  world, b u t to  nowbere near th e  same ex ten t as 
th e  dam age caused by oil. Ships have in the  past discharged from  shipwreck 
and norm al operations up to  10 million tons of oil per year into th e  oceans. This 
has been lowered now  to  abou t one million tons per year, b u t th is  reduced figure 
is still unacceptable and it is hoped th a t  fu rther efforts will eventually  reduce 
it  to  less th a n  100,000 tons.

These various sources of pollution will now be discussed in g reater detail, 
item  by item , commencing w ith  th a t  of oil. I will try  to  show w hat is being 
done a t  th is tim e to  prevent, to  minimize and  to  rem edy each.
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P O L L U T I O N  BY O I L

Practically  all m odern ships burn  oil as fuel and for th is purpose carry in 
th e ir  bunker tan k s am ounts varying from  300 to  5000 tons. Such oil can be 
light or heavy diesel fuel in  diesel powered vessels and B unker C oil in  steam - 
powered vessels. W hile diesel fuel is no t so messy as B unker C, it  is nevertheless 
a source of pollution to be avoided because of th e  poisonous additives contained 
therein.

Some of the  fuel eventually  ends up in th e  sea, principally  by w ay of th e  
bilges and th e  discharge of ballast. Much of th is  pollution can be prevented  
by m eans of good housekeeping on board  th e  ship and by no t using oil fuel tanks 
for carrying w ater ballast.

I t  has to  be noted th a t  all ships m ust carry ballast in varying quan tities 
depending on the  voyage and sea conditions. In ships o ther th an  tankers the  
oil fuel itself is often used as ballast b u t w hen i t  is consum ed the  tan k s used for 
th e  fuel m ust be refilled w ith w ater in order to  preserve ship stab ility . This 
w ater usually has to  be discharged in p o rt because discharge in  th e  open sea 
before arriving a t  a safe harbour could endanger th e  ship by changing th e  stab ­
ility and seaw orthiness characteristics. I t  is difficult to  clean th e  tan k s 
thoroughly and some oil is inev itab ly  discharged w ith th e  ballast water.

This situation  could readily be avoided in th e  case ships o ther th a n  tankers, 
by providing them  w ith fuel tan k s th a t  are always entirely  separate from ballast 
tanks. Studies have shown th a t  such redesign would resu lt in only a very slight 
increase in th e  cost of th e  vessel. I t  is well w orth  the  result, however, and will 
be p u t forward a t  the  1973 M arine Pollution Prevention  Conference as a m eans 
for preventing pollution from  th is  source.

The far greater proportion of oil carried a t  sea, however, is carried by  tankers 
as cargo, and it  is much m ore difficult and expensive to  use separate tan k s  to  
segregate cargo oil from ballast. The m ajo rity  of oil cargo carried a t  sea is crude 
oil in  th e  s ta te  in which i t  was first ex trac ted  from  th e  ground, and  i t  is highly 
polluting because of the  large quan tities of ta rs  and greases i t  contains. I t 
gets into the  w ater principally from the  operation of cleaning tan k s on oil tankers 
in order th a t  those tan k s can be used for carrying ballast w ater.

Oil tankers m ust carry  w ater ballast on voyages where they  are em pty  of 
cargo and th is ballast varies from  30%  to  60%  of th e  deadw eight capacity  of the  
tankers. F inal discharge of th is ballast m ust tak e  place a t  th e  loading po rt 
and, in order to  avoid pollution of th e  w ater in th e  port, i t  is necessary to  clean 
the  ballast tan k s during the  ballast passage. This used to  be done by discharging 
th e  d irty  ballast into th e  open ocean from  each ta n k  successively and  th en  refilling 
w ith clean sea w ater. This m ethod of cleaning the  tan k s has un til recently  been 
th e  m ajor source of pollution of the  sea from  shipping.

The m ajority  of tankers no longer use th is  m ethod for cleaning tan k s b u t 
instead separate  th e  oil from  the  w ater on board ship by using th e  «load-on-top »
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m ethod. In th is  m ethod, the  ballast w ater from uncleaned tan k s is allowed to  
drain into th e  sea un til a level is reached a t  which m inu te  traces of oil become 
evident. D ischarge to  th e  sea is then  stopped and th e  rem aining ballast w ater 
w ith its oil con ten t is discharged into a separate receiving tan k . A fter the cargo 
ta n k  has been em ptied in th is  fashion it  is washed by m eans of high pressure 
ho t w ater je ts  p ro jected  from  ro ta tin g  nozzles which force th e  ho t w ater 
a t  high pressure into all p a rts  of th e  tan k . The w ashing w ater, w ith its 
oil content, is th en  passed into th e  same receiving ta n k  as th e  ballast w ater and 
the  process continued un til th e  ta n k  is cleaned. The cargo ta n k  is th en  filled 
w ith clean sea w ater and rem ains un til eventually  discharged as clean ballast 
in port. This process is continued w ith all th e  tan k s th a t  have to  be cleaned, 
and results eventually  in th e  receiving ta n k  being filled up. In  th e  receiving 
tan k  fu rther separation  of th e  oil from  th e  w ater takes place w ith a continual 
discharge of clean w ater from th is  ta n k  to  th e  sea, such discharge being stopped 
the  m om ent traces of oil become evident in th e  w ater. The separation  is aided 
by m eans of division bulkheads, heating  coils, oil sensors and cascade arrange­
m ents. W hen the  ship arrives a t  the  loading p o rt there will be in th e  receiving 
tan k  a large am ount of residues consisting of oil m ixed w ith w ater and  no fu rther 
discharge will take  place from  th is  ta n k  un til th e  ship re tu rns to  an  unloading 
port. M eantim e, if there  is any space available in the  receiving tan k , cargo 
oil is loaded on to p  of th e  oily residues and th is process gives th e  nam e of « load- 
on-top » to  th e  m ethod. W hen th e  ta n k  is finally discharged a t  an  unloading 
p o rt the  sea w ater will be separated  by the  refining process a t  the  refinery. The 
process has proved to  be economically viable as th e  w aste oil is reclaim ed. The 
m ethod is continuously being im proved w ith the  in troduction  of efficient oil 
detectors, b e tte r separation processes and o ther m eans.

A bigger problem  a t  the  m om ent concerns th e  20%  or so of tankers which, 
for various reasons such as a length of voyage no t giving enough tim e for separ­
ation, will no t or cannot use th e  load on top  m ethod. The only solution in such 
cases, if discharge of oil into the  w ater is to  be avoided, is to  discharge the  oil 
ballast into shore reception tanks. These tan k s can then  be used to  achieve a 
very  high degree of separation of th e  oil from  th e  w ater, although it  should be 
noted th a t  it  is alm ost impossible to  achieve a g reater degree of p u rity  th an  abou t 
15 p arts  per million of oil in the  w ater eventually  discharged. This problem  
is also under consideration by IMCO and countries will be asked to  supply lists 
of shore receiving facilities for oily w ater ballast from those ships th a t  depart 
on voyages too short for on-board separation of oil.

Considerable th ough t is now being given to  th e  possibility of segregating of the 
cargo tan k s from th e  ballast tan k s of oil tankers as an  a lte rna tive  to  the  load- 
on-top m ethod for avoiding the  discharge of oily ballast w ater and ta n k  washings. 
Such segregation of oil from ballast carries w ith  it a considerable economic penalty  
b u t one th a t  becomes less as the  size of th e  tan k er is increased. The segregation 
of cargo tan k s from ballast tan k s requires th a t  the  tan k e r be constructed  w ith 
a num ber of tan k s for carrying cargo only and w ith separate  tan k s for ballast w ater
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only. As th e  am ount of ballast required can be up to  60%  of th e  dead w eight 
capacity  of th e  tanker, depending on voyage and sea conditions, it  is necessary 
for com plete segregation for 60%  of th e  tan k e r capacity  to  be devoted a t  all 
tim es to  carrying ballast only, This could resu lt in a reduction in tan k er carrying 
capacity  by 60%  of the  present tonnages and sueli a reduction  in  th e  flow of oil 
to  the  w orld’s industries would have a very  pronounced economic effect. A t 
least for the nex t few years i t  is probable th a t  the  m ethod of segregation of oil 
tan k s from ballast tan k s will be on a partia l basis so th a t, for exam ple, up to  
40%  of a ta n k e r’s capacity  will be designed for ballast only. W here w eather 
conditions dem and 60%  ballast, th e  cargo tan k s would be used for th e  addi­
tional 20%  and these tan k s would be cleaned eventually  by th e  load on top  process.

This m ethod of ballast segregation becomes more feasible in th e  case of very 
large tankers which even now have to  be bu ilt w ith  m any tan k s used for flot­
ation and ballast only and th a t  never carry oil. I t  is probable th a t  by increases 
in th e  size of tankers th is m ethod will eventually  be universally used to  solve the  
problem of oil ballast discharge unless greatly  im proved on-board separation 
procedures can achieve th e  same objectives. This can only be decided by  fu tu re  
technical progress.

There is still th e  question of pollution caused by shipwreck, collision and 
grounding. I t  has to  be accepted th a t  no ship can be designed to  contain its 
cargo in  the  face of a m axim um  disaster. All th a t  can be done is to  design the  
ship w ith th e  object of minim izing th e  loss in  th e  case of those groundings and 
collisions which do no t cause m ore th a n  re la tively  m inor dam age. The ty p e  
of construction to  achieve th is  consists of lim iting the  size of cargo tanks, installing 
of double bo ttom s and locating oil cargo tan k s in th e  less vulnerable p arts  of the  
ship. An eventual solution m ight be th e  use of com plete double hulls b u t th is 
a t  present would appear to  be economically feasible only in th e  case of very large 
tankers of deadw eights approaching one million tons.

Some tankers have already been bu ilt w ith  double bottom s as th is  has an 
economic advantage in th a t  th e  tan k s are more easily cleaned. I t  is likely th a t  
th is design will be seen in increasing num bers in order to  prevent pollution and to 
optim ize th e  efficiency of operation of th e  vessel.

However, the  best w ay to  avoid pollution from  shipwreck is to  avoid th e  
shipwreck in th e  first place and th is can be achieved by  th e  use of traffic rou ting  
schemes, increased and im proved navigational equipm ent, traffic control and the  
application of higher standards in crew qualification. All of these are now being 
given consideration by IMCO and  various countries, including Canada. As 
m ost shipwreck is caused by hum an error i t  is possible th a t  pollution from  th is 
source m ay never be com pletely elim inated, paralleling in th is  regard  a sim ilar 
problem  relating  to  autom obile accidents.

A nother problem  in relation to  oil pollution of th e  sea arises w ith th e  question 
of w hat to  do when th e  dam age has been done and oil has been spilled. The 
first step should be to  contain and lim it th e  spill by m eans of booms. These
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should preferably be one of the  m any excellent types now on th e  m arket, bu t 
if necessary they  can be m anufactured  a t the  scene of th e  spill from  logs, barrels, 
brush-wood, etc. A fter containm ent the  oil can be rem oved from  th e  w ater 
by m eans of oil absorbants such as pea t moss and straw  or by m eans of m achines, 
know n as « slick lickers » which, by use of a ro ta tin g  oil absorbant belt, rem ove 
th e  oil from  the  w ater and deposit i t  in to  tanks. If the. oil has reached the  shore 
or beaches a severe problem  arises as th e  oil then  becomes very difficult to  remove, 
requiring steam  cleaning of stone-work and th e  physical rem oval of oil soaked 
sand. It is when oil is approaching a beach or the  shore th a t  consideration should 
be given to  the  use of chemicals to  disperse the  oil. There are m any such chemicals 
on the m arket b u t th ey  all have a disadvantage in th a t  they  are toxic in varying 
degrees to  m arine life or else they  render th e  w ater and oil m ix ture  toxic by m eans 
of th e ir action. T hey should only be used after consultation w ith fisheries and 
health  au thorities and only when valuable shore am enities, such as beaches, are 
to  be protected.

Oil is still, and likely will be for some considerable tim e, th e  source of m ost 
of the pollution caused to  the  sea by ships, the  o ther categories, which I am  now 
going on to  describe, having a far sm aller im pact on th e  environm ent. Much 
of th e  work to  date , and th is work commenced in 1922, has been aim ed a t  the 
prevention of pollution caused by  oil. The task  has been growing h ard er every 
y ear because if th e  ever-increasing volum e of oil carried across the  ocean, bu t 
th is  work now seems to  be yielding dividends and should resu lt eventually  in 
discharging to  th e  sea of only m inim al quan tities of oil.

P O L L U T I O N  BY C H E M I C A L S

Chemicals of all types have been carried by  ships since th e  days of gun­
powder. I t  was indeed the carriage of gunpow der th a t  led to  th e  application 
of th e  first safety rules to  ships. M any of these chemicals are dangerous and 
th e ir  sh ipm ent by  sea has resulted in  a dem and for in ternational action. This 
has resulted, a fte r in ternational consultation, in  th e  prom ulgation by m any 
countries of a code of rules covering th e  packaging and storage on board ship 
of dangerous chemicals, th e  list of which has been steadily lengthened over the  
years. U ntil abo u t 10 years ago these chemicals were carried in packaged form 
in drum s, carboys, glass bo ttles and  plastic containers. The world dem and for 
chemicals has resulted, however, in  a need to m ove larger and larger quan tities 
and th is has led, as happened sim ilarly in  th e  oil trade, to  th e  carriage in bulk 
form  of th e  chemicals in tan k s w hich are p a r t of th e  ships them selves. F or th is 
purpose m any sm all oil tankers have been concerted to  bulk chemical tan k ers  
and such ships often carry m any different grades and  types of chemicals for which 
a separate pum ping system  is required for each.

T he safety provisions which already applied to  th e  carriage of dangerous 
chemicals in packaged form were usually  sufficient also to  safeguard the  environ-
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m ent from pollution, such dangerous chemicals being frequently  recovered from 
shipwrecks in tac t in the ir original containers.

This is no t th e  case, however, when chemicals are carried in bulk because, 
in  th e  case of shipwreck, it  is practically  impossible to  prevent leakage of 
the  chemical. The need also arises, in th e  norm al operations of chemical ta n k ­
ers, to  clean th e  tan k s when changing cargo or som etim es before refilling 
w ith th e  same cargo. This cleaning results in a discharge of chemicals to  the  
environm ent. The discharge is usually in a highly diluted form, b u t th is  is for 
m any chemicals still too m uch.

As a result of th e  growing practice of shipping chemicals in bulk, two in te r­
national codes have been developed, one of which sets ou t rules for the  carriage 
of dangerous chemicals in bulk on existing ships, while th e  second sets conditions 
and standards for the  construction and operation of new chemical tankers. These 
codes were w ritten  in the  first place from the  po in t of view of safety, b u t are now 
being reviewed to  see if th ey  are equally applicable from the  po in t of view of 
preserving the  environm ent from  pollution. To date  it  would appear th a t  m any 
of th e  provisions for safety m ight also be sufficient to  prevent pollution, b u t the  
work is still proceeding and  th e  revised codes will probably  form p a r t of the  
discussions a t the  1973 IMCO Conference on M arine Pollution.

The code for new chemical tankers introduces a new conception of ship 
construction in  th a t  for th e  m ore dangerous and polluting chemicals a double 
skinned hull is required together w ith very high standards for ship stab ility  and 
construction. These m easures can never prevent a release of cargo in th e  event 
of a severe accident, b u t will reduce th e  losses caused by less severe shipwreck 
such as grounding, and should certainly reduce to  zero loss resulting  from m inor 
dam age to  the  ship.

The problem  of chemical pollution has, 1 feei, been tackled  capably and 
efficiently, and investigations have shown th a t  th e  am ount of pollution of th e  
oceans from th is  source has no t been excessive although of serious consequence 
to  th e  local w aters concerned. I t  has, however, no t caused to  date  problem s 
of th e  m agnitude of those created by oil pollution.

Of in terest to  note a t  th is  tim e is th a t  th e  num ber of chemicals carried by 
ship is continually increasing as a resu lt of the  dem and for, and production of, 
m any new chemical com pounds each year. M ost of these are fairly  innocuous 
b u t some are dangerous and others are po ten tia l pollu tants.

The problem s rela ting  to  th e  action necessary after a release of dangerous 
chemical into th e  sea are still largely unsolved due to  th e  great v arie ty  of such 
chemicals carried. I t  is for th is reason th a t  so m uch effort has been p u t into 
th e  prevention of such release. One th ing  th a t  m ust be done, however, and 
which is now under in ternational consideration, is to  require all ships to  m ain tain  
a readily  available cargo list which would show the  q u an tity  and position on 
board of all dangerous and polluting chemicals and provide th e  inform ation 
necessary to  assist in clean up or re trieval in the  event of release to  the  sea.
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B I L G E  D I S C H A R G E S

W ater accum ulates in th e  bilges of all ships from  sources such as m inor 
leaks, hoses, rain , gland leakage etc. and this has to  be pum ped overboard from 
tim e to  tim e. I ts  pollu ting  effect occurs principally because of th e  presence 
w ith th is  w ater of oil which has leaked from  various p arts  of the  m achinery and 
boilers and is, of course, m ost p revalen t in th e  m achinery spaces.

M achinery space bilge w ater is therefore usually a po llu tan t because of th is 
oil content and should n o t be discharged overboard, although a considerable 
q u an tity  is discharged annually  by shipping into th e  oceans from  th is  source. 
Much of it  could be elim inated by good housekeeping and by elim inating th e  m inor 
leaks or by th e  collecting and piping of such leaks to  special containers.

A nother m eans of preventing or m inim izing th is pollution is by passing 
all the  bilge w ater th rough an  oily w ater separator before pum ping overboard. 
This process will reduce the oil conten t to  abou t 20 or 30 p arts  per million. I t  is 
hoped to  im prove th is  figure in th e  near fu tu re  as a result of research now being 
carried ou t on various types of filters, such as polyurethane, which are capable 
of rem oving a m uch higher proportion of the  oil.

Pollu tion of the  seas from oil contained in bilge w ater has no t to  da te  received 
th e  same a tten tio n  or concern as th a t  given to  oil tankers. I t  is considered, 
however, to  be fairly  easy of solution and there is no reason for pollution from 
th is  source to  continue.

P O L L U T I O N  BY S E W A G E

Sewage is discharged from ships either by th e  routine operation of the ship 
or by  the dum ping a t  sea of shore generated sewage. M any countries have been 
in the  practice of loading shore generated sewage into specially designed ships, 
tak ing  it  ou t to  sea and dum ping it  in the  open w ater. This has resulted in the 
various areas of w ater used for th is purpose becoming so polluted as to  drive away 
all m arine life. I t  is desirable th a t  such dum ping of sewage should cease bu t, 
if th is  is no t possible, th en  such discharge should only be m ade well clear of land 
and continental shelves. I t  m ust be adm itted , however, th a t  pollution from 
th is  source is only a very  small fraction  of the pollution caused by the  discharge 
all over the  world of shore generated sewage in to  coastal w aters from  the  w orld’s 
rivers and w aterw ays and which never gets far aw ay from land and continental 
shelves.

In  so far as in land and coastal w aters are concerned, the  discharge of sewage 
caused by the  rou tine operation of ships is small when com pared to  th a t  discharged 
from  shore, b u t m ust be viewed as a serious source of pollution because ships pass 
by  and th rough  w ater used for drinking, swimming, and o ther social am enities.

There are th ree  basic ways of handling ship generated  sewage, it  can be 
re ta ined  in  tan k s for eventual discharge to  a shore tre a tm e n t facility, i t  can be
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reduced in volum e by evaporation  of the  w ater con ten t w ith  eventual discharge 
ashore of the  resulting small quan tities of residual solids, and it can be trea ted  
on board ship to  reduce th e  po llu tan t effects and th en  discharged overboard. 
All these system s have a g reater chance of success if th e  toilets and o ther w aste 
receptacles are designed to  avoid th e  presen t w asteful use of w ater for transpo rting  
th e  sewage. I t  is th e  large volum e of tran sp o rta tio n  w ater, slightly diluted b u t 
highly polluted by sewage, th a t  m akes th e  problem  difficult of solution. F o r 
th is  reason radical new system s have already been developed to  tran sp o rt sewage 
by  other m eans such as vacuum  created air flow which have proved to  be useful 
and practical.

Tlie containm ent of the  sewage in holding tan k s appears a t  first sight to  be 
simple and efficient and th e  system  works very  well w hen ships are no t obliged 
to  contain sewage for any  length of tim e and when i t  is possible to  discharge th e  
contents of th e  tan k s w ithou t undue delay or im pedim ent in th e  operation of 
the  ship. C ontainm ent could be an  acceptable solution to  th e  problem  for ships 
th a t  spend no m ore th a n  one or tw o days in  port, if it  is also acceptable th a t  
sueli tan k s m ay th en  be em ptied in th e  open sea or if shore discharge facilities 
are available. I t  should be noted th a t  if th e  sewage has to  be contained for any 
length of tim e i t  becomes objectionable, dangerous gases are created and th e  
liquid itself becomes highly poisonous.

R eduction in volum e on board  ship m ay be achieved by evaporating the  
w ater ou t of th e  sewage either by  m eans of special evaporators or by injecting 
th e  sewage into boiler furnaces. One pound w eight of fuel will evaporate  ten  
pounds weight of sewage and th e  m ethod is simple and reliable. Redesign of 
sewage system s to  use less w ater will render th e  use of evaporation  system s m ore 
practicable and  th e  two in  conjunction would appear to  provide a satisfactory  
answer to  th e  problem.

R ecirculating system s, which recirculate th e  sewage tran sp o rt m edium , have 
been used for m any years and have proved to  be a highly efficient w ay of handling 
sewage. The transpo rting  fluid has to  be changed a t  periodic in tervals b u t 
these are far ap a rt and, as small quan tities are involved, no difficulty is found 
in  finding a su itable tim e and place for discharge. This system  has proved to  be 
practicable and efficient and  will p robably  be accepted as one of the  b e tte r  solu­
tions to  th e  problem .

T reatm ent of sewage on board ship to  reduce th e  polluting effects before 
discharge has no t generally been found to  be satisfactory . This type  of tre a t­
m en t requires th a t  m ethods norm ally used for purifying sewage ashore have to  
be adapted  and compressed into a small space and be capable of functioning 
under conditions never m et ashore. M any system s have been designed on th is 
principle and used for m any years, b u t w ithou t too  m uch success as a high degree 
of skill and expertise is required if th e y  are to  operate  w ith in  acceptable discharge 
standards. I t  is probable th a t  as o ther system s are developed, on-board purific­
ation trea tm en t system s will fall into disuse.
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P O L L U T I O N  BY C A R B A G E

U nder th is  heading I am  referring only to  k itchen refuse, cardboard  contai­
ners, em pty  cans and o ther refuse resulting from  hum an h ab ita tion  on board 
a ship. M aterials such as these would, if discharged into th e  sea, cause pollution 
by depriving th e  w ater of oxygen and by littering  the  sea bo ttom  and beaches. 
Garbage need no t be discharged into th e  seas a t  all, it  can be either re ta ined  on 
board for even tual discharge ashore, or incinerated on board ship. W here large 
quantities have to  be re tained  on board  it  is desirable th a t  as m uch as possible 
should be incinerated and th a t  w hat cannot be b u rn t should be compressed for 
easy storage.

The principal problem  in garbage disposal is th a t  the  garbage m ust eventually  
be discharged ashore, and no t all po rts and harbours are in a position to accept 
and dispose of th e  refuse. M unicipalities m ust be prepared to  receive the garbage, 
and ports should ensure th a t  truckers are available who will be in  a position to  
tran sp o rt the  m aterial.

P O L L U T I O N  F R O M  S H I P  L O A D I N G  A N D  U N L O A D I N G  O P E R A T I O N S

M any cargoes, such as grain, ore and  coal, when loaded and unloaded, create 
a great deal of dust which settles on th e  w ater and causes bo th  a ir pollution and 
aesthetic pollution of the  w ater. G rain dust will also accum ulate in patches on 
th e  w ater which th en  decompose and create objectionable odours.

Much of th is  pollution can be prevented  by th e  provision of canvas screens 
around th e  holds during the  loading operations, and th is  practice is g radually  
being adopted a t  in land loading ports. The problem  m ay also be overcome in th e  
case of grain loading appara tus by  fitting  vacuum  ty p e  dust rem oving equipm ent 
into th e  grain elevators and m any elevators have already installed such equipm ent.

C O N C L U S I O N S

I feei th a t  the problem s of pollution of the  sea caused by ships m ust continue 
to  be tackled  b o th  in ternationally  and nationally  w ith  th e  full co-operation of 
th e  industry  itself. Much work, however, m ust still be done before such pollu­
tion  can be com pletely elim inated, or reduced to  an  acceptable m inim um  if com­
plete elim ination should be found technically  impossible.

I t  is confidently expected, however, th a t  all th e  problem s will be resolved 
and  th a t  pollution from  shipping will eventually  cease to  be a m a tte r  for public 
concern.
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R É S U M É

P o l l u t i o n  p r o v e n a n t  d e s  n a v i r e s

A un moment ou un autre de leur passage du producteur au consommateur presque tous 
les produits du monde sont transportés par bateau et, par voie de conséquence, l'eau reçoit 
inévitablem ent un certain pourcentage de ces produits, non seulement à la suite d ’un naufrage 
mais aussi du fait de l ’exploitation normale des navires. Au fil des années il s’est ainsi déposé 
dans les océans quelque dix millions de tonnes d’hydrocarbures sans compter les dépôts impor­
tants de produits chimiques dangereux et polluants. De grands progrès ont été accomplis dans 
le domaine de la lutte contre la pollution par les hydrocarbures mais il s’en déverse encore 1 m il­
lion de tonnes par an dans les eaux. Une telle quantité est inadmissible et on espère pouvoir 
la ramener à l’avenir à moins de 100.000 tonnes. Celle-ci est le résultat des meilleures méthodes 
de vidange des réservoirs des pétroliers. Jusqu’à récemment, l’eau des réservoirs des navires- 
citernes était déversée à la mer avec les hydrocarbures qu’elle contenait. Cette pratique a été  
largement abandonnée et l ’eau est m aintenant séparée des hydrocarbures avant d’être jetée  
à la mer.

Les navires-citernes servant au transport de produits chimiques polluent égalem ent les 
mers, bien qu’à un degré moindre que les pétroliers. Leurs nouvelles caractéristiques de construc­
tion et de stabilité ont pour but de réduire les pertes de cargaison lors d’un échouem ent ou d’un 
abordage.

Une autre cause de préoccupation est le déversement à la mer des eaux usées des navires 
et le seul moyen de remédier à cette pratique est d ’améliorer les systèm es d’épuration des eaux 
usées. Les déchets de cuisine accumulés à bord des navires et jetés à la mer est une autre source 
de pollution et la seule solution à ce problème est de les décharger à terre ou de les brûler à bord.

On commence à observer les effets polluant des poussières nuisibles produits par les céréales 
et le charbon chargés à bord des navires. On dispose cependant de moyens pour prévenir cette  
forme de pollution et on commence à les appliquer dans les divers ports du monde.
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S Y S T E M S  T O  COLLECT BILGE W ATER  
FROM FISH IN G  VE S S E L S  IN BA S IN S ,  

W HER E T R A S H  FISH IS LANDED

I N T R O D U C T I O N

In  th e  D anish fishing ports on the  W est Coast of Ju tla n d  (see Fig. 1)
1,000,000 tons of fish is landed every y ear which is no t for consum ption b u t 
only m ade into fishmeal and fishoil (so called trash  fish).

I t  has been an essential problem  in these ports to  keep the  w ater in the
basins clean. The surface has been polluted by big alm ost connecting flakes 
of organic oils and fa tty  substances and  the  w ater in general is polluted by blood, 
lym ph etc.

W ith the pickle of fa tty  substances sticking to  the  ladders and sim ilar things 
i t  has become a danger to  th e  men who are working there, ju s t as it  has polluted 
th e  air w ith evil-smelling vapours. Besides th is fact the  pollution of the  w ater 
has given conditions of grow th for su lphate reducing germs and, therefore, the  
w ate r in the  basins has been aggressive against m etals w ith a very  strong corrosion 
of the fishing vessels and the ir sea-connection as a result.

The pollution is m ainly deriving from the  polluted bilge w ater which is
pum ped ou t into th e  basins from th e  holds of th e  fishing vessels.

To rem edy th is  pollution, system s have been m ade during recent years 
in order to  g a ther th e  bilge w ater from  th e  vessels to  p reven t the  w ater from 
being pum ped ou t into the  basins.

T H E  N A T U R E  O F  T H E  F I S H I N G

The fish which are caught for industrial purposes (trash  fish) are m ainly 
herring, N orw ay P o u t, and sand eel. These are in general caught by fishing 
vessels of 50-250 g .r.t. by m eans of traw l.
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Fig. 1.

The most important Fishing Ports in Denmark.

The fish are caught in th e  N orth  Sea in distances of up to  300 nau tical miles 
from  the  port.

The crews of th e  vessels are am ounting tw o to  six men and the vessels are 
norm ally owned by th e  fishermen. The cargoes of fish are fluctuating  betw een 
30 and 150 tons and are landed in bulks. In th e  sum m er tim e the  fish is m ixed 
w ith appr. 15%  of ice and w ith  10%  of ice in th e  w in ter tim e.

The discharging of th e  cargoes in th e  ports is done by  m eans of special 
« herring cranes » (see Fig. 2). These are fitted  w ith vertical buckets which 
can be lowered down into th e  holds of the  vessels through the discharge hole. 
F rom  the  upper end of th e  vertical bucket elevator th e  fish is led along a horizontal
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belt into the w harf where it  falls into leak tig h t tipp ing  wagons. The filled up 
tipping wagons are tow ed to the factories by tracto rs.

Fig. 2 .

« Herring crane » at work. In front one can see the pump for the bilge water.

T H E  B I L G E  W A T E R

The fishing vessels are on the  sea in 
some liquid in  th is  period. The liquid 
when caught, m elte t ice and oil, blood, 
lym ph etc. from the  fish. Besides th is 
some sea w ater, which m ay ooze in from 
possible leakages in the  vessel. This 
liquid (bilge w’ater) is gathered in the  
bo ttom  of th e  hold.

W hen the  fishing vessel is a t  sea 
this bilge w’a te r is pum ped up from the 
hold by th e  norm al bilge pum p which 
is a diaphragm  pum p which is often 
connected to  th e  winch of th e  fishing 
vessel (see Fig. 3), th is pum p can also 
be operated  m anually . The bilge w ater 
which is pum ped ou t a t  sea is disappear­
ing ra th e r  quickly as if is taken by fish 
and sea birds and transform ed by m i­
cro organism.

Previously th e  bilge w ater was also

up to  8 days and the  cargo is producing 
consists of the  sa lt w ater from the  fish

Fig. 3.
Diaphragm pump and connection.
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pum ped outboard  when th e  vessel was in the  p o rt b u t th is is now prohibited 
and th is prohibition is k ep t stric tly , and penalties of 3 D .K r. per g .r.t. are given.

The am ount of bilge w ater, which is to  be pum ped ou t while the  fishing 
vessel is in po rt am ounts to  appr. 5%  of the  gross weight of the  cap tu re  and th e  
bilge w ater is often consisting of :

appr. 8%  flesh and protein 
appr. 42%  oil 
appr. 50%  w ater.

In th is w ay it  is substan tia l am ounts of dry  m a tte r  which has been led ou t 
in to  the  basins along w ith the  bilge w ate r and consequently a v a s t reduction 
of the  pollution of th e  basins which has been achieved by no longer pum ping ou t 
th e  bilge w ater.

D E S C R I P T I O N  O F  T H E  S Y S T E M  A T  E S B J E R G

In the following it  is described how th e  problem  has been solved a t  E sbjerg 
which is the  po rt where m ost tra sh  fish is landed in th e  whole of D enm ark (appr. 
500,000 tons per year).

. J E N

m
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Fig 4
Part of Esbjerg fishing harbour
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Fig. 4.
Port of Esbjerg Fishing harbour.
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The m ain principle in th e  sys­
tem  is th a t the  bilge w ater which 
was previously led ou t in to  the  ba­
sins now is tak en  to  th e  factories 
where i t  is used in th e  production.

There are th ree  individual 
factories a t  E sbjerg  and each of 
the  factories have firm  suppliers 
am ong th e  fishing vessels. To the  
th ree factories respectively 220, 50 
and 50 vessels are landing.

Each factory  has been assigned 
certain w harfes so th a t  th e  wharfes 
« Sildekaj » and « Tobiskaj » are 
reserved for the « Andelssildeolie- 
fabriken » (see Fig. 4), « Calypso- 
kaj » has been reserved for «Vest- 
jysk  Sildeolieindustri », and « Bâ- 
debrogade » for th e  factory of 
« V esterhavet ». The th ree facto- Fig. 5.

ries have established respectively PumP for bil8e water-
11, 5 and 5 places of discharging.

B y each place of discharge a pum p has 
been m ounted (3" self prim ing pum p) (see 
Fig. 2 and 5).

In all the  vessels a special suction pipe 
has been fitted  to  suck from the  bottom . 
The suction pipe ends appr. 0.5 nr over the  
deck in a special connection w ith spring ca t­
ches (see Fig. 3 and 6).

W hen th e  fishing vessels are to  be dis­
charged the  suction hose from the  pum p is 
connected w ith th e  pipe branch on th e  vessel 
and all the  bilge w ater is tak en  ashore ins­
tead  of out in to  th e  basin.

From  the pum p th e  bilge w ater is led to  a 
special drain which has been layed down in 
the  stree t on th e  wharf.

This drain is layed down as a graviation 
drain and  is m ade from  20 e.m. plastic tubes 
w ith 5%0 drop. There is a b ranch connection 
ou t to  a filler pipe branch by each discharging

3” suction pipe

L I I j
2 5 mm 

buttom

Fig. 6.
Suction pipe for the fishing vessel.

spring cotches
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crane. The filler pipe branch is closed by an ordinary  20 x  20 e.m. tig h t cover 
fitted  w ith hinges which is easy to  open and close.

The drain takes the  bilge w ater to  one sump for each factory . The sum ps 
are m ade of 2 m concrete well-rings and are abou t 4 m deep. In the  sum ps 
2 pes. 3” sewer pum ps are installed by which th e  bilge w ater is pum ped up in to  
a 300 cbm ta n k  (see Fig. 7) from where th e  bilge w ater can be pum ped in to  the  
factories and be used in the  production.

fig  7 C ross section of the  worf

’ » »  i - n - T - t - i  i i -  r ~  '
5 0 S 15 20 25 30 rr

Fig. 7.

Cross section of the wharf.

In days w ith substan tia l landings no t all the  fishing vessels can be discharged 
a t  once and avail th e  bilge w ater pum ps.

As i t  is often necessary to  em pty  the  
bilge w ater from the  fishing vessels while 
these are w aiting to  be discharged a smaller 
tan k  vessel has been obtained « A lright » 
(see Fig. 8) which has a capacity  of 14 cbm. 
bilge w ater and which is equipped w ith 
pum ps which can suck th e  bilge w ater up 
from  th e  fishing vessels w hich are w aiting 
and subsequently  lead the  bilge w ater 
ashore by  a special branch connection on

Fia. 8.

Tank vessel to accept the bilge water , ,
from the Ashing vessels. alI1‘

C A P A C I T Y

The system  is constructed to  tak e  up th e  bilge w ater from  appr. 500,000 tons 
of tra sh  fish a year, which is landed in appr. 8,000 landings, or as each vessel has
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averagely appr. 3 cbm. bilge w ater, th is am ounts to  appr. 25,000 cbm bilge w ater 
per year.

As the  landings, however, are no t regularly  spread in tim e, b u t concentrated  
a t  th e  beginning of th e  week and besides in a large extend lim ited by w eather 
conditions the system  will probably  take  care of still larger am ounts of bilge 
w ater.

The lim it is se t by th e  w orking up in th e  factories as all th e  w ater has to  
be evaporated  or cleaned to ta lly  as polluted w ater m ust no t be led ou t from 
th e  factories.

E C O N O M Y

The receiving system  for bilge w ater has been established as a co-operation 
between P o rt A uthorities and th e  th ree factories which are using th e  landed 
fish in production.

The insta lla tion  of suction pipes and connections in th e  fishing vessels are 
payed by the  owners of the  vessels and am ount to  appr. D .K r. 700,00 per vessel. 
The pipes in the  w harf and sum ps etc. are installed by th e  P o rt A uthorities to  a 
to ta l am ount of D .K r. 220,000 or appr. D .K r. 10,000 per place of discharge.

The expenses for pum ps, tanks, ta n k  vessel etc. are payed by the  th ree 
factories and am ount to  appr. D .K r. 650,000 or D .K r. 30,000 per place of 
discharge.

C O N C L U S I O N

The system  a t E sbjerg  was s ta rted  A ugust 1st, 1972 and already by Septem ­
ber 1st, 1972 perceptible results have been m easured as the  am ounts of oil and 
fa tty  substances which can be seen floating on th e  surface in the  basins have been 
reduced substan tially .

A t H irtshals a corresponding system  has been running  for appr. 3 years 
w ith  good results and  sim ilar system s have been installed in all D anish ports 
during recent years where trash  fish is landed w ith a consequently reduction  in the  
pollution of tra sh  fishing ports.

R É S U M É

Ces dernières années les ports de pêche danois ont de plus en plus à lutter contre le problème 
de la pollution de l’eau de leurs bassins. Pollution provenant de l ’huile de poisson, du sang, etc., 
déchargés des bateaux de pêche.

Au courant des 4 dernières années, des installations ont été construites pour décanter l ’eau 
des cales des bateaux de pêche dans des réservoirs au moyen de tuyaux de décharge. De l’eau 
impure peut être conduite à l ’usine pour y  être traitée.

Depuis la construction de telles installations le problème de la pollution de l’eau a consi­
dérablement diminué dans les bassins de ports où l’on décharge le poisson pour l’industrie.

Le rapport décrit les installations du port de pêche d’Esbjerg, construites en 1972 dont le 
prix approximatif s’élève à D.Kr. 40.000 par débarcadère.
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S. II - 6

RAPPORT
par

Michel PECHERE,
Ingénieur des Ponts et Chaussées, 

Directeur de l ’exploitation du Port autonome 
de Marseille.

1. LA M E R  N ’É P U R E  P A S  T O U T E S  L E S  P O L L U T I O N S

La mer, par son im m ensité, a de to u t tem ps incité l'hom m e à y  déverser les 
dé tritus e t déchets de tou tes sortes résu ltan t de ses activités.

Une masse d ’eau m ouvante de plus d ’un m illiard de km 3 p o u rra it effective­
m en t constituer un lieu de décharges public idéal. L a dispersion dans un tel volume, 
les processus secondaires d ’épuration p a r décantation  sur des fonds hors d ’a tte in te  
de l’hom m e sem blent pouvoir fournir des conditions optim ales pour le re je t des 
résidus. Mais en vérité , un exam en plus a tten tif  incite à des conclusions moins 
hâtives e t le problèm e de l’élim ination d ’effluents dans le milieu m arin doit être 
abordé avec circonspection.

E n effet, une partie  im portan te  de la pollution trouve refuge près des côtes, 
e t l ’hom m e en sub it donc les conséquences d irectem ent ou indirectem ent, p ar 
exemple p ar l ’in term édiaire de la faune qui, elle-même, trouve refuge dans les 
zones de p etits  fonds.

Il fau t d ’abord souligner l’im portance de ce problèm e pour un pays comme 
la France. E n  effet, baignée p a r deux m ers dans un clim at tem péré, la France 
doit, bien souvent, procéder à des arb itrages délicats entre les vocations concur­
rentes de ses côtes : urbanisation, industrialisation , tourism e, conchyliculture, 
pêche.

L a définition de la notion même de pollution nécessiterait de longs dévelop­
pem ents. Certaines évolutions du milieu m arin à proxim ité des côtes, a y an t pour 
cause le développem ent d ’activ ités hum aines, ne doivent pas nécessairem ent 
être  qualifiées de pollution.

Ainsi, l ’E tan g  m arin  de Berre, près de Marseille, en com m unication avec la 
m er par un é tro it canal, reçoit depuis peu 3 à 4 fois son volum e d ’eau douce, 
chaque année du fa it de la mise en service de l’am énagem ent hydroélectrique 
de Saint-Cham as.

L ’écologie du milieu s’en trouve profondém ent perturbée, sans q u ’on puisse 
qualifier ces déversem ents de pollution.
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P a r  contre, certains effets sans conséquence à court term e peuvent se révéler 
dangereux à plus long term e. C’est p a r exem ple le cas bien connu de certains 
toxiques qui, distillés en quan tités très faibles pendan t de longues années, peuvent 
se concentrer dans les chairs de certains coquillages ou poissons et, par-là, devenir 
dangereux.

F au te  d ’une approche to u t à fa it rationnelle, nous proposons, dans la suite 
de ce rapport, de procéder p a r touches successives des différents aspects de la 
question.

Le plan adopté se résum e en trois m ots : observer, com prendre, agir.

Observer, c’est faire l ’inventaire de la situation  actuelle de la pollution, 
c ’est se ten ir à jo u r des évolutions e t c ’est surveiller les risques d ’apparition  de 
dangers nouveaux, pour devancer l’événem ent. Cette partie  sera la moins dévelop­
pée, car son in té rê t est plus spécifiquem ent national.

Comprendre, c’est m ettre  en évidence les mécanism es et les conséquences 
de la pollution, p ar l ’étude du com portem ent physique, chim ique e t dynam ique 
des polluants, e t de leurs m ultiples effets.

Agir, c’est ne ttoyer la m er et la conserver propre.

2 . 1 .  L E S  P O L L U T I O N S  P É L A G I Q U E S

Nous désignons ainsi les pollutions liées à des re je ts effectués en h au te  mer.

De tels re je ts peuvent être inhérents aux  tran sp o rts  m aritim es (déballastage 
en m er de navires-citernes, pollution bactérienne liée à la navigation de commerce 
classique ou à la navigation de plaisance), ou à des actions volontaires (immersion 
en h au te  m er de toxiques ou de déchets nucléaires) ou enfin à des accidents 
(collisions ou naufrages de cargos chargés d ’hydrocarbures ou toxiques, éruptions 
de forages sous-marins).

La France est concernée p ar ces tro is types de rejets.

Sur le prem ier point no tam m ent, la F rance a procédé à une série d ’études 
sur la pollution de la M éditerranée p ar les re je ts  opérationnels des navires pétroliers. 
Il y  sera fa it allusion plus loin.

2 . 2 .  L ES  P O L L U T I O N S  T E L L U R I Q U E S  D E S C Ô T E S  F R A N Ç A I S E S

Ce sont celles liées aux reje ts effectués à p a rtir  de la terre . Il s’agit de rejets 
directs p ar les fleuves, p ar les eaux de ruissellem ent, par les émissaires en mer. 
Ces pollutions com prennent tous les types de polluants, no tam m ent les bactéries 
et des m atières organiques liées aux  rejets d ’eaux usées urbaines e t à des toxiques 
liés à certains effluents industriels.

Un inventaire assez com plet des pollutions telluriques sur les côtes françaises 
existe.
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E n vérité, un te l inventaire  a été difficile à réaliser.

Il a été jugé préférable de lim iter l ’inventaire aux  communes ou groupem ents 
de communes a y an t une p artie  de leur te rrito ire  ad jacen t au litto ral, avec extension 
aux  com m unes im portan tes proches d ’estuaires, telles que Rouen, Caen, N antes, 
Bayonne, Perpignan.

Les appo rts  de fleuves on t été approchés p ar les données actuellem ent dispo­
nibles dans le cadre de l ’inventaire national de la pollution des eaux continentales, 
actuellem ent en cours. Ce sont les flux de DBOs qui ont été retenus.

Une fois définies ces lim ites, il fau t constater que les renseignem ents recueillis 
ne p erm etten t q u ’une approche partielle de l’appréciation de la charge polluante 
des rejets effectués en mer.

Ces renseignem ents sont en effet d irectem ent liés aux  param ètres p e rm ettan t 
le calcul de l ’assiette  des redevances pollution ex istan t actuellem ent en France, 
c ’est-à-dire les m atières en suspension e t les m atières oxydables.

Des mises à jo u r de l’inventaire ainsi q u ’un perfectionnem ent des m éthodes 
d ’appréciation des charges polluantes réelles, perm ettro n t de m ieux m esurer, 
à l ’avenir, l ’évolution de la situation  de la pollution des côtes françaises.

A l ’exam en de l ’inventaire, on peu t rem arquer que la pollution apportée 
p a r les fleuves côtiers joue un rôle im portan t. Pollu tion  des eaux de l'in térieu r 
et pollution des côtes sont donc liées : c’est fondam ental de s’en rappeler au niveau 
de l ’action.

3 . 1 .  E F F E T S  D ’U N E  P O L L U T I O N  P A R  L ES H Y D R O C A R B U R E S

Les hydrocarbures out des effets m écaniques liés à leur propriété physique, 
destruction d ’oiseaux, de poissons, de coquillages par engluage et colm atage 
des branchies, etc...

—  Ils s ’é ta len t en nappe et peuvent pertu rber les échanges gazeux à l ’interface 
m er-atm osphère.

—  Ils ont des effets chim iques directs ou insidieux.
E n  particulier, les hydrocarbures arom atiques sont connus pour leur grande 
toxicité.

On a signalé la possibilité de concentration des hydrocarbures au long des 
chaînes trophiques (com m unication d ’un goût de pétrole à des produits consom­
m ables, concentration  de substances cancérigènes).

Le destin des hydrocarbures en m er reste peu connu. Les processus de dégra­
dation  p ar les bactéries in terv iennen t ainsi que l’évaporation des fractions légères 
et la sédim entation à plus ou moins longue échéance des reliquats. L orsqu’ils 
sont répandus en faible quan tité , les pétroles a tte n te n t moins que d ’autres 
polluants à la vie m arine, car étendus en lii m ince à la surface de l’eau ou émul- 
sionnés, ils sont dégradés re la tivem ent v ite  p ar l ’action combinée des bactéries 
e t de l ’oxydation.
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U n grand nom bre de souches ex istan t dans la m er ou dans le sol sont capables 
de dégrader les pétroles avec une certaine spécificité selon la na tu re  de ceux-ci.

Une partie  des hydrocarbures est ainsi transform ée en acides gras qui re n tre n t 
dans le cycle biologique. Certains estim ent en tre  30 e t 40 % le ta u x  de conversion 
en m atières v ivantes, le reste passan t à l’é ta t  d ’anhydride carbonique, m éthane 
e t eau.

Cependant, dans les zones polluées à l ’é ta t chronique, les organism es se 
chargent en produits pétroliers non m étabolisés qui les renden t im propres à la 
consom m ation. Des exemples peuvent ê tre  trouvés dans l ’estuaire de la Seine 
e t sur l ’E tan g  de Berre. Ainsi, des thons rouges péchés en octobre 1969 dans le 
Golfe de Fos p résen taien t un fo rt goût de pétrole qui justifia it leur refus p ar les 
transform ateurs. Après enquête, il est apparu  que les produits polluants venaien t 
de l ’E tan g  de B erre où ils avaien t été en traînés plus loin que d ’ordinaire p ar le 
renforcem ent considérable du couran t de surface consécutif à l ’ouverture  du 
barrage de Saint-Cham as. L a forte densité de la m er à la fin d ’un été chaud et 
un v en t favorable avaien t contribué à l'é ta lem en t de ces eaux e t à une m igration 
m assive de leurs hôtes habituels, m uges e t loups en quête d ’eau fraîche. Or, muges 
e t loups sont une nourritu re  recherchée p ar les thons. Le pétrole q u ’ils acquièrent 
dans leur h a b ita t norm al leur a donc été transm is.

Le pétrole à faible dose p a ra ît plus tox ique pour les p lantes que pour les 
anim aux. U n contact de quelques heures avec des produits à h a u t po in t d ’ébul- 
lition à la dose de 0,1 %  suffit à pertu rb er fortem ent la photosynthèse d ’algues, 
sans doute en raison d ’une infiltration ju sq u ’au cytoplasm e à trav e rs  les m em branes 
cellulaires ou p ar suite de form ations d ’une couche isolante à la  surface. L ’action 
devient irréversible après 6 à 12 heures.

Les poissons fuient les eaux pétrolières q u ’ils supporten t d ’a u ta n t moins 
que les hydrocarbures en cause on t des points d ’ébullition bas. Divers bivalves 
supporten t norm alem ent 1 %  de pétrole.

Cependant, dans le cas où le pétrole est stocké dans les graisses de réserve 
de ces anim aux, il les rend im m angeables dès que la dose dans l ’eau dépasse 
100 mg p ar m 3.

Lors des déversem ents massifs, consécutifs à un naufrage p ar exemple, 
la vie anim ale d isparaît à peu près com plètem ent à l’exception de quelques espèces 
qui parv iennent à s’isoler du milieu. De rares végétaux subsistent. Les oiseaux 
m arins sont décimés. Le rétablissem ent de la situation  antérieure dem ande parfois 
des années. Il est re la tivem ent plus facile quand  les pétroles en cause sont légers, 
donc se dégradent plus facilement.

3. 2 .  E F F E T S  D ’U N E  P O L L U T I O N  P A R  L E S  M A T I È R E S  O R G A N I Q U E S

La destruction naturelle  des m atières organiques par des processus bactériens 
peu t en traîner un enrichissem ent du milieu m arin en élém ents nu tritifs  (phéno­
mènes d ’eutrophisation).
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On assiste, dans un prem ier tem ps, à des poussées anorm ales de phytoplanctons 
avec dans certains cas la prolifération exclusive d ’une espèce (cas des eaux rouges). 
Il s’en su it une poussée du zoo-plancton don t la  respiration  conjugue ses effets 
avec les processus bactériens in itiaux  pour abaisser dangereusem ent le tau x  
d ’oxygène dissous. Un stade ultim e peu t être la transform ation  de certains m ilieux 
fermés en bassins anoxiques hostiles à la vie m arine.

De nom breux exemples le m on tren t :

—  Les eaux m énagères, les eaux vannes, les eaux résiduaires des industries
alim entaires (abatto irs, laiteries, conserveries, distilleries, etc.) charrien t des
milliers de tonnes de m atières ferm entescibles qui se décom posent en absorbant 
l ’oxygène dissous du milieu.

— Les m atières organiques dont la décomposition produit de l’am oniaque, 
des n itrites, des n itra tes, des phosphates et des sulfates (norm alem ent accom­
pagnées de phosphates produits d ’excrétion ou ajoutés aux lessives pour 
em pêcher leur redéposition des crasses). Cet apport de sei n u tr itif  entraîne 
le développem ent d ’espèces planctoniques n itrophyles habituellem ent peu 
nom breuses au détrim en t du peuplem ent varié d ’origine correspondant à 
une eau pure.

—  L ’efflorescence du phy toplancton  est suivie d ’une m ultiplication elle aussi 
sélective du zoo-plancton.

—  L a croissance pléthorique du zoo-plancton augm ente la consom m ation d ’oxy­
gène alors que la photosynthèse diminue. U n peuplem ent d ’espèces peu 
exigeantes en oxygène s’installe tand is que les organismes supérieurs sont 
asphyxiés.
Les phénom ènes de ce ty p e  se rencon tren t fréquem m ent dans les étangs 
m éditerranéens, plus ra rem en t dans les estuaires des petites rivières bretonnes. 
Une tendance à l’eu trophysation  existe aussi dans la rade de Marseille e t 
celle d ’Hyères.

3 . 3 .  E F F E T S  D ’U N E  P O L L U T I O N  B A C T É R I E N N E

Précisons to u t d ’abord que sous ce titre , nous tra iterons des pollutions 
causées par les divers micro-organismes unicellulaires, tels que bactéries, levures, 
cham pignons, virus, etc...

La quasi to ta lité  des micro-organism es pathogènes parvenan t à la mer, 
m ilieu récep teur final, est d ’origine hum aine. Il s’agit d ’une pollution chronique 
constante. Rappelons, pour mémoire, q u ’un adulte  élimine environ 300 g d ’ex- 
c ré ta ts  p ar jour, con tenan t des germes en q u an tité  énorm e ju sq u ’à plusieurs 
m illiards par g de m atières fécales.

Cette pollution intéresse to u t particulièrem ent le litto ra l m arin  et les zones 
qui s’y ra ttach en t. Les problèm es d ’hygiène e t épidémiologiques q u ’elle pose 
sont donc nom breux. Ils sont d ’une b rû lan te  ac tualité  du fait, en particulier,
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du développem ent des loisirs e t de l’accroissem ent dém ographique des villes en 
zone littorale.

Il est classique d ’apprécier l ’im portance des pollutions bactériennes des m ilieux 
naturels par le dénom brem ent des germes tests  des contam inations fécales, 
eschérichia coli, coniforme, streptocoque du groupe D ; en particulier, eschérichia 
coli reste ainsi un des meilleurs indices de souillure fécale. Mais à côté de ces 
germes, on peu t rencontrer d ’autres espèces h au tem en t pathogènes comme les 
salmonelles, responsables d ’affections thyphoïdiques, éliminés p a r les m alades 
en nom bre quelquefois considérable. Les salmonelles sont une cause fréquente 
de contam ination des coquillages e t de certains au tres fruits de m er collectés 
le plus souvent dans des zones insalubres.

On peu t aussi rencontrer des germes du choléra, de la tuberculose, du té tanos, 
du botulism e.

Les baignades en eau de m er polluée sont enfin en relation, selon plusieurs 
auteurs, avec certaines affections oculaires, rhinopharyngées ou cutanées, dont 
les agents peuvent ê tre  des bactéries, des levures ou des champignons.

Enfin, des virus éliminés p ar des m alades peuvent égalem ent parvenir en 
milieu m arin. Certains résistan t au chlore sont susceptibles de se m ain ten ir même 
dans les effluents tra ités.

Les conditions de survie de ces micro-organism es dans les m ilieux naturels 
m arins ont fait l ’objet de nom breuses études assez contradictoires selon les auteurs.

Tous les au teurs sont d ’accord sur le fa it que le milieu m arin  peu t ê tre  considéré 
comme hostile vis-à-vis des pathogènes. Mais la durée de survie e t de conservation 
du pouvoir pathogène dépend de nom breux facteurs.

Parm i ceux-ci, il est in téressan t de se pencher sur les processus d ’auto-épu­
ra tion  du milieu m arin.

On constate d ’abord q u ’une réduction apparen te  du nom bre des m icro­
organismes est due en fait à une absorption  sur des particules en suspension. 
On les re trouven t au niveau du sédim ent à p a rtir  duquel ils peuven t être rem is 
en suspension p ar le jeu des vagues e t des courants.

D ilution e t dispersion sont égalem ent des facteurs réductionnels e t non 
des agents bactéricides.

Les études consacrées à l ’action bactéricide des rad iations scolaires en milieu 
m arin sont difficiles à in terp ré ter. Il semble toutefois bien établi que ce tte  action 
ne peu t s’exercer q u ’au niveau des couches les plus superficielles (quelques 
dizaines de centim ètres).

Il semble établi de m anière certaine que les basses tem pératu res favorisent 
la survie des bactéries mais ra len tissen t p a r contre une éventuelle croissance. On 
ne sait p ra tiquem ent rien sur l’influence de la  tem péra tu re  sur la survie des virus 
dans la mer.

Les variations du ta u x  d ’oxygène dissous dans les eaux de m er ne sem blent 
pas avoir de rap p o rt direct avec la survie des micro-organism es pathogènes.
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Des avis contradictoires sont donnés q u an t à l’influence des sels m inéraux 
sur la survie des germes entériques; il semble cependant que les hau tes teneurs 
en sels m inéraux de l ’eau de m er ne doivent pas être considérées comme des 
facteurs déterm inan ts du pouvoir au to -épurateur. Cependant, il fau t souligner 
que seules les espèces euryhalines subsistent dans l’eau de m er de sorte q u ’une 
sélection in terv ien t très rap idem ent parm i les germes.

Le milieu m arin  est en règle générale très pauvre, e t convient m al au dévelop­
pem ent des m icro-organismes.

Lorsque les germes pathogènes arriven t en milieu m arin, ils subissent une 
série d ’agressions abou tissan t à une dim inution b ru ta le  de la  charge polluante, 
m ais aussi à la sélection d ’individus résistants, susceptibles de survivre e t quel­
quefois même de proliférer dans certaines zones riches en m atières organiques 
facilem ent utilisables (débouchés d ’émissaires, plages, etc.). Ces germes su rv ivan ts 
sont rencontrés préférentiellem ent au niveau des sédim ents à granulom étrie 
fine. Sous l ’influence de certains m ouvem ents océaniques, ils peuvent être rem is 
en suspension, véhiculés sur des distances parfois im portan tes e t contam iner 
ainsi secondairem ent des zones m arines éloignées.

Le problèm e du danger des baignades en eaux polluées a suscité lui aussi 
de nom breuses polémiques. Ainsi, les avis sont très partagés pour ce qui est de la 
dose in fectan te  de salmonelles. P ou r certains auteurs, il faud ra it absorber plusieurs 
litres d ’eaux polluées pour con trac ter une salmonellose; pour d ’autres, des quan­
tité s  beaucoup plus faibles suffiraient. Là encore in terv iennen t des notions de 
virulence des germes, de terrains plus ou moins réceptifs à l ’infection, qui compli­
q uen t singulièrem ent le problème.

E n ce qui concerne les virus, les longues périodes d ’incubation de ces m aladies 
renden t difficiles de m anière précise de m ontrer les relations de cause à effet 
entre des baignades en eau polluée e t la m aladie. Il est évidem m ent plus aisé de 
m ontrer cette  relation  dans le cas des affections cutanéo-m uqueuses.

Ainsi, le milieu m arin reço it de m anière constante d ’im portan tes charges 
de m icro-organism es don t certains sont hau tem en t pathogènes.

Une grande p artie  des germes a rriv an t en milieu m arin est rap idem ent 
dé tru ite  p ar l ’action de divers facteurs non encore définis de m anière précise 
m ais certains m icro-organism es s’ad ap ten t au milieu e t sont capables de s’y  
m ain ten ir un certain  tem ps en conservant leur pouvoir pathogène.

L a survie est favorisée par la présence de m atériels organiques dégradables.

Les données épidémiologiques actuelles ne p erm etten t pas de rendre com pte 
de m anière précise les dangers présentés par les baignades en eau de m er polluée, 
exception faite pour certaines affections. La règle est cependant d ’être vigilants 
eu égard à l’é ta t  de réceptiv ité  accrue des citadins arriv an t au bord de mer. 
Ceux-ci sont en général n e ttem en t plus sensibles aux  actions des micro-organism es 
que les populations v iv an t sur place qui se sont progressivem ent im m unisées 
dans des conditions d ’hygiène moins bonnes. Cette règle très générale en pathologie 
infectieuse rev ê t ici une singulière im portance.
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Certains produits de la m er comme les bivalves, les oursins, consommés crus 
servent fréquem m ent d ’interm édiaire dans la propagation des m aladies hydriques. 
Ces anim aux respirent e t se nourrissent en effet en filtran t des q u an tités  considé­
rables d ’eau de m er. Se faisant, ils re tiennen t les particules en suspension dans 
l’eau et, en particulier, les bactéries e t les virus qui se concentrent ainsi dans 
l’animal.

Il a donc été nécessaire très progressivem ent en F rance de surveiller de très 
près les zones où sont exploités les coquillages v ivants av an t leur com m ercialisation. 
Il est possible dans certains cas de rendre sains des coquillages a y an t vécu dans 
un milieu pollué p ar des m éthodes d ’épuration. Ce procédé, cependant, devient 
aléatoire quand la contam ination est tro p  forte. E n  dépit de la surveillance 
exercée, surviennent chaque année des cas de m aladies contractées p ar ingestion 
de coquillages péchés clandestinem ent ou récoltés par des touristes dans des 
zones insalubres.

En conclusion, nous disons q u ’on rencontre en m er des micro-organismes 
trad itionnellem ent associés aux m atières fécales. P arm i celles-ci, il en est qui 
sont pathogènes. Ils peuvent en traîner des épidémies, soit à la suite de baignades 
(affections oculaires, rhinopharyngées, cutanées, m uqueuses), soit à la suite 
d ’ingestions de coquillages crus qui les on t concentrés (typhoïde, choléra, hépatite  
infectieuse).

Il reste à déterm iner avec exactitude la survie de ces organismes en mer, 
les chiffres donnés par les au teurs é ta n t très différents. Il semble acquis que, si 
de nom breuses bactéries disparaissent, certaines peuvent prendre certaines formes 
de résistance e t réacquérir leur pouvoir pathogène même après un assez long séjour 
dans l’eau de mer. Le fac teur de d isparition des bactéries en m er p ar absorption 
e t sédim entation sur des m atières en suspension, p a r dilution ou dispersion, du 
fa it de la lum ière solaire, de la tem péra tu re  (la résistance é ta n t renforcée à basse 
tem pérature), p ar la richesse en substances nu tritives e t p ar un possible pouvoir 
bactéricide de l’eau de m er reste à approfondir.

De même, il est certainem ent opportun d ’affiner nos connaissances sur les 
données épidémiologiques concernant des affections très fréquem m ent rencontrées 
chez les baigneurs, les plongeurs et, en règle générale, chez les estivan ts des bords 
de mer.

3 . 4 .  E F F E T S  D ’U N E  P O L L U T I O N  P A R  L E S  T O X I Q U E S  D I V E R S

Les phénom ènes de toxicité  pris en com pte peuvent être directs mais 
m om entanés, le tox ique considéré é ta n t dispersé ou d é tru it dans le milieu m arin 
ou bien indirects lorsqu’un tox ique rém an an t s ’accum ule dans le milieu ou se 
concentre le long des chaînes trophiques. P arm i les produits étudiés en France, 
on peu t citer :

—  les détergents, don t la réglem entation impose à l’heure actuelle en F rance 
la biodégrabilité à 80 % . Toutefois, la tox icité  directe de tels produits peu t
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rester appréciable dans certains cas. De plus, les composés phosphatés servant 
d ’ad juven ts principaux aux détergents, peuvent partic iper à l’eutrophisation 
d ’un milieu ferm é;

—  les biocides don t les plus toxiques son t les organo-phosphorés.
Les organo-chlorés sont moins toxiques mais p ar contre plus stables (D .D .T.)
Les polychlorodiphényles de form ule voisine de celle du D .D .T . tro u v en t
une grande varié té  d ’utilisation dans l ’industrie  (solvants, plastifiants). 
E xtrêm em ent toxiques, ils p résen ten t une stab ilité  supérieure ou égale à 
celle du D .D .T .;

-— les composés m étalliques : certains son t toxiques de façon directe tels le cuivre
ou le chrome hexavalent. D ’au tres sont encore plus dangereux, tels le m ercure
spécialem ent dans sa forme m éthylée qui peu t se concentrer au long des chaînes 
trophiques.
Citons enfin le cadm ium , le plomb, le zinc, le nickel, le cobalt;

—  les produits nucléaires.

Les d étergen ts  se divisent en tro is grandes catégories su ivant la polarité 
de la p artie  active de la molécule, détergents anioniques, cationiques, ou non- 
ioniques.

La nocivité des détergents est extrêm em ent variable e t elle tien t plus à leur 
form ule q u ’à leurs propriétés tensioactives.

Il peu t arriver que les détergents biodégradables soient plus toxiques que 
les non biodégradables. E n  to u t cas, leur durée dans le milieu aquatique  est 
suffisant pour q u ’ils aien t une action s’ils son t employés en qu an tité  notable. 
Il semble même que la nocivité des détergents soit re la tivem ent plus forte en eau 
de m er q u ’en eau douce.

La tox icité des détergents a été étudiée principalem ent dans la classe des 
anioniques produits p ar synthèse à p a r tir  du pétrole.

Les effets nocifs des détergents sur le milieu m arin on t pu être dém ontrés 
en milieu naturel du fa it des déversem ents massifs qui avaien t été faits lors de 
la catastrophe du « Torrey Canion ». Dans les zones littorales intéressées p ar ce 
naufrage, divers an im aux benthiques ont été très affectés, les espèces subsistantes 
é ta ien t rares. Du fa it de l’absence de ces anim aux, l ’été su ivan t fu t m arqué p ar 
une croissance prodigieuse d ’algues. Au large des côtes traitées, la faune profonde 
é ta it touchée plus irrégulièrem ent. Les mollusques, les crustacés fu ren t plus 
sensibles que les moules ou les huîtres. Cependant, les poissons adultes, d ’une 
façon générale, échappèrent.

Les b iocides sont, p ar définition, destructeurs de la vie. Les produits m iné­
rau x  ou natu rels anciennem ent utilisés sont au jo u rd ’hui largem ent supplantés 
p a r des produits organiques de synthèse, no tam m ent organo-chloré, ou organo- 
phosphoré.

P lus de 10.000 préparations biocides sont actuellem ent vendues en France.
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Les services rendus p ar ces produits en agriculture sont considérables. 
Cependant, leur emploi extensif n ’est pas sans danger; beaucoup sont en effet 
très  stables chim iquem ent e t son t entraînés p a r les eaux ju sq u ’à la mer. La 
question est de savoir si leur persistance dans le milieu est suffisante pour avoir 
un effet, soit d irectem ent p a r destruction  des espèces m arines, homologues de 
celles auxquels ils é ta ien t destinés, soit indirectem ent p a r accum ulation en 
passan t d ’un organisme à son p réd a teu r ju sq u ’au consom m ateur hum ain.

Les c o m p o s é s  m é t a l l i q u e s .  L a tox icité  générale de certains élém ents 
comme le plomb est connue de longue date, m ais on n ’im aginait pas q u ’elle p û t 
jouer à l ’échelle des océans. Il a fallu des accidents spectaculaires, no tam m ent 
au Japon  avec des composés organo-m ercuriels pour q u ’on prenne conscience 
du problème. Des recherches sur ce sujet, qui é ta ien t très délicates, se développent 
m a in tenan t rap idem ent par un appareillage de laboratoires convenable.

Si le milieu se trouve chargé en sels m inéraux, les organismes végétaux  et 
anim aux en absorbent plus q u ’ils n ’en on t besoin, e t cet excès peu t devenir 
néfaste.

Il fau t donc s ’inquiéter de la pollution p ar les m étaux  ou p a r des élém ents 
comme l’arsenic connus pour leurs effets toxiques, su rto u t de ceux qui form ent 
des combinaisons organiques liposolubles qui pénètren t facilem ent dans l ’organisme, 
s’y  accum ulent e t p ar le tran sfe rt d ’espèces à espèces facilitent l ’extension de 
la zone d ’effets très loin des sources de pollution.

Les s u b s t a n c e s  n u c lé a ir es .  L ’étude de l’im plan tation  à La Hague, dans 
la p resqu’île du Cotentin d’une usine de tra item en t chim ique de barreaux  
d ’uranium  irradié a posé à la F rance, pour la prem ière fois, le problèm e du re je t 
d ’effluents radioactifs en milieu m arin. Une étude écologique de la zone des rejets 
a été entreprise. Les résu lta ts  de ces investigations on t perm is d ’évaluer dans 
une estim ation provisoire l’ordre de grandeur des activ ités qu ’il est possible 
d ’évacuer en m er sans en tra îner un  risque quelconque pour les populations.

Les bases du contrôle à m ettre  en œ uvre lors des prem iers re je ts on t été 
définies. Les résu lta ts  de ce contrôle p erm etten t de vérifier les résu lta ts  des études 
dans les conditions réelles des rejets.

3 . 5 .  E F F E T S  D E S P O L L U T I O N S  T H E R M I Q U E S

Elles ne fon t q u ’appara ître  à l ’heure actuelle e t ne posent pas encore de 
problèmes en France. R appelons q u ’un re je t d ’eau chaude peu t appauvrir un 
milieu en oxygène et pertu rber certains échanges p a r form ation d ’une therm ocline. 
Le développem ent prévisible de centrales therm iques de grande puissance en 
bordure de m er doit cependant inciter à la vigilance. L ’écart m oyen de tem pé­
ra tu re  entre l ’entrée e t la sortie des condenseurs est souvent voisin de 7°. Les 
débits peuven t a tte indre  plusieurs dizaines de m ètres cubes seconde, les rejets 
é ta n t susceptibles d ’élever sensiblem ent la tem péra tu re  à l’extrém ité de l’exutoire.
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4 . 1 .  A C T I O N S  C O N T R E  L E S  R E J E T S  D ’H Y D R O C A R B U R E S

De nom breux chiiTres sont avancés actuellem ent su r l’im portance des re je ts 
d ’hydrocarbures en hau te  m er. Ils ne concordent pas tou jours du fa it de la dif­
ficulté q u ’il y  a à contrôler e t à estim er des re je ts don t la  p lu p a rt son t clandestins. 
Une fourchette  de 1 à 10 millions de tonnes par an peu t être re tenue au niveau 
m ondial.

L a France s’est penchée plus particu lièrem ent sur le problèm e de la pollution 
de la Méditerranée par les hydrocarbures.

Il est en effet possible, à p a rtir  d ’études sur les possibilités de nettoyage au 
po rt de déchargem ent des citernes des navires, sur la conservation à bord des 
eaux de lest polluées en vue de leur déchargem ent à terre , sur les installa tions de 
réception du ballast sale à te rre  e t sur le trafic m aritim e de pétrole b ru t, d ’en 
déduire un certain  nom bre de conclusions intéressantes.

L ’analyse des flux de transpo rt, de la capacité des pipelines européens, des 
productions des pays m éditerranéens, ainsi que l ’analyse des capacités des pétroliers 
effectuant ces transpo rts , q u ’ils soient internes à la M éditerranée, ou q u ’ils 
concernent un p o rt de chargem ent ou de déchargem ent en M éditerranée, e t un 
p o rt extérieur, perm et de connaître le nom bre de voyages e t son évolution dans 
le fu tur.

Il semble que ce nom bre de voyages aura  tendance à décroître, com pte tenu  
du fa it que le p o rt en lourd m oyen des navires augm entera plus v ite  que les 
quan tités  à transporter.

L ’une des conclusions est q u ’une application satisfaisante du procédé de 
lavage en m er (LOAD ON TO P) est impossible sur des navires d ’a u ta n t moins 
grands q u ’ils effectuent des tra je ts  plus courts (de 600 à 1.400 milles m arins 
selon les navires). Pour les navires effectuant des tra je ts  courts, la seule au tre  
possibilité réaliste à court term e est de confier leurs effluents à une sta tion  de 
réception située soit au po rt de déchargem ent, soit au p o rt de chargem ent.

L ’im p lan ta tion  des sta tions dans les ports de déchargem ent présente les 
inconvénients e t avantages su ivants :
-— le navire perd un tem ps précieux après déchargem ent à se laver au  p o rt;
—  le coût des te rra ins est plus élevé dans les zones portuaires des pays européens;
—  par contre, au plan des avantages, il fau t no ter que le dim ensionnem ent de

la sta tion  est déterm iné p ar le volum e des eaux de lavage, donc re la tivem ent
faible. La création de sta tions e t leur exploitation  sont en principe plus faciles
en Europe.

L ’im plan tation  des sta tions dans les ports de chargem ent présente, évidem ­
m ent, des caractéristiques inversées.

Le bilan économ ique global semble plus favorable aux sta tions dans les 
ports de chargem ent.

Compte ten u  d ’une pondération des trafics, on constate  q u ’actuellem ent, 
un tiers seulem ent des term inaux  de chargem ent sont équipés. Au plan économique
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le rap p o rt coût/efïlcacité d ’une m esure consistan t à équiper les ports de chargem ent 
de M éditerranée de sta tions d ’épuration est particulièrem ent in téressant.

Il ap p artien t aux E ta ts  concernés, pays producteurs de pétrole e t pays 
riverains de la M éditerranée, plus particu lièrem ent intéressés à la défense de 
l ’environnem ent, en particulier l ’Espagne, la F rance, l ’Italie  e t la Grèce, de donner 
éventuellem ent suite à ce projet.

P o u r ce qui concerne la France, il fau t no ter que Marseille, p o rt pétro lier 
considérable, dispose de m oyens m odernes e t efficaces de déballastage, au voisinage 
de ses installations de déchargem ent du pétrole b ru t, e t de dégazage au voisinage 
de ses outils de réparation .

P r o b l è m e  d e s  a c c i d e n t s  s u r v e n a n t  à d es  na v i re s  t r a n s p o r t a n t  du p étr o le  
en haut e  m er .

Dans le cas des déversem ents accidentels, il est nécessaire de faire des choix, 
car les quan tités d ’hydrocarbure en jeu nécessitent la mise en œ uvre d ’un m atériel 
extrêm em ent im portan t P a r ta n t du fa it que l ’in tervention  en m er coûte 5 à 10 fois 
moins cher que le nettoyage du rivage souillé e t que la récupération  d ’une nappe, 
plus économique que sa dispersion, entraîne moins d ’aléas sur le plan biologique, 
les efforts ont su rtou t porté en F rance sur la mise au po in t de systèm es de ram assage 
des produits pétroliers.

Le procédé consistant à créer une dépression à la surface de l ’eau p ar une 
p e tite  tu rb ine  à axe vertical, dépression au fond de laquelle l’épaisseur de la couche 
d ’hydrocarbures est suffisam m ent im portan te  pour perm ettre  le pom page, dans 
de bonnes conditions, p a ra ît le plus p rom etteu r (B ER TIN -C N EX O ). Bien 
entendu, la mise en œ uvre d ’un tel procédé suppose la m aintenance d ’un m atériel 
flo ttan t convenable capable d ’être tran sp o rté  sur les lieux du sinistre dans les délais 
les plus brefs.

Cette approche suppose aussi la mise au po in t de barrage p e rm ettan t de con­
ten ir une nappe, même dans des conditions d ’agita tion  difficiles. Ce problèm e n ’est 
pas encore parfaitem ent résolu.

A titre  accessoire, on a constitué des stocks de produits dispersants, don t la 
tox icité  e t l ’efficacité on t été soigneusem ent testées, en les rép artissan t jud i­
cieusem ent sur les côtes.

De même, de nom breux ports français disposent de stocks de barrages 
flo ttan ts  destinés à protéger les points les plus sensibles du litto ra l en cas d ’arrivée 
sur celui-ci d ’une m arée noire.

4 . 2 .  A C T I O N  P A R  L E S  T E C H N I Q U E S  DE L ’É P U R A T I O N  A T E R R E

Les premières études e t expériences menées ces dernières années conduisent 
à considérer que l’épuration en zone litto rale doit présenter les caractéristiques 
particulières su ivantes :
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—  un fort pouvoir d ’a rrê t vis-à-vis des bactéries e t des parasites;
— un bon rendem ent en m atière en suspension, celle-ci jo u an t un rôle im portan t 

dans le tran sp o rt des bactéries et parasites e t pouvan t com prom ettre certains 
équilibres écologiques;

—  une bonne adap tab ilité  aux varia tions en charge, q u ’elles soient saisonnières 
ou bien liées aux  fins de semaines.

Le cas des effluents industriels m érite des études particulières menées cas 
par cas e t les m éthodes de tra item en t peuvent ê tre  différentes selon que ceux-ci 
sont rejetés en m er ou en rivière.

Les conseils suivants peuvent ê tre  suivis à t itre  provisoire :

—  la simple dilacération est en tous les cas à proscrire;
la chloration à dose suffisante reste le m eilleur m oyen d ’avoir des effluents 
corrects sur le plan bactérien, sans que l’on puisse toutefois affirmer que les 
virus soient ainsi détru its. L a chloration est d ’a u ta n t plus aisée q u ’il reste 
moins de m atières organiques dans le milieu e t elle devient aléatoire après un 
simple tam isage. Des doses prohibitives sont nécessaires pour une action 
efficace après une simple décantation .

Il est utile que les sta tions littorales disposent dans tous les cas de dispositifs 
de m esure e t de moyens de contrôle plus élaborés que les sta tions continentales.

Le re je t à la m er des boues produites p ar les sta tions d ’épuration  ne devra 
s’effectuer q u ’à titre  exceptionnel e t après un tra item en t approprié du type 
pasteurisation  ou stérilisation.

L ’efficacité d ’une sta tion  p eu t ê tre  trad u ite  p ar un rendem ent en « M atière 
en Suspension » e t en « D em ande Biologique en Oxygène ». Le rendem ent corres­
pondan t à la « D em ande Chimique en Oxygène » est moins im p o rtan t que le 
prem ier ra tio , car il su it ses varia tions to u t en re s tan t légèrem ent inférieur, to u t 
au moins dans les sta tions tra i ta n t  les effluents urbains.

4 . 3 .  A C T I O N  P A R  L E S  É M I S S A I R E S  E N M E R

L ’endroit où sont envoyés les effluents m érite des études de détail sur les 
conditions de leur dispersion en m er. P lusieurs études on t ainsi été m enées en 
différents points du litto ra l français (Bassin d ’Arcachon, Bassin de M arennes- 
Oléron, Marseille).

Il s ’agit d ’acquérir une bonne connaissance des tran sp o rts  des masses d ’eau 
dans différents cas de vents, houles e t marées.

Ces études sont effectuées en F rance avec to u t l ’arsenal classique : études 
p ar traçage rad ioactif ou par colorants (B hodam ine B), m esures au po in t fixe 
au courantographe, suivi de flo tteurs lestés, bilans entrée e t sortie de masses d ’eau, 
études sur modèle réd u it physiques ou m athém atiques, études de houles, études 
de marée.
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C’est ainsi que l ’im plan tation  à LA H A G U E dans la presqu’île du C otentin 
d ’une usine de tra item en t chim ique de barreaux  d ’u ran ium  irradié, à laquelle 
il a déjà été fa it allusion, a donné l ’occasion d ’en treprendre des recherches p o rtan t 
sur la dispersion du re je t e t abordées p a r plusieurs techniques convergentes :

—  analyse des données générales d ’hydrographie m arine e t de courantographie;
—  essais sur m aquette , no tam m ent sur modèle to u rn an t recréant la force de 

Coriolis;
—  essais in situ  p a r lâchers de cartes e t de flo tteurs lestés. Ces études on t conduit 

au choix du lieu d ’im plan tation  de l’émissaire e t à la définition des conditions 
horaires optim um  des rejets. L ’étude des facteurs hydrographiques a été 
com plétée p ar une étude sédim entologique de la région envisagée du double 
po in t de vue descriptif e t dynam ique. On a pu, ainsi, déterm iner l’ordre de 
g randeur des activ ités q u ’il serait possible d ’évacuer en m er sans en tra îner 
un risque quelconque pour les populations.

4 . 4 .  A C T I O N S  P A R T I C U L I È R E S  C O N C E R N A N T  L E S  P O R T S  DE P L A I S A N C E

L ’accroissem ent rapide de la flo tte  de plaisance au cours des dernières années 
a mis en lum ière les problèmes de la pollution des ports de plaisance en France 
qui, ju sq u ’à ces derniers tem ps, ne sem blaient pas présen ter une acuité p a rti­
culière. Ces pollutions peuvent être d ’origine organique e t bactérienne, ou p ar 
hydrocarbures ou même chim iques (action des détergents utilisés pour le lavage 
des bateaux).

L a lu tte  contre la pollution a été entreprise à divers stades :
—  le constructeur e t  l ’exp lo itan t du P o rt doivent m ettre  à la disposition de 

l ’usager tous les m oyens, no tam m ent sanitaires, pour m inim iser les risques 
de rejets directs;

—  les constructeurs de b ateaux  se verron t sans doute im poser à bord des instal­
lations adéquates.

4 . 5 .  A C T I O N  P A R  LA R E C H E R C H E  S C I E N T I F I Q U E

L a F rance dispose d ’un ensemble de moyens en laboratoires de recherches 
scientifiques ou appliquées qui se penchent depuis plusieurs années sur les problèmes 
liés à la pollution m arine.

Les m oyens comme les préoccupations de ces laboratoires sont au départ 
assez hétérogènes.

U ne certaine coordination a donc paru  utile dans ce dom aine. Elle est 
m ain tenan t assurée p ar le CNEXO (1), E tablissem ent Public dépendant de l ’E ta t.

Le program m e de recherche actuellem ent envisagé p ar cet Organisme perm et 
de m ieux orienter les différentes recherches fondam entales ou appliquées en cours

(1) Centre national pour l’exploitation des Océans —  Paris 16e.
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et de com pléter certaines lacunes existantes, no tam m ent sur les problèm es 
technologiques.

Les Organismes français qui font de la recherche en m atière de pollution 
m arine sont les su ivants :
—  I.S.T.P.M . (In s titu t scientifique e t technique des Pêches M aritim es N antes);
—  Centre de recherches e t d ’études océanographiques;
—  Laboratoire de microbiologie de l ’Ecole N ationale de Médecine e t de Pharm acie 

de Poitiers;
— L a Direction des P o rts  M aritim es e t des Voies N avigables;
-— Le CERBOM  (Centre d ’E tudes e t de Recherches de Biologie e t d ’océano­

graphie m édicale —  Nice);
—  Le Centre d ’études e t de recherches scientifiques de B iarritz ;
—  Le Centre de recherches du service de san té  des Armées;
—  Les U niversités de B ordeaux, Lille, Lyon, Paris e t Caen;
—  La S tation  M arine d ’Endoum e;
—  Le M uséum N ational d ’H istoires N aturelles;
—  Le L aborato ire  N ational d ’H ydraulique;
—  Le L aborato ire Central d ’H ydraulique de France.

P arm i les Organismes proches de la F rance qui fon t égalem ent de telles 
recherches, il convient de citer l ’In s titu t Océanographique de Monaco.

Les recherches entreprises p o rten t no tam m ent sur les points su ivan ts :
-— aspect biologique e t écologique des re je ts;
—  action des détergents;
—  recherche en m er des biocides;
—  influence de certains polluants sur des micro-écosystèmes isolés en milieu 

natu rel ;
—  influence des pollutions radioactives sur des m icro-écosystèm es en laboratoire ;
—  déplacem ent des nappes d ’hydrocarbures;
—  bactériologie, virologie, parasitologie, bactériologie, pollution chimique.

L ’ensemble constitue une dizaine d ’équipes d ’im portance variable groupant 
environ 40 chercheurs à tem ps plein.

On vo it que ce qui caractérise la recherche entreprise dans le cadre de la lu tte  
contre la pollution m arine, est extrêm em ent varié e t q u ’il est impossible de lui 
trace r les frontières précises.

Il est vraisem blable que les m oyens mis en œ uvre se développeront comme 
les préoccupations des diverses parties intéressées p ar la pollution m arine : E ta t  
e t collectivités locales; industriels, touristes, pêcheurs et usagers de la mer.

4 . 6 .  A C T I O N  AU P L A N  R È G L E M E N T  A I R E

D ans ce dom aine, il ap p ara ît que la réglem entation française v isan t la 
pollution de la m er est très complexe. Elle donne théoriquem ent à l’A dm inis­
tra tio n  le m oyen d ’in terven ir contre la pollution de la m er, sous réserve d ’y
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apporter certains com plém ents, no tam m ent dans le dom aine des im m ersions 
de déchets p ar ba teaux  et de la pollution due à la navigation commerciale ou de 
plaisance, ainsi que dans le dom aine des re je ts telluriques.

E n  vérité, des difficultés d ’application apparaissen t e t il est frap p an t de 
constater que la réglem entation v isan t la pollution de la m er reste hétérogène e t 
ponctuelle. N otam m ent, s’il est apparu  opportun  de fixer des objectifs de qualité  
à la mer, il n ’est pas apparu  souhaitable dans l ’im m édiat de les form uler p ar voie 
réglem entaire.

C ontrairem ent aux  mesures réglem entaires v isan t la pollution des eaux douces, 
celles v isan t spécifiquem ent le milieu m arin sont en général récentes : les plus 
anciennes sont celles qui précisém ent ne tien n en t pas com pte de la spécificité 
du milieu m arin.

Dans la p lu p art des cas, les m esures réglem entaires v isan t la pollution de 
la m er res ten t essentiellem ent répressives. Bien souvent, elles représen ten t la 
traduc tion  sur le plan in terne d ’engagem ents in ternationaux .

Les mesures les plus im portan tes au plan réglem entaire touchen t les points 
su ivants :

En ce qui concerne les pollutions pélagiques, seule prise en com pte de m anière 
spécifique la pollution p ar hydrocarbures qui a fa it l ’objet de la convention in ter­
nationale de Londres de 1954 am endée en 1962 e t 1969. L a tenue d ’un registre 
des hydrocarbures pour les bâ tim en ts don t la jauge b ru te  est inférieure à 
500 tonneaux  mais dont les élém ents de propulsion sont supérieurs à 200 CV 
a été rendue obligatoire.

Une loi répressive a été prise fin 1964 pour lu tte r  contre les pollutions volon­
taires par hydrocarbures. Elle s ’applique aux bâtim en ts français comme aux  
bâtim ents étrangers dans la m esure, bien sûr, où l ’infraction a lieu dans les eaux 
territoriales françaises.

Une procédure spéciale de coordination e t d ’in tervention adm inistra tive a 
été prévue dans le cas de pollution accidentelle provoquée p ar les hydrocarbures. 
Cette procédure est connue sous le nom de « PLA N  POLM AR » (P lan  « Pollution 
M aritim e »).

Il reste à m ettre  en place une réglem entation spécifique te n d a n t à rendre 
obligatoire les dispositifs ainsi que le contrôle de leur usage soit à bord, soit à 
terre, capables de tra ite r  les eaux de ballastage e t de lavage des navires pétroliers.

En m atière de pollution tellurique, les m esures prises p ar la F rance sont, 
sur le plan réglem entaire, trè s  nom breuses e t on peu t les classer selon trois 
principes. Tous re je ts dans les m ilieux naturels doivent être soumis à une au to ri­
sation  de l ’A dm inistration. Cette au torisation  fixe les conditions dans lesquelles 
doit se réaliser le re je t. Si le re je t effectué dans les conditions fixées p ar l ’au to ri­
sation cause un préjudice à des tiers, son au teu r est susceptible d ’être  poursuivi 
par les T ribunaux  e t condam né à indem niser les préjudices subis. Enfin, certaines 
catégories de produits voient leur déversem ent in terd it. Il s’agit no tam m ent des
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hydrocarbures e t plus récem m ent de produits détergents non biodégradables 
à 80 % . D ’une m anière générale, on doit considérer que le milieu m arin récepteur 
est a s tre in t au m inim um  aux mêmes règles que celles applicables aux  eaux douces.

D ans les ports, des m esures réglem entaires on t été prises depuis longtem ps. 
II s’agit de m esures tra i ta n t  des précautions à prendre lors du nettoyage des cales 
des navires dans les ports, des tex tes in te rd isan t le re je t dans les eaux des ports 
de tou tes m atières. Enfin, il fau t souligner l ’im portance en France des Agences 
Financières de Bassin de création récente, qui on t pour mission de prélever une 
tax e  sur les pollueurs, no tam m ent en mer, e t de financer ainsi des dispositifs 
d ’épuration.

4 . 7 .  A C T I O N  I N T E R N A T I O N A L E

Il fau t souligner dans ce dom aine l’extrêm e disparité  des in itia tives prises 
p ar les Organismes in ternationaux . L eur nom bre même rend to u te  coordination 
difficile ou inexistante.

Les accords in ternationaux  ex istan ts sont axés pour la p lu p art sur la lu tte  
contre la pollution p ar les hydrocarbures.

Une convention sur les re je ts p ar navires de substances toxiques ou dange­
reuses applicable à l ’A tlan tique du N ord-E st est actuellem ent en cours d ’adoption 
par les E ta ts  concernés (Accord d ’Oslo 1971).

Le caractère préventif de ce tte  convention est encore insuffisam m ent développé 
e t le contrôle de l ’application des règlem ents ex istan ts est fo rt difficile.

Des accords régionaux on t été envisagés de façon à tra ite r  te l ou te l aspect 
de la lu tte  contre la pollution m arine dans un cadre plus étendu  que celui d ’un 
seul pays (P ro je t RAM OGE, projets de construction à plusieurs pays voisins d ’un 
navire dépollueur destiné à agir efficacement lors d ’accidents p a r hydrocarbures).

5 .  LA P O L L U T I O N  D E S C O T E S
E X I G E  U N E  A T T E N T I O N  E T  U N E  A C T I O N  S U R  T O U S  L E S  P L A N S

Les problèm es de pollution m arine doivent être inspirés d ’un trip le  objectif ; 
voir, com prendre, agir.

L a difficulté du problèm e tie n t à un certain nom bre d ’élém ents don t nous 
soulignons quelques-uns ci-après.

Il est d ’abord difficile de savoir ce qui, dans une évolution du milieu, peu t 
ê tre  considéré comme l ’effet d ’une pollution ou, au contraire, comme une évolution 
norm ale. Le suivi de cette  évolution pose le problèm e du choix des indicateurs 
physico-chim iques ou biologiques, caractéristiques d ’un é ta t  du milieu. A plus 
long term e, les phénom ènes d ’accum ulation dans les chaînes biologiques de certains 
produits risquen t de m ettre  en évidence des phénom ènes m asqués à court term e.

On est gêné p ar l ’insuffisance de nos connaissances sur les corrélations 
ex istan t entre les re je ts e t l ’é ta t  du milieu. E n  fait, ces corrélations ne peuvent 
pas encore être  établies de façon rationnelle e t seules des approches partielles
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ont pu être  tentées. C’est ainsi que la question du pouvoir antib io tique de la m er 
reste posée, beaucoup d ’au teurs estim ant q u ’un te l pouvoir n ’existe pas.

Il est égalem ent in téressan t du po in t de vue m édical de faire une approche 
épidémiologique des phénom ènes de pollution.

En vérité, si une certaine sensibilisation aux phénom ènes de pollution se 
produit, on p eu t penser que, peu à peu, les m oyens de lu tte  deviendront plus effi­
caces e t q u ’ainsi le capital natu rel considérable m ais fragile que constitue la  m er 
près des côtes pourra ê tre  préservé des agressions de l’homme.
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S U M M A R Y

On account of the length of its coastline, France is particularly attentive to the phenomena 
of marine pollution. Inventory of existing pollution, observation and control of this pollution, 
as well as scientific approach to the effect on environm ent caused by main polluting elements 
have led to concrete and national action, concerning hydrocarbons, through the technology of 
filtering plants, thanks to a policy of outlying marine outlets, through scientific research and 
finally at the administrative and regulation level.

Many other problems ought to be investigated further : a scientific study is necessary on 
correlation between refuse and environment, and between environment and its human conse­
quences.
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5. Critical View.

1. I N T R O D U C T I O N

W ater pollution should be construed as th e  sum  to ta l of causes of hum an 
origin whose resu ltan t effects exercise d irect or indirect influences in  th e  various 
w ays set out below :

—  alteration  in the  ecology of th e  w aters in  such m anner as to  cause dam age 
to  flora and fauna, as well as to  people,

—  in th e  dow n-grading of the  w ate r’s quality ,

—  on account of works carried ou t on and in th e  w aters exercising an  injurious 
effect and

— restricting  opportunities of hum an recuperation.

This paper deals w ith m easures, executed and planned, aim ed a t  preventing 
and lighting pollution in harbours and coastal regions of th e  G erm an Federal 
Republic.

Conditions obtain ing in  th e  N orth  Sea differ from those in th e  B altic. In 
th e  N orth Sea area the  tide (tidal range 2.5 m  to  3.8 m) and the  relatively  greater 
river discharges, the  w ater’s m ovem ent and turbulence are of considerable im por­
tance; as regards th e  Baltic th e  tida l influence is qu ite  sm all w ith wind currents 
predom inating. The m ain harbours in th e  N orth  Sea area lie re la tively  deep 
inland, and for th is reason consideration should be given to  th e  pollution of the  
im portan t tida l reaches of the  rivers affording access to th e  harbours.

The very short mileage of the  coast of th e  G erm an Federal R epublic having 
regard to  th e  size of the  population  results in the  intensive use m ade of the sea 
resorts as areas for recuperation. The estuaries, moreover, and th e  shallow 
coastal w aters are actively fished.

The density of traffic in Germ an coastal w aters is extrem ely high.

The R eport deals w ith pollution in  harbours, approach channels and seas 
suffering from a varie ty  of pollu tants.
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2. G R O U P S  O F  P O L L U T A N T S  
A N D  T H E I R  E F F E C T S  O N  I N D I V I D U A L  R E G I O N S

2 . 1 .  T h e  o r i g in  of  w a s t e  m a t t er .

W aste m a tte r  reaches th e  w aters in different ways. The w aters are m ainly 
polluted by :

Atmosphere

Biocides
Radio-active substances 
Carbo-hydrates 
Products of combustion

Utilisation of the Sea-bed Mineral Oil, Natural Gas, Minerals

Accidents Oil and Oil dispersal contrivances 
Chemicals
Containers and solid substances

Sea Ships Ships’ m ovements Oil and Oil and water mixtures 
Fecal matter 
Solid waste

Dumping Industrial wastes 
Putrifled Mud 
Munitions

Indirectly due to 
Rain-Flush

Biocides
Fertilisers

Land
Direct entry Industrial used water 

Used domestic waters 
Detergents
Radio-active substances 
Cooling waters

(according to GESAMP 11/11 Paris 1970)

2 . 2 .  Ef fec ts  and  d a m a g e  to t h e  e n v i r o n m e n t  o c c u r r i n g  in p a r t i c u la r  
r e g i o n s  by t h e  m o s t  i m p o r t a n t  p o l lu ta n ts .

M any w aste m ateria ls are th e  cause of dam age which rem ains unnoticed 
for a considerable period of tim e. The effects of pollution are m any and com plex; 
th e ir im pact being delayed, it  is qu ite  a difficult m a tte r  to  determ ine th e  p a rti­
cular causes of contam ination  w ith accuracy. Dam age can arise owing to  high 
concentrations of long dura tion  of p o llu tan ts  in  organism s (delayed effects), bu t 
also, in  p art, by assim ilation, following th e  release of sm aller quan tities of a second 
substance (trigger effects).
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In th e  N orth  Sea th e  currents m ix th e  w aters in such thorough fashion th a t  
th e  salt and oxygen contents are generally relatively  in  balance down to  sea­
bed level. The tides and especially th e  residual currents provide for th e  rap id  
dispersal of incoming d irty  wastes. In  view of th e  fact th a t  storm  surges can 
stir up the  sea-bed down to  depths of 60 m, th e  southern  portion  of th e  N orth  
Sea discloses layerings of wastes of sm all calibre m ixed w ith and d istribu ted  
am ong n a tu ra l sedim ents.

In th e  B altic  the  m ovem ent of th e  w aters is m ainly conditioned by  winds, 
whose im pact is m ostly a t  surface level, hard ly  m aking any im pression on th e  
m any deep hollows. Pronounced discontinuous s tra ta  occur, and  in individual 
basins oxygen m ay be tem porarily  absent. Owing to  th e  low degree of in te r­
change of the  w aters w ith th e  ocean, th e  B altic  Sea is, therefore, particu larly  
exposed to  th e  th re a t of pollution.

In G erm an harbours th e  standard  of the  quality  of th e  w aters is no t solely 
conditioned by th e  inlets into th e  harbour areas, b u t also by th e  standards of 
quality  of th e  rivers on which th e  harbours are sited, and th e  ex ten t to  which 
they  are subject to  th e  tide. The tida l rivers having th e ir ou tlet into the  N orth 
Sea are already heavily polluted in  th e ir  m iddle courses, w ith th e  resu lt th a t  
notw ith  standing a lengthy reach allowing for recovery, w aste m a tte r is often 
to  be found, w hich is difficult to  elim inate and whose presence obtrudes itself 
m ost unpleasantly  in th e  lower reaches w here th e  harbours are located —  in so 
far as th e  la tte r  are no t closed off by  lock-gates. In  m any areas, tid a l action 
produces b u t a relatively  slow* exchange of th e  w ater masses. As a resu lt, the  
same w ater m ass is, on th e  one hand, subjected a num ber of tim es to  inlets afford­
ing ingress of spoilt w ater. On th e  o ther hand , th e  turbulence of tida l action 
results in a b e tte r in tegration  of th e  w a te r’s mix.

The polluted w ater masses in  tida l harbours are usually a ttrib u tab le  to  th ree 
fundam entally  different origins. They consist of the  harbour tow n’s own domestic 
spoilt w ater and th e  highly polluted (i.e. oil and salt laden) rain-w ater, collected 
by  th e  road gu tters, th e  industria l p lan ts and factories w ith th e ir used proces­
sing and cooling w aters and to  which there  should be added shipping itself; th e  
la tte r  discharge spoilt dom estic and cooling w aters, bu t, in  po in t of fact, the  
unauthorized discharge of oil and refuse is by  far th e  m ost im p o rtan t factor.

The conditions in  harbours w ith lock-gates are distinguishable by th e  lim ited 
boundaries of th e  w ater masses and  the  low degree of w ater exchanges. The 
resu ltan t reduced level of polluted w aters corresponds to  a far-reaching restriction  
of all land inlets. Intensive supervisory m easures should av ert th e  danger which 
m ay principally arise as a resu lt of th e  unauthorised  inflow of po llu tan ts  —  no t 
least a ttrib u tab le  to  shipping.

Generally speaking, th e  available docum entation does no t provide a com pre­
hensive picture respecting th e  degree of pollution. N ot all th e  po llu tan ts  are 
included; in  specific regions only is an  evaluation forthcom ing from  th e  quali­
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ta tiv e  and q u an tita tiv e  aspects. An adequate  well-organised and central super­
visory control bearing on all m anner of w ater-pollu ting substances is apparen tly  
absent.

Oil and Oil Dispersing Contrivances.

I t  is estim ated  th a t  Germ an coastal w aters are exposed to  an annual oil 
discharge of betw een 50,000 and 100,000 tons. The discharge em anates chiefly 
from  small, hard ly  noticeable oil ducts of dom estic and industria l origin. Taking 
th e  annual average, m uch less oil can be a ttrib u ted  to  the  occurrence of tanker 
accidents in coastal w aters. In such cases, however, local effects w ith  serious 
consequences are a p t to  arise.

In the  access channels, oil pollution is very frequently  encountered, though 
it m ay be com paratively  restricted  in scope, being generally of local im portance 
only. The m ost frequent cases of oil pollution are due to  unauthorised discharge 
from  vessels.

Pollu ted  w aters em anating from  industrial p lan ts  and factories —  local 
circum stances excepted —  consist m ostly  of oil-bearing w aters, very largely 
mixed w ith harbour w aters, and consequently diluted, so th a t  th e  oil conten t 
em anating  from  th is  source lies w ith in  th e  perm issible m argins of present-day 
m ethods of investigation. Nevertheless, the  actual pollution due to  oil is consider­
able seeing th a t  in a few 100,000 m 3 of spoilt w aters per day there  is an  accrual 
of a few m illigram m es of oil per m 3, which cannot be rem oved by ra tional m eth ­
ods and which, in fact, adds up to  a considerable q u an tity .

Thereto should be added an im p o rtan t volum e of oil, difficult to  com pute, 
which enters harbour w aters, due to  the  d isturbance of cleansing installa tions or 
in an unauthorised m anner, b u t m ainly from  vessels. H arbour insta lla tions 
are, as a consequence, no t only highly polluted, b u t, on account of th e  high con­
centration , the  quality  of the  w aters is subjected to a pronounced negative influence 
locally over a p ro trac ted  period.

Escaped unrefined oil covers th e  w a te r’s surface w ith a film corresponding 
to  1.5 — 10 X IO-4 m m . A bout a th ird  of th e  unrefined oil consists of light 
com ponents, w hich evaporate  relatively  prom ptly . The heavy  com ponents 
sink gradually . The sunken oil destroys th e  flora on the sea-bed and it is only 
gradually  disin tegrated  by bacteria . The larvae of num erous anim als are  poi­
soned by carbohydrates, such as benzol, toluol, pentane, hexane and heptane.

M any thousands of sea-birds die every year on the G erm an coast owing 
to  oil pollution. Fishing tackle belonging to  traw lers is often polluted, and the 
flavour of the fish can be unfavourably  influenced by oil products, such as phenol 
and  cresol. P astu re  lands and  the  sea resorts on th e  coastline suffer from pollution. 
N um erous beaches of th e  Germ an N orth  Sea resorts are subject to  oil pollution 
for m any days of th e  year.
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Carcinogenic sedim ents and organic substances have been traced , which 
m ay be due to  th e  inflow of oil.

I t  has been fu rther established th a t  th e  use of oil dispersing contrivances is 
liable to  be extrem ely dam aging in its effects on th e  organisms.

Pesticides and Polychlorinated Biphenils (P .C .B .).

The use of chemicals for p lan t protection , aim ed a t  th e  destruction of weeds 
and p lan t diseases, as well as against anim al interference, has increased th roughou t 
th e  world : to ta l annual consum ption in  the  Federal R epublic exceeds 50,000 tons.

The com pounds used for countering th e  th re a t of dam age to  crops ieach 
th e  w aters or are carried by  wind d rift to  th e  lakes and sea. An instance m ay 
be quoted where m easurem ents have revealed th a t,  com paratively speaking, 
considerable quantities reach th e  river E lbe originating from  th e  large neigh­
bouring orchards.

The menace of pesticides is quite  pronounced on the  Baltic. This is shown 
as th e  result of m easurem ents of D D T contents found in seals cap tured  there, 
and which are ten  tim es g reater th a n  found in seals in th e  N orth  Sea and th e  
A tlantic . Most pesticides disin tegrate very  slowly only (DDT endures up to  
30 years, D ieldrin up to  25 years).

In th e  food range of p lankton  —  fish —  birds and m am m als respectively, 
pesticides are found to  incorporate them selves. Investigation  of N orth  Sea 
organism s revealed th a t  p lank ton  contained an average 0.04 m g/kg, fish in  coastal 
w aters abo u t 0.7 m g/kg, sea-birds v irtua lly  3.5 m g/kg and  seals 10 —  40 m g/kg 
of D D T (live w eight). The fa tty  tissues of seals caught in th e  B altic  showed 
a D D T con ten t of 300 m g/kg.

The enzyme system  in th e  organism s, involving a t  th e  sam e tim e the  pro­
duction of sexual horm ones, suffers disturbances. M oreover, th e  calcium m eta­
bolism in birds is so po ten tly  influenced by D D T, th a t,  due to  deficient chalk 
production, egg-shells are liable to  break.

L aborato ry  te s ts  have shown th a t in num erous anim al groups tum orous 
grow ths w ith cancerous affinities occur which m ay be ascribed to  DDT.

Along th e  coastal areas of th e  N orth  and B altic Seas, th e  reduction  in m any 
types of bird species, especially of sea-swallows and eider ducks, is a ttr ib u ted  to 
poisoning by pesticides.

The In ternational H ealth  A u tho rity  sta tes th a t  a hum an  being can 
absorb 0.010 mg of D D T for each kg of the  body’s w eight w ithou t any deleterious 
effects. I t  would appear, therefore, th a t  a high fish consum ption by hum an beings 
living in our regions ought no t to  be the  cause of danger.

I t  is know n since 1966, th a t  polychlorinated biphenils (PCB) have been used 
over th e  last 25 years on a large scale in  th e  artsilk , electrical and dye industries
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an d  th a t, likewise, they  become included in the  food cycle. These polychlo­
rinated  biphenils enjoy a g reater stab ility  even th a n  D D T, abiding no t only in 
th e  fa tty  tissues, b u t lodging also in th e  nervous system  and in  th e  gonads. 
Num erous organism s in  th e  B altic  and  N orth  Seas have a PCB content, which 
is frequently  higher th a n  D D T concentrations. The effects on the organism s 
are still far from  having been thoroughly  investigated.

I t  is assum ed th a t  th e  effects correspond to  those of pesticides.

Heavy Metals.

The adm ission of even sm all quan tities of heavy m etal salts can increase 
concentration  in  th e  w aters to  a  dangerous ex ten t. The effluence of w aters 
from  certain industria l p lan ts results in  heavy m etals entering approach channels, 
harbour w aters and th e  Germ an sections of th e  B altic  and N orth  Seas. The 
contents in the  harbours and approach reaches are very  high in  com parison w ith 
those in th e  high seas; th e  d irect effects, however, ecologically speaking, in 
these w aters have, so far, been noticed in isolated instances only. N um erous 
investigations have dem onstrated  th a t  m ercury, lead and cadm ium  and th e ir 
alloys are especially deleterious.

In  th e  Germ an Federal R epublic 775 tons of m ercury are consumed annually . 
Of th is  q u an tity  60 tons reach th e  N orth  Sea via th e  R hine alone. As the  resu lt 
of the  ac tiv ity  of m icro-organism s th e  oxygen-starved areas (the m ud of rivers, 
lakes and seas) are exposed to  th e  transfo rm ation  of th e  less dangerous m ercury 
into the  highly poisonous m ethylm ercury.

The w orld’s annual lead p recip ita tion  am ounts to  a t  least 500,000 tons. 
Since th e  in troduction  of te tra -e th y l lead as a petro l anti-knock ad d itiv e  for 
m otor cars (1923), th e  lead content of th e  w ater surface of the  seas has risen tw en ty  
tim es (0.4 ¡xg/1).

M ethylm ercury and te tra -e th y l lead are stored in  th e  bra in  and nervous 
system . A part from  effects on th e  nervous system , they  are a p t to  cause grave 
genetic troubles.

Cadm ium  is already deleterious in a dilution of 0.6 ¡ig/1.

I t  is stored in th e  body over a g rea t length of tim e (m ainly in the  kidneys) 
before causing dam age to  th e  central nervous system , to  th e  kidneys and to bone 
structu re .

Following on in the  danger sequence, zinc, copper and arsenic are encontered. 
These substances too  are liable to  en ter the  food cycle and  resu lt in heavy 
poisoning. Copper was found in oysters showing an  increase of 7,500 tim es, 
zinc being presen t in organism s a tta in ing  a factor of 100,000.

The heavy m eta l conten ts in  German w aters were ascertained in isolated 
cases only. A fter th e  perils of m ethylm ercury  becam e know n, fish in Federal
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Germ an w aters were investigated for m ercury content. I t  is generally less 
th a n  0.2 m g/kg (live w eight) and  therefore beneath  th e  to lerated  lim it, regarded 
as harm ful to  hum an  beings.

On th e  B altic ’s Scandinavian coasts some areas had  to  be closed to  fishing 
owing to  high m ercury concentrations in  th e  organism s (up to  3 mg/kg).

Oxygen Consuming Matter.

Dom estic, industria l and m anufacturing  effluents carry  large quan tities  of 
n itra te s  and phosphates into th e  w aters. And together w ith n u tr ien t salts of 
nitrogenous and phosphoric fertilisers, which are washed ou t of th e  soil, th ey  
contribu te  to  th e  grow th of phy to -p lank ton  and th e  higher aquatic  plant-life. 
The disin tegration  of plant-life m oreover reduces the  available oxygen.

Insufficiently cleansed dom estic effluents and those of particu lar sections 
of industry  (e.g. paper-m ills) containing organic residues need oxygen for th e ir  
biological disintegration.

Uncleansed effluents can, m oreover, owing to  th e ir  contents be the  cause of 
infectious diseases. Furtherm ore, th e  ou tbreak  of epidemics m ay become possible 
via a chain-infection leading from  anim als (mussels, crabs) to  hum an beings.

Large quan tities of dom estic sewage pour into th e  B altic and N orth  Seas. 
Some coastal areas and bights are polluted already.

Mud originating from  com m unal sewage basins is carried aboard vessels as 
far as th e  lightship E lbe 1 and to  the  ou ter F lensburg b ight, where it  is dum ped 
a t  th e  ra te  of 216,000 and 54,000 tons per annum  respectively.

The river m outh  funnels still m eet th e  general requirem ents, on the  assum p­
tion, th a t  th e  oxygen conten t does no t fall below 50 per cent of sa tu ra tio n  point. 
F u rth e r upstream  and  in  affluents, th e  incidence of pollution m ay occur 
tem porarily . D om estic sewage, largely unpurified, is also discharged in harb o u r 
w aters.

Inorganic Matter.

Large quan tities of inorganic m a tte r  reach rivers, coastal w aters and the  
open seas. F u rth e r quantities are carried by special vessels to  be dum ped a t  sea.

Special vessels of th e  underm entioned countries unloaded the following 
tonnages :

Belgium . . 
G reat B rita in  
N etherlands

approx. 272,000
3,350,000

716.000
653.000
184.000

G erm an Fed. R epublic 
N o r w a y ......................
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Figures giving the  discharge of w aste m a tte r  direct into the  sea are incom plete.

I t  is estim ated  th a t  daily loads aggregating 20,000 tons are dum ped into 
the  N orth  Sea by neighbouring countries, and which consist of industria l and  
domestic waste, m atter.

In  addition, large quan tities  of industria l w astes are b rought by rivers 
(Tham es, R hine, Elbe) to  th e  N orth  Sea. A t th e  presen t tim e, several G erm an 
in stitu tes are engaged in com puting the  quan tities reaching the N orth  Sea from 
th e  Elbe, W eser and Em s rivers.

Lesser quan tities of industria l w aste find th e ir way into th e  B altic.

The inorganic w astes (heavy m etals excepted) can be divided in to  three 
groups :

Salts, acids and  alkalines, only slightly toxic, are neutralised by sea action 
and  converted into harm less salt com ponents, which are anyhow  to  be found in 
th e  sea. Owing to  the  sea-w ater’s large cushioning capacity  —  according to 
presen t-day  knowledge —  it is able to  absorb relatively  large volumes of low toxic 
salts, acids and alkalines. On th e  o ther hand, the  capacities of rivers to  absorb 
acids and alkalines is very small. I t  is, in fact, feared th a t  th re a ts  to  health  
arise in  the  v icinity  of such points of en try . This problem  emerges, m ost insis­
ten tly , w ith in  th e  present purview , owing to  th e  erection of large new chemical 
works.

Toxic inorganic substances (e.g. fluorides and cyanides) m ust be very th o ­
roughly diluted, so th a t  th e ir concentrations, having regard to  tida l m ovem ents, 
a tta in  b u t negligible proportions.

Insoluble solids, according to  size and density, reach bo ttom  m ore or less 
rap id ly . In certa in  circum stances, e.g. during storm s in shallow depths and in 
th e  case of strong currents th ey  m ay be w hirled up and displaced. As they  
occupy a certain area of the  sea-bed, m any organism s are thereby  suffocated due 
to  lack of oxygen. W e were faced w ith  th is  problem  when investigating the  
disposal of red m uddy alum inium  residues resulting from the  production  of alu­
m inium .

Solid Substances, including Packed Wastes.

Solid wastes, w hich are v irtually  insoluble, sink rapidly, as, for instance, 
scrap and  m otor car wrecks; such operations tak e  place in areas which are not 
used for fishing, and  even though a certain  dep th  is a tta in ed  for th e  safety of 
shipping, the  operation is still looked upon askance. Synthetic  m ateria ls should 
in no event be to lerated , seeing th a t  th ey  cannot be broken down, as for instance, 
when in th e  shape of flotsam  foil, they  obstruct th e  cooling system s of vessels 
and  become entangled  in the  ship 's propeller.

Num erous drum s w ith  w aste m ateria l are illegally dum ped in the  B altic  
and N orth  Seas. A ccount should be taken  of the  fact th a t  a conta iner’s life is
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lim ited, and even dangerous products, such as arsenic, chlorinated carbo-hydrates 
and cyanides are released into the  open sea. Similarly, a g reat danger th rea tens 
in  th e  B altic  owing to  the  dum ping of poison-gas shells a t  th e  end of th e w a r( ta b u n  
and  m ustard  gas).

The pollution of access channels in certa in  areas by solid w astes is consider­
able; passenger vessels are regarded as being th e  m ain culprits.

Radio-Active Substances.

W e are confronted w ith th e  incidence of fissile m aterials in m any technical 
processes m aking the ir appearance in air and  w ater. Legal provisions governing 
th e  norm al running of a reactor in G erm any allow for a small escape of rad io ­
active particles only.

As a result of biological concentrations, released radio-active particles, though 
of greatly  reduced strength , are prone to  re-concentrate again. I t  is for th is  
reason th a t  in  G erm any th e  contam ination  of th e  w aters and of the  living organism s 
therein  form th e  subject of continual observation.

Thermal Burdening by Cooling Water.

In the  winning of energy, as well as in  th e  production  of the  m ost varied  
necessities, hea t is developed and is reduced by m eans of w ater. The effects on 
m arine organism s in th e  N orth  Sea have no t y e t been observed.

In German access channels, th e  shedding of therm al loads is of hardly  any  
significance on account of th e  need for obtain ing prior approval. In th e  case of 
inflows into th e  tida l area, a tten tio n  should however be draw n to  th e  fac t th a t  
th ey  become subject to  a rise in  level and th a t  seaward evacuation  of the  w arm ed 
w aters will be re tarded . This draw back is fu rther enhanced w here th e  upland 
w ater flows are small.

Usually, cooling w aters constitu te  th e  greater proportion of th e  entire w aste 
w ater flow; in H am burg, for instance, it  is in th e  ra tio  of 1.5 million m 3 to  2.5 m il­
lion m 3 daily. The therm al disturbance can be th e  cause of fog and can, as a 
consequence, exercise harm ful effects on harbou r shipping.

The ensuing reduction in  ice form ation m ust, however, be regarded as an  
advantage. The danger occasioned owing to  cross-currents constitu tes a naviga­
tional hindrance occurring a t  im p o rtan t points of ingress and  egress of th e  w aters. 
I t  can, however, be circum vented by an  appropria te  shaping of the  structures.

2 .3 .  S u m m a r i s e d  review of prevai l ing pollution.

The conclusion has been reached, th a t  conditions now prevailing, especially 
in certain  spheres, give rise to  situations harm ful in essence, though  causing, 
by and large, little  preoccupation.
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A t tim es, however, intolerable pollutions of lim ited scope have been noticed.

A tten tion  should, nevertheless, be prom ptly  draw n (vide also 4.1), to  the  
fact th a t  the  unpredictab le  tren d  pointing tow ards pollution of w ider scope in 
these w aters calls for th e  adoption of additional m easures.

3. E X I S T I N G  R E G U L A T I O N S  

3 1. For the prevent ion and reduction of pol lution of harbours and coasts.

3 .1 .1 .  Statutory Regulations.

In  th e  German Federal R epublic m easures for th e  prevention of and reduc­
tion  in the  pollution of harbours, approach channels and coasts, are based on 
laws edicted by th e  Federal and L and G overnm ents respectively. Far-reaching 
regulations for th e  m aintenance of th e  w aters in a clean sta te  are foreseen, no t 
only in  th e  basic provisions of the  Federal legislation, b u t also in th e  local 
legislation, prom ulgated by th e  coastal L and G overnm ents, i.e. B rem en, H am burg, 
Lower Saxony and Schleswig-Holstein.

Legal in terven tion  in the  case of shipping, aim ed a t  the  avoidance of dangers, 
are foreseen in a num ber of laws and police regulations. I t  rem ains to  be defined, 
in each instance, under which s ta tu te  proceedings should be in stitu ted  against 
the  po llu tan t.

A tten tion  is draw n to the  following shortcom ings :

a) difficulties often arise in practice for securing conviction of th e  gu ilty  p a rty ,

b) penalties and fines have, so far, been m ostly so slight, th a t  th e ir  de te rren t 
effect has been of little  avail,

c) instructions issued by  th e  w ater boards are inadequate  for th e  prevention of 
dangerous occurrences. Instructions contained in  H am burg’s w ater laws 
are the  only ones where th e  requirem ents are m ore far-reaching.

d) The view held, th a t  only the  country  whose flag th e  vessel is flying could 
prosecute in cases of pollution on the  high seas am ounts to  an  an tiq u a ted  
in terp re ta tion  of th e  freedom of the  seas. This a ttitu d e  should no t be supported  
by the  G erm an Federal R epublic which is th rea tened , in large m easure, by 
such pollution.

The federal s tru c tu re  of the  G erm an Federal R epublic requires a specially 
close jo in t effort betw een the  Federal governm ent, th e  L and governm ents and 
com m unal and harbou r authorities. In th is connection a num ber of procedures 
have been evolved whose effects p a rtly  rem ain to  be proved.

To sum  up, a tten tio n  should be draw n to th e  various in ternational agree­
m ents, which have since been accorded force of law in the G erm an Federal Courts.
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Special m ention should be m ade also of th e  agreem ent governing jo in t action  for 
com bating oil pollution in th e  N orth  Sea.

3 .1 .2 .  Supervision of Pollution (Control, Notification, W arning).

R outine control of pollution has, so far, tak en  place in certain  areas only. 
All w aters are, however, tested  for rad ioactiv ity . The check on sea-w ater for 
o ther deleterious im purities engages th e  full-tim e a tten tio n  of th e  D eutsches 
H ydrographisches In s titu t in H am burg. Severe pollutions are generally reported  
by  observers (shipping, p riva te  individuals, supervisory au thorities) d irect to  the  
police, who w arn th e  public and any o ther users, as necessary.

A special regulation has been in troduced in  th e  case of oil pollution, in accord­
ance w ith the  agreem ent quoted under 3.1.1 of th is  paper, betw een the countries 
whose coasts are washed by th e  N orth  Sea.

Oil pollutions, generally observed by shipping and aircraft, are reported  to  
a central post, th e  perm anently  m anned rad a r control centre of th e  W SA Cux­
haven. In case of need, th is  post takes steps to  c a n y  ou t a cross-check, outlines 
th e  observations m ade and  works ou t th e  ra te  of drift.

In  the  case of the  more extensive pollutions of th e  w aters and of th e  coast, 
th e  areas th rea tened  are w arned and a specially appoin ted  group of experts, pro­
vided by the  Federal G overnm ent and by  th e  coastal Lands, th en  decide on any 
rem edial m easures w arran ted  by th e  circum stances.

3 .1 .3 .  Technical M easures.

Technical m easures for preventing and reducing industria l pollution, dom estic 
sewage, as well as in the  course of a vessel’s discharge, call, w here necessary, for 
th e  im position of the  prescribed m ethods of procedure on these polluters.

Dangers arising from  the  m ovem ent of shipping are th e  subject of m easures 
edicted a t in ternational and national levels for im proving traffic safety and th a t  
of the vessels themselves.

These m easures consist in  :

-  separate  traffic lanes, above all in congested areas (e.g. th e  Germ an B ight 
and the  K iel access channel).

— a continuation  in the  im provem ents in  signalling along th e  traffic lanes,
—  th e  seaward extension of existing land rad a r services on th e  E lbe and  W eser, 

as well as th e  establishm ent of such facilities in th e  Jad e  basin and on th e  
river Ems,

-  facilities for traffic direction, especially for vessels carrying dangerous cargoes 
and those a p t to  endanger th e  w aters,

-  provision of th e  best possible equipm ent for all trad ing  vessels in th e  m a tte r  
of navigational aids and m eans of com m unication,
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— im proved education of captains and pilots concerned w ith sailing large tankers,
— th e  in troduction  of constructional im provem ents, especially in  th e  case of 

tankers, e.g. th e  lim itation  in  size of the  individual tanks.

H aving regard to  tan k er accidents, th e  param ount factor, where vessels 
run  aground, is to  p revent th e ir breaking up and, in any event, p rom ptly  to  pum p 
as m uch oil as possible from th e  dam aged vessel into barges. Police regulations 
foresee th a t  the  sh ip ’s m aster shall ensure th a t adequate  tu g  facilities are sum ­
moned w ithou t delay. Y et another m easure is concerned w ith th e  in troduction  
of a system  whereby th e  unloading of cargo oil into barges on the  high seas can 
tak e  place safely and easily even in th e  frequent bad  w eather.

3 .2 .1 .  Statutory Regulations Governing Occurrences of Pollution.

W ith in  Germ an territo ria l w aters th e  following legislation and by-laws have 
been enacted, reference to  which has been m ade in  th is paper under 3.1.1.

Oil afloat on the  w a te r’s surface is ownerless and free from  interference by 
any governm ental au th o rity . The fight against oil flows in  in ternational w aters 
is, however, often no t th e  concern of one s ta te  only; neighbouring countries too 
m ay fall victim s of th e  pollution. The active co-operation of several governm ents 
th en  becomes necessary. I t  is for th is reason, and due to  G erm an initiative, 
th a t  the  conclusion of an  « A greem ent for Jo in t E ndeavour in F ighting  Oil Pol­
lu tion  in th e  N orth  Sea » came into being between all the  countries w ith a N orth  
Sea coastline. I t  contains th e  obligation of m utual notification regarding reported  
oil slicks involving the national oil-fighting organisations, and th e  adoption  of 
new fighting m easures obliging th e  partners, moreover, to  reciprocal aid.

3 .2 .2 .  Technical Measures in Occurrences of Pollution.

U ntil recently  m easures for com bating oil pollution consisted of suggestions 
and elem entary equipm ent only. In isolated cases, recourse was had  to  salvage 
so as to  render harm less o ther dangerous poisonous substances discharged into 
th e  sea (such as w ar m aterial, packed fluorised carbo-hydrates).

In the fight against oil pollution the  Federal A uthorities and those of the 
L änder along the  coast of the  Germ an Federal Republic have created oil accident 
commissions Sea/Coast which have worked ou t technical and organisational 
proposals.

The a ttitu d e  adopted tow ards existing m eans and m ethods for com bating 
oil pollution is as follows :

a) The em ulsifying and dispersal, as well as th e  burning of th e  oil on th e  w ater 
is possible only under conditions specifically laid down.

b) The insertion of floating oil-binding elem ents cannot be envisaged on the  
high seas on economic and practical technological grounds; it  is recom m endable 
in qu iet and  restricted  w aters.
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c) The subm erging of oil in  conditions obtain ing w ith us (shallow w aters th rough­
out) cannot be entertained.

d) All m easures consisting in the  oil’s m echanical rem oval from  the  w ate r’s surface 
are specially recom m ended. Similar suggestions have been p u t forw ard by 
th e  commission for th e  procurem ent and developm ent of such system s.

4. P R O P O S A L S  R E S P E C T I N G  F U T U R E  M E A S U R E S

4 .1 . Future evolution of pollution.

Assuming th e  fu rther developm ent of sea traffic and  industrialisation , expe­
rience and sta tistics all po in t to  a corresponding increase of pollution in harbour 
areas. This eventuality  calls pressingly for an  accurate knowledge of all pollu­
ting  factors, no t only qualita tively  b u t q u an tita tive ly , which th e  foreseeable 
fu tu re  has in store and thus dem ands a higher priority  for environm ental con­
servation th an  has been vouchsafed to  date.

Germ an economic grow th over th e  nex t years is estim ated a t  40-45 per cent. 
The chemical industry  will be expanding a t  a m uch higher ra te  th a n  o ther industria l 
sectors. The volum e of spoilt dom estic w aters will increase in sim ilar proportions. 
On th e  basis of these estim ates th e  q u an tity  of w aste m a tte r  will rise from 5 to
10 per cent annually , m easured by the  present o u tp u t of w aste m atter.

Present-day industria l G erm any is developing a trend  tow ards the erection 
of industria l p lan ts in the  v icinity  of th e  coast, in order to  benefit from  b e tte r 
com m unications and to  facilitate the disposal of w aste m aterials, ex trac ted  from 
duly purified used w ater (salts), a t  sea ra th e r th a n  in overloaded rivers.

The works, in respect of which plans are being draw n, consist m ostly of 
m etal p lan ts (steel, alum inium , zinc), oil refineries and chemicals. The alum inium  
works, in course of erection, an tic ipate  having to  dispose of some 7 million tons 
of residues consisting of red  m uddy alum inium  residues (m ainly iron oxide). 
A zinc works a t  the  m outh  of th e  river W eser proposes to  dum p annually  
100,000 tons of m ud residues containing 2 per cent of zinc and 0.12 per cent 
of lead.

The N etherlands proposed to  dispose of industria l w aste w aters of high
organic conten t into the  m outh  of th e  river Em s. I t  was only as a resu lt of a
strong p ro test lodged by the  G erm an Federal G overnm ent th a t  purification of 
th e  w aters to  th e  ex ten t of 85 per cent was secured. This will still leave a spoilt 
w ater delivery equivalent to  a dom estic sewage outflow of 3.5 million inhabitan ts.

In order to  m eet the  growing dem and for power, plans for nuclear power 
stations are presently being draw n up. I t  is now antic ipated  th a t  deliveries of 
riverborne fissional and corrosive wastes, aggregating some 30 Ci per annum  are 
likely to  reach th e  N orth Sea. E very  pow er sta tion  will probably shed m uch 
increased quantities of tr itiu m  which is m ost difficult to  control. F or th e  tim e
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being, th e  q u an tity  canno t be estim ated  (outflows via th e  river Em s am ounted 
to  32 Ci in 1970).

The rap id  increase in power requirem ents involves a corresponding need of 
w ater for cooling purposes. In  view of the  fact th a t  narrow  m argins are foreseen 
w here river-w ater is concerned, increasing recourse is had to  sea-w ater for such 
purposes. I t  is an tic ipated  th a t  oil consum ption will double every ten  years. 
As a resu lt of the rise in consum ption, m eans of tran sp o rta tio n  will be increased 
and thus th e  share to  be borne by  th e  large tan k e r and th e  pipe-lines will grow 
in like m anner.

4 .2 . A i m s  for the  respective  conservat ion  and i m p r o v e m e n t  of the  
environment .

The en try  of w aste m aterials in th e  w aters cannot, as a general rule, be 
avoided. I t  should be the  aim, however, to  contrive for the concentration and 
technical en try  of the  w aste m aterials to  be so governed th a t  care of health  and 
the  aesthetic  aspects are no t neglected in favour of th e  in terests of th e  economy 
and the  short-sighted ends of social progress. I t  should be held as a principle 
th a t  works « producing » w aste m ateria l should in all decisions affecting develop­
m ent, extension, choice of location and m anufacturing  program  consult w ith th e  
appropriate experts on the  environm ent.

A num ber of problem s aw ait a solution on th e  way to  these objectives. I t 
involves a thorough analysis of th e  situation , and a com putation  of th e  incidence 
of pollution of th e  w aters by  th e  inflow of harm ful wastes and, in connection 
therew ith , the  definition of th reshold  values beyond which acceptance of such 
w astes cannot be to lerated . As regards th e  analysis of th e  situation  and of th e  
definition of th e  load po ten tia l of po llu tan ts to  be borne by th e  w aters, th e  follow­
ing investigatory  program s have been elaborated :

—  ascerta inm ent of th e  spread in th e  concentration of deleterious m a tte r  in the  
w aters and on th e  w ater-beds, as well as clarification of th e  biological and 
physico-chem ical processes of concentration,

—  com putation  of the quan tities of deleterious w astes reaching th e  w aters 
annually ,

—  determ ination  of th e  horizontal and vertical tran sp o rta tio n  of such m a tte r 
under various conditions of th e  current,

—  analysis of th e  le thal and sub-lethal concentrations on the organism s in  the  
w aters and investigation  of th e  effects of incoming harm ful m a tte r  on th e  
ecology,

—  analysis of th e  dissolution and  possibilities of d isintegration of deleterious 
m atter.

For th e  purpose of com pleting an  inventory  of the  actual concentrations of 
harm ful m atte r, as well as tracing  the  a lteration  and com putation  of th e  annual
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ra tes of grow th, a m easuring system  is advocated  which will keep a running  
record of th e  presence of th e  principal deleterious substances. The developm ent, 
standard isation  and au tom ation  of th e  analy tical and m easuring m ethods consti­
tu te  im portan t postulates in  th e  installa tion  of such a supervisory system  of 
control.

W here th e  en try  of deleterious m a tte r is proposed, it  follows th a t  the  chemical 
and m ineralogical composition of th e  w aste m ateria l should be predeterm ined, as 
also its  concentration and th e  ra tes  of inflow per u n it of tim e. The physical 
characteristics (solubility, density), the  bio-chemical properties (oxygen consum p­
tio n  and production  of nu trien ts), besides th e  viruses and  bacteria  con ten t m ust 
be cross-checked. The reactions and  changes in th e  biological sphere (toxicity, 
concentration, disintegration) and th e  chemical reciprocal actions w ith  o ther 
soluble organic and inorganic substances should be known.

In  th e  choice of the  location of en try , a p a rt from  overall economic aspects 
and the  distance from  the  coast, th e  location of th e  fish and th e ir  breeding-grounds, 
as well as th e  hydrological param eter and th e  clim atic effects should be regarded 
as decisive.

Furtherm ore, a tten tio n  should be draw n to th e  fact th a t  th e  in troduction  
of w aste should no t resu lt in dam age being caused to  o ther w ater users. Factors, 
such as th e  lowering of th e  w a te r’s quality , needed for industria l purposes, the  
prejudice caused to  shipping and fishing, besides corrosion of the  structures should 
be tak en  into account. F o r th is reason, public enterprise and industria l under­
tak ings are compelled, in increasing m easure, to  resort to  action in  th e  purific­
ation of spoilt w aters of industrial and dom estic origins. Industry  should be 
concerned w ith th e  developm ents of new techniques, th an k s to  which, waste 
m a tte r  would be re-em ployed in a production  process.

W hen all these factors and processes have been settled, th e  conditions govern­
ing th e  inflow can be form ulated and a generally approved threshold  of values 
can be laid down in respect of th e  allowable concentrations of deleterious m atte r. 
The determ ination  of the  volum e po ten tia l of deleterious m a tte r  in  w ater rem ains, 
above all, a m a tte r  for investigation. A t present, our knowledge of th e  physical, 
chemical and biological processes in w ater, in  relation  to  th e  inflow of deleterious 
m a tte r  rem ains obscured by a series of unknow n factors.

In  order to  establish a com plete inventory  of th e  existing concentrations of 
deleterious m atte r, as well as the  investigation of the  varia tion  and estim ation in 
th e  annual ra tes of increase, th e  creation of a supervisory and w arning system  
is a necessity and th e  proportions of the  m ain deleterious substances should be 
subject to  un in terrup ted  recording. A n im portan t and general function in  th is  
sphere consists in  th e  developm ent, standard isation  and au tom ation  of the  m ethods 
of m easurem ent and analysis.
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4 .3 .  S tatutory regulat ions .

As sta ted  already, th e  p reparations for the  prevention  and for th e  fighting 
of oil pollution in  th e  G erm an seas and  coastal areas have m ade relatively  good 
progress, although th e  legal background covering th e  jo in t working of the  Federal 
and L and A uthorities is still lacking. I t  is now a question of extending these 
m easures, so as to  include th e  o ther harm ful pollutions. This is of particu lar 
im portance, seeing th a t  th e  danger exists and th a t  pronounced tendencies are 
emerging in  th e  economic and industria l sectors to  dum p w aste m ateria ls on the  
high seas, while th e  inner and coastal w aters are legally protected.

I t is recom m ended :

—  to establish a register for the  purpose of recording all the  nam es of th e  creators 
of th e  spoilt w aters w ith th e  la t te r ’s characteristics,

—  to prohib it the  d irect inflow of certain  heavy m etals, pesticides and fluorised 
carbo-hydrate  substances in to  th e  sea,

—  to tigh ten  th e  requirem ents of com m unal and industria l cleansing centres, 
aimed a t  a reduction  in deliveries of heavy m etals, pesticides, fluorised carbo­
hydra tes and toxic inorganic m atte r, and for zones to  be established in which 
dum ping of sh ip’s w aste is forbidden.

I t is fu rther recom m ended to  work tow ards a general prohibition  of the  
decanting of m ineral oil and other carbo-hydrates.

In ternational or regional conventions are also urgently  needed in  connection 
w ith  th e  feasibility or prohibition of dum ping of industria l w astes a t  sea; the ir 
disposal in large quan tities has h itherto  been described as only « slightly harm ful » 
(red m uddy alum inium  residues, ash, salts, acids and alkalines).

Furtherm ore, in  so far as appropriate  regulations do no t exist, a legal basis 
should be found to  ensure control of vessels, even on th e  high seas, and for agree­
m ents to  be reached, whose scope is both  regional and in ternational, to  provide 
for th e  creation and  w orking of supervisory and  w arning system s.

4 .4 .  Technica l  m eas u res .

For preference, technical m easures should be divided into prevention, early 
w arning and the  elim ination of w ater pollution.

The m easures for th e  prevention of pollution are generally directed a t the  
creator, necessitating enactm ents for th e ir en try  into effect. There are, of course, 
adm in istra tive difficulties of a technical na tu re  in th e  application of such legal 
prescriptions, i.e. th e  defining of th e  spheres of effective valid ity , besides policing 
to  ensure compliance. In  th is connection, it  m ay be assum ed th a t, where pollu­
tions are curren tly  concerned (e.g. in th e  case of spoilt w ater inflows), in  th e  
event of periodic pollutions (e.g. in th e  case of dum ping and of spraying of industria l 
wastes), or again in fortu itous cases (e.g. the  overflow of tan k s and vents), legis­
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la tion  would be needed to  m ake com pulsory the  enforcem ent of technical preventive 
measures. In  th is  connection, special m easures were enacted in  G erm any, or 
are in course of preparation , or are being worked ou t; Chapters 3 and 4 of th is 
paper have dealt w ith th e  subject.

Vessels carrying dangerous cargoes, as well as those whose cargo is of a perilous 
n a tu re  where w ater pollution is concerned, m ay, owing to  such regulations and 
directions, be affected in a twofold m anner.

The technical traffic aspect points to  an increase in the  safety m easures 
consisting in a b e tte r m arking of th e  traffic channels, in th e  rem oval of dangerous 
wrecks, in  the  developm ent of th e  land rad a r system  and o ther navigational aids, 
in th e  separation of th e  traffic lanes near to  th e  coast, as also, where necessary, by 
in troduction  of traffic directional regulations.

From  the  technical shipbuilding angle, p rotection  from pollution can be 
increased, so th a t, on the  one hand, tougher constructional elem ents m ay be 
foreseen, e.g. by th e  in troduction  of double walls and floors, im proved sectional 
isolating partitions, based on th e  IMCO proposal, special rapid  closing gear for 
all cargo hatches and  o ther points of egress, and, on th e  o ther hand, by fitting  
th e  vessels w ith im proved equipm ent for increasing m anoeuvrability.

Despite all safety m easures, pollution of th e  hydrosphere is still likely to  
occur, particu larly  in  th e  case of accidents. In such events —  and obviously 
also in cases of pollution of another kind — an im p o rtan t prerequisite for effective 
in tervention  depends on an early awareness and appraisal of the  danger, especially 
w hen the  original s truc tu re  of th e  harm ful substance is still re ta ined  and th e  
dispersion stage can be delayed. This aim  is, however, difficult of achievem ent. 
In  the case of pollutions, curren tly  controlled, th e  degree of technical progress, 
thanks to  the  in tervention  of th e  hum an elem ent and th a t  of an  au tom ated  
m anoeuvrable system , th e  n a tu re  and degree of pollution can be ascertained. 
In th is  sphere a routine program  of supervision is already in  being. The area 
of operation rem ains to  be extended and increasingly concentrated.

In th e  event of unpredictable pollution, possibilities of detection  are reduced, 
owing to  a lack of m eans in identifying all types of pollution one from ano ther in 
an expeditious and simple m anner ; a p a rt from  visual detection, procedures m ostly 
involve tim e-consum ing costly testing  and  analyses. In addition, th e  controlled 
area is too extensive to  be able to  spread an  observation net which is sufficiently 
closely kn it on term s regarded as financially bearable.

This m eans th a t, for th e  tim e being, pollution can be ascertained solely by  
successful regular visual control, as is th e  case already w here oil pollution and 
th a t  of solid substances are concerned. The hum an  elem ent alone rem ains 
param ount for detection for a long tim e to  come, seeing th a t,  in  existing circum ­
stances, no other control can be exercised satisfactorily. The hum an  elem ent 
has vessels and aircraft as m eans of tran sp o rt, besides additional detection 
equipm ent.
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In association w ith th e  « In teg ra ted  Global Ocean System  » (IGOSS) plans 
have been draw n up for th e  sta tic  and m ovable sta tions near the  coast and on 
the  high seas to  be equipped w ith sensors and m onitors, so th a t  th ey  m ay 
th u s form  an  in tegral p a rt of th e  observation net.

Technical m ethods for com bating sea pollution, w ith few exceptions, rem ain 
restricted  to  m ineral oils and solid substances, for th e  tim e being and in as much 
as th ey  rem ain afloat retain ing a cohesive structu re . O ther harm ful m atters, 
such as pesticides, heavy and sem i-heavy m etals, organic and inorganic m a tte r 
and radio-active substances hard ly  lend them selves to  elim ination, once dissolved.

For th is reason, th e  Federal G overnm ent has so far lim ited its endeavours 
to  planning and w orking in th e  fight where oil pollution is concerned. In th e  
fight against oil pollution reliance should, for the  present, be placed on m echanical 
equipm ent, seeing th a t  physical and chemical in terventions no more th a n  provoke 
a m odification of th e  carbo-hydrates, which, to  some ex ten t, will therefore create 
polluting elem ents of th e ir own.

As regards the  foreseeable fu ture, th e  groups of harm ful substances require 
to  be fought w ith new m eans and  m ethods; th e  experience acquired in com bating 
oil pollution can, however, be applied th roughou t tow ards the  elim ination of 
various k inds of harm ful substances, particu larly  th e  following :

— m eans of detecting, identifying and  fighting harm ful substances, especially 
pesticides, carbo-hydrates, to x id es , heavy and  sem i-heavy m etals, radio­
active substances etc.,

—  developm ent and procurem ent of equipm ent for the  identification of oil pollu­
tion  from the  air in periods of low visibility,

—  developm ent and  procurem ent of equipm ent for determ ining and  identifying 
pollution of o ther kinds, even a t  greater sea depths,

—  developm ent, standard isa tion  and preparedness in th e  fighting m ethods, 
appliances and m eans, especially th e  developm ent and procurem ent of floating 
filtering-plants, scooping and  dispersal contrivances, barriers, agglu tinating  
agents, emulsifiers, etc.

These developm ents are valid for all harm ful substances. Pending their 
realisation, and subsequently  too, th e  m ost effective cure certainly consists in 
prevention.

5. C R I T I C A L  V I E W

D espite w arnings by scientists and technicians, engaged in the problem  of 
environm ental pollution and conversant w ith th e  th rea ten ing  dangers, they  have, 
as y e t, not succeeded in bringing hom e an  awareness of the  situation  to  the  world 
a t  large. The public should be m ade to  appreciate th a t, due to  th e  rise in  living 
standards, pollution of the  environm ent is on the  increase, and th a t  expenditure 
for cleansing operations is no less likely to  increase proportionately .
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The unbridled effects of unim peded pollution, according to  the la test survey, 
are first likely to  arise in 50 or 70 years’ tim e. It will th en  certainly be too la te  
to  overcome the  dam age which will have occurred.

The federal struc tu re  of th e  G erm an Federal Republic and politico-economical 
in terests will find them selves in conflict by reason of the  irksom e need for recogni­
tion  and im plem entation of defined threshold lim its, called for by plans governing 
load possibilities. R egulations a t  national level should also tak e  account of 
in ternational in terests, seeing th a t  harbours m ay be in national and in ternational 
com petition w ith one another. One should, therefore, no t assum e th a t  laws or 
regulations, likely to  favour one or o ther of the  com petitors, unw itting ly  or o ther­
wise, would be accepted w ithou t dem ur.

R É S U M É

L'augmentation de la population et l'amélioration du niveau de vie —  qui vont de pair 
avec une industrialisation croissante et une densité de traffic en progression —  ont pour effet 
d’apporter au milieu naturel où v it l’homme des modifications d’un caractère nuisible. Ces modi­
fications affectent particulièrement les rivières, les canaux, les ports, les voies d’accès et la zone 
côtière avoisinante.

Tout comme dans d’autres pays, il existe, en République fédérale d’Allemagne, des lois 
et des règlements ayant pour objet de parer à une augmentation de la pollution. D ’importantes 
études effectuées par les pouvoirs publics, par des instituts universitaires, etc... portent sur la 
nature, les effets des divers toxiques et sur la lutte pouvant éventuellem ent être menée contre eux.

Dans le présent travail, il sera tout d ’abord pris position, en partant d’une définition de la 
pollution, sur l’origine et sur les effets des produits toxiques, cette prise de position revêtant 
un caractère général. Ensuite, une description sera faite des inconvénients causés actuellement 
par les principaux produits toxiques dans les ports, les voies d’accès et les zones côtières. Nous 
constatons que, dans certaines régions, la situation actuelle révèle l’existence d’inconvénients 
particulièrement préjudiciables; néanmoins, si on l’analyse globalement, elle n’est pas encore 
préoccupante. On observe toutefois, par endroits, des pollutions intolérables.

L’unique possibilité d’améliorer, avec succès, la situation actuelle ou de maintenir cette  
dernière, est de procéder, dans les diverses circonscriptions, à des analyses de situation, tou t en 
dressant des plans fixant les limites de pollution. Le réseau d’observation à m ettre sur pied à cet 
effet existe à l’échelon régional; il faut l’étendre et le rendre plus dense.

Le rapport portera ensuite sur la discussion des règlements existants ayant pour objet 
d’empêcher et de réduire les pollutions. Le contrôle du respect des dispositions légales suscite 
des difficultés.

En se basant sur l’évolution future présumée de la pollution et sur l’ampleur qu’elle prendra, 
le rapport propose des mesures de contrôle de la pollution des eaux, des dispositions juridiques 
plus vastes et des moyens de lutte d’ordre technique. Ces derniers sont propres à empêcher 
une aggravation des dommages causés. Ils se basent principalement sur le fait que, dans un 
proche avenir, une lutte efficace contre la pollution ne pourra être engagée que par des mesures 
préventives car, à l ’heure actuelle, à quelques exceptions près, on ne dispose pas de m oyens de 
lutte et de méthodes pleinement efficaces, à effet direct. Le devoir du législateur est d’encourager 
lesdites mesures.
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S. II - 6

PAPER
by

M.V.K. M E N O N ,
Deputy Conservator, Cochin Port Trust.

I N T R O D U C T I O N

The te rm  « m arine pollution » is defined as « in troduction  by m an of 
substances into th e  m arine environm ent resulting in such deleterious effects as 
harm  to  living resources, hazards to  hum an health , h indrance to  m arine activ ities 
including fishing, im pairm ent of quality  for use of sea w ater and  reduction  of 
am enities ».

Pollution know s no boundaries and is a pressing problem  of th e  world to -day  
caused by indiscrim inate release of w astes in air, w ater and land. Release of 
un trea ted  w aste in to  seas, rivers, lakes, estuaries, harbour w aters and  coastal 
areas (the trad itio n a l recipients) is an  im p o rtan t aspect of th e  pollution problem . 
Coastal and ocean pollution occurs when deliberately or accidentally a significant 
q u an tity  of an undesirable alien substance or p o llu tan t is released in to  these 
w aters.

The pollution problem  has to  be solved tak ing  into due consideration the 
fundam ental economical needs of a developing country. On the  one hand there  
is every need for th e  Society to  exploit th e  available resources and  facilities offered 
by  n a tu re  in order to  produce th e  necessities for its developm ent and  prosperity . 
On th e  o ther hand  there  is also necessity to  ensure th a t  m an does no t pollute 
th e  environm ent as to  m ake impossible th e  v ita l activ ities such as tran sp o rta tio n , 
food produce, recreation and industry  which depend on the  environm ent. A part 
from  th e  M ariners, th e  F isherm en, th e  H arbour A uthorities, th e  Ecologists, 
S tatesm en and  th e  G overnm ents th rough  ou t th e  world are concerned abou t the  
problem  of pollution.

Man is dependan t on air, w ater and food from  his environm ent (an average 
hum an being can live w ithou t food and w ater for five days b u t only five m inutes 
w ithou t a ir  and  i t  is estim ated th a t  he requires 2.8 pounds of food, 4.5 pounds 
of w ater b u t 30 pounds of air daily). H e is th e  w orst cu lprit in polluting these 
resources to  th e  po in t of no re tu rn . In  India, since independence, we have 
advanced technologically in m any respects. Our industria l production in every 
sphere has considerably increased. Green revolutions are causing w ater pollution
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due to  overflow of excess fertilizers and  pesticides. H uge public and p riva te  
enterprises, while promising unprecedented economic possibilities to  th e  N ation  
are causing a ir and  w ater pollution w ith  all k inds of la tes t syn thetic  chemicals 
and also radio-active m aterials. Coal, diesel oil and o ther fossil fuels are polluting 
th e  environm ent w ith  sulphurdioxide. Synthetic chemicals like p lastic are 
adding to  the  problem s of solid w astes disposal while new detergents th a t  cannot 
be decomposed by  micro organism  are polluting our rivers, stream s, harbour 
areas and coastal w aters. Though pollution has no t posed a  serious problem  
to  India, th e  b itte r  lessons learned by th e  affluent developed nations m ust be 
grasped in  all th e ir  im plications so th a t  control m easures can be tak en  well in 
advance instead  of rem edial m easures w hen pollution actually  m aterialises.

Pollution was no t a problem  in th e  early stages of civilization since th e  space 
to  m an ratio  was high. The exodus of w orking class population to  u rban  areas 
has resulted in uncontrolled and unplanned developm ent of hum an settlem ents 
creating com plicated problem s leading to  unhygienic condition and  insan ita tion  
leading to  pollution.

The problem s created by pollution in harbours and coastal w aters are m any 
sided. Its  solution involves a close k n it local organisation accom m odating 
m any conflicting in terests capable of applying various approaches to  th e  localised 
problem s to  be solved in accordance w ith  th e  geographical, ecological, economic 
and health  factors. The com plexity of th e  pollution problem s dem ands organised 
and  individual, public and private, national and  in ternational collaboration. 
In devising and in stitu ting  legislative m easures, th e  philosophy of « th e  scientifically 
possible, th e  technically  feasible and th e  commercially to lerable » m ust be given 
u tm ost consideration respecting th e  national and  in ternational in terests.

The problem  of pollution a t  harbour areas and  coastal w aters can be widely 
divided in to  th e  following th ree  categories.

I. Oil Pollution.

(a) A t sea.
(b) Coastal areas and  H arbours.

II . General Pollution.

(a) Pollu tion by  solid wastes.
(b) Pollution by  liquid wastes.
(c) Pollu tion  by  sewage.
(d) Pollution by gaseous wastes.
(e) Pollution by  weightless w astes (R adio-active m aterial, etc.).

I I I .  Miscellaneous.

(a) D um ping of dredged m aterials.
(b) In teraction  of sa lt and fresh w ater.
(c) Pollu tion  by soil erosion, river diversion and w ater w ithdraw al.
(d) Pollu tion  caused by weeds.
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I. O I L  P O L L U T I O N

a) Oil pol lution at sea

All over the  world, more and  m ore people are tak ing  to  sea for pleasure and 
business. All of them  are bound to  m eet traces of oil pollution which is universal. 
B u t when a whole area of th e  beach is covered w ith  an  evil looking sticky black 
ribbon of oil and  dead birds land up on th e  beach, local authorities, fishermen, 
holiday m akers and  luxury hotel owners are p u t to  severe hardships. The situation  
is worse in and around m ajor harbour areas, oil term inals and  m ain tan k e r routes.

In m odern tim es, w ith  th e  phenom enal grow th of th e  oil industry , tanker 
traffic a t  sea has increased and th e  problem  of oil pollution has become serious. 
The philosophy is « to  keep the  oil in places w here i t  is in tended  to  be ». Once 
th e  oil gets in th e  w rong place it  is liable to  catch  fire and if th e  fire reaches the  
source it  m ay resu lt in disastrous conflagration.

There are tw o categories of oil, viz. « P ersisten t » and « N on-persistent » oils. 
P ersisten t oils discharged into the  sea usually spread on th e  surface of th in  films 
so th a t  a sm all q u an tity  can quickly cover a very  wide area in relation to  its 
volum e (it has been calculated th a t  w ithin ten  m inutes one cubic m etre of Middle 
E ast crude oil can spread to  form  a circle 48 m  in diam eter). V olatile elem ents 
quickly evaporate  a fte r discharge. E vaporation  takes place 25 to  30%  in two 
to  th ree  days and th e  rem aining oil becomes m ore and  m ore viscous due to  the  
decrease in volatile com ponents and  th e  ra te  of spreading also reduces considerably. 
Due to  the  sea and  wave conditions some ém ulsification takes place in oil and 
in the  sea w ater. As th e  slick spreads out, th e  chemical and biological action 
results in th e  increase of th e  w ater con ten t to  70 to  80%  and finally a gel-like 
m ass, th e  unwelcome « Chocolate Mousse » is form ed. On reaching th e  shore, 
th e  « Chocolate Mousse » will pick up sand and debris and  th e  w ater evaporates 
resulting in w axy  lum ps, very  difficult to  disperse, and which are a fam iliar 
feature of th e  polluted beaches.

N on-persistent oil such as petro l are highly volatile and evaporate  quickly 
leaving practically  no residue behind. The m ain problem  of oil pollution a t  sea 
is caused by persisten t oils which include crude oil tran sp o rted  in bulk by  tankers 
for refining and heavy fuel, diesel and o ther lubricating  oils used in the  engines 
of m odern ships.

There are no hard  and fast rule of dealing w ith  m ajo r oil spills a t  sea. Though 
there  are certa in  accepted formulae like lim iting th e  am ount of oil spill and 
containing them  and cleaning up, the  m ost appropria te  action to  tak e  in any 
particu lar case will largely depend on th e  specific circum stances of th e  accidents, 
its  location and resources of th e  country  involved.

There are two m ain categories of pollution of oil a t  sea.
(a) Pollu tion  resulting  from accidents like collision and grounding.
(b) Pollution arising from th e  deliberate discharging of oil into the  sea in contraven­

tion  of the  in ternational conventions.
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Major Oil Pol lut ions  Accidents

SI
No. Date

Name
of

vessel
Nationality Location Cause

Approximate
oil

spills in tons

1. March 1967 Torrey
Canyon

British Scilly Island Collision 20,000 Tons

2. March 1968 General
Colocotrones

Greek Eleuthen Island 
Atlantic

Grounding 3,000 Tons

3. June 1968 Ocean Eagle Liberian San Juan 
Harbour 
Port Area 
Puerto Rico

Grounding

4. January 1969 Oil Rig American Santa Barbara 
South California

Oil rig fire 500-1,000 bar­
rels a day for 
129 days

5. April 1969 Hamilton
Trader

British Liverpool Bay Collision 900 Tons

The lessons of th e  m ajor oil pollution incidents of th e  world is w orthy of 
introspection so th a t  fu tu re  rem edial action can be evolved from the  m istakes 
of th e  past. The public consciousness of oil pollution was roused by the  «Torrey 
Canyon » disaster in March 1967, an un fo rtunate  incident resulting in the  largest 
known oil spills in world history. L ater, significant oil spills due to  ship and  off 
shore drilling casualties helped to  highlight th e  oil pollution problem on a global 
scale a ttrac tin g  the  im m ediate a tten tio n  of th e  N ations of the  W orld.

Oil pollution a t  sea is closely in terre la ted  w ith th e  pollution of H arbour 
w aterw ays and  coastal areas and  i t  is of u tm ost concern to  th e  G overnm ent, 
Local A uthorities and H arbour Officials.

The general conclusions from  th e  above are as follows :

(a) Speed of action is th e  m ost essential fac to r as i t  will be m uch easier to  tackle 
a com pact slick. If th e  oil is left un trea ted , the  harder becomes the  slick 
due to  evaporation leaving a viscous gum m y slick which is difficult to  deal 
w ith.

(b) Aerial reconnaissance to  be supplem ented by reports from all vessels in th e  
vicinity  of th e  slick regarding th e  thickness, ty p e  and  s ta te  of oil and also 
estim ated  drift of the  slick.

(c) In view of th e  speed of th e  slick i t  is necessary th a t  early w arning and 
com m unications are essential to  deal w ith  oil pollution under a unified central 
au th o rity  who will m ake a sw ift appraisal of th e  best techniques to  be adopted 
for a given crisis.

(d) An a lert is essential to  the  H arbour and  local au thorities of coastal areas to  
stand  by for necessary action in the  event of th e  oil slick spreading to  th e  
coastal areas.
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(e) The available chemicals (P enetra ting  agents, emulsifiers and dispersants) 
m ust be used th e  righ t w ay and in tim e under an unquestioned overall 
au thority .

(A t th e  tim e of th e  «Torrey Canyon» and  L iberian tan k e r « Ocean Eagle » 
grounding i t  is reported  too m any types of chemicals were used by too m any 
inexperienced firms. I t  is even reported some excited people even dum ped 
unopen drum s in th e  oil slick).

A varie ty  of m echanical devices have been developed to  contain  and dispose 
off oil, like log booms or fabricated  inflated booms to  ring th e  oil spills. Once 
contained, the  floating oil is retrieved by m any contrap tions of recent developm ent 
applying th e  principle of skim m ing, wiping and sucking of th e  oil. W hatever 
the  system  used —  be it burning, absorption, sinking or even leaving it  to  na tu ra l 
forces, it  is im p o rtan t to  note th a t  th e  rem oval of oil m ust be accomplished before 
it  pollutes th e  beaches and harm s th e  m arine life.

(B urning a ta n k e rs ’ cargo « in situ  » m ust be a last desperate resort a fter 
all a ttem p ts  to  salvage the  ship and  cargo have failed. In 1966 in Persian  Gulf, 
the  tan k e r « B ritish  Crown » which had loaded abou t 25,000 tons of crude was 
on fire. She was tow ed two miles off th e  berth  and allowed to  burn  out. A fter 
a period of tw o m onths it  was noted th a t  12,000 tons of oil was unburnl and  was 
transferred  into ano ther vessel).

The « In ternational Conventions for the  prevention of oil pollution of th e  sea 
by oil » in 1954 as am ended in 1962 w ith certain  exceptions p rohib its the  
discharge of « Oil and  oily m ix tures into th e  sea ». The In ternational Conventions 
present a g rea t force and N ations which are p artners to  th e  conventions m ust 
discharge th e ir obligations seriously and enforce regulations a t  na tional and 
in ternational levels. In  spite of all conventions there  are some ta n k e r operators 
who do no t abide by th e  rules and  cause oil pollution breaking th e  law'. I t  should 
be the  du ty  of ships plying in th e  oceans as well as air c raft to  rep o rt all unlawful 
actions of ships and  tankers who discharge oil into th e  seas and cause oil pollution 
w'hich has become a veritable global menace.

F o rtu n a te ly  Ind ia  has had  no oil pollution cases a t  sea or on th e  coastal 
areas. As th e  tan k e r traffic has increased considerably and  th e  m ajo r ports 
are handling crude oil and  p roduct tankers, a plan of action has to  be envisaged 
so th a t  rem edial m easures can be tak en  in th e  event of any  emergency. This 
has to  be given due consideration in th e  ligh t of th e  fac t th a t  on 4 th  A ugust 1970 
Panam anian  T anker M.T. A m puria w ith 15,000 tons of furnace oil grounded 
on th e  South S ourashtra coast near Porbunder P o rt and  there  was every chance 
of a m ajor oil pollution. F o rtuna te ly  th e  superb efforts of the  Indian  N avy 
saved th e  situa tion  for th e  country  and  th e  oil wras transferred  safely.

A suggested plan of action for India is as follows :

A C entral Pollution Control O rganisation to  be based a t  B om bay and in 
addition  each m ajor P o rt in Ind ia  to  have its own local Pollution Control U nits
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and the local U nit is to  work in close liaison w ith the  Industry , S tate  G overnm ent, 
C entral G overnm ent and N avy. The history  of all routine spillages and action 
taken  by th e  local un its to  be recorded and  a proform a to  be subm itted  to  th e  
Central Organisation. A ppropriate and adequate  stock of chemicals and equip­
m en t are to  be stored and tra ined  personnel available for an emergency in any 
P o rt of India. The Central O rganisation to  keep in  close touch  w ith world organis­
ations and give the  benefit of the  advanced techniques to  the local units.

Assuming th a t  there is a m ajor oil pollution abou t 50-60 miles off P o rt of 
Cochin, the  following is th e  expected procedure to  be followed on receipt of th e  
wireless message from th e  ship indicating th e  ex ten t and  n a tu re  of the  oil 
pollution.

(a) The Pollution Control U n it a t  Cochin to  establish im m ediate con tac t w ith 
th e  vessel and Central Pollu tion Control U nit.

(b) A rrange reconnaissance w ith  th e  help of th e  N aval a ircraft a t  Cochin and 
also arrange reports from  all ships in th e  vicinity.

(c) If there  was a collision betw een a tan k e r and  ano ther vessel, arrangem ents 
of salvage of th e  vessel in consultation w ith  th e  m asters of th e  vessel.

(d) Containing th e  oil slick by  available chemicals w ith th e  aid of tugs, fishing 
crafts and o ther available suitable crafts.

(e) I t  m ay also be advisable to  d ivert hopper dredgers fully loaded w ith  sand 
so th a t  th e  oil can be sunk before it  reaches th e  coast. As large seaw orthy 
hopper dredgers w ith  good speed are generally available in the  H arbour 
areas th ey  can be d iverted  w ith  full load of sand to  th e  oil polluted area. 
(More recently  Royal D utch-Shell have carried ou t experim ents on sinking 
oil a t  sea using a m ixture of trea ted  sand in w ater, to  produce an approxim ately  
10% sand in w ater slurry, i t  is proposed th a t  th e  trea tm en t to  be carried out 
on board  a hopper dredger which would th u s be available bo th  to  procure 
its  own dredged sand to  tre a t  i t  and then  by a relatively  simple modification 
to  spread i t  over th e  sea.)

(/) W arning to  be issued to  all coastal areas to  mobilise m anual and m echanical 
arrangem ents to  fight the  pollution if it  reaches th e  beach. (Saw dust, sand, 
bales of straw  and less tox ic  chemicals to  be ready).

b) Oil pollution on the  coastal  areas  and Harbours

Oil is alm ost bound to  arrive a t  th e  beach som etim e after a spill a t  sea. 
The action of repeated  tides, the  sun and  th e  u ltra  violet rays and th e  oxygen 
from  th e  air combine fairly rapidly  to  rem ove oil from th e  ordinary  beach surface. 
A single heavy application of crude oil has little  perm anen t effect on either the  
flora or fauna of th e  in tertida l zone, b u t chronic pollution rap id ly  produces 
deterioration  resulting in the  extinction  of m any m arine species.

The problem  of dealing w ith  oil pollution close or near to  th e  coast is to 
reduce th e  effects of pollution a t  m inim um  cost. On an unfrequented coast
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the cheapest th ing  is to  do nothing and  leave it  for the  tida l action to  clear the 
mess. If oil th rea ten s a pleasure beach, the  rem oval of the  oil as expeditiously 
as possible m ust receive th e  highest p riority . Consideration m ust be given on 
each occasion to  the position of th e  oil slick in relation to  th e  use m ade of the  
th rea tened  coast by holiday m akers, p roxim ity  to  fishing grounds and harbours.

Oil is a definite p o llu tan t in H arbour areas and coastal w aters because of 
the  historic relationship betw een ships and  oily discharges. E very  precaution 
m ust be taken  to  ensure th a t  oil and oily products do no t escape so as to  give 
rise to  pollution and fire hazards. The pipelines connecting th e  ship to  the  
Refinery storage tan k s and storage tan k s to  d istribution  centres m ust be defined, 
built, operated  and m aintained so th a t  escape of oil is avoided a t  all tim es. The 
age old definition of a successful pipeline as one which does no t leak, still holds 
good. The pipeline technology has progressed im m ensely and th e  probability  
of leakages has been reduced to  the  barest m inim um .

An accident is an unexpected event and  cannot be to ta lly  elim inated, b u t 
if an accident occurs, necessary rem edial m easures of arresting pollution to  be 
taken  w ith the  m axim um  speed and w ith the  available resources a t  hand. 
Indigenous resources like straw , saw dust, sand and th e  use of fishing nets and  
booms to  contain th e  oil should be resorted to  in th e  initial stages. M anual 
rem oval, m echanical rem oval, ignition, émulsification, absorption and sinking 
of oil to  be em ployed according to  th e  grav ity  and necessity of th e  situation .

The oil pollution problem  in developing countries like India m ay no t appear 
to  have such g rea t significance as those in advanced industrial countries although 
industrial advancem ent is bound to  increase, sooner or la te r th e  po ten tia l risk 
which m ust be borne in mind. The law which governs oil pollution A cts of 
P o rt w aters and  riverine areas m ust be stric tly  enforced. The oil pollution 
cases in M ajor P orts of India are dealt w ith under th e  regulations of the  Indian 
P o r t’s A ct Section 21, Sub-Section (1), (2) and  (3).

« 21. Improperly discharging hallasi.

(1) No ballast or rubbish, and no other th ing  likely to  form a blank or shoal 
or to  be detrim ental to  navigation, shall, w ithou t lawful excuse, be cast 
or th row n  into any such P o rt or into or upon any  place on shore from  which 
the  sam e is liable to  be w ashed into any such P o rt, e ither by ordinary  or high 
tides, or by storm s or land-floods (and no oil or w ater m ixed w ith  oil shall 
be discharged in or into any such P o rt, to  which any rules m ade under 
clause (ee) of sub-section (1) of Section 6 apply, otherwise th a n  in accordance 
w ith  such rules.

(2) A ny person who by himself or ano ther so casts or throw s any ballast or rubbish  
or any such o ther thing (or so discharges any  oil or w ater mixed w ith oil), 
and th e  M aster of any vessel from which th e  same is so cast (throw n or 
discharged), shall be punishable w ith  fine which m ay extend to  five hundred
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rupees, and shall pay any reasonable expenses which m ay be incurred  in 
rem oving the  same.

(3) If, a fte r receiving notice from the  C onservator of th e  P o rt to  desist from so 
casting or throw ing any  ballast or rubbish  or such o ther th ing  (or from so 
discharging any oil or w ater m ixed w ith  oil), any M aster continues so to  cast 
(throw  or discharge th e  same), he shall also be liable to  simple im prisonm ent 
for a term  which m ay extend to  two m onths. »

V igilant patro l and im m ediate detection of pollution cases will assist to  
minim ise m inor pollution cases. A p art from legislative and adm inistra tive 
m easures, both  the oil and w ater industries as well as w ater resource au thorities 
and  other interested parties m ust jo in tly  strive to  ensure th a t oil pollution is 
elim inated. The need to  keep oil and  w ater a p a r t is m an d ata ry  to  w ater resource 
developm ent and  ulilisation. The problem  is one of education which can be 
achieved by a rational approach and understanding  of th e  relevant problems, 
by th e  application of precautionary  m easures, by the m aintenance of high 
s tandards, by  program m es or research and by education of all concerned, especially 
th e  user.

OIL POLLUTION CASES AT COCHIN

1. F ire a t  South J e t ty  Exchange P it on 23-2-1967 due to  N ap h th a  spill.

2 . Pollu tion of crude oil by T anker « Covenas » on 30-1-1971 a t  N orth  T anker 
B erth , Cochin P o rt T rust.

3 . Oil Pollution a t  T ourist R esort K ovalam  (T rivandrum ) —  Jan u a ry  1971.

4 . Pollution of Kerosene oil by T anker « A tys » —  28-2-1971 South T anker B erth .

1. Fire aí South Jetty Exchange P it on 23-2-1967 due to Naphtha Spill

A t abou t 19.30 hours on February  23, 1967, a fire was observed to  have 
originated abou t 100 ft. tow ards th e  south of th e  T anker berth  South je tty  
exchange p it in th e  E rnaku lan  channel. In  a m a tte r  of seconds th e  fire proceeded 
tow ards th e  south  je tty  exchange p it all th e  tim e  burning on th e  w ater. The 
fire continued to  burn  along th e  reta in ing  wall and also a t  th e  ou tle t opening of 
th e  sum p of th e  exchange p it. Some portion  of exposed insulation of some of 
th e  pipelines inside th e  p it also started  sm ouldering. Before any dam age could 
be caused, th e  fire was efficiently extinguished by  th e  City Fire B rigade and th e  
P o rt T ru st F ire B rigade w ith available chemical and m echanical foam. The 
fire on th e  w ater rose to  a height of 15 to  20 ft. while i t  lasted. On seeing th e  
m agnitude of th e  fire th e  tan k e r « Confidence » loading furnace oil a t  South 
T anker berth  and th e  crude oil discharging tan k e r « M aster Michael » a t  N orth  
T anker B erth  stopped all operations. Luckily th e  property  dam aged was 
practically  negligible.
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D uring th e  enquiry  it  was revealed th a t  th e  source of ignition s ta rted  about 
100 ft. south of th e  exchange p it in the  open channel. A t th e  tim e th e  fire 
commenced there  was a boat near th e  po in t w here th e  fire originated. I t  can 
therefore be presum ed th a t  th e  boatm an try ing  to  ligh t a cigarette  has caused 
the  ignition. Judg ing  from  th e  w ay th e  fire sta rted  and propagated  i t  can be 
reasonably assum ed th a t  the product floating on th e  sea was of low flash like 
gasoline or n aph tha . A little  while before the  fire occurred th e  spectacle blind S8 
a t  valve PV16 was rem oved and it  was understood th a t  th e  ou tle t from th e  sump 
into th e  sea was only partia lly  covered. S tringent m easures for p reventing such 
recurrence of spillage and consequential fires were tak en  and up -to -date  there  
was no fu rth er incident.

2. Pollution of Crude oil by Tanker « Covenas » at North Tanker Berth, 
Cochin Port Trust, on 30-1-1971

The M otor T anker « Covenas », flying Colombia Flag, of 5,996 N et tons 
loaded approxim ately  16,094 M /Tonnes Iranian L ight Crude oil a t  K harg  Island 
and arrived a t  Cochin on 29-1-1971. She was berthed  a t  N orth  T anker berth , 
Cochin P ort. W hile discharging crude oil in bulk to  Cochin Refineries sprung 
a leak in forw ard tan k s polluting backw aters of Cochin betw een 13.00 hours 
and 15.30 hours on 30th Jan u ary . Im m ediate action was tak en  to  transfe r oil 
from forw ard ta n k s  and to  expedite pum ping to  Refineries and also pum ped 
salt w ater to help oil float on surface arresting  pollution. All possible precautions 
were tak en  and  fire float and P o rt launches were directed to  churn oily w ater as 
best as possible. The exact q u an tity  of crude oil discharged in backw aters 
could no t be estim ated  b u t i t  was believed to  be abou t 50 Tons. Action was 
in itia ted  against M aster of T anker under Section 21 (2) of Indian P o rts  A ct 1908.

A spot enquiry was conducted on th e  ship as well as la te r in th e  Office of 
th e  D epu ty  C onservator and th e  cost of abou t Rs.15,000,—  was debited to  th e  
ship on account of the  oil pollution cost. As th e  C aptain  adm itted  th e  fau lt 
and  since i t  was an ac t of God and  all possible steps were taken  as quickly as 
possible, no prosecution was conducted.

3. Oil Pollution at Tourist Resort, Kovalam

The N ational T ourist R esort a t K ovalam , T rivandrum  was reported  to be 
affected by oil pollution and on 24-1-1971 as soon as th e  Cochin P o rt was apprised 
on th e  pollution th e  following m easures were taken .

(i) A wireless w arning from  Cochin P o rt A u tho rity  was issued to  all ships. 
« N ational T ourist R esort a t  K ovalam , T rivandrum , being spoiled due to  
oil pollution. All ships passing W est Coast are requested to  conform 
stric tly  w ith th e  In ternational Convention for th e  prevention of th e  pollution 
of th e  sea by oil. »
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(ii) The Indian N avy was requested  to  prom ulgate the  above signal in th e ir  
W .I.G . broadcast and also Notices to  M ariners were issued in th e  above 
context.

(iii) L etters  were addressed to  th e  D irector of Fisheries, T rivandrum  w ith copy 
to  the  S tate  P o rt Officer, T rivandrum  and Asst. D irector of Fisheries, Quilon, 
w ith a view to  a lert all fishing crafts regarding th e  spillage of oil and also 
to  repo rt of sighting of oil slick.

As K ovalam  is situa ted  in the  close proxim ity  of th e  d irect in ternational 
tan k er route, i t  is qu ite  likely th a t  some tan k e r has infringed th e  in ternational 
convention of th e  prevention of pollution of sea by oil by cleaning th e  tan k s 
and pum ping ou t th e  same into th e  sea on her w ay to  th e  loading term inal. In 
spite of in ternational conventions and agreem ents some irresponsible tankers 
do break th e  law and th e  reported  oil pollution on the beaches of K ovalam  is 
a typ ical example.

On 5th  F ebruary  1971, th e  Chairm an, Cochin P o rt T ru st and th e  Chairm an 
of T ourist Corporation along w ith the  D epu ty  Conservator, Cochin P o rt T rust, 
v isited K ovalam  beach and  inspected the  oil polluted areas. A careful exam ination  
was m ade of th e  im m ediate v icinity  of th e  beach which was of a concave shape, 
ideal for receiving the oil dum ped in th e  proxim ity  and deposited on th e  beach 
by th e  sea and  th e  swell. The Chairm an of th e  T ourist C orporation m entioned 
th a t  pollution happens once in a way which confirms th e  fact th a t  the  reported  
oil pollution is due to  th e  stray  case of a passing tan k e r cleaning tan k s off T ri­
vandrum . The au thorities were advised to  resort to  th e  m anual cleaning of th e  
area and th e  samples of sand m ixed w ith solidified oil were collected from th e  
K ovalam  beach and send for analysis to  th e  Cochin Refineries, Cochin. The 
Cochin Refinery A uthorities analysed the  sam ple and in tim ated  th a t  the  pollution 
was likely due to  crude oil.

4. Pollution of Kerosene oil by Tanker « A tys  » on 28-2-1971

A t 22.00 hours on 28th February , F ire Officer, Cochin P o rt T ru st reported  
of a slight leakage of superior kerosene oil from  tan k e r « A tys » berthed  a t  T anker 
berth . The leakage was reported  to  be under control and th e  F ire F lo a t was 
ordered for patro lling  in th e  E rnaku lam  channel in th e  vicin ity  of th e  tan k e r 
berth  and also to  work her propellers to  disperse th e  oil as fast as possible.

A t 09.30 hours on 1st M arch a rep o rt was received from th e  N avy th a t  there  
was fire on th e  foreshore near th e  N aval area and two fire engines were despatched 
from  th e  Cochin P o rt and since i t  was reported  to  be a m ajo r fire, M attancherry , 
E rnakulam  and F o rt Cochin F ire U nits were also alerted. A t 10.00 hours the  
D eputy  C onservator visited th e  spo t and th e  Chief Staff Officer, Indian N avy 
was also present. I t  was noticed th a t  th e  entire area fringing on th e  naval 
foreshores was covered w ith a th in  film of kerosene oil and th e  fire was ranging 
to  a height of 60-100 feet.
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The following action was taken.

(1) The fire was allowed to  extinguish on its own so as to  burn  aw ay as m uch 
oil as possible w ithou t endangering the  surrounding area.

(2) N avy was requested to  cover th e ir areas w ith th e ir  fire brigades and security  
guards.

(3) The F ire B rigade of Cochin P o rt was instructed  to  cover E rnakulam  W harf 
B erths and  E m barkation  je tty  of W illingdon Island.

(4) Fire F loa t was to  stand  by a t  rail road bridge ready  to  use foam in case 
of fire.

(5) All possible launches were to  be diverted  for patrolling in the  back w aters 
on th e  E rnaku lam  side w ith sand, saw dust, etc. to  be used, if necessary.

(6) The Commissioner of Police was contacted  to  guard railroad bridge and 
stop all vehicles passing th a t  w ay and to  in stru c t them  no t to  smoke and 
throw  cigarettes in the  backw aters.

(7) N avy was requested  to  send th e  helicopter to  find ou t th e  ex ten t of the  
leakage of oil and  in tim ate  any  sighting of smoke/fire.

(8) The P o rt Signal S tation, W illingdon Island was alerted to  keep a very  keen 
look out un til fu rth er orders.

(9) The Traffic M anager was contacted  to  in stru c t all ships on both w harves 
to  be careful ab o u t smoking and  throw ing  aw ay cigarette  b u tts  in the 
backw aters.

(10) E rnakulam  and M attancherry  Police and F ire B rigade to  standby  for any 
emergencies of fire anyw here in the  backw ater area.

(11) The D istric t Collector was contacted  and  a message of th e  em ergency was 
conveyed to  him.

(12) Tug « Shak tan  » was instructed  to  patro l E rnaku lam  backw aters by  using 
loud bailers for w arning and alerting ferry  boats and  othei crafts.

(13) Security Officer specially instructed  to  order security  staff in tan k e r berths 
to  exercise u tm ost vigilance regarding passing crafts in and around the  
tan k e r berths.

(14) One lire engine and  personnel a t E rnaku lam  ferry  je t ty  to  w arn all ferry-boats 
and  passengers and  to  cope up w ith any  fire in the  P o rt prem ises of the  
backw aters.

On 1st P.M. an  enquiry in to  th e  incident of oil pollution was conducted by 
th e  D epu ty  C onservator and th e  s ta tem en t of th e  M aster was recorded. The 
M aster adm itted  th a t  th e  incident occurred due to  error in no t closing th e  sea 
valves properly and  apologised for th e  ac t of omission. H e was how ever issued 
a notice th a t  action will be taken  under Section 21 (2) of the  Indian P o rts  A ct 
and all reasonable expenses incurred by the  users of th e  backw aters be charged 
to  his Agents. The Ind ian  Oil C orporation personnel and also th e  A gents of 
th e  vessel were heard and th e ir  sta tem ents on th e  incident were recorded. They 
were instructed  to  exercise stringent precautions in fu ture. The P o rt F ire Brigade
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and the  Security personnel on th e  W harf were also likewise instructed . I t  was 
estim ated th a t  about 150 to  200 tons of kerosene oil h ad  been spilt in the  back­
waters.

Tne emergency was called off a t 6 P.M. on 3-3-1971 afte r a personal inspection 
w as m ade of th e  backw aters and satisfied th a t  th e  oil sp ilt was no t likely to be 
of any hazard. All concerned were alerted  to safeguard against fu tu re  pollution 
cases and there  is no recurrence of th e  above nature.
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II.  G E N E R A L  P O L L U T I O N

The general pollution in coast and harbour areas can be divided in to  :

(1) Pollution by  solid wastes.
(2) Pollution by liquid wastes.
(3) Pollu tion by sewage.
(4) Pollu tion by gaseous wastes.
(5) Pollution by « weightless wastes » like radio active pollution.

The rivers and th e  coastal w aters of a H arbour area have trad itionally  been 
th e  final receptacle of m any of m an’s num erous w aste m aterials. Sewage, che­
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micals, garbage and o ther po llu tan ts are carried to  the  sea th rough  the  connecting 
w ater ways from  M unicipal, industria l and agricultural sources or dum ped 
directly by  barges and pipelines. The sea also has been used to dispose of radio 
active w astes and  toxic acids and o ther chemical substances. Industria l liquid 
w aste is a prom inent source of pollution in th e  coastal regions. A gricultural 
po llu tan ts from  land run, all anim al waste, pesticides and  fertilisers add to  the  
volum e of w aste w hich pollutes th e  harbou r m outh  areas and coastal w aters.

(1) Sol id Waste.

Solid w aste constitu tes a num ber of m aterials which are both  dom estic and 
industrial. Dom estic w aste m ay be garbage from th e  k itchen, rubbish of all 
sorts of m ateria ls like broken glasses, plates and  plastic m aterials, etc. and also 
leaves, grass and  p lan t cuttings from th e  gardens. The dom estic w aste which 
contains garbage, lit te r  or rubbish  is commonly dum ped into th e  river. I t  is 
estim ated  th a t  an average city dweller in advanced countries produces more 
th an  half to n  of garbage per year. I t  is reported  th a t  the  B om bay M unicipal 
Corporation rem oves m ore th an  2,000 tons of garbage every day. The com bustible 
m aterials like leaves, paper and o ther m atte rs  can be b u rn t a t  high tem pera tu re  
in incinerators. In  th is process though th e  solid w aste is being converted into 
gaseous w aste causing air pollution, i t  can be properly controlled and m anaged. 
A nother m ethod is com posting th e  organic m aterials thus converting them  from 
w aste to  fertilisers th a t  can be used to  advantage. N on-com bustible m alerials 
like ash, rubbish, tins, glass pieces and broken plates, etc. can be disposed of 
by  land fill m ethod in low lying areas and solid w aste m ateria l from  industries 
can also be sim ilarly trea ted .

(2) Liquid Waste.

M an obtains fresh w ater from  th e  well know n hydrological cycle na tu ra lly  
operated from th e  surface w ater or from ground. Surface run  off gathers 
im purities, both  m ineral and  organic as i t  flows th rough  th e  rivers down to  the  
sea. U nder norm al conditions the  river takes care of m any polluting substances 
th a t  en ter its  regim e of flow.

P o llu tan ts  ac t on m arine p lan ts  and accum ulates in  a num ber of ways. 
A high concentration  of certain  tox ic  m aterials discharged in  any  w ater body 
can resu lt in a m assive initial m orta lity . Traces of toxic w astes in which m ay 
be found raw  chemicals, insecticides and heavy m etals like m ercury  m ight be 
assim ilated by microscopic aquatic  plants. These p lan ts are basic source of food 
for all anim als in  th e  sea especially clams, prawns, oysters and  shrim ps. T ain ted  
fish consum ed by  hum an beings eventually  affect life in  a num ber of cases.

A t an In te rna tiona l Conference in London on th e  biological effects of pofiution 
in  th e  sea a novel m ethod  of pressing a hollow needle in to  th e  b reast of a sea bird 
—  which does no t harm  th e  living anim al — provided a valuable clue to  scientists 
to  assess th e  q u an tity  of P o llu tan ts  absorbed by  th e  bird concentrated  in  th e  fa t 
of th e  breast.
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M inim ata village in Jap an  had  a fertiliser p lan t for m any years. In 1949 
i t  s ta rted  m anufacture of v inyl chloride (a base m ateria l for production of plastics) 
using m ercury catalyst. The production of vinyl chloride which was only 
60 tons in 1949 w ent up to  18,000 tons in 1959. From  1953 onw ards m any 
Japanese  villagers living near M inim ata B ay  showed neurological disorders. I t  
was suspected th a t  th e  villagers suffered because of eating  fish and oysters from 
th e  B ay which had  accum ulated m ercury from th e  p lan t effluences. The disease 
took  an epidemic form in Jap an . Some died while m any others suffered for life.

Few pollution stories have received so m uch publicity  as th e  « red » herring 
fish kills in Long H arbour, P lacentia  B ay, New foundland. In M ay 1966 large 
num bers of herring were dying on th e  beaches w ith th e ir heads and fins tin ted  
a brillian t red, and cod were said to  be sk ittering  blindly across th e  surface of 
th e  w ater before sinking to  the  bo ttom  to  die. Scientists from  th e  Fisheries 
Research B oard of Canada under th e  direction of D r. D .R . Idler played a significant 
role in th e  investigations which proved th a t  elem ental phosphorus em anating 
from  th e  p lan t of th e  firm of th e  E lectric  R eduction Company of Canada L td . 
was responsible for th e  fish kills. A fter im plem enting the  recom m endations 
of th e  Research B oard the  p lan ts s ta rted  functioning and the  w aters of Long 
H arbour are still being m onitored and Phosphorus analysis carried ou t on fish 
from  Long H arbour and P lacentia B ay, to  ensure th a t  there  is no trace  of phos­
phorus in th e  tissues of th e  fish.

The m ajor w orry in India is abou t w ater pollution. I t  is reported  th a t  in 
B enares on th e  banks of river Gunga abou t 3,000 gallons of sewage are discharged 
in to  the  sacred Gunga river every day in addition  to  industria l w astes and w ater 
of unknow n sources. Scores of people died in th e  northw est p a r t of India in 
1968 by drinking polluted w ater of th e  sacred river Gunga where indiscrim inate 
refinery w aste was discharged which was realised only when a long stre tch  of 
river caught fire. This ca tapulted  national a tten tio n  and resulted in th e  appo in t­
m ent of a commission. Since th en  w ater pollution prevention Boards prescribing 
safety standards was adopted  by several states.

The rivers of India have become v irtu a l sinks for depositing sewage and 
waste. In Hooghly river there  are abou t 100 Industries discharging w aste into 
th e  river.

A nother serious problem  is th e  tendency of some po llu tan ts to  deplete the  
dissolved oxygen in coastal and oceanic areas. Oxygen supports m arine and 
aquatic  life and is also necessary to  th e  biological degradation  of organic m aterials. 
Much of th e  W orld’s oxygen perhaps 50 to  90%  is produced by m arine p lants 
and th re a t to  th e ir health  from any p o llu tan t would gradually  th rea ten  th e  
ea r th ’s oxygen supply.

M any harm ful com pounds have often been used in th e  p repara tion  of pesti­
cides, herbicides, seed preservatives, etc. Pesticides used in India nam ely, 
D .D .T., A ldrin and  Dieldrins, etc. eventually  find w ay in our public stream s 
and  rivers along w ith fertiliser salts.
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If th e  problem s of w aste release are tak en  good care of a t th e  design and 
planning stage by th e  righ t choice of site, process and outfall, th e  w astes can be 
released safely and useful byproducts can be recovered from them . Thus one 
could also m ake pollution work th e  o ther w ay round. The sea also has a g rea t 
capacity7 to  assim ilate w astes due to  its large volum e and rapid  m ixing. By 
diluting th e  w astes, so th a t  its micro-organism s can break down th e  organic 
constituents, it  provides an efficient m eans of w aste disposal. B u t optim um  use 
of th e  sea for w aste disposal for m unicipalities, power and chemical p lants, 
requires careful m anagem ent of local environm ent and understanding  of its 
tran sp o rt, diffusion and biological degradation. Dom estic sewage, w ith deliberate 
additions of certain  elem ents or organic com pounds, can be used to  produce 
n atu rally  balanced fertilisers for th e  m arine environm ent; and pollution can be 
used to  actually7 increase productiv ity . Obviously, th is would require scientific 
research, efficient m anagem ent and precise controls.

(3) S e w a g e  Pol lut ion.

Pollu tion by7 dom estic sewage m ay cause serious oxygen depletion in estuaries, 
land-locked bays and coastal w aters. I t  can render shell fish unsafe to  ea t 
w ithou t prior purification and also lim it th e  use of ba th ing  beaches and  thus 
reduce am enities. M ethods of trea tin g  sewage are well know n b u t th e  im pedim ent 
is th e  high cost of the  m odernising and expanding th e  existing p lan t, installing 
new outfalls and providing trea tm en t where i t  is either non-existent or inadequate. 
The high cost of tre a tm e n t and th e  scarcity of land in the  righ t place has compelled 
to  the  adoption of long sea outfalls sited so as to  enable to  carry  th e  polluting 
m aterials aw ay from  the  shore.

In a th ick ly  populated  country  like ours w ith overcrowed cities and harbours, 
having inadequate  facilities for sewage trea tm en t, sewage contam ination of th e  
w ater resources becomes a g rea t problem . I t  is reported  th a t  there  are 600 tow ns 
which have open drains and  80 tow ns and Cities w ith com plete or p artia l sewage 
system . E stim ated  to ta l volum e is abou t 30,000 million litres per day. In  
B om bay th e  W orld B ank Team  recently  conducted a study  by th e ir consultants, 
Messrs. B innie and P artners. B om bay received abou t 220 million gallons of 
w ater daily confronting her w ith th e  problem  of disposal of abou t 200 million 
gallons of sewage per day. O ut of th e  170 million gallons of sewage received 
daily7 a t  different tre a tm e n t works, abou t 72 million gallons were discharged 
into the  sea after giving it  a p rim ary  trea tm en t. The rem aining 98 million 
gallons of un trea ted  sewage is being discharged into th e  sea either d irectly  or 
through th e  creek. A bout 30 million gallons of sewage m ainly  from  th e  unsew eied 
areas of th e  suburbs and extended suburbs is also released in to  th e  sea w ith  or 
w ithou t seplic tank  trea tm en t.

The disposal system s in th e  country  are m ainly by discharges of trea ted  
sewage effluent and  use of d ry  sludge as fertiliser and discharge of raw  sewage 
into th e  nearest coastal w aters, river or stream . The estuarine disposals present 
a slightly different problem  in as m uch as th e  ind irect u tilisation  of sea w ater
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was involved. Most dom estic sewage is mixed w ith wastes from local industries 
and direct sea discharge m ay lead to  th e  inclusion of highly toxic and persisten t 
w astes a t concentrations which could no t be accepted in sewage trea tm en t works. 
The continued discharge of nuliienLs in sewage and the  phosphate added by 
detergents m ay lead to  oxygen depletion in th e  enclosed bays and coastal w aters.

Sewage, industrial wastes, as well as organic po llu tan ts when dum ped into 
an enclosed body of w ater, will p u t an im m ediate dem and on th e  oxygen conten t 
of w ater. If sewage were in troduced oxygen supply m ight well be reduced to  
a po in t a t which m any organism s could no t live. In 1972 Jan u a ry  thousands 
of dead sardines lay ro ttin g  round the  p arts  of Bom bay C ity’s coastline. The 
stench was more terrib le th a n  the  sight. The sardines had come a long way 
from  the  w aters off K erala carried by ocean currents. These fish breed only 
in pollution-free w aters and need a lo t of dissolved oxygen in the  w ater to  survive. 
They died when th ey  entered the  bay  w aters around  the  city  which happen  to be 
th e  repository of th e  c ity ’s sewage. W hen th e  bay w ater was analysed, it  was 
found i t  contained practically  zero p a rts  per million of oxygen.

The im portance of operating th e  p lan ts  m ust be appreciated  and p lants 
m ust receive th e  a tten tio n  they  deserve. For m eeting th e  challenges in the  
operation of such plants, tra ined , qualified and  willing personnel m ust be selected.

As the  installa tion  and  operation of sewage tre a tm e n t p lan ts involve large 
funds, it is necessary to  assess th e  ex ten t of tre a tm e n t before disposal. This 
needs a thorough study  of th e  outfall w hich am ounts to  oceanographic study  
of th e  sea in and about th e  outfall. In Ind ia  a t  B om bay th e  study  is being carried 
ou t th rough a jo in t collaboration of Central Public H ealth  Engineering Besearch 
In s titu te  and N ational In stitu te  of O ceanography. M adras, C alcutta  and  other 
Cities and o ther P o rts  along the  sea will also be undertak ing  such studies.

There is a general tendency to  drop any th ing  and everything in sewers. 
I t  is absolutely necessary to  guard  against uncontrolled discharges in sewers as 
it  will cause m any problem s no t only a t  sewage works b u t also to  th e  staff engaged 
in sewer m aintenance works. Top p riority  of a llo tm ent of land required for 
sewage trea tm en t m ust be given.

Specific rules m ust be laid down for sewage trea tm en t disposal. Indis­
crim inate discharge of sewage in w ate r resources should be prohibited. A sample 
trea tm en t th a t  of oxidation ponds will be very  suitable because i t  is cheap and  
g reatly  reduces th e  po ten tia l hazards. The sewage w ater can be used for 
increasing agricultural production  provided necessary steps are taken  to  control 
its effects on pollution of th e  hum an em ploym ent.

(4) Pol lution by G as eou s  Wastes .

« In  A.D. 1309 an  Aztec Indian  in h ab itan t of w hat is now Mexico City was 
found guilty  of burning charcoal in th e  city  and polluting th e  air. H e was 
ordered to  be hanged for th is  offence. To-day Mexico City has a carbon m onoxide 
level g reater th a n  m etropolitan  New Y ork, a sulphur-dioxide level g rea ter th an
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th a t  of London, and  ten  tim es th e  industria l contam inants of the  industrialized 
Rhine R iver Valley. » The above fact holds good th e  world over in  all the  
m etropolitan  areas. Noxious fumes from factory  chim neys have already begun 
to  pose a health  hazard. The people of Bom bay have noted on m any days a 
blackish smog/smoke from factories and power houses m oving like a dense cloud 
tow ards sea. The same sight can be seen in C alcutta, M adras, Cochin and o ther 
m ajor P o rts  of India.

The W orld H ealth  Organisation has defined air po llu tan ts as « substances 
p u t into th e  air by  the  ac tiv ity  of m ankind in concentration sufficient to  cause 
harm ful effect to  his health , p roperty  or to  interfere w ith the  en joym ent of his 
property  ». W ith  th e  increasing industria lisation  of India and concentration 
of the  same in coastal and H arbour areas, th e  problem  of air pollution is severely 
felt. I t  is reported  th a t  diseases such as bronchitis, asthm a, lung cancer as 
well as m any other types of lung, skin and eye troubles are linked w ith  air pollution. 
The oxides of su lphur and nitrogen which are contained in the  gases em itted  by 
Pow er Houses, Oil Refineries, Petro  Chemical and Fertiliser Industries irrita te  
th e  eye, nose and th ro a t and  dam age the  lungs. O ther po llu tan ts  of th e  air are 
carbon m onoxide, oxides of nitrogen and  hydro-carbons which are em itted  by 
interna] com bustion engines.

A study  by the  H ealth  Physics Division of th e  B habha Atom ic Research 
Centre in th e  Chem bur-Trom bay region has shown th a t  noxious fumes have 
reached such levels of concentration th a t  are likely to  have harm ful effects on 
the  population. I t  is said th a t  B om bay burns abou t 9,500 tons of fuel every 
day, coal, gas, petroleum , kerosene, diesel, refuse and garbage, etc. All precautions 
are being th o u g h t of by industries especially chemical, rubber and plastic units 
which are likely to  pollute the air. The W orld B ank recently  laid a condition 
on a prom oter of a fertiliser project th a t  assistance will be given only if built-in  
emission control devices w'ere introduced.

The air pollution in developing countries has reached such a dangerous level 
th a t  in U.S.A. th e  invisible po llu tan ts are estim ated  to  be around 85 to  90%  
of the  to ta l po llu tan ts in U.S.A. In certain  areas in U.S.A. th e  children are 
w arned no t to  have heavy physical experiences to  p reven t deep b rea th ing  of 
the  polluted a ir and in Jap an  children and adu lts have to  w ear m asks on smoggy 
days. India has to  tak e  serious note of th e  evil effects of air pollution as 
experienced in th e  developed countries and  devise w ays and  m eans to  counteract 
the  m alady in tim e.

(5) Pollut ion caused by w e i g h t l e s s  wast es .

The effluent releases from nuclear industry  have received serious public 
a tten tio n  th ro u g h o u t th e  world. D escribing th e  practices in th e  nuclear industry  
in India, w here discharge criteria are extrem ely stringent, Shri H .N . Sethna, 
D irector B habha Atom ic Research Centre sta ted  a t  a Sem inar on Pollu tion and 
H um an E nvironm ent in B om bay in 1970 :
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« The approach to  environm ental control of pollution in the  nuclear industry  
is based on th e  principle of containm ent and  controlled release to  th e  environm ent 
w hen inescapable. W e set lim its on releases based on th e  safe receiving capacity  
of th e  environm ent and the  control is achieved by effective m ethods of trea tm en t, 
decontam ination and  containm ent of th e  po llu tan t. This is perhaps the  only 
industry  which looks into th e  environm ental pollution control and dem ontration 
of conform ance to  set norm s as a p a r t of operational responsibilities. »

Controlled releases have been m ade after due consideration of all the  para­
m eters. The Scientific planning of pollution control a t  a nuclear site consists 
of :

(a) P re-operational study  of dilution, tran sp o rt and  dispersion m echanism s in 
th e  bay waters.

(b) R ad iation  background.

(c) Ecological up takes and

(d) A system atic m onitoring of th e  receiving environm ent.

The basic philosophy for radio active disposal adopted  by th e  B habha 
Atom ic Research Commission is « M axim um  containm ent » and « M inimum 
Release ».

All possible sources of exposure to  the  local population from bay w ater as 
a resu lt of discharge of radio active effluents into it  is exam ined in detail, such 
as th e  consum ption of fish and sa lt m anufactured  in the  bay w aters. M onitoring 
of the  aquatic  environm ent is continuously carried ou t including th e  analysis 
of th e  bo ttom  sedim ent samples collected from different localities. The levels 
of radio activities in th e  ad jacen t coastal w aters and foreshores, the  area of the  
receiving sea w ater, silt and  m arine organism s in th e  area are assessed and 
permissible con ten t lim its are com pared.

The effect of radioactive elem ents is difficult to  judge unless th ey  are in such 
concentrations to  give acute effect. Cancer, m alform ation of body a t  b irth , 
abnorm alities in  organ developm ent are some of the  effects observed in the  
laboratory  experim ents conducted on anim als. R adio-activ ity  is no t the  only 
w aste th a t  nuclear p lan ts produce. There is ano ther « unseen w aste » which is 
Therm al Pollution.

For cooling purposes nuclear reactors use large quantities of w ater. This 
w ater, even if it  does no t pick up rad ioactiv ity , is m ean t to  pick up the  hea t 
energy and the  w aters are re tu rned  to  the  stream  or river from  which it  m ay 
have been draw n. Large num ber of industries require w ater for cooling. I t  is 
found easier to  tak e  w ater from th e  source of lower tem pera tu re  and le t off the  
h o t w aters into rivers causing therm al pollution. In th is  process ecological 
balance of th e  stream  or river is affected as m any organism s are killed. This 
form of pollution is fairly easy to  elim inate if industries use cooling tow ers or 
spray ponds and th u s reuse the  w ater.
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II I .  M I S C E L L A N E O U S

N atura l pollution is no t new. There are m any n a tu ra l po llu tan ts like the  
solid decaying organic m a tte r  from  p lants and anim als; surface run-off carrying 
organic m aterials to  rivers and o ther w ater bodies. Volcanoes, floods, th u n d er 
storm s and  earthquakes d isturb  the  balance in environm ent causing a t  tim es 
pollution of rivers, estuarine w aters and coastal areas.

a) Interaction of sa l t  and fresh water.

The in teraction  of the tides resulting in the  ebb and flood, th e  seasonal 
currents, wind and w eather and o ther hydrodynam ic factors have considerable 
effect both  positive and negative in respect of pollution. A t tim es po llu tan ts 
especially oil dry ou t on the  coastal areas and inland w ater areas during tw o suc­
cessive periods of neap tides and become more and more viscous while on the  
other hand  the  in teraction  of the  low and high tides autom atically  cleans the  
beach.

In the P o rt of Cochin every year during a particu lar season, i.e. betw een 
August and Septem ber (just a fter the  South-w est monsoon), a phenom enon of 
heavy m orta lity  of fish occurs due to  th e  in teraction of the  salt and fresh w ater 
caused by the  intrusion « Salt tongue ». « It is found ou t th a t  a fter th e  monsoon
is over, an under curren t of the  sea would cause the w ater of th e  dem ersed s tra ta  
to  come up and the  fish in th a t  level of w ater, m ostly dem ersed fish, would also 
natu rally  come up due to  the  force of th e  current. This w ater would be retain ing 
a low tem peratu re, b u t when it  comes up it  gets heated then  th e  oxygen contents 
in the  w ater would be reduced and  thereby  th e  fish therein  would get suffocated 
due to  lack of a sufficient oxygen required for th e ir  existence and th e  heavy 
m orta lity  occurs. »

b) D u m p in g  of dredged mater ials .

D redged spoil, w aste m ateria l from the  dredging of harbours and  channels, 
is also dum ped a t sea. In some harbours th e  spoil itself is polluted and when 
dum ped offshore fu rth er pollutes th e  arca w here it  is dum ped. H ence care 
m ust be tak en  to  ensure the  dredging spoils do no t affect th e  breeding ground 
of fish. Dredge spoils account for 80%  by weight of all ocean dum ping by th e  
U nited  States.

c) Pollution by soil  eros ion  and river diversion.

Pollution is also caused due to  soil erosion in  th e  catchm ent area, river w ater 
diversion and w ithdraw al of w ater on w ater regime. This silt load in the  stream  
can be described as w ater pollution caused by erosion in th e  river catchm ent. 
The silt load in th e  stream  depends on the  w atershed m anagem ent practices in 
the  catchm ent area which ought to  be governed by planned and scientific irrigation 
and restric ting  deforestation. R iver w ater diversion has been on increase for 
consum ption uses, particu larly  for irrigation. W hile increased utilisation of
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surface w ater resources would bring in prosperity  and developm ent, there  is a 
danger of increased pollution in rivers which has to  be assessed, appreciated  and 
controlled. W ith  th e  rising rates of th e  river diversion, th e  balance flow left 
into th e  w ater is considerably low. If un trea ted  industria l w aters are led into 
sueli channels having inadequate flow th e  harm ful ingredients will no t disperse 
and  pollution tak es  place.

The w ithdraw al of w ater on river regime also increases pollution. W ith 
th e  construction of storage dam s th e  very geom etry of th e  river lower down is 
likely to  undergo changes. (A typ ica l exam ple is th e  Thanneerm ukkam  barrage 
in th e  back w aters of Cochin. This has increased th e  flow of w ater in the  E rn a­
kulam  channel of Cochin P o rt and reduces th e  flow of w ater in th e  M attancherry  
channel of Cochin P ort). R eduction in th e  channel capacity  lower down which 
m ay be caused by diversion of stream  flows is likely to  cause pollution owing to  
drainage congestions th a t  m ay follow. All estuarine harbours are a t th e  sea 
end of th e  back w ater com plex and while p lanning th e  operational schedule 
for reservoirs the  flow in th e  regime of th e  river m ust be m ain tained  by special 
large scale release from  reservoirs during th e  monsoon m onths.

The problem  of pollution of rivers and stream s have already assum ed and 
is a ttrac ted  th e  legislative a tten tio n  of th e  Indian  G overnm ent. The P revention 
of W ater Pollution Bill, 1969 aims a t  com prehensive program m e for prevention 
and  control of pollution of stream  by constitu ting  a Central W ater Pollution 
Prevention  B oard. U nder th is  bill no person can cause en try  of polluting w ater 
in to  stream s. The bill is a righ t step and  m any s ta tes of India have already 
enacted legislation to  enforce th e  w ater pollution regulation.

d) Pollut ion caused by weeds .

Call them  w hat you like, th e  D evil’s Lilac, Million D ollar W eed, Terror of 
Bengal, African P ayai or w ater hyacin th , th e  weeds in th e  K erala Backw aters 
do constitu te  an  economic scourge. They clog canals and  rivers, block navigation, 
sm other fish and pollute the  w ater. They lay w aste fertile fields spilling on to 
th em  and encourage th e  grow th of disease-carrying m osquitoes. In K erala, 
w here fisheries and farm ing are th e  m eans of livelihood and  the  basis of the  
region’s economy, weeds now th rea ten  both. Dr. F .J . Simmonds, D irector 
of the  Commonwealth In s titu te  of Biological Control, T rin idad, who studied 
the  problem  reports th a t  « in the  inland w ater the  weed covers and  blocks canals, 
interfering w ith navigation, irrigation, fishing and  even dom estic washing. I t  
covers paddy fields and reduces th e  crop by com peting for available nu trition  
etc. I t  alters the  aquatic  environm ent to  produce optim um  breeding conditions 
for some species of m osquitoes, and also deoxygenates th e  w ater to  the  detrim ent 
of fish, particu larly  small ones, populations ». In th e  P o rt of Cochin itself, 
during some m onths fishing and boating  are impossible. A boat got stuck in 
weeds recently  and the  passengers were stranded  for a few days. W eeds even 
dam age engines in small m otor boats and block w ater in take  apertures of ships.
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A bout 200 km  from Cochin, the weeds have form ed a th ick  m a t over the
0.2 sq. km  K akki w ate r reservoir (of a 300 m W  power station). The th re a t 
here is so serious th a t  th e  w ater level in th e  lake has fallen by m ore th a n  a m etre 
following loss of w ater caused by tran sp o rta tio n  of th e  weeds. In th e  long run, 
decom position products, particu larly  organic acids and  hydrogen sulphide, can 
dam age the  turbines. Besides, th ey  can weaken bridge spans (two bridges near 
Cochin face th is th rea t)  by  th e  ex tra  stra in  th e  stagnated  w ater pu ts on them . 
W eeds clogging drainage and irrigation ditches have been w orrying farm ers 
in  W est Bengal and Assam. On th e  Congo river in Africa, weeds have reduced 
river traffic by 10% ; the  annual loss has been p u t a t  Rs.350 million.

According to  tw o experts from Switzerland, Dr. C.D.K. Cook and  Dr. K. Gut, 
who visited K erala recently , the  weeds cannot be wiped ou t perm anently  and 
th e  people will have to  learn to  live w ith  them . N ot necessarily so, say Dr. 
Sim m onds and  Dr. V .P. Bao, entom ologist a t  the  C.I.B.C. S tation  a t  Bangalore. 
They plan to  em ploy biological control, th a t  is to  in troduce insects which are 
n a tu ra l enemies of th e  weeds. B u t these insects should a tta ck  only th e  weeds 
against which th ey  are used and no t o ther useful p lants. The C.I.B.C. has 
studied and  tested  such host-specific n a tu ra l enemies of African Payai.

Realising th e  th re a t to  th e  hydroelectric p ro ject a t  K akki from  weeds 
spreading on th e  reservoir, th e  K erala S ta te  E lectric ity  B oard will soon try  out 
th e  insects in a p ilo t pro ject scheme which will be eagerly w atched by all in 
K erala for th e  results.

C O N C L U S I O N

To-day th e  world is faced w ith an unprecedented menace of growing pollution 
which is th e  prize m ankind is paying for achieving affluence.

To fight pollution which is th rea ten ing  w ith alarm ing speed, the  world has 
to  unite  and any  fu rth er delay will be too la te  and resu lt in th e  earth  being unfit 
for hum an hab ita tion . I t  is th is  im pending danger to  hum anity  th a t  b rought 
together a 114 N ation-Conference a t  Stockholm  in Ju ly  1972 under U nited  
N ations to  plan the  s tra tegy  for survival.

Our country  has a v ast coastline of m ore th an  5,000 km . w ith  num erous 
rivers and  estuaries periodically enriching th e  coastal w aters w ith essential 
nu trien ts and m inerals. O ur coastal w aters are very im p o rtan t nursing grounds 
of our fishes and praw ns and pollution is causing considerable decline of fishery 
to  our country.

All environm ental problem s are local a t  th e  ou tset, b u t th ey  can quickly 
become in ternational. Pollution can swiftly m ove across national borders by 
th e  prevailing w inds and by th e  interlinking oceans. Prim e M inister of India, 
Sry. Indira G andhi sta ted  a t  th e  Stockholm  Conference th a t  « there  is a b ranch 
of experim entation  and discovery in which scientists of all nations should take
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an in terest. They should ensure th a t  th e ir  findings are available to  all nations 
unrestricted  by paten ts... W e do w ant new directions in th e  wiser use of know ­
ledge and tools w ith  which science has equipped us. And th is cannot be ju s t 
one upsurge b u t a continuous search for cause and  effect and an unending effort 
to  m atch  technology w ith higher levels of th inking. W e m ust concern ourselves 
no t only w ith th e  kind of th e  world we w an t b u t also w ith th e  kind of m an should 
in hab it it  ».

The population of the  world is now 3,600 millions and doubling every 30 years 
or so. In th e  year 2000 we can expect our population will increase to  7,200 mil­
lions and by 2090 to  57,600 millions which m eans there  will be no breath ing  place 
and in fact no salvation for anyone in th e  entire universe, unless we m igrate 
to  th e  moon or o ther planets!

In our country no t only th e  population has increased b u t industrial expansion 
has draw n the  working class population to  urban  areas compelling th e  people 
to  have a sub standard  life devoid of hygienic conditions and proper and adequate 
san ita tion  resulting in pollution and disease. Thus the  rap id  industria l expansion 
w ithou t adequate  a tten tio n  to  raise the  stan d ard  of hum an settlem ents has led 
to  uncontrolled, unhygienic and insan itary  environm ent in our country resulting 
in pollution and th e  indiscrim inate grow th of population in areas unplanned to  
receive them  has led to  th e  grow th of slums. This s ta te  of affairs m ust be halted  
by developing ideally located self-contained units, reusing w aste w ater and 
planning colonies and  settlem ents to  avoid pollution of th e  general environm ent 
and coastal w ater areas. The w orst pollution of undeveloped countries is the  
pollution of poverty  which m ust be eradicated  from  th e  source by an all-out 
effort.

India, which is on th e  threshold of industrialisation  cannot tak e  a com placent 
a ttitu d e  b u t m ust m ake a serious note of th e  disastrous consequences of pollution 
and tak e  lessons from developed countries which are fighting hard  th e  evil effects 
of m an-m ade pollution. In Genesis 1 : 28 God said « Be fru itfu l and m ultiply  
and replenish the earth and subdue it ». B u t th e  nations of the  world, especially 
th e  advanced nations, do no t seem to  abide by  th e  replenishing p a r t of the  
Biblical saying.

I t m ay be tru e  th a t  pollution of our H arbour areas and coastal w aters are 
no t as alarm ing as those of th e  advanced countries b u t we m ust in itia te  action 
no t only to  minimise b u t eradicate th e  disastrous effects of pollution. Polluted 
air, contam inated  w ater, despoiled land, crowded slums are the  d irect and  un­
welcome results of haphazard  urban  and industria l grow th and  population 
explosion. The indiscrim inate dum ping of the  raw  effluents from m unicipalities 
and factories into our n a tu ra l w ater courses have poisoned our w ater supplies 
and killed m any useful forms of p lan t and  anim al life in our lakes, stream s and 
coastal w aters. The insan itary  disposal of hum an w astes in stream s and rivers 
are m ainly responsible of filth borne diseases, like cholera, typhoid , dysentry , 
gastro-enteritis and jaundice am ong the  poor and  o ther vulnerable sections of
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the  population. A pollution-free environm ent m ust be regarded as p a rt of the 
wise usage of all o ther resources.

In th e  above con tex t it  is im p o rtan t to  educate th e  common m an abou t 
th e  hazards of aquatic  pollution so th a t  public consciousness is su itab ly  aroused. 
S tric t enforcem ent of legislative m easures for th e  control of pollution is also 
necessary and th e  form ation of a high power body like the Pollu tion  Control 
B oard is very essential if the  rivers, H arbours and estuaries and coastal w aters 
are to  be kep t free from pollution.

The sta tem en t of Mrs. Indira Gandhi, Prim e M inister of India a t  Stockholm 
Conference in 1972 is a fitting eye-opener to  advanced as well as developing 
countries. She sta ted  th a t  « Man m ust reestablish an unbroken link w ith nature  
and  life and learn to  invoke th e  energy of growing th ings and to  recognise, as 
did th e  ancients in India centuries ago. One can take from the earth and atmosphere 
only so much as one puts back into them ».

B I B L I O G R A P H Y

I) Water Pollution by Oil (Proceedings of a Seminar held at Aviemore, with the assistance 
of European Office of the World Health Organisation 4-8 May, 1970).

II) Transaction of the cost Working Group on Human Environm ent — May-September 1970 
(Published by Bhabha Atom ic Research Centre, Trombay, Bombay-25).

III) Article « The Threatening Weeds * by author for Science To-day, Bom bay August 1971.

IV) Cochin Port Trust Records.

R É S U M É

L’expression « pollution marine » se définit comme « l’introduction par l’homme dans le 
milieu marin de substances ayant des effets nuisibles sur les ressources naturelles, la santé de 
l’homme, et gênant les activités liées à la mer, telles que la pêche, et une diminution de la qualité 
de l’eau de mer et de ses propriétés ».

La pollution ne connaît pas de frontières et est devenue un problème urgent pour le monde 
d’aujourd’hui, à cause de la décharge incontrôlée de produits résiduels dans l ’air, l’eau et la 
terre. L ’échappement de résidus non traités dans les océans, les rivières, les lacs, les estuaires, 
les zones portuaires et côtières (égouts traditionnels) est un aspect im portant du problème de 
la pollution. Il y a pollution portuaire ou côtière lorsqu’il y  a échappement volontaire ou acci­
dentel d ’une quantité significative d’une substance étrangère ou polluante.

Le problème de la pollution doit être traité en tenant compte des besoins économiques 
fondamentaux des pays en voie de développement. D ’une part, il y a le besoin essentiel pour la 
Société d’exploiter toutes les ressources offertes par la nature et qui perm ettent le développement
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et la prospérité d’un pays. D ’autre part, il y  a aussi la nécessité de veiller à ce que l ’homme 
n’altère pas le milieu naturel jusqu’à un point qui rendrait impossible les activités essentielles, 
tels que le transport, la production de nourriture, l’industrie et les loisirs, qui reposent sur le 
milieu naturel. En dehors des marins, des pêcheurs, des autorités portuaires, des écologistes, 
des hommes d’état et des gouvernements, c’est le monde entier qui est concerné par ce problème.

L’homme a besoin d’air, d’eau et d’aliments pour vivre (un homme moyen peut vivre sans 
eau ni nourriture pendant cinq jours mais seulement cinq minutes sans air). On estime qu’il 
lui faut quotidiennement 2,8 livres de nourriture, 4,5 livres d’eau et 30 livres d’air. C’est l’homme 
le plus grand coupable de la pollution. En Inde, depuis notre indépendance, nous avons progressé 
dans de nombreux domaines techniques. Dans tous les domaines notre production industrielle 
a considérablement augmenté. La révolution agricole a pour conséquence une pollution de l ’eau 
par excès d’engrais et de pesticides. De grandes entreprises privées et publiques, bien qu’ouvrant 
au pays des horizons économiques sans précédent, polluent l’air et l’eau avec toutes sortes de 
résidus chimiques synthétiques et radioactifs. Le charbon, l’huile diesel et les autres hydro­
carbures polluent avec des émanations d’oxyde de carbone. Les matériaux synthétiques, comme 
les matières plastiques, augm entent les problèmes d’évacuation de déchets solides tandis que 
les détergents polluent nos ruisseaux, nos rivières et nos ports car ils ne sont pas décomposés 
par les micro-organismes. Bien que la pollution ne pose pas encore de graves problèmes en Inde, 
l’expérience amère des nations riches devrait servir d’exemple et nous aider à prévenir, et non 
pas à guérir ces maux.

Dans les premiers temps de l’humanité, il n ’y  avait pas de problème de pollution car le 
rapport homme/espace était important. L’exode des masses ouvrières vers des zones de concen­
tration urbaine a eu pour conséquence un développement incontrôlé et irrationnel de l’habitat 
humain avec pour résultat la pollution créée par des conditions de vie sans hygiène.

Les problèmes créés par la pollution des eaux portuaires et côtières ont plusieurs aspects. 
Leur solution impose une organisation locale structurée regroupant des intérêts variés et parfois 
contradictoires capables de solutionner les difficultés locales en fonction des facteurs géogra­
phiques, écologiques, économiques et sanitaires. La com plexité de ces problèmes exige une 
collaboration collective et individuelle, publique et privée, nationale et internationale. En 
préparant et en fixant des mesures législatives, il faut considérer ce qui est « scientifiquement 
possible, techniquement faisable et commercialement acceptable », tout en respectant les intérêts 
nationaux et internationaux.

On peut diviser les problèmes de pollution des eaux portuaires et côtières en trois catégories 
principales :
—  Pollution par hydrocarbures :

a) en haute mer;
b) en zones portuaires et côtières.

—  Pollution générale :
a) par résidus solides ;
b) par résidus liquides ;
c) par égouts;
d)  par produits gazeux;
e) par éléments sans consistance (produits radio-actifs, etc...).

■— Divers :
a ) déversement de résidus de dragage;
b) interaction d’eau douce et d’eau salée;
c) pollution par érosion des sols, détournement de rivières et assèchement ;
d)  pollution causée par des végétaux (algues).
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C H A P T E R  I

An im p o rtan t developm ent in the  control of surface w ater pollution in the 
N etherlands is th e  en try  into force of th e  Surface W ater Pollution Act.

D espite m any a ttem p ts  since 1873, th e  N etherlands had  no A ct against 
w ater pollution un til 1969. On 11 June , 1968, th e  Second Cham ber of P arliam ent 
adopted  th e  Bill, followed on 11 Novem ber, 1969, by the  F irs t Cham ber. This 
Act, officially entitled  : « A ct containing rules concerning the  pollution of surface 
w aters », will doubtless have an encouraging effect on th e  control of w ater pollution. 
As, w ith in  certain  lim its, th is  A ct covers bo th  th e  im portan t ports and  harbours 
and th e  sea, i t  seems useful fu rth er to  explain its  m ain outlines.

The first section of the  A ct begins w ith th e  w ords : « I t  is forbidden ». The 
prohibition is obvious. Society has gradually  become highly dependent on 
good surface w ater. A lthough pollution is becoming more and  m ore unac­
ceptable, i t  is steadily  increasing, for instance th rough  population grow th, th rough 
a change in hygienic hab its and through industrialization. In fact th e  tim e 
has come w hen th is  process of increasing pollution m ust be reversed. The 
prohibition  m ust presen t th e  form al po in t of view for all this.

H owever, an absolutely universal prohibition  is inconceivable. In th e  first 
instance th e  prohibition relates only to  pollution by works or installa tions whose 
purpose is qu ite  simply to  dispose of w aste. These are sewage works, w aste 
pipes from industria l concerns b u t also qu ite  simple dom estic drains. Sub­
section 2 of Section 1 m akes it  possible also to  lay down further-reaching prohibi­
tions by general adm in istra tive order, so th a t  no t m uch will rem ain th a t  is not 
forbidden.
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Small diffuse discharges are difficult to  counter. M oreover, in general 
th ey  will no t do m uch harm ; should th is  nevertheless be th e  case, it  is possible 
to  prosecute th e  pollu ter under Sections 173a and  173b of th e  Code of Criminal 
P rocedure.

An au tom atic prohibition would be unrealistic. The prohibition will have 
to  serve as a basis for a policy for controlling pollution. T h a t m eans a licensing 
policy under w hich regulations can be made.

B y m aking these regulations th e  licensing au th o rity  will be able to  tak e  
in to  account firstly th e  in terests of th e  app lican t for a licence and  secondly th e  
in terests of th e  others who in some w ay or ano ther also wish to  utilize th a t  w ater. 
Basically the  licensing au thorities are th e  M inister of T ransport, H ydraulics 
and Public W orks for the  w aters under S ta te  m anagem ent (the big rivers, th e  
N orth  Sea and harbours in open com m unication w ith S ta te  w aters) and th e  
provincial executive councils for th e  o ther surface w aters. The great varie ty  
w hich occurs in th e  discharge of w aste w ater, bo th  in respect of th e  natu re  and 
q u an tity  of effluent and in respect of th e  self-cleansing capacity  of th e  receiving 
w ater, does no t m ake i t  possible to  lay down in th e  A ct w hat regulations m ust be 
complied w ith  when discharging w aste w ater. F o r each individual case i t  will 
have to  be considered w hether any  tre a tm e n t of th e  w aste w ater is necessary and, 
if so, w hether th e  obligations to  be imposed m ust m ore or less com pletely define 
th e  provisions to  be m ade, or w hether it  m ust only be required  th a t  the  effluent 
satisfies certain  standards. The conflicting in terests which often occur among 
those concerned w ith  w ate r m anagem ent will have to  be considered in th is  
respect. Insofar as th is is no t regulated  by th e  licensing au tho rity , the  A ct can 
render it  possible th rough its  appeal arrangem ents. For instance, such a licence 
for a firm m ay include th e  following :

1. An exact definition of th e  q u an tity  of w aste w ater to  be discharged, w ith  
th e  obligation to  repo rt any changes;

2. A prohibition on th e  discharge of any  rising or colouring substances, or any 
substances rendering w ater tu rb id ;

3 . B egulations for a suitable oil catcher or o ther trea tin g  p lan t used judiciously;
4 . P rohibition  on th e  discharge of w ater w ith  a tem pera tu re  higher th a n  30°C;
5 . R egulations regarding th e  acidity  or alkalin ity  of th e  w ater to  be discharged;
6 . P rohibition  on noisome substances;
7 . P rohibition  on th e  discharge of taste-spoiling substances;

8 . P rohibition  on th e  discharge of toxic substances;
9 . Officials charged w ith  supervision of com pliance w ith  th e  conditions should 

a t  all tim es have access to  th e  installations to  w hich th e  licence relates.
A nother im p o rtan t aspect of th e  W ate r Pollution A ct is th e  levies. The 

principle behind th is  is th a t  every po llu ter should himself counter the  pollution 
and also pay  th e  costs of th is. Secondly, the  levies m ust render possible financing 
of th e  construction, m aintenance and  operation of th e  m eans for countering 
pollution.
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The levies are therefore clearly intended for a specific purpose. They will be 
imposed on each licence-holder. Thus for instance i t  will be possible to oblige 
a firm to  pay for th e  w aste w hich i t  discharges into a surface w ater. A m uni­
cipality  can be charged for its  sewage system  em ptying into a surface w ater. 
In its tu rn  th a t  m unicipality  derives from  th e  A ct th e  rig h t to  recover th a t  levy 
via  contributions from those connected to  the  sewage system .

I t  has already been sta ted  th a t  a general adm in istra tive order is being 
prepared for regulating  the  disposal of w aste otherwise th a n  via an installation  
for th a t  purpose. W ithin  th a t  fram ew ork m easures will therefore be available 
for restric ting  p o llu tan ts  from entering w ater in th e  conduct of business or as 
deliberate dum ping. This m eans th a t  for instance in land shipping —  which 
for the  exercise of its  business is bound to  the  w ater — m ust be given an  opportun­
ity  of disposing of its w aste in some o ther way. As regards w aste oil, those 
m easures will be included in general regulations for th e  collection of w aste oil 
from firms. As for th e  dom estic refuse of inland craft, consultation has been 
sta rted  to  arrive a t  rounded regulations. Since Septem ber 1971 a provisional 
scheme has been in force under which plastic refuse bags have been m ade available 
free of charge a t  a large num ber of points new locks and  harbours, while an 
opportun ity  is given to  hand in filled bags free of charge. This provisional 
scheme has been welcomed in shipping circles.

It will be clear th a t  under th e  A ct m easures can be taken  which can m ake 
an essential contribution  to  th e  control of pollution in the  surface w ater of rivers 
and  th u s also of the  harbours in  open com m unication w ith these rivers. B oth  
th e  licensing policy which m akes i t  possible to  impose clear restrictions on the 
q u an tity  and  n a tu re  of effluent and  th e  levies on th e  perm itted  discharge, which 
often involve large sum s of m oney, will resu lt in th e  near fu ture in a reduction 
of w aste w ate r discharges.

Quite soon a fte r th e  A ct entered into force various firms found th a t  i t  was 
feasible to  re s tric t the  flow of w aste w ater and likewise to  take  in ternal m easures 
by which particu larly  harm ful substances could be w ithheld m ore th an  previously. 
Pollution of th e  coast is of course closely connected w ith  discharges in to  the  sea. 
As already m entioned, the  operation of the  Surface W ater Pollution A ct extends 
in  th e  open sea to  an area laid down by general adm in istra tive order.

The pollution of the  sea is m ainly determ ined by the  pollution en trained  
by rivers. This problem  will for th e  tim e being have to  be solved by th e  riparian  
countries, each tak ing  its owm p a rt of the  catchm ent area via its national legislation. 
F o r the  in ternational rivers and  the  coastal w aters th e  consultation going on 
w ithin the  Council of Europe to  arrive a t  regulations and agreem ents is of great 
im portance.

For oil discharges an in ternational convention for the  prevention of m arine 
pollution by oil w*as concluded on 12 May, 1954, in London as p a r t of the  regular 
consultation w ithin th e  Inter-G overnm ental M aritim e C onsultative O rganization 
(I.M.C.O.). The N etherlands has im plem ented th is  convention.
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In  th is  connection i t  is in teresting  to  m ention the  m easures which have 
been taken  in th e  N etherlands to  deal w ith  serious m arine pollution by oil.

R eports of oil slicks observed by ships or a ircraft are received by the H arbour 
M ouths Division of th e  G overnm ent Public W orks and H ydraulics D epartm ent. 
In special cases the Bonn Convention concluded in 1969 provides for collaboration 
betw een th e  coastal S tates of th e  N orth  Sea.

The N etherlands has th e  availability  of a G overnm ent control vessel, th e  
« Smal Agt », and a p rivate  vessel. The construction of a second G overnm ent 
vessel is in preparation.

Oil floating on sea or washed ashore will in th e  course of tim e be natu rally  
decomposed. The « Smal A gt » is equipped w ith  booms for spraying detergents. 
G reat care has to  be tak en  w ith  the  use of these chemical agents in certain  areas 
of im portance to  commercial fishing, as m ost of these agents are injurious to  
m arine organisms, although i t  m ust be said th a t  the  « second generation » of 
these agents is much less toxic I han the  first. In certain  cases it  is also possible 
to  burn  th e  oil, a lthough th e  serious oil pollution which is the resu lt imposes 
restrictions regarding th e  scope of application. Tests have been m ade w ith 
sinking th e  oil. For th is purpose use was m ade of sand trea ted  w ith certain 
chemicals. A lthough the tests  gave good results, th is m ethod is no t universally 
applicable either. H ere again allowance should be m ade for fishing in terests. 
Consequently, i t  has been endeavoured to  m ake m axim um  use of m echanical 
aids, for instance ex tracting  th e  oil by suction. Tests are being m ade on th is  
a t  present. However, it  does give some difficulties in th e  open sea and  when 
a wind is blowing. The same applies to  th e  use of booms, which hard ly  proves 
successful if w eather conditions are som ew hat unfavourable.

A nother form of pollution is the  dum ping of w aste in th e  sea from ships. 
Considerable progress has been m ade in the control of this by the  Oslo Convention. 
This Convention was signed on 15 F ebruary  by 12 countries, including the  
N etherlands. In the  g ran ting  of a licence the  recom m andation of the  G overnm ent 
In stitu te  for the  T rea tm en t of W aste W ater and  of the  G overnm ent In stitu te  
for F ishery Research will determ ine the conditions to  be included in the licence, 
under which substances sta ted  in the  « grey list » of the  Oslo Convention m ay be 
discharged. For substances th a t  are on the  « black list » no licence will be granted, 
except under a few special conditions perm itted  by th e  Convention.

For the  tim e being it is no t the  in tention to  impose levies for these substances. 
There are two argum ents in favour of th is. In th e  first place these discharges 
m ay be stopped im m ediately if they  present a danger to  the  receiving w ater,
i.e. th e  sea. In th e  second place it  m ust be borne in m ind th a t  these discharges 
relate to  substances which m ay be regarded as innocuous and which can be disposed 
of in some other way less effectively or a t  m uch g reater expense. Placing these 
discharges under the  levy system  will encourage evasion of the  licensing obligation, 
which will give rise to  unsupervised discharges.

An im portan t factor in pollution of th e  sea and coastal w aters is form ed by 
th e  effluent pipes. In the  p ast th e  discharge of effluent into th e  sea or the
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estuaries was regarded as one of th e  m eans which under certain  conditions could 
form a solution for th e  control of surface w ater pollution in th e  N etherlands. 
This particu larly  re la ted  to  th e  discharge of kinds of effluent w hich could only 
be trea ted  w ith difficulty, if a t  all, or to  discharge from areas w ith a considerable 
effluent production where, even a fte r trea ting , the  discharge of the  effluent into 
the  surface w aters of th is  area would still give rise to  im perm issible pollution, 
f t  was recognized th a t  the  necessary caution would have to  be observed in discharge 
into the  sea. The problem s of the  discharge of toxic m atte r, an adequate length 
of th e  pipes and  a good dilution w ith  seaw ater a t  th e  m outh  of the  pipes, together 
w ith  th e  prevention of pollution of the  coastal w aters, received a tten tion .

In  recent tim es th e  view has been gaining ground a t  a fairly  quick ra te  th a t  
i t  will be necessary to  tak e  steps w ith  regard to  th e  discharge of w aste m a tte r 
into the  sea. f t  m ay be expected th a t  th e  requirem ents th a t  will be m ade for 
discharges into th e  sea will approxim ate those m ade of discharges into fresh 
w ater. I t  is im p o rtan t here? to  consider th e  discharges of domestic effluent into 
the  sea via a pressure pipe, which are the  subject of increasing in terest. The 
possible re su ltan t pollution of th e  coastal w aters by fæcal bacteria  is becoming 
increasingly unacceptable, especially if these coasts are of g reat recreational 
im portance th rough  the  presence of ba th ing  beaches, as is the  case in the  N ether­
lands. I t  is therefore no t surprising th a t  the  length of the  pipelines, the  dilution 
and even the  possible use of trea tm en t for th e  discharge and /o r disinfection of the  
effluent are being subjected to  a reappraisal.

I t  is obvious th a t,  ju s t as has been done for th e  rehabilita tion  of fresh w ater, 
the  S tate  will also in troduce regulations for financing the  m easures for abatem ent 
of pollution of th e  sea and estuaries, as a resu lt of which th e  costs will in principle 
be borne jo in tly  by those discharging the  effluent. This m eans th a t  th e  discharges 
into th e  sea and estuaries will also be subject to  a levy. In th e  ligh t of these 
developm ents w ith  regard to  prohibitions, licences and levies for discharge into 
th e  sea it  is of course of im portance th a t  considerable a tten tio n  be paid to  the 
collection and disposal of chemical w astes by  o ther m eans th a n  discharge. 
B urning them  is one of these m eans.

C H A P T E R  II

A fter 1945 the  R o tte rdam  docks were greatly  expanded. New harbours were 
built to  the  west of th e  city, initially  in the  Botlek area, joining on to  th e  existing 
docks, la te r extended by E uropoort and  now by th e  M aasvlakte. This was 
accom panied by an intensive grow th of the  industry  established in these areas. 
The leader in th is  was th e  petrochem ical industry .

The harbours them selves na tu ra lly  required a large num ber of facilities, 
no tab ly  transh ipm en t firms and storage yards. All these activities of course 
yielded a large q u an tity  of wastes.

For the transh ipm en t firms and storage yards this was packaging m aterial, 
sp ilt or dam aged goods and sweepings, while for the  petrochem ical ind u stry  a
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great d iversity  in chemical w astes and  polluted w ater could be added to  th e  
list. In th e  R o tterdam  docks and industria l area, too, th e  initial idea was th a t  
the  firms them selves had to  solve th e ir w aste problem s and  th a t  the  au thorities 
had a t m ost a supervisory task.

A large num ber of firms engaged in th e  collection and rem oval of wastes.

The g rea t m ajo rity  of these substances was deposited on tips in the  vicinity  
of R o tterdam . O ther w astes, m ainly liquid and soluble chemical w astes, were 
discharged into th e  w ater.

A lthough in theory  a selection was applied to  w astes and  tips, it  soon proved 
in practice th a t  a num ber of these w aste rem oval firms took considerably greater 
risks than  was acceptable.

In particu lar th e  discharges of w astes via ships th a t  had to  dum p these in 
the  A tlan tic  gave rise to  serious problem s. M any substances were discharged 
into the N orth  Sea, ju s t ou t from  the  coast, or even in to  the  river. Packaging 
m ateria l as well was too easily dropped into the  river or th e  harbours.

E ver since the  beginning of th e  cen tu ry  th e  floating w aste in the  harbours 
had  been fished out and  disposed of by special vessels of the  R o tte rdam  Cleansing 
D epartm ent. W hat was dum ped in th e  river either floated into the  harbours 
and was fished ou t there , or was carried by the  tide  ou t to  sea.

There were various reasons for th e  m unicipal au thorities of R o tte rdam  to 
devote an extensive study  to  w aste disposal around 1963.

The tips close to  R o tterdam  were becoming full or had  to  m ake w ay for urban  
extensions. The high population density in  th is  p a rt of th e  N etherlands in any 
case m ade th e  creation of tips an unp leasan t business.

The w aste disposal firms sought th e ir refuge in  m unicipalities fu rth er away 
from R otterdam . This led to  conflicts w ith  these m unicipalities, w hich found 
out the  hard  w ay th a t  the  regulations on tips were, difficult to  check and  th a t  
compliance w ith them  left m uch to  be desired.

The longer tran sp o rt routes also m ade costs higher, and th is  again led to 
clandestine tipp ing  on w aste land or dum ping in the  w ater.

And y e t it  was above all the  increase in the  petrochem ical industry  and  the  
m arked expansion of the  production package, often by toxic, inflam m able or 
badly decomposable substances, th a t  was the  reason for exam ining the  possibilities 
of placing th e  destruction  of refuse in official hands.

A fter all, even small quan tities of these substances, th e  tipp ing  of which in 
the  large q u an tity  of o ther w astes can hard ly  be verified, m ay have catastrophic  
effects on soil, ground w ater and  open w ater, to  say nothing of the  risk of air 
pollution from  tip  fires.

The survey m ade by the M unicipality of R o tterdam , perform ed by th e  c ity ’s 
Cleansing D epartm en t, was in th e  first instance directed tow ards determ ining 
th e  existing supply of w astes. F o r th is purpose a survey was held am ong over
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900 firms and more th an  50 em ployers into the quan tities and n a tu re  of the  wastes 
from those firms. A t the same tim e a sta tistica l s tudy  was m ade of the  annual 
increase in w astes. The la tte r  was dependent on the  one hand on an increase 
in w astes per firm, and  on the  o ther on the  increase in th e  num ber and size of 
the  firms, to  be coupled w ith the  gran ting  of land in the  areas concerned.

The investigation also re la ted  to  th e  supply of dom estic refuse in the area.
Since 1912 R o tte rd am 's  dom estic refuse has been b u rn t. In 1964 a highly 

m odern incinerator w ith  an annual capacity  of 360,000 tons was commissioned 
to  replace th e  installation  bu ilt in 1912. However, the  o ther m unicipalities 
m ostly deposited th e ir  w astes on tips which, like those for industria l wastes, 
becam e full and could practically  no t be replaced.

E x trapo la tion  of the  research d a ta  to  1972 supplied an annual expected 
supply of refuse of :

—  190,000 tons of dom estic refuse;
■— 440,000 tons of industria l w aste;
—  40,000 tons of liquid chemical w astes;
—  30,000 tons of solid chemical wastes.

The dom estic refuse also includes 80,000 tons of dom estic refuse from 
R o tterdam , in connection w ith  the  expected undercapacity  of th e  c ity ’s own 
incinerator around 1972.

The investigation was fu rth e r directed tow ards th e  possible processing 
m ethods. The s ta rtin g  point here was th a t  all th e  w astes supplied would be 
processed irrespective of q u an tity  and  composition. This requirem ent made 
recovery im possible as a system , since th is  form  of refuse processing assumes 
a reasonably constan t supply of a lim ited num ber of substances.

The fac t th a t  recovery was no t chosen as the  system  does no t, of course, 
mean th a t  it will no t be used for certain  products, given a suitable supply. The 
choice had to be m ade between tipping, com posting and burning. It has proved 
in practice th a t industria l w astes are no t interesting for com posting. T ipping 
would no t be universally  applicable in connection w ith  poisonous, inflam m able 
and explosive substances and would therefore require considerable supervision 
in selection and trea tm en t.

Tips would also have to  be found far aw ay from R otterdam , which would 
m ake the  costs of tran sp o rt an ex tra  burden. Moreover, tipping m ust always 
be regarded as a system  in which th e  unpleasant residue of to d a y ’s prosperity  
is carefully p u t on one side for posterity , insofar as substances are concerned 
th a t  do no t decompose natu ra lly  and w ithou t danger to  the environm ent. 
B urning yields a num ber of exactly  known products. H ere too there are a 
num ber th a t  m ust be regarded as po llu tan ts. We m ay th ink  here of substances 
in flue gases like S 0 2 (from oil and rubber), HC1 (from PVC and chlorinated 
hydrocarbons), H F  (from Teflon), in slag and fly ash like asbestos, mercuric 
oxide, arsenic oxide etc. The spreading of dust in a chem ically innocuous form
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m ust also be considered. However, since th e  dusts are released in relatively  
small quantities and a t a known place in the  process, it  is quite  possible to  separate 
them . Suitable m eans are th e  electrostatic  d ust precip itators m uch used in 
incinerators, flue gas scrubbers for chlorine, su lphur or fluorine-containing flue 
gases etc.

In view of these considerations the  choice therefore fell on an incinerator. 
T he capacity  was k ep t a t  the  expected refuse supply for 1972. True, consideration 
was given to  m aking the  p lan t even larger, b u t tra n sp o rt problem s would become 
disproportionately large through the  overloading of the  road system . Conse­
quently , it  was also laid down in th e  p lan  th a t  w ithin the  foreseeable fu tu re  a 
th ird  p lan t will have to  be bu ilt on the n o rth  bank  of the  Maas.

The p lan t for a to ta l processing capacity  of 700,000 tons was estim ated a t 
/140,000,000. The M unicipality of R o tte rd am  could no t m ake th is am ount 
available precisely a t  a tim e when G overnm ent expenditure was subject to  
rigorous retrenchm ent. N or did it  prove possible to  have th e  p lan t bu ilt and 
operated  by  a p riva te  firm. On th e  one hand  th is  calls for very  stric t standards 
and  very  intensive supervision, since protection  of the  environm ent when 
incinerating refuse is a very  costly business, and these costs will of course be 
lim ited as m uch as possible so as to  get th e  m axim um  profit ou t of running the  
p lan t. On the o ther hand  such an operation is n o t very  a ttrac tiv e  to  business 
as long as it  is no t absolutely certain  th a t  all firms will have th e ir w aste processed 
in th is  way, w ith  its  high charges com pared to  th e  cost of tipping.

A solution was found in th e  creation of a lim ited liability com pany. The 
shareholders in th is lim ited com pany are th e  23 m unicipalities from  th e  Rhine 
D elta area and  the  Rhine D elta Public A uthority . The la tte r  is an adm inistrative 
body th a t  has to  coordinate the  activities and in terests of the  23 m unicipalities.

This m ade i t  possible to  borrow  on th e  m oney m arket, som ething which 
m unicipalities are no t perm itted  to  do w ithou t th e  approval of th e  central 
governm ent.

Meanwhile, th e  basic design for the  p lan t, know n as th e  B otlek Incinerator, 
had  been completed. The incinerator was divided into two parts , one departm en t 
for dom estic and  industria l w astes and  ano ther for chemical wastes.

In th e  first group come all w astes th a t  can be b u rn t w ithou t any problem s 
on the  special grates developed for th is  purpose. The second group covers all 
substances th a t  cause problem s if they  are b u rn t on grates.

The la tte r  substances are :
—  liquid w astes;
—  wastes th a t  m elt when heated  and would run  aw ay betw een th e  grate  bars;
—  w astes th a t  are poisonous or th a t  generate toxic gases when b u rn t;
—  w astes th a t  present the  danger of explosive com bustion;
-— wastes th a t  yield products unacceptable to  the  environm ent in th e  flue gases, 

fly ash or slag.
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In principle th e  incineration of norm al industria l wastes does not differ 
from the  well-known m ethod of dom estic refuse incineration.

The differences are a g rea t degree of inhom ogeneity in respect of composition 
and heating value, th e  presence of m any large particles and an on average consider­
ably higher heating  value th an  dom estic refuse. These are factors th a t  m ust 
be taken in to  account in the  design. In the  B otlek Incinerator 6 com bustion 
un its for norm al refuse are being built. These un its each have a nom inal capacity  
of 16 tons of w aste an hour, based on a heating  value of 3,000 kcal/kg. A combus­
tion un it of an incinerator is very liable to  break down, owing to  the  inhom ogeneity 
of the fuel. For th a t  reason a large num ber of small units are being built, so 
th a t  if one drops ou t only a small reduction in to ta l capacity  occurs. In the  case 
of th e  B otlek Incinerator i t  is assum ed th a t  one un it is norm ally down for inspec­
tion  or repair. The incinerator consists in all of 6 boiler units.

The processing capacity  is therefore nom inally 5 X 16 =  80 tons/h . The 
m axim um  continuous com bustion capacity  per furnace is 20 tons/h , so th a t 
even w ith 4 un its in service the  nom inal processing capacity  of 4 x  20 tons/h  =  
80 tons/h  can continue to  be m aintained. The h ea t produced in com bustion of 
the  w astes is used for the  generation of steam . For th is  purpose th e  furnace is 
surrounded by a steam  boiler. As a resu lt of th is th e  flue gases are also cooled 
from  approx. 1,000°C to  300°C. This cooling of th e  flue gases to  a t least 300°C 
is also necessary for arriving a t  a good and effective dust rem oval from the  flue 
gases. The flue gases from th e  com bustion of w astes contain  a fairly large num ber 
of dust particles, so th a t  th ey  m ay no t freely d isappear into the  atm osphere via 
the  stack w ithou t fu rther trea tm en t. The m ost effective m ethod of rem oving 
d ust from  flue gases is the  use of electrostatic  filters installed in the  flue gas duct 
for th e  stack.

However, these filters operate only a t  a flue gas tem pera tu re  lower th an  300°C. 
E ach of th e  6 boilers is fitted w ith  its own electrostatic filter installation.

To lim it corrosion of the  boiler tubes as m uch as possible, the  boiler heating  
surface is so sized th a t  a relatively  low steam  pressure and steam  tem pera tu re  
occurs, viz. steam  pressure nom inally 36 atm . ga. and steam  tem peratu re  after 
the superheater 360°C.

The nom inal steam  production  of 50 tons/h  per boiler is fu rther utilized for 
tw o purposes.

In the  first place i t  is em ployed for the  generation of electricity in a power 
p lan t w ith  tw o back-pressure turbogenerators, each of 14 MW, and a vacuum  
tu rbo-genera to r set of 27 MW. The to ta l electricity production of th is  p lan t 
will be approx. 200,000 M W h per year.

The low-pressure steam  of 2.5 atm . abs. obtained is fu rther conducted to  a 
w ater d istillation p lan t, consisting of th ree  evaporating  units. H ere th e  low- 
pressure steam  is used to  produce very  pure d istillate  from river w ater, which 
can be sold to  the  surrounding firms as process w ater.
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The capacity  per evaporator is 450 tons/h  a t  a steam  consum ption of 50 tons/h . 
The estim ated to ta l annual production is approx. 16,000,000 m 3. This w ater 
distillation p lan t has been coupled w ith  the incinerator a t  the  request of th e  
R otterdam  M unicipal W ater W orks.

The m anagem ent of th e  incinerator a tten d s to  the  production of th e  process 
w ater while th e  sale and distribution  to  firms is the  ta sk  of th e  W ater W orks.

Special a tten tion  has been devoted to  th e  processing of solid and  liquid 
chemical wastes as regards supervision, storage and tran sp o rt and com bustion 
furnaces.

Chemical w aste m ay be brought to  th e  incinerator only a fte r prior notice 
has been given, and i t  m ust be packed in accordance w ith legally prescribed require­
m ents (Dangerous Substances (T ransport) Act). The supervision is exercised 
by th e  incinerator’s own chemical service, which has a well-equipped laboratory  
available.

For th e  storage of solid chemical wastes, chiefly plastics, a bunker of 
some 4,000 m 3 has been built. This is divided in to  th ree sections to  confine as 
m uch as possible any fire th a t  m ay break out.

For th e  storage of liquid wastes, chiefly oils, a ta n k  farm  has been created, 
consisting of 9 large tan k s each of 50 m 3, and  10 small tanks, each of 5 m 3, so 
th a t  a wide varie ty  of liquid w astes can be stored separately. The liquids are 
no t pum ped to  th e  com bustion furnace; th ey  are delivered th rough  th e  lines by 
nitrogen pressure on th e  tank .

The solid chemical w aste is if necessary first reduced in size by L indem ann 
shears and can then  be deposited in  the  com bustion furnace in m axim um  charges 
of 50 kg via a special air lock.

Two ro ta ry  furnaces have been installed w ith  a length of 10 m  and  a d iam eter 
of 4 m. Im m ediately behind th e  furnace is an  after-burning cham ber in which 
th e  4 burners for liquid w astes are installed. The capacity  per furnace is 1.5 tons/h  
of solid w aste and 2 tons/h  of liquid waste.

Beside the  two furnaces the  foundations have already been laid for a tb ird  
one, since it  is expected th a t  in  th e  near fu tu re  th e  m axim um  processing capacity  
will be reached.

The flue gas discharged from th e  com bustion furnaces calls for special a tten -. 
tion  in connection w ith  th e  burden on th e  environm ent. No d ust particles are 
expected in these flue gases, so th a t  here no electrostatic  dust filters have been 
fitted. In th is case only chemical pollution, chiefly by HC1, S 0 2 and H F , plays 
an  im portan t role.

In the  initial period, therefore, a large num ber of analytical m easurem ents 
will be m ade and te s ts  perform ed w ith lim estone filters so as to  arrive in  th e  near 
fu tu re  a t th e  m ost effective chemical flue gas cleansing possible.
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l t  is expected th a t  th e  largest q u an tity  of w astes to  be destroyed will arrive 
by  truck . B u t th e  p lan t has been so designed th a t  arrivals by  ship are also 
entirely  possible, bo th  of industrial w astes and of dom estic, solid chem ical and 
liquid chemical w astes.

Financial  survey.

The to ta l investm ent costs of th e  com plete p lan t are approx. ƒ 211,000,000.
This figure is m ade up as follows :

s tru c tu ra l w orks................................................................................................. /  40,000,000
6 grate  fu rnaces..................................................................................................  58,000,000
2 ro ta ry  f u r n a c e s .............................................................................................. 12,000,000
power p l a n t ....................................................................................................... 29,000,000
w ater p l a n t ....................................................................................................... 37,000,000
general c o s t s ....................................................................................................... 35,000,000

The annual operating costs are composed approxim ately  as follows : 
E xpend itu re  :
in terest and depreciation ...........................................................................ƒ 20,500,000
m a in t e n a n c e ....................................................................................................... 5,000,000
wage c o s t s ...........................................................................................................  6,000,000
m aterials +  raw  m a te r ia ls ............................................................................  1,500,000
m isce llan eo u s ....................................................................................................... 500,000

T o t a l ............................................ / 33,500,000

Income :

proceeds from  e le c tr ic ity ............................................................................... ƒ 4,500,000
proceeds from w ate r p l a n t ............................................................................  10,500,000
fees for destruction  of chemical w a s t e .................................................  3,500,000
fees for industria l w aste s ................................................................................  14,500,000
sale of slag and s c r a p ..................................................................................... 500,000

T o t a i  I 33,500,000

The whole p lan t m u st break even. This m eans th a t  every year the  prices
th a t  firms have to  pay for having a ton of w aste destroyed will be ad justed  to  the
costs incurred. For th e  initial period the  following prices have been calculated.
For th e  destruction  of 1 ton  of dom estic refuse : app rox ............................. / 25
For the  destruction  of 1 ton  of industrial w a s t e ............................................ 28
For th e  destruction of 1 ton  of chemical w aste ............................................ 65

C onstruction of th e  p lan t s ta rted  in A ugust 1969.

The first furnace u n it becomes operational on 1 Septem ber, 1972.

E very  m onth  from  then  on a following un it is to  become operational, so th a t  
by m id M arch 1973 the  whole p lan t will be in service.
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In th is  p lan t all the  small and  large floating refuse from  the  R o tte rdam  h a r­
bours can also be destroyed, since a reduction installation (Hazem ag crusher) 
has been incorporated.

F loating  oil slicks th a t  have form ed after a collision betw een ships or incorrect 
tan k e r loading and unloading manoeuvres can also be tran sp o rted  to  th is  p lan t 
after being sucked up by special vessels.

An oil separator can a tten d  to  the  separation  of oil and w ater, a fter which 
th e  oil can be b u rn t as chemical waste. The above is being done in collaboration 
w ith the  M unicipality of R o tterdam .

R É S U M É

M e s u r e s  e n  v u e  d e  p r é v e n i r  l a  p o l l u t i o n  d a n s  l e s  p o r t s  e t  s u r  l e s  c ô t e s .

Deux conditions sont essentielles pour prévenir et combattre la pollution de l’eau dans les 
zones portuaires et en mer. D ’une part, la législation doit donner les moyens d’interdire ou du 
moins de limiter dans une large mesure la pollution de l’eau, et prévoir l’im putation des coûts 
d’épuration des eaux résiduaires aux pollueurs. D ’autre part, il faut trouver les moyens techniques 
perm ettant d’évacuer les déchets sans avoir à les déverser dans les eaux de surface.

Le Chapitre I traite des mesures légales prises à cet effet aux Pays-Bas.
Le Chapitre II étudie une des solutions techniques mises au point à Rotterdam.
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I. I N T R O D U C T I O N

E ff luen ts  f r o m  T a n k e r s .

For some tim e the  oceans, w hich cover 3/4 of the  e a rth ’s surface, have heen 
acting as a vast free dum ping-ground for w aste from  hum an activities. N ever­
theless, bearing in m ind th a t  th e  w ater available to  us, i.e. w hat is regarded as 
essential for ensuring life on th is p lanet, is represented to  th e  ex ten t of some 
98%  by the  oceans, there  is no doub t th a t  the m ost serious th re a t to  our survival 
comes from changes caused in the  biological balance of the seas. The question 
arises as to  w hether the  seas can continue to  be subjected to  th is uncontrolled 
discharging of th e  effluents, nam ely of petroleum  and its dérivâtes.
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If we w an t to  p revent self-destruction, th e  answ er m ust obviously be in the  
negative, since one of the  m ost serious aspects to  be taken  into account is th a t  
m uch of the  dam age caused by such dum ping is fa ta l and  perm anent, w ithou t 
any possibility of recovery or inversion. A flag ran t exam ple is th e  extinction 
of certain  species of m arine fauna and flora.

W e can also alhrm  th a t the  tran sp o rta tio n  of petroleum  and its dérivâtes 
is in itself a poten tia l source of pollution th a t  becomes m ore serious as tankers 
become bigger.

W e shall divide the  m ajor causes of such pollution into two categories :
—  accidental causes (explosion, collision, running aground, etc.);
—  causes resulting from  the  actual exploitation  of tankers.

The first, originating in accidents, lie outside th e  scope of th is  paper. We 
shall only analyse those under th e  second heading.

Effluents from tankers, contam inated  w ith  oil, m ay be arranged into four 
groups :
—  contam inated  ballast w ater;
—  w ater from washing, and slops;
— residue from cargo tan k s th a t  rem ains in th e  tan k s before tankers en ter dock 

for repairs;
—  discharging of bilge w ater.

C ontam ination of ballast w ater is practically  impossible to  elim inate under 
presen t system s, for after unloading a t  a term inal, owing to reasons of navigability , 
some of the load tan k s th a t  have no t y e t been washed, have to  be used for ballast. 
This cause would only d isappear if vessels could have a sufficient num ber of 
tan k s so th a t  i t  would never be necessary to  use cargo tan k s for ballast. This 
m ight be a long-term  aim, b u t on a sho rt or m edium  term  basis it  is ra th e r 
unlikely, since it  would require an overhauling of th e  whole oil-carrying economy. 
This m eans th a t  those tan k s m ust be washed, which are to  be used for ballast, 
in order to  avoid contam inating  th e  sea when the  ship gets rid  of her ballast.

Together w ith th is reason for cleaning are others connected w ith  the  exploi­
ta tio n  of tankers, such as ; preventing contam ination of the  cargo by residue 
from previous cargo; degassing of tan k s and  rem oval from them  of all residue 
th a t  m ight cause accidents th rough explosion, and  also preventing th e  accum u­
lation  on ta n k  bo ttom s of sedim ent, which on docking is extraord inarily  incon­
venient and  difficult to  remove.

Bilge w ater has to  be discharged, and  comes from  residual w ater accum ulating 
in th e  engine room, can be separated  and  processed beforehand in small separators : 
these can easily be litted  on to  ships as accessory equipm ent.

The residue accum ulating a t  the  bo ttom  of the  tanks, and  th a t  resulting 
from  washing, are characterised by  a high percentage of paraffin wax, which is 
difficult to  cope w ith, and  forms a w ater/oil m ix ture  th a t  is highly emulsified 
by the  action of th e  w ashing je ts  and  pum ping operations.
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II. I N T E R N A T I O N A L  C O N V E N T I O N S  F O R  T H E  P R E V E N T I O N  
O F  P O L L U T I O N  O F  T H E  S E A  B Y  O I L

The grow th of industria l ac tiv ity  and, in particu lar, transpo rta tion  by sea 
of petroleum  in enorm ous quantities, have become a great preoccupation for 
th e  nations and  m ade them  aware th a t  the struggle for survival can only be effective 
if there  is a jo in t effort. In the  ligh t of such facts, there  was in 1948 signed the  
Convention th a t  defined the  responsibilities of the  fu tu re  IMCO (Inter-G overn- 
m ental M aritim e C onsultative O rganization).

In 1954 there  took place in 
London an  Inter-G overnm ental 
Conference which resulted in the  
In ternational Convention for the  
Prevention  of Pollution of the  
Seas by Oil. This Convention, 
together w ith m odifications in­
troduced on 13th April 1962, ac­
cepted and ratified by 42 countries 
including Portugal, even today  
constitu tes th e  basis for anti-pollu­
tion  laws in the  m ajo rity  of the 
signatory countries. I t  specifically 
forbids the  discharge of oily m ix­
tu res containing m ore th a n  100 
p a rts  per million, in zones w ithin 
50 miles of th e  coast, b u t defines 
zones in which the  lim it is 100 miles. The Convention applies in general to  all com­
m ercial ships over 500 gross tons, w ith  the  exception of tankers, in w hich case 
th e  lim it is reduced to  150 tons (Fig. 1).

Among th e  resolutions passed a t  the  1962 Conference, which was held under 
the  ægis of IMCO, we quote below some ex trac ts  th a t  we consider m ore closely 
related to  the  aims of th is work. Such resolutions are presented as fundam ental 
conditions for controlling th e  discharge of oil and  contam inated  w ater.

RESOLUTION 1.

T h e  c o m p l e t e  a vo id a n c e  a s  s o o n  a s  p r a c t i c a b l e  of  d i s c h a r g e  of p e r s i s t e n t  
o i l s  into  t h e  sea.

« W hile th e  Conference have come to th e  conclusion th a t  a da te  cannot be 
fixed a t present tim e by which there  should be com plete avoidance of the  discharge 
of persisten t oils in to  the  sea they  consider th a t  com plete avoidance of th e  dis­
charge of these persisten t oils should, w ith certain  necessary exceptions, be observed 
from  th e  earliest practicable date  and strongly urge all G overnm ents and other

Fig. 1

Map showing N .E . Atlantic, Norwegian, 
North Sea, Baltic, Icelandic, Portuguese 
and Spanish prohibited zones as laid down 
by The International Convention o í 1962, 
with 100 miles zones off other coasts.
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bodies concerned to  use the ir best endeavours to  create the conditions upon 
w hich the  observance of such a prohibition necessarily depends by securing th e  
provision of adequate  facilities in th e ir ports and the  necessary arrangem ents 
in ships. »

RESOLUTION 3.

In te r i m  m e a s u r e s  p e n d in g  t h e  c o m i n g  into  force  of t he  C onvent ion .

« (b) the  increased provision of facilities in th e ir  ports for the reception of
oil residues, where such facilities are a t  present inadequate ; »

RESOLUTION 4.

T h e  d i s c h a r g e  of oi ly m i x t u r e s  f r o m  t a n k e r s .

« (1) th a t  in addition to  observing the  requirem ents of th e  present Convention 
all tankers should, w herever i t  is reasonably practicable to  do so, avoid altogether 
th e  discharge into th e  sea of oily m ixtures and should re ta in  them  on board for 
discharge into shore reception facilities; »

« (2) th a t  th e  term s of th is  R esolution should be specially b rought by 
contracting  G overnm ents to  th e  a tten tion  of owners and m asters of tankers, 
oil companies, p o rt au thorities and ship repairers. »

RESOLUTION 6.

T h e  prov i s i on  of  fac i l i t i e s  for t h e  rec ept ion  of oil  r e s i d u e s  a t  oil  l o ad in g  
and o t h e r  bu lk  lo ad in g  t e r m i n a l s .

« (1) th a t  for th e  avoidance of oil pollution of th e  sea the  provision of
facilities for th e  reception of oil residues from  tankers a t  oil and other bulk
loading term inals is m ost im p o rtan t; »

« (2) th a t  such facilities, where they  still do no t exist, should now be provided 
as a m a tte r of urgency by those organizations w hich have i t  w ithin th e ir m eans 
to  provide them  or to  secure or to  prom ote th e ir  provision; »

RESOLUTION 7.

D i s c h a r g e  of oil  or  oi ly m i x t u r e s  f r o m  s h i p s  o t h e r  th a n  t a n k e r s .

« Strongly urge G overnm ents which accede to  the  Convention in the  fu tu re  
to  tak e  steps to  preven t ships o ther th a n  tankers from  discharging oil or oily 
m ix ture  w ithin th e  prohibited zones when proceeding to  a p o rt where facilities 
for th e  reception of oily residues exist. »
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W e thus have in 5 resolutions — of the 15 in the  Convention —  specific 
recom m endations for ports to  be equipped w ith  stations for collecting oil and 
oily m ixtures, and  th is  shows the  im portance of th is ty p e  of installation  for the  
purpose of com pletely suppressing the  discharge of persisten t oils into the  sea.

III. T H E  G E O G R A P H I C A L  S I T U A T I O N  O F  P O R T U G A L

Owing to  P o rtu g a l’s geographical situation , nearly  all th e  oil carried to  
the no rth  of Europe passes along the  Portuguese coastline. This tan k e r traffic 
corresponds to  abou t 60%  of th e  world fleet and represents for Portugal, on the 
voyage under load, a p o ten tia l risk of pollution from  accidents, and  on the  re tu rn  
journey a po ten tia l pollution risk  owing to  washing operations and th e  need 
which m ay arise to  change contam inated  ballast (Fig. 2).

Fig. 2.

The World Maritime Oil Traffic.

The defense of the  Portuguese coast has always been a m ajor preoccupation 
of the Portuguese G overnm ent, w hich th u s became a signatory to  the  Convention 
previously m entioned and introduced into it national law. The penalties envisaged 
for breaches of the  law involving the  discharge of oil or contam inated  w ater, 
are heavy, w ith fines th a t  m ay go as high as 40,000 dollars plus indem nity  for 
dam age caused, and for expenditure incurred in dealing w ith such illegal discharge. 
E xisting  inspection and control m easures will continue to  be intensified, thus 
defending the patrim ony  of a country  th a t  depends on tourism  for one of its 
m ain sources of foreign exchange.
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IV. T H E  D E V E L O P M E N T  O F  T H E  B I G  L I S B O N  S H I P R E P A I R  Y A R D S

W ith  th e  building of the  L isnave shiprepair yards, equipped to  receive th e  
largest tankers existing in the  world, th e  po ten tia l risk of pollution increased 
for th e  Portuguese coastline. I t  therefore becam e necessary to  carry  ou t th e  
unloading of slops, w ashing residues and ballast w ater from  tankers which were 
to  be repaired in Lisbon. Such vessels, for safety reasons, would have to  be 
washed and  degassed before entering drydock. This fac t m ade i t  all th e  m ore 
u rgen t for studies to  be m ade as to  how to  elim inate th e  discharging of such 
residues into th e  sea, and th e  G overnm ent took advan tage of th e  occasion to  
press for solutions and  to  impose conditions which would enable exploitation  
of shiprepair activities, which were regarded w ith  the  grea test optim ism  from  the  
economic poin t of view, and would a t  the  sam e tim e ensure defence of th e  coast 
(Fig. 3).

A fter the  rectifica­
tion  of the  1956 Con­
vention, and in order 
to  comply w ith the  re­
solutions adopted in 
1962, Portugal h ad  to  
provide shipowners and 
m asters w ith th e  m eans 
th a t  would oiler them  
an a lte rna tive  to  the  
discharge into th e  sea, 
by constructing  s ta ­
tions for receiving con­
tam inated  w ater, and 
ensuring th a t  term inals 
for unloading crude had 
installations for collect­
ing slops and ballast 
w ater.

This led to  th e  form ation in Portugal of Gaslimpo, a com pany whose aim  
is to  give service to  ships docking in our ports, by receiving from  them  oil and 
contam inated w ater, separating  them  and  elim inating them . Gaslimpo started  
operating  in 1967, thus enabling the G overnm ent to  carry  ou t a substan tia l 
p a r t  of the  IMCO recom m endations, and to  a lte r Portuguese legislation as regards 
fines applied to  vessels guilty  of discharging oil in Portuguese w aters, since they  
now had th e  possibdity  of getting  rid of th e ir w aste w ithou t polluting th e  sea.

In fac t, the  setting  up of cleaning and degassing stations a t  th e  L isnave 
Shipyards in Lisbon has led to  a considerable reduction in th e  volum e of polluting 
discharges by tankers on th e ir way to  those yards. I t  is hoped to  obtain  even 
b e tte r  results when those sta tions are able to  carry ou t a more accurate m onitoring

Fig. 3.

LISNAVE Shipyard in the Port of Lisbon.
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of polluting discharges m ade on rou te , if these, as is hoped, are com pletely forbidden 
a t  any  poin t on th e  seas.

I t  m ay logically be concluded th a t  an  increase in the  num ber of operational 
receiving units, together w ith a close collaboration betw een those existing or 
to  be constructed a t stra teg ic  points of the  globe, and th e ir  technical im provem ent, 
will m ean the  elim ination of a large p a r t  of the  po ten tia l causes of sea pollution, 
and  th u s dispense w ith  th e  present local inspection work, which is very  costly 
and no t alw ays efficient.

P o rtu g a l’s situation  in relation to the  m ain shipping routes m akes pollution 
from  shipwreck a perm anen t danger. As regards this, a strategic d istribu tion  
along th e  coast is also being studied, of m echanical and  chemical m eans for 
im m ediately dealing w ith  pollution in an efficient m anner, so as to  reduce th e  
effects of any  accident endangering our resources.

Y. T H E  S O L U T I O N  A D O P T E D  I N P O R T U G A L  B Y G A S L I M P O

The solution adopted by Gaslimpo for cleaning sta tions is based on m aking 
use of tankers th a t  are nearing the  end of th e ir useful life, and tu rn in g  them  
in to  sta tions for collecting and separating  w ater contam inated  by oil. T he P o rt 
of L isbon’s first floating tan k  cleaning sta tion , called « P ra ia  B ranca », s ta rted  
its ac tiv ity  in M ay 1967. I t  was the  resu lt of converting a form er T2 tan k er 
of 17,000 TD W . The second clea­
ning sta tion , « P ra ia  L im pa », s ta r­
ted  operating in A pril 1970, and 
was a converted 17,000 TD W  mo­
to r  tan k e r belonging to  a P o rtu ­
guese oil tan k e r com pany. A th ird  
cleaning sta tion , « P ra ia  Clara », 
has been com pleted and  will come 
in to  service shortly . I t  is th e  re­
su lt of converting a 23,000 TD W  
tu rb in e  tan k e r (Fig. 4).

The m arine engines, shafting 
line and propellers were taken  out 
of these th ree  cleaning stations.
F or safety reasons, the  m idship 
accom m odation was cu t out in order to  avoid spaces th a t  m ight be filled by 
gases. All the  boiler installations, pum ping system s, auxiliary  generators and 
system s form ing p a r t  of the  working of th e  engine room were k ep t in w orking 
condition. The pum proom s were no t altered, w ith  th e  exception of connec­
tions required for new circuits th a t  had to  be p u t in. E qu ipm ent such as w in­
ches and  windlasses were k ep t on board for th e  purpose of m anoeuvring the vessel, 
w ith  th e  sole exception of those which, since the  ship was no longer self-propel­
led, could be dispensed w ith. In brief, all equipm ent got rid  of all th a t  was

Fig. 4.

The second Cleaning Station 
« PRAIA LIMPA ».
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not stric tly  necessary and continuance of which would only m ean ex tra  m ain­
tenance cost.

The separation system  is based on a continuous cascade system , for which 
the ship’s tan k s are used. Com m unication was opened up between tan k s and 
discharge lines were constructed.

Owing to  the  difficulties of handling and pum ping products w ith  high per­
centages of paraffin wax, the  coils on the  bo ttom  of the  tanks have in th is  case 
a more im portan t role th an  in operational tankers. In some cases, therefore, 
i t  was necessary to  strengthen the  heating circuits, in order to allow tem peratures 
to  be reached which m ust be higher th an  those required for the  norm al tran sp o rt­
ation of petroleum .

On these stations was fitted all the  cleaning equipm ent th ough t necessary 
for helping the cleaning of average size tankers. All of them  can provide ho t or 
cold w ater for washing, and also steam , electricity and compressed air. They 
also have mobile ventila tors w ith  which the  degassing w ork is carried out.

Since they  are floating, these 
cleaning stations are tow ed to  the  
ships they  have to  service, and do 
no t need to  m ake use of piers for 
th e  operations of receiving slops, 
washing and degassing. This solu­
tion  enables as m any vessels to  be 
serviced sim ultaneously as there  are 
stations, th e  only th ing required 
being one anchorage per ship ser­
viced (Fig. 5).

This aspect of exploitation is 
very  im portan t, since the occupa­
tion of specific piers is avoided, and 
manoeuvring of large vessels, which 
is always troublesom e, is avoided 

(Lisnave can receive ships of up to  a m ilionTD W ). This simplification of m anœ u­
vres has considerably enhanced the  safety of cleaning and degassing operations, 
and a t  the same tim e reduced the ir cost by reducing the  tim e elem ent and the  
num ber of tugs needed.

It is im portan t to  stress th a t  during some 500 m anœ uvres carried ou t to  
date, there  has no t been a single accident between the  vessels serviced and the  
cleaning stations, which underlines the  safety of th is  type  of ty ing  up. For coming 
alongside, th e  sta tions are equipped w ith fenders fixed on th e ir sides. A t the  
beginning i t  was th ough t of carrying ou t sim ultaneous m ooring to  two ships, 
and fenders were p u t on both  sides. This solution had to  be discarded for safety 
reasons, which m ake it inadvisable to  keep three ships anchored using only the 
anchors of the  station . Mooring is done w ith th e  bows of the  tw o vessels facing 
in the  same direction.

Fig. 5.

« PRAIA BRANCA » and « PRAIA LIMPA » 
in simultaneous operation.
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The first cleaning sta tion  was equipped w ith special booms for supporting 
the hoses connecting i t  w ith  the  ship being serviced. This solution was abandoned 
in th e  subsequent sta tions built, since th e  difference in height between the  tankers 
and  th e  cleaning sta tions increased as the  form er becam e bigger, so th a t  the  con­
nection by m eans of th e  boom became impossible. The last two sta tions 
constructed  are fitted  w ith m etal tow ers, and the  connection is m ade, a t  th e  ends, 
th rough flexible hoses. The residues are received th rough  th e  hoses and then  
en ter the  tubes w hich constitu te  the  actual supports of th e  towers. These tow ers 
can provide connections a t  different heights, so as to  m ake it possible to  service 
ships of different sizes.

VI. S E P A R A T I O N  S Y S T E M

The separation system  in use by Gaslimpo has, since the  beginning, been a 
continuous separation system , based on a volum etric separator, of th e  cascade 
type, which has been im proved. The first cascade bu ilt occupied a volum e of 
4,500 m 3, and m ade use of five central tan k s of th e  vessel. These tan k s were 
partly  filled w ith w ater a t  decreasing levels (cascade), connection betw een two 
consecutive tan k s being m ade by m eans of conduits. A t th e  higher levels of 
th e  liquid to  be separated , heating  coils were fitted , and  these enable th e  tem ­
peratu re  of the  m ix tu re  to  be raised to  85°C in order to  facilitate  and  speed up 
the  w ater/oil separation. U nfortunate ly  th is process perm itted  th e  form ation 
of gaseous masses in the  spaces of the  ta n k  th a t  were no t filled w ith  w ater, w ith 
the  risk  of losing the  operations safety.

In the  second ship th a t  was converted, the  volum e of the  separato r was 
stepped up to  7,500 m 3, occupying four la teral and two central tan k s am idships. 
The m ost im p o rtan t a lteration  in troduced in th is separator is th a t  the  tan k s 
are com pletely filled, the  whole volum e being used for separation.

F o r th e  com m unication betw een consecutive tanks, the  conduits were aban­
doned, and th is is now carried ou t through simple openings th a t  are a lternate ly  
higher and  lower. The fluid th a t enters a ta n k  in the  lower p a r t is forced out 
th rough  th e  upper p a rt, and thus a curren t is ensured involving th e  whole m ass 
of w ater being processed. D ischarge into th e  sea is provided th rough a pipe, 
two m etres above th e  deck, so th a t  a system  of com m unicating com partim ents 
m ain tains a perm anen t flow after reception has begun.

W hereas in th e  original cascade, collection of th e  separated  oil was m ade a t  
the  upper level of th e  w ater in the  various tanks, th rough openings th a t  cornuni- 
cated w ith the  la teral tanks, in th is  second sta tion  collection is done through the  
h atch  covers, where the  necessary connections have been m ade leading to  the  
storage tanks.

In  the  th ird  cleaning sta tion , th e  principle described above was retained, 
b u t in th is  case tw o separators were arranged, each w ith  a volum e of 7,000 m 3

149



—  1 0  —

and  capable of working independently  of each o ther or together, thu s increasing 
the  volum e to  14,000 m 3. H ere too, th e  to ta l volum e of the  tan k s was used for 
separation, b u t conduits are once again utilized for connection between tanks, 
as in the first station .

E n try  of residues to  be processed is, in all these separators, m ade through 
a dam per placed ju s t after the  entrance of th e  first separating  tan k . The purpose 
of th is is to  cause the  form ation of small particles, by slowing down th e  incoming 
flow, and  thus allowing separation  of the  w ater/oil m ix ture  to  be carried out 
m ore easily.

All these separators are equipped w ith heating coils placed in the upper 
p a r t  of the  tanks, independently  of the  bo ttom  coils which are k ep t in all tan k s 
used for separation. The w orking of th e  upper coils is considered very  im portan t 
for the  re tu rn  obtained in separation, as th e  clean s ta te  of the  separato r is funda­
m ental, since the  quality  of the  effluent from  the  cleaning sta tion  deteriorates 
quickly if there  is any accum ulation of solid residue on the  separator ta n k  walls.

In order to  collect the  oil th a t  is recovered, one has fitted  conduits a t  the  
separation levels : these rem ove the  oil to  the  storage tanks. This oil is, however, 
still m ixed w ith  a  high percentage of w ater, and a second separation has to  take  
place, by decanting in the  storage tanks, w hich have bo tto m  coils for m aintaining 
a high tem perature. A t th e  end of a period from  48 to  96 hours, th e  w ater has 
been alm ost com pletely separated , and  is pum ped once m ore into a separator, 
where it  is thoroughly cleaned of any residual oil th a t  it still contains.

Separation o u tpu t, as well as th e  ra te  of in take, depend on th e  quality  of 
th e  m ixture th a t  one wishes to  process. Should we have to  separate or process 
ballast w ater in which oil contam inated  is around 0.5 to  2% , the  o u tp u t of the 
separator is quite  different from when we have to  process slops, w hich contain 
as m uch as 50 % oil and  50%  w ater. A nother fac to r to  be taken  into consideration, 
and  w hich considerably affects the separation  o u tpu t, is the  degree of em ulsibility 
of w ater/oil, often aggravated by the  add ition  of chemical p roducts used for clean­
ing the  tanks. In these cleaning sta tions in take rates are a tta ined , w hich vary  
between 2,500 Tons/hour, in cases of low contam ination  ballast, and 200 or 
300 Tons/hour, in the  case of highly emulsified oil which is hard  to  separate.

A knowledge of the kind of residue th a t  has to  be processed is thus a funda­
m ental need, and i t  is the  characteristics of th a t  residue which will determ ine 
the  pum ping ra te . Also the  cleanliness of th e  cascade m ust be considered in 
each case, its  working conditions and  rest period between consecutive operations.

Gaslimpo has five years’ operating experience w ith  these units, and during 
th a t  tim e m ore th an  2,000,000 tons of contam inated  w ater have been trea ted .

Analysis of th e  effluent discharge into th e  river from  th e  cleaning sta tion  
has received g rea t a tten tion . D uring th e  servicing of each vessel, sam ples are 
tak en  for analysis, and these are periodically m onitored.
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VII. P A R T I C U L A R  A S P E C T S  O F  T H E  C L E A N  I NG S T A T I O N S  
A N D  T H E I R  E X P L O I T A T I O N

T h e  use of recovered oil as fuel.

An im p o rtan t factor in exploiting these cleaning stations is th a t  the  fuel 
b u rn t by the boilers comes from m aking use of th e  oil recovered by th e  separators. 
In  order to  m ake th is  possible, th e  vessels had to  be fitted w ith  a processing 
system  capable of rectify ing the flash po in t of the  crude recovered. This flash 
point is abou t 20 °C and  has to  be corrected to  abou t 70 °C so th a t  th e  crude 
can be safely used in the burners. Processing tan k s were constructed  for this 
purpose, and  inside them  the  light p roducts are released by m eans of steam  
injections. The fuel thus obtained is used in the  norm al burner installations 
of th e  sta tion , precautions being taken  to  heat th e  feed circuit, since th e  pour-point 
of th is fuel is high owing to  its high content of paraffin wax. The use of processed 
oil as fuel for the  sta tion  is regarded as one of th e  factors having th e  grea test 
influence on the exploitation  economy of these installations.

Maintenance  of the  Stat ions.

The problem s of m aintenance presented by installations of th is  kind are 
delicate, since they  are the  resu lt of converting vessels which were nearing the  
end of th e ir profitable exploitation as oil carriers. F irs t of all, therefore, an 
investm ent has to  be m ade in a careful overhaul and repair of those sectors th a t  
will be m ost im p o rtan t for the working of the  sta tion  : boilers, auxiliary  generators, 
th e  whole pum ping installa tion  of th e  engine room, pum p installation in pum p- 
room, electrical installations, tanks, nam ely rup tu res an d  cracks in th e  bulkheads, 
careful repairs to  th e  bo ttom  coils and  repair of all the  manoeuvring equipm ent 
needed for m oving the  cleaning station . A fter such initial repairs, all thsee 
organs th a t  are essential for th e  proper operation of the  sta tion  m ust be k ep t 
in good w orking order, and  it  is a wise practice to  keep in duplicate any  th a t  
m ay involve a risk of stoppage for th e  whole station .

M aintenance costs for this ty p e  of installations are usually high when com pared 
w ith fixed new' installations, for i t  m ust be borne in m ind th a t  the  ageing of the  
various organs will m ean a high m aintenance cost. A favourable factor in these 
costs is the  use th a t  can be m ade of the  crew- during periods when th e  sta tion  
is no t operating  and is idle a t  its anchorage. The engine room  personnel can 
then be employed on m aintenance which w-ould otherwise have to  be done by 
men con tracted  outside specially for the  purpose.

Crew.

The crew of a cleaning sta tion  consists of seven m en, and is increased during 
m anoeuvring by a bridge officer and norm ally tw o seamen to help in passing cables 
betw een the two ships.

Since cleaning sta tions have to  operate 24 hours a day, the  to ta l num ber of 
persons involved in the  exploitation  is m ultip lied  by three, b u t we m ust consider
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28 men for keeping an installation of th is  type  w orking throughou t the year, 
allowing for absence, weekends and holiday periods.

Safety precaut ions on board.

Safety m easures on board are one of the m ost im p o rtan t points in operating 
a cleaning station, since it  is a non-degasified installation , and the risk of accidental 
explosion is high. All personnel engaged in th is work are p u t th rough  stric t 
dam age control courses, w ith  the  aim  of reducing to  the  m inim um  any  accident 
due to  ignorance. Safety precautions on board  are w idespread and  are stric tly  
enforced, any breach of regulations being severely punished.

VIII. E C O N O M I C  V I A B I L I T Y

Investment .

Investm ent in a sta tion  of th is k ind reaches a figure th a t  m ay vary  between
81,500,000 and  82,000,000, which is considered to  include : 

initial cost of the  vessel;
—- towage expenses;
— initial repair of the  vessel;
— conversion of the  vessel into a cleaning sta tion ;
—  final trials.

This figure is variable, depending on th e  tonnage of the vessel to be bought 
and the  processing capacities th a t  are aim ed at.

Operational costs.

These m ay be divided into :
—- labour;
—  m aintenance;
—  fuel and other m aterials.

Labour.

I t  is hard  to  give num bers for th e  personnel involved in operating one of 
these stations, since th is basically depends on the  daily num ber of hours of activ ity , 
as well as on th e  local cost of labour.

The following crew m ust be regarded as necessary :
— 1 engine room officer;
—  1 boilerm an;
—  1 greaser;
—  1 pum pm an;
— 2 seam en;
—  1 electricien, 

for each shift.
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To th is personnel m ust be added one bridge officer and the  seam en required 
during ty ing-up manoeuvres, b u t th ey  m ay be contracted  for only these periods.

Maintenance.

F or a cleaning sta tion  of abou t 20,000 TD W , obtained from converting a 
20 years old ship, i t  is necessary to  ra te  an annual m aintenance cost of abou t 
$120,000.

Fuel and other  mater ials .

H aving in m ind th a t  the  fuel has to  be recovered from oil processed by the  
sta tion  itself, $50,000/year to  operate the  th ree ships is considered sufficient 
for th is  item .

Rates  and Profits.

There are tw o ways of working ou t charges for th is  k ind of service :
-  hourly ra te  for keeping the  sta tion  occupied, regardless of the  ty p e  of residue 

received ;
—  ra te  per ton  of residue received, the  charge ra te  varying according to  the  

ty p e  of residue.

Gaslimpo charges the  hourly ra te  for use of the  sta tion , although in o ther 
European countries and  in Jap an , the  ra tes per ton  of residue received from  
the  tan k e r are m ore common.

W orking ou t ra tes will aways depend on a forecast of th e  work produced, 
since th is  type  of operation offers few possibilities of conversion into o ther activ i­
ties.

As regards earnings, it is im p o rtan t to  tak e  into account for th e  exploitation, 
the  value of the  oil recovered th a t  can be sold as fuel or to  refineries.

A cleaning and  slops-receiving sta tion  is usually presented as a low -return 
investm ent. W e know  th a t  some shipowners are no t prepared to  use slops- 
receiving stations, involving ex tra  expense, unless th ey  are obliged to  do so. 
H ow ever the  evolution of national and in ternational laws, which are becoming 
tig h te r and m ore exacting, will ten d  to  change th e  situation , fundam entally  
under the  pressure of heavier fines. An investm ent th a t  a t  the presen t m om ent 
m ay seem of little  economic in terest, m ay thus la te r on deserve th e  a tten tio n  
of some of entrepreneurs.

IX. C O N C L U S I O N

It has been our in tention to  p resen t a solution as carried ou t in P o r tu g a l,— 
one w hich enables IMCO’s fundam ental recom m endations to  be m et, in th e ir 
aim  of wholly elim inating the  discharge of oil into th e  sea. Its  generalised use 
will depend on studies and analysis of the local conditions of each port.
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In Lisbon, the  high occupation density  of the  zones round th e  port, the  land  
values in those same zones, the  difficulty of reclaim ing land from th e  sea, and  th e  
considerable manoeuvring area available in th e  Tagus estuary , have m ade floating 
residue-collecting sta tions a solution th a t  is bo th  economical and efficient. Their 
efficiency is proved by th e  five years of operation, during which over two million 
tons of oil-contam inated w ater has been tested , th is m eans m ore th an  100,000 tons 
of oil which no t only have no t been dum ped in to  th e  sea, b u t also have been 
economically recovered.

R É S U M É

La pollution des eaux des iners par le pétrole résultant du transport maritime, constitue 
un des problèmes dilïiciles à résoudre dans l’objectif de la lutte contre la pollution des mers. 
Les navires-citernes représentent une source potentielle de pollution soit accidentelle soit opéra­
tionnelle que le trafic maritime en progrès m et de plus en plus en évidence. Il est pratiquement 
impossible d’éviter à bord la contamination d’eau par le pétrole et son élimination traditionnelle 
est faite par rejet à la mer.

Les résolutions de l ’IMCO, contenues dans la Convention Internationale sur la prévention 
de la pollution des eaux de la mer en sont les conséquences. Parmi ces résolutions on peut retenir 
celles souhaitant la création d’installations de réception des résidus d’hydrocarbures et eaux 
polluées dans les ports de chargement et déchargement de produits pétroliers, ainsi que dans les 
ports où existent des chantiers de réparation. On attend la  mise en place d’un réseau stratégique 
de ces installations pour promulguer une législation interdisant tout rejet d ’huiles à la mer.

La situation géographique du Portugal (60 % de la flotte mondiale de navires-citernes 
longent sa côte), alliée à l ’existence à Lisbonne des grands chantiers navals de réparation de 
Lisnave, a alerté le Gouvernement portugais sur la nécessité de promouvoir une politique de 
défense de la côte contre les risques éventuels de pollution. C’est ainsi, qu’ont été construites 
des installations de nettoyage et de réception pour les résidus d’hydrocarbures et d’eaux polluées, 
qui constituent, elles-mêmes, un élém ent décisif dans la réduction de la pollution de la côte 
portugaise provenant des effluents résultant de l ’exploitation normale des navires-citernes.

A Lisbonne, il y  a trois stations exploitées par Gaslimpo, entreprise qui a été créée spéciale­
ment dans ce but.

Ces stations résultent de la conversion de trois anciens navires-citernes dont on a démonté 
tous les organes superflus et laissé en service tous ceux qui sont indispensables pour le fonction­
nem ent d’une installation de ce genre. Ces stations perm ettent : la réception des résidus d’hydro­
carbures et des mélanges hydrocarburés, le stockage des huiles récupérées et également le net­
toyage et le dégazage des tanks.

Dans le cas particulier du Port de Lisbonne, on est arrivé à la conclusion que les installations 
flottantes présentaient des avantages techniques et économiques par rapport aux installations 
à terre. Parmi les avantages qui ont constitué des facteurs essentiels dans la prise de décision, 
on peut citer la grande mobilité, l’absence d’occupation de quais, de meilleures conditions de 
sécurité, le tout réalisé avec un investissem ent moindre.

Le procédé de séparation utilisé par Gaslimpo est un systèm e continu, type cascade, réalisé 
dans les tanks du navire qui ont été spécialement modifiés pour satisfaire à leur nouvelle fonction. 
Les rendements de la séparation et le débit de réception dépendent de la qualité du mélange à 
traiter, variant entre 2,500 Tonnes/heure et 200 Tonnes/heure selon qu’il s’agit d ’eaux de lest 
ou de slops trop émulsionnés.

Comme aspect particulier de ces stations et de leur exploitation on peut faire remarquer 
que le pétrole récupéré peut être utilisé comme combustible dans les chaudières. Les dépenses 
d’entretien des installations de ce type sont nécessairement plus élevése que celles d’installations 
sur terre du fait qu’elles sont réalisées à partir de vieux navires-citernes. L’équipage comprend 
sept hommes par journées de travail successives. La sécurité à bord est un des points les plus 
importants dans le fonctionnem ent d’une station de ce genre.

La viabilité économique d’un projet de ce type est parfaitem ent assurée et démontrée dans 
le cas du Port de Lisbonne et on s’attend à ce que cette croissante intensification dans la lutte  
contre la pollution des mers rende dans l ’avenir cet investissem ent plus attrayant pour les 
entrepreneurs.
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D É V E R S E M E N T S  D ’EAUX R É S I D U A I R E S  EN MER

I —  N A T U R E  DU P R O B L È M E

1. Depuis peu d ’années seulem ent, l ’hom m e a commencé à se préoccuper de 
la  pure té  des océans et des m ers e t a cessé de les considérer comme des pu its sans 
fond capables d ’absorber tou tes les m atières étrangères déversées dans ceux-ci, 
soit systém atiquem ent, soit p ar des accidents technologiques.

La pureté  des eaux de m er est de plus en plus précieuse pour l ’hom m e car 
celui-ci, qui n ’a jam ais perdu sa nostalgie ancestrale de la m er d ’oû surgit la vie, 
fa it un  usage de plus en plus grand  du m oyen m arin, s’approprie sa surface en la 
sillonnant avec des navires géants, exploite au  d épart de plateform es les trésors 
enferm és sur son fond, e t vu l ’accroissem ent des loisirs qui est le propre de notre 
civilisation, envah it la bande litto rale , inonde les plages et descend dansles profon­
deurs m arines à la recherche de nouvelles sensations agréables o u d e  fu tu rs moyens 
de subsistance, p a r l ’exploitation  rationnelle de la flore e t de la  faune m arines.

2. C’est à ce m om ent que l ’hom m e commence à se rendre com pte que les 
caractéristiques physiques e t biologiques du milieu m arin peuvent subir des 
changem ents, sans doute irréversibles, dûs à son in tervention , e t que ces change­
m ents peuven t prendre des formes très dangereuses pour sa santé, en aggravan t 
ainsi les conditions dans lesquelles l ’hom m e doit lu tte r  dans un milieu hostile où, 
cependant, il désire pénétrer à to u t prix.

Ces dangers p rennen t parfois des formes scandaleuses, telles les grandes taches 
de pétrole p rovenan t d ’un accident quelconque ou de délestem ents inconsidérés,
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de résidus de m atières fécales ou chim iques provenan t de déversem ents terrestres 
qui nu isen t à la vue ou à l ’odorat. Mais ils peuvent prendre aussi des formes sour­
noises, encore plus dangereuses, telle la pollution bactérienne due à des déverse­
m ents d ’eaux fécales, d ’eaux agressives ou porteuses d ’élém ents nocifs provenant 
de l’industrie chim ique, qui en passan t p ar un processus que l ’on connaît plus 
ta rd , peuvent arriver à engendrer des m aladies chez l’homme, et, finalem ent, celle 
qui serait la plus létale, celle qui provient d ’élém ents radioactifs produits par les 
déversem ents de centrales atom iques, p ar des accidents ou des explosions nuclé­
aires ou p ar l ’im m ersion consciente de résidus de ce tte  espèce dans les profon­
deurs m arines.

3. Cependant, c’est dans le voisinage du litto ra l, là ou la vie m arine s’agite e t 
où se produisent de constan ts réajustem ents isostatiques entre la terre  et la m er, 
que la conscience de l ’hom m e m oderne est plus sensibilisée en ce qui concerne la 
pollution, probablem ent parce que le phénom ène m igratoire si actuel q u ’est le 
tourism e, a ttire  vers ces fenêtres sur la m er que constituen t les côtes, une m arée 
croissante d ’êtres hum ains qui recherchent des loisirs, dem andent des eaux libres 
e t propres et, paradoxalem ent, en raison de leur propre affluence, les salissent e t 
les polluent.

La mer, qui est de plus en plus considérée comme le sang de no tre  p lanète e t 
don t la productiv ité  biologique est très supérieure à celle de la terre, dépend, 
q u an t à sa pureté  des échanges, avec la bande côtière. N aturellem ent, c 'est 
celle-ci qui à travers les cours d ’eau ou artificiellem ent p ar des conduites faites 
de la m ain de l’homme, déverse à la m er ses déchets, ses résidus hum ains e t indus­
trie ls en posant ainsi le problèm e qui nous occupe : celui du déversem ent des eaux 
résiduaires dans la mer.

II —  F O R M E S  DE P O L L U T I O N

1. Les formes de pollution par déversem ent d ’eaux résiduaires en m er en 
provenance de la te rre  peuven t se diviser en deux grands groupes :
a) Pollution gênante ou an tiesthétique, comme celle qui se p roduit par la présence 

d ’ordures dans l ’eau de m er, d ’écumes persistantes, de boues stériles e t simi­
laires, qui dé tournen t les baigneurs, peuven t causer des préjudices à la naviga­
tion  de plaisance ou sportive et, d ’une façon générale, nuisent à la vue e t à 
l’odorat;

b) Pollution dangereuse, aussi bien pour les personnes, car il s’agit d ’eaux fécales 
ou chim iques agressives m arines ou vénéneuses, que pour la flore ou la faune, 
en rom pan t leur équilibre écologique p ar des m odifications physico-chim iques 
ou biologiques du milieu m arin ou en les u tilisan t comme réceptacle de concen­
tra tio n s bactériennes, substances chim iques ou radioactives e t se rvan t de 
véhicule aux m aladies de l’hom m e une fois ingérées p ar celui-ci.

2. Le prem ier genre de pollution est plus accentué sur les plages fréquentées 
se tro u v an t près des em bouchures d ’un cours d ’eau, lequel, en am ont, em porte
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les déchets qui y  sont je tés (papiers, plastiques, bois), les déversant dans la m er 
où, selon le régime de couran ts dom inants, ils sont répandus sur tou te  la côte. Les 
bois f lo ttan ts  constituen t spécialem ent un danger pour le m otonautism e. Si ces 
cours d ’eau sont, en outre, utilisés comme voies d ’élim ination de produits stériles 
p rovenant de lavages de m inéraux ou d ’usines chim iques, ils peuven t engendrer 
une pollution très gênante car ils a ltè ren t la couleur de l’eau de m er ou la rem plis­
sent d ’écum e persistante, accumulée sur les plages p ar le v en t e t les courants. Un 
cas particulier est constitué p ar les eaux terrestres qui, servant de drainage aux 
zones agricoles d ’irrigation  ou é ta n t porteuses de résidus provenan t de fabriques 
chim iques, contiennent une grande concentration de nourrires, norm alem ent des 
phosphates qui, dans des zones abritées de la côte (cales, estuaires), produisent 
une prolifération de la flore m arine à double effet : celui de la décom position des 
m atières organiques p roduisan t de m auvaises odeurs e t des eaux troubles, ainsi 
q u ’une consom m ation excessive d ’oxygène a rriv an t même à élim iner la faune 
m arine de ces lieux.

C ette pollution, gênante m ais non dangereuse pour la san té  de l ’homme, 
peu t être très nuisible au développem ent économique de zones littorales qui 
disposent de ressources côtières pour les em placem ents destinés à l ’h a b ita t e t 
aux  loisirs (bains, sports terre-m er).

3. Le second genre de pollution, celui qui est du aux eaux fécales, s ’accentue 
fortem ent dans les grands centres urbains perm anents qui connaissent l ’aflluence 
en période d ’été. Même si apparem m ent le fait de se baigner dans l’eau de m er ainsi 
polluée étab lit, à prem ière vue, une association avec un risque de m aladie, la 
réalité  est que les nom breuses études faites dans différents pays n ’on t pas abouti 
à l ’établissem ent d ’une corrélation définie qui pourra it conduire à un rap p o rt 
cause-effet. Ce qui est plus dangereux e t où réellem ent on observe cette  corrélation 
c ’est dans les mécanism es par lesquels la flore e t la faune sont capables de fixer 
e t de concentrer des m atières toxiques ou des bactéries; c’est pourquoi la présence 
de parcs de mollusques dans les eaux polluées est aussi dangereuse pour la san té  de 
l ’hom m e que l’irrigation de terres de cultures m araîchères avec des eaux résiduaires 
qui n ’au ra ien t pas été préalablem ent épurées.

111 A U T O É P U R A T I O N  M A R I N

1. Une fois dépassée l ’idée de considérer la m er comme un pu its sans fond, 
il convient de signaler, d ’au tre  p art, le fa it q u ’elle possède les mécanism es adéquats 
pour lu tte r  contre l ’accum ulation de substances étrangères que l’hom m e y  déverse. 
Ces m écanism es agiront parfois sans dim inuer les propriétés de ses eaux, ni son 
équilibre biologique; dans d ’au tres cas, ils produiront des a ltérations plus ou 
moins profondes, certaines d ’entre elles irréversibles en ce sens q u ’elles peuvent 
faire d isparaître  localem ent des espèces incapables de résister aux changem ents 
écologiques dans une zone déterm inée.

2. Q uant à la pollution gênante, engendrée p ar des objets flo ttan ts , une fois 
que ceux-ci on t a tte in t la surface, l ’action conjointe du v en t e t de la houle peut 
provoquer leur dispersion, mais norm alem ent ils sont entraînés vers les côtes e t
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contam inent le litto ral. Il fau t absolum ent ten ir com pte de ce fa it au m om ent 
d ’effectuer les déversem ents d ’ordures dans la mer, m êm e si l ’on prétend  avoir 
choisi judicieusem ent l ’endroit pour les réaliser. Nous devons signaler que, si le 
déversem ent se fa it à une profondeur suffisante, nous parlerons plus loin de son 
im portance, la p lu p art de ces solides resten t déposés dans le fond e t ne f lo tten t 
pas, comme on l’a observé dans des émissaires espagnols, la décantation  s’enre- 
g is tran t même pour les em ballages en plastique.

3. Au chapitre de la contam ination  dangereuse, on a parlé de différents 
m écanism es par lesquels la faune e t la flore épuren t les eaux con tenan t certaines 
m atières e t bactéries mais c’est pour les concentrer en substances que l ’hom m e 
emploie dans son alim entation, ce qui ne suppose q u ’un processus inverse par 
lequel la m er se venge de l’homme et, d ’une façon dangereuse, lui rend les objets 
étrangers que celui-ci y  déverse. Cependant, on doit faire ressortir l ’existence 
de deux genres de processus, qui assure un certain  degré d ’épuration bactérienne 
des eaux de m er :

à) les processus physiques, basés sur la dilution e t la décantation  de la m atière 
organique porteuse de bactéries qui, en rédu isan t leur concentration, d im inuent 
le danger de pollution en ce qui concerne l ’eau de m er. Il peu t cependant 
arriver que le phénom ène de la décantation  a it pour ré su lta t de hautes concen­
tra tions de m atières organiques e t de bactéries à l’é ta t  léthargique dans le fond
de la m er d ’un tira n t d ’eau insuffisant, de sorte que les grandes tem pêtes —
qui, d ’au tre  p a rt, se produisent généralem ent en dehors de la saison norm ale 
de bains —  la renouvellent e t p rovoquent rap idem ent des concentrations 
élevées de m atières contam inantes; ou bien ce tte  m atière organique déposée 
dans le fond sert d ’alim ent aux  êtres m arins et, dans ce cas, le m écanism e 
dévolutif m entionné plus h a u t entre en jeu. P arm i les processus physiques 
il fau t signaler aussi l ’influence que pourra ien t avoir la  lum ière, les rayons 
u ltraviolets e t les tem péra tu res sur la flore m icrobienne, m ais les recherches 
entreprises dans ce dom aine ne sont pas fo rt optim istes au su jet de la possibilité 
d ’une sensible réduction des bactéries p ar ces effets; 

b) les processus biologiques où la m er, de préférence en été e t coïncidant avec 
l ’existence d ’une plus grande concentration de la flore m arine, exerce, au m oyen 
de m écanism es qui ne sont pas encore bien expliqués, une action an tib io tique 
évidente, indépendam m ent des processus physiques m entionnés précédem m ent.

Si cette  action est due, à ce q u ’il para ît, à l ’existence du phytoplancton , il 
serait très in téressan t d ’étab lir le profd m arin  qui lui sert d ’habitacle écologique,
aussi bien en distance (D) à la côte q u ’en profondeur (P) de façon q u ’en com binant,

comme il est indiqué à la fig. 1, le 
triangle défini p ar D e t P  avec la zone 
H  où se fa it sen tir l ’action de la  houle
sur le fond, on ob tien t la déterm ina­
tion  d ’une zone Z où son t combinées
les propriétés favorables des niveaux 
antib io tiques, avec sédim entation

158



stab le  de m atière organique, c ’est-à-dire q u ’il y  aura  une coïncidence en tre  les 
processus physiques e t biologiques en ce qui concerne l ’épuration.

IV -  A C T I O N  H U M A I N E

1. E ta n t donné la portée et l ’im portance du problèm e que posent les déverse­
m ents d ’eaux résiduaires en m er, la prévention et le contrôle doivent s’effectuer 
au plus h a u t niveau national, en ad o p tan t des m esures qui relèvent précisém ent 
du dom aine du droit adm inistra tif, avec le concours duquel les G ouvernem ents 
peuven t étab lir la norme, régler son application e t sanclionner les infractions, 
sans préjudice de la  responsabilité civile incom bant au con tam inan t pour les dom­
mages q u ’il p o u rra it causer à un tiers.

U ne des actions préalables à to u te  élaboration de normes consisterait à fixer 
les conditions que doivent rem plir les eaux résiduaires déversées, en fonction des 
s tandards de qualité  que doivent conserver les eaux de m er afin déviter, selon les 
cas, d ’inadm issibles contam inations gênantes ou dangereuses.

2. E n  ce qui concerne la contam ination  gênante, to u ch an t spécifiquem ent les 
lieux destinés aux  bains, la qualité  voulue semble être  a tte in te  si la contam ination 
ou ses résu lta ts  ne son t sensibles ni à l ’odorat ni à la vue, dans ce dernier cas, ni 
du fa it de la présence de corps solides ou d ’écumes flo ttan tes ni par des a ltérations 
appréciables dans la couleur norm ale de l’eau. Ce critère idéal serait difficile à 
m ain ten ir, e t la difficulté provien t du fa it de pouvoir étab lir quelle est la q u an tité  
de solides ou d ’écum es flo ttan tes ou à p a rtir  de quelle m odification de la couleur 
de l ’eau apparaissen t les gênes aux  personnes, c’est-à-dire q u ’il fau t essayer d ’é ta ­
blir un stan d ard  esthétique. D ans les normes provisoires concernant le déversem ent 
d ’eaux résiduaires en m er, le long des côtes espagnoles, on p a rt d ’une DBO m oyenne 
de 360 gr/m 3, ce qui conduit à une dilution initiale m inim a de 40, e t, com pte tenu  
du fa it que, sur les plages e t zones destinées aux bains, on prend un coefficient de 
sécurité de 2, la dilution m onte à 80 ou la DBO adm issible descend à 180. Cepen­
d a n t ces chiffres, à eux seuls, ont dém ontré parfois q u ’ils ne peuven t pas résoudre 
le problèm e de la  tu rb id ité . Il fau t ten ir com pte, en outre, q u ’on exige, au moins, 
un tra item en t de dilacération qui réduise les solides à une grandeur m oyenne de 
particules inférieure à 1 m /m .

3. La contam ination  qui p o u rra it s’avérer dangereuse pour la flore ou la 
faune m arines, comme celle qui provient du déversem ent de nourrires, norm alem ent 
des phosphates, se p roduit, soit p ar des résidus d ’usines chim iques déversés direc­
tem en t ou p ar des égouts urbains non séparatifs, soit p ar des écoulem ents directs 
de cours d ’eau qui trav e rsen t e t d rainent des zones agricoles. Il est difficile d ’é ta ­
b lir le niveau de nourrires qui peut causer des déséquilibres écologiques dangereux 
et, en to u t cas, l ’action doit ê tre  dirigée non pas tellem ent vers l ’établissem ent 
de normes, mais p lu tô t vers l ’im position de tra item en ts  qui élim inent une propor­
tion plus rédu ite  de m atière organique e t une plus grande q u an tité  de nourrires; 
en to u t cas, il fau d ra it arriver à in terd ire  les déversem ents dans les zones de
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flottaison fermées, comme les cales e t les estuaires d ’une abondante  biologie 
m arine. On doit faire rem arquer que nom bre de ces zones sont utilisées pour les 
bains e t les loisirs, e t la prolifération d ’algues avec leur décomposition corres­
pondante  de m atières organiques en traîne une im portan te  contam ination  gênante 
e t dangereuse pour l’économie de la zone.

4. Il nous reste à parler du problèm e de la déterm ination  de standards de 
qualité  des eaux p ar rap p o rt à la contam ination dangereuse pour les personnes. 
L ’élém ent com posant des eaux résiduaires, facile à déterm iner p ar des procédés 
de routine est le E. coli. Les bactériologues espagnols procèdent très différem m ent 
les uns des autres pour déterm iner le stan d ard  de danger : certains le signalent à 
p a r tir  de 2.000 coli par 100 ml, d ’au tres seulem ent à p a rtir  de 1000, e t d ’autres 
on t défini s tric tem ent comme plages peu recom m andables, celles qui, à moins de 
250 m du rivage, contiennent 500 coli p ar 100 m l, comme douteuses celles qui 
p résen ten t entre 200 e t 500 e t comme recom m andables celles qui ne dépassent 
pas le chiffre de 200. D ’au tre  p art, il y  a des standards fixés à 2.400 coli par 100 ml. 
e t des plafonds a llan t ju sq u ’à 10.000. Ce problèm e qui, en principe, sem blerait 
contradictoire, pou rra it être résolu si, en te n a n t com pte des procédés de com ptage 
e t du fa it q u ’il s’agit de déterm iner des critères sta tistiques, on a rriv a it à définir 
une d istribution p ar sa valeur m oyenne la plus probable e t en spécifiant à quel 
pourcentage doit se trouver la valeur de com ptage considérée comme plafond 
m axim um , en é tab lissan t un rap p o rt entre ces chiffres e t certaines fractions de 
la  distance entre le point de déversem ent e t la  côte.

5. De to u te  façon et, en supposant que l’on puisse arriver à l ’établissem ent 
de standards réalistes e t satisfaisants pour chaque cas, le problèm e de leur appli­
cation sim ultanée, su rto u t dans les zones fréquentées p ar les baigneurs, subsisterait 
encore, car, psychologiquem ent, la contam ination gênante p rodu it sur les personnes 
un im pact plus fo rt que la dangereuse; celle-ci, n ’é ta n t pas aperçue im m édia­
tem en t p ar les sens, ne sensibilise pas le danger q u ’elle représente.

V —  S Y S T È M E S  DE D É V E R S E M E N T S

L ’élim ination des eaux résiduaires p eu t se produire de différentes manières. 
D ans celle que nous m entionnons ci-après, on se réfère aux  m éthodes qui, direc­
tem en t ou indirectem ent, on t une incidence sur le litto ral.

1. Une des formes les plus courantes d ’arrivée d ’eaux résiduaires en m er, 
es t celle qui se p roduit p ar des écoulem ents (drainage du terrain , écoulem ents 
d ’irrigations littorales) e t à l'em bouchure des cours d ’eau. Ces deux formes de 
déversem ents sont très nuisibles car ces eaux contam inent, im m édiatem ent e t 
d irectem ent, les eaux de m er en con tac t avec la côte, e t leur incidence est encore 
plus grande dans les m ers non soumises à m arée. Dans le cas des écoulements, 
le problèm e est difficile à résoudre, bien q u ’alors la contam ination  provienne 
principalem ent de nourrires m ais aussi de pesticides. L a seule solution possible 
serait celle de la canalisation des écoulem ents artificiels des irrigations, avec
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tra item en t postérieur à l’am énagem ent de l’eau, mais cela en tra înerait certaine­
m ent des dépenses considérables.

Quand il s ’agit de cours d ’eau, le problème doit être étudié en am ont de 
ceux-ci, en agissant préventivem ent sur les centres urbains ou sur les industries 
q u iy  déversent leurs eaux. Si les standards de qualité , fixés pour ces eaux terrestres, 
sont bien en rap p o rt avec la distance de leurs points de déversem ent en m er e t si 
le pouvoir épu ra teu r des cours d ’eau est supérieur à celui de la mer, on peut arriver 
à obtenir une qualité  acceptable à l ’em bouchure. Cependant, le problèm e se 
complique dans des pays qui, comme l’Espagne, ont des cours d ’eau de régime 
très irrégulier, avec de grands étiages m algré le vaste  réseau de réservoirs de 
retenue constru its ou en construction. De to u te  façon, on peu t arriver à renforcer 
les mesures de prévention en fonction des débits apportés par le cours d ’eau, bien 
que cela constitue, en principe, plus une considération technique q u ’une mesure 
établie facilement.

2. Le deuxième systèm e de déversem ent d ’eaux résiduaires p ou rra it s ’appeler 
de « non déversem ent », cette dénom ination com prenant deux classes : a) insta lla­
tions d ’épuration sans sortie à la m er e t b) utilisation des eaux résiduaires à l ’in té­
rieur du pays.

3. D ans les norm es espagnoles m entionnées ci-dessus, on in te rd it form ellem ent 
I utilisation de pu its septiques filtrants à proxim ité des plages; ils ne sont autorisés 
que s ’ils se trouven t suffisam m ent éloignés e t situés dans des terrains don t la 
perm éabilité ne puisse pas supposer une com m unication directe avec la mer, à 
travers le sous-sol, les distances en tre  les puits et le nom bre d ’h ab itan ts  q u ’ils 
desservent é tan t lim itées. Les fosses septiques étanches ne posent pas ce problème 
m ais bien celui de leur nettoyage; ils sont seulem ent utiles pour des logem ents 
unifam iliaux ou de petits ménages car ils ad m etten t même un tra item en t chim ique 
de l ’eflluent à un prix peu élevé. On a même parlé d ’injections d ’eaux résiduaires 
dans le sous-sol comme m éthode d ’élim ination, mais en p renan t comme point de 
départ que la garan tie  d ’un bon résu lta t résiderait dans une parfaite  connaissance 
du sous-sol e t de ses courants et afin de ne pas provoquer des risques de contam ina­
tion  supérieurs à ceux que l'on désire év iter; nous rappelons ici un événem ent qui 
s 'est p rodu it en un endroit situé sur la côte de l'île de M ajorque. L ’accum ulation 
dans le sous-sol de cet endroit, p endan t des mois, d ’eaux résiduaires p rovenan t d 'un  
grand holei à travers une fosse septique non étanche, p roduisit soudainem ent, 
un jour, un effet siphonique et la décharge consécutive de to u t l ’effluent accum ulé 
dans une cale voisine, ce (pii la contam ina to ta lem ent et com prom it, d u ran t une 
saison, la pureté de ses eaux, d ’où un désastre sur le plan économique pour les 
établissem ents hôteliers.

Un phénom ène analogue se produisit, il y a quelques années, en un au tre  lieu 
de la côte, où les eaux résiduaires provenant d ’une fosse septique d ’un grand hôtel 
com m encèrent à jaillir en forme de puits artésiens au milieu d ’une plage contiguë.

4. La récupération  des eaux résiduaires présente, en principe, le double 
avantage d ’éviter la contam ination de la m er e t de contribuer à résoudre le m anque
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croissant de ressources hydrauliques, qui commence à se m anifester dans cer­
ta in s pays.

Cependant, la récupération n ’est pas exem pte de difficultés, non seulem ent 
d ’ordre économique. Le caractère un ita ire  de la p lu p art des collecteurs des grands 
centres hab ités fa it que les eaux résiduaires fécales sont m élangées aux eaux 
résiduaires industrielles, en com pliquant e t en élevant ainsi le coût des tra item en ts 
e t en réduisan t les possibilités d ’une utilisation postérieure. D ans les centres u r­
bains nouveaux, situés sur la côte e t à vocation touristique, le problème ne se pose 
pas, mais il existe dans l’emploi des eaux résiduaires, traitées, s’il n ’y a pas de 
zone agricole à proxim ité. De ce tte  façon, si les coûts d ’élévation aux zones de 
tra item en t —  norm alem ent situées loin des côtes et isolées — et les coûts du tra ite ­
m en t se situen t à des tau x  abordables, le déséquilibre économique que suppose un 
long tran sp o rt aux zones agricoles, où p ourra it être utilisée l’eau, peu t avoir une 
influence négative. Dans d ’au tres cas où cet am énagem ent est possible, il n ’existe 
pas tou jours un équilibre entre la dem ande et l ’offre e t si celle-ci est supérieure, 
le problème de l'élim ination des excédents se pose de nouveau.

De toute façon et, malgré ces difficultés, les plans espagnols d ’in frastructu re  
sanitaire dans les zones côtières ne négligent pas la possibilité de récupération  
lorsque les circonstances sont favorables. D ans les nouveaux centres d ’expansion, 
les réseaux d ’égouts séparatifs d ’eaux fécales e t industrielles s’im posent, à moins 
que ceux-ci n ’effectuent une épuration spécifique dans chaque cas.

5. Si, des considérations ci-dessus, on déduit q u ’il est im portan t de situer 
l’effluent dans une masse d ’eau de m er suffisante pour favoriser une grande dilution 
e t une sédim entation stable, si le point de déversem ent doit être suffisamment 
éloigné de la côte pour que, soit la distance, soit les courants m arins év iten t l ’arrivée 
d ’eaux contam inées à un hau t degré au litto ra l e t si, finalem ent, on doit év ite r les 
déversem ents dans des zones où ex isten t des bancs de m ollusques ou faune e t flore 
m arines susceptibles d ’être  affectés par la contam ination , on arrive à la conclusion 
finale que cette action, conditionnée par ta n t  de facteurs, ne peut être menée 
avec succès que grâce à la construction d ’émissaires sous-marins.

VI —  É M I S S A I R E S  S O U S - M A R I N S

1. Les facteurs, dont on doit ten ir com pte dans le p ro jet d ’un émissaire sous- 
m arin, sont très complexes. 11 faut, to u t d ’abord, signaler la zone de la m er où 
doit être située l ’extrém ité -  en principe, le critère signalé à la figure 1 pourrait 
être appliqué — et indiquer les m oyens économiques d ’y parvenir ainsi que les 
possibilités techniques de l’ouvrage. Un au tre  po in t im portan t est celui de la 
répercussion que pourrait avoir le déversem ent sur la flore e t la faune ex istan t 
dans cette zone; et, enfin, l ’efficacité de l’émissaire projeté doit être étudié du 
poin t de vue des deux formes de contam ination  : la dangereuse e t la gênante, car 
les considérations de caractère esthétique et psychologique sont de plus en plus 
im portan tes e t conditionnent de plus en plus les solutions à adopter, im pliquant

162



í)

parfois que les s tan ­
dards de qualité  esthé­
tique soient plus im pé­
ratifs, e t obligeant de 
réaliser des ouvrages 
excessifs p ar rap p o rt 
aux au tres standards.

2. L o rsqu ’il s ’agit 
du projet d ’un émissaire 
sous-m arin destiné au 
déversem ent d ’eaux fé­
cales, l ’a lte rnative  sui­
vante est inévitable : 
tra item en t préalable 
com plet de l’efiluent et 
déversem ent court ou 
déversem ent long avec 
un  tra item en t som­
maire. Diverses ques­
tions sont mises en évidence dans l’exposé du problèm e :

possibilité d ’accom plissem ent sim ultané su ivan t les normes esthétiques et 
bactériologiques;

degré de tra item en t e t possibilités en terre ;

com plexité des ouvrages en fonction de la longueur et de la profondeur; 

étude économ ique des deux systèmes.

Du point de vue 
bactériologique, la so­
lution de tra item en t 
com plet semble être la 
plus raisonnable car, 
même à des tem péra­
tu res très élevées, il 
continue à exister entre 
15 et 20 %  de bacté­
ries, tand is q u ’avec un 
tra item en t de simple 
décantation  on n ’arrive 
pas à un ch i lire infé­
rieur à 70 % . Mais, 
précisém ent parce que

Importance de la profondeur Emissaire, prolongé jusqu’au l’on déverse des eaux
bateau au fond, sans tache, même avec emploi de fluores-
céine. (Longueur =  1.000 m .; profondeur =  36 m.). traitées, la dem arche

Photo 2.

Photo 1.

Importance de la profondeur.
Longueur =  500 m .; profondeur =  8 m. 
On voit parfaitement la tache.
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logique suivante est de projeter un émissaire court car, à ce m om ent, la dilution 
exigée sera plus petite . P a r  exemple, dans les norm es espagnoles, un tra item en t 
par décantation  rédu it la dilution initiale exigée de 40 à 30 tand is q u ’un tra i­
tem ent à épuration complète, biologique e t chim ique la rédu it à 10.

L ’émissaire court - on com prend p a r là un émissaire d ’une longueur infé­
rieure à 300 m ètres pour un débit de plus de 100 l/sec. — présente deux incon­
vénients :

a) à moins q u ’il ne s’agisse de profils du fond m arin à grande pente — comme 
c’est le cas des îles Canaries —  un émissaire de ce genre se situe entre 6-8 m ètres 
de tiran t d ’eau; l ’expérience espagnole signale que, à moins d 'e llectuer un 
tra item en t préalable com plet, il est difficile, à cette profondeur, d ’arriver à un 
standard  esthétique acceptable. Inévitab lem ent la classique tache couleur 
chocolat ap p ara îtra  e t une couche de graisse s ’é tendra sur la surface de l ’eau, 
e t si le tra item en t est parvenu à élim iner ces effets, il reste encore la sensation 
gênante de se trouver dans un milieu différent de celui de l’eau de mer, en 
raison de la faible salinité;

b) to u t défaut ou fonctionnem ent défectueux de la sta tion  épuratrice engendrera 
de grandes contam inations, ce qui im plique la nécessité d ’ajou ter au tra item en t, 
déjà coûteux, une stric te  surveillance, qui ne fa it q u ’augm enter les frais d ’en­
tretien .

Il fau t considérer que, si, en prin­
cipe, l ’idée de tra item en t préalable in­
tense est acceptable, elle ne l ’est pas si 
on l ’associe avec un émissaire court; il 
s’ag irait alors d ’exam iner le problème
sous le point de vue que résum e la
figure 2. Considérant les points de dé­
versem ent (court e t à tra item en t 
com plet) e t P 2 (long e t à tra item en t 
sommaire) avec leurs concentrations de 
coli respectives de Cj e t C2, e t H é ta n t la 
direction dom inante d ’en traînem ent, la 
m orta lité  bactérienne due aux m ultiples 
causes étudiées au paragraphe I I I  agirait 
to u t au long des distances L j e t L 2, en 
a rriv an t ainsi à la lim ite de la zone de
bains (Pj et P 2) avec des concentrations

Cx e t C2. L ’étude de l ’a lternative  P j — P 2 devrait p a rtir  de l’hypothèse
cx <  c2 si l ’on donne la préférence au tra item en t com plet ou de la c2 ^  c,,
si l ’on donne la préférence au déversem ent éloigné e t tra item en t sommaire. N a­
turellem ent la distance P jP 2 dépendra du degré de tra item en t et a tte in d ra  son 
m axim um  lorsque celui-ci sera complet.

De ce schéma ressort l ’énorme im portance q u ’il y a de parvenir à établir
un index moyen de vie des bactéries en m er (actuellem ent les tem ps oscillent

DÉPURATION COMPLETE 1 P. I

Pj -  rejet court 
P2 -  rejet long
R — orientation dominante des vents et 

courants
r -  rayon d’action des baigneurs 
C,, C2 -  concentration de E. coli
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d ’heures à jours, selon les auteurs) e t des études détaillées des couran ts (et en 
définitive de R) qui doivent ê tre  effectuées pour déterm iner le po in t le plus adéquat 
du déversem ent.

3. Compte tenu  du coût élevé q u ’im plique une épuration  com plète, si l ’on 
com pare le coût d ’une installation  de tra item en t de ce genre avec déversem ent 
court (com prenant les frais de prem ier établissem ent, capital et entre tien  annuel) 
à celui d ’un déversem ent éloigné avec tra item en t som m aire, la seconde hypothèse 
serait très favorable, com pte tenu  du fa it que le coût au m ètre de l ’émissaire 
n ’augm ente pas proportionnellem ent à la longueur de ce dernier, que le coût du 
tra item en t augm ente à mesure que celui-ci est plus com plet, l ’hypothèse é tan t 
émise que, pour des raisons d ’ordre esthétique, il n ’y au ra it pas lieu de prolonger 
l ’émissaire au-delà du poin t de déversem ent répondan t aux normes bactériologiques 
exigées.

Il existe, cependant, des argum ents p laidant pour la solution du tra item en t 
com plet, tels que la possibilité de récupération des eaux e t même des boues pour 
engrais, ce qui, en certains cas, ferait pencher la balance vers ce tte  solution. 
Cependant, l ’u tilisation  comme engrais n ’a pas donné de résu lta ts p ratiques; 
leur pressage, leur enfouissem ent ou leur incinération occasionnent des frais et 
posent des problèm es de contam ination  gênante, tand is que leur déversem ent 
en m er au m oyen de barcasses présente les mêmes riques que celui des ordures. 
Comme on le signale plus loin, la solution doit résider incontestab lem ent dans 
le renvoi à la m er p ar le même émissaire ou m ieux encore p ar un au tre  projeté 
spécifiquem ent à cette  fin.

4. On a parlé an térieurem ent de l’émissaire long à tra item en t léger, en 
com prenant comme tel celui qui exige — et les norm es espagnoles l ’im posent 
une élim ination préalable des corps solides de l’effluent. Lorsque ce tte  élim ination 
s’effectue p ar un simple dispositif broyeur, les résu lta ts  ne sont pas satisfaisants. 
Les dimensions des résidus hum ains, papiers et fibres en plastique se réduisent 
un peu m ais n ’arriven t pas aux dimensions fixées p ar les normes esthétiques 
m inim a. Ce qui arrive en fa it c ’est que les broyeurs, avec leur orifice d ’entrée 
lim ité, ne fonctionnent pas sans criblage des solides, lequel peut s’effectuer au 
m oyen d ’une double grille ou, comme dans l ’installation de Palm a de M ajorque, 
p ar des tam bours de mailles. Les solides ainsi séparés peuvent être retirés, soit 
pour être enterrés, soit pour ê tre  broyés, à la grosseur dem andée, dans une insta l­
lation spéciale e t ê tre  conduits de nouveau au poin t de déversem ent.

P o u r que les installations de criblage puissent fonctionner d ’une façon satis­
faisante, il est nécessaire que les cham bres de ram assage des eaux criblées, préa­
lables au pom page, soient d ’une g randeur réduite, de m anière à ce que la stagnation  
des eaux soit m inim e, év itan t ainsi la form ation de nouveaux solides si la s tagnation  
des eaux est uii peu prolongée. Il en serait au trem en t si ces cham bres é ta ien t 
conçues comme des réservoirs de sédim entation pour une impulsion postérieure 
au moyen de pom pes spéciales et ram assage de m atières pour leur élim ination 
dans la terre.
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E ta n t donné la difficulté d ’élim iner ou d ’utiliser les boues résu ltan t d ’un 
tra item en t de digestion, une bonne solution consisterait à les incorporer à l ’émis­
saire, à la sortie de la s ta tion  de dilacération, en rédu isan t ainsi la contam ination , 
si toutefois les s tandards esthétiques on t été respectés. De to u te  façon, la difficulté 
de trouver, près de la mer, des te rra ins disponibles pour les installations de 
digestion, rend parfois difficile cette  solution, à moins que l ’on ne pom pe les eaux 
noires loin des côtes, en les tra i ta n t  sur des te rra ins isolés, ce qui im plique des 
solutions coûteuses mais techniquem ent bonnes et viables, si l ’im portance de la 
zone dem ande un tra item en t intégral de l ’eflluent.

5. On a vu an térieurem ent l ’im portance q u ’a la longueur de l’émissaire 
pour son bon fonctionnem ent. Ceci est in tim em ent lié à la profondeur a tte in te  
p ar son extrém ité.

Il existe de nom breuses études tr a ita n t de la m anière don t le je t  de l ’effluent 
se m élange à l ’eau de m er et de la difficulté d ’obten ir une dilution rapide, car les 
effets accumulés d ’une densité m inim a, la vitesse de sortie e t la plus grande 
tem péra tu re  de l’eflluent lui donnent de la flo ttab ilité  e t a tte ignen t la surface 
dans une zone de transition  superficielle où la dilution obtenue est très petite. 
Ces mêmes expériences dém ontren t que si l ’on porte la profondeur à des valeurs 
H /d  =  150, c’est-à-dire 15 m pour un diffuseur d ’un diam ètre de 10 cm, les lignes 
ay an t la même concentration prennent la forme de bulbe au to u r de l ’axe du je t  
e t celui-ci peu t arriver à se renferm er sur soi sans a tte in d re  pratiquem ent la surface. 
A ce m om ent, la transition  d ’une dilution verticale à une dilution horizontale 
se p roduit au-dessous de l’eau e t l ’on arrive quasi à l ’absence de signes d ’effluents 
à la surface.

L ’expérience espagnole opérée sur des fonds à pentes m oyennes de 2 %, 
de façon q u ’avec des émissaires de 1.000 à 1.500 m on atteigne des profondeurs 
de 20 à 30 m dém ontre que, même sans broyage, on obtien t des résu lta ts satis­
faisants; avec criblage et broyage les résu lta ts  son t sûrs et l ’eflluent n ’app ara ît 
pas à la surface, ceci pour des débits ju sq u ’à 200 1/sec. P a r contre, les émissaires 
de 500 m, même à débits réduits, donnent des résu lta ts  incertains e t dans certaines 
conditions de vents, de courants ou lors de règlem ents des régimes de pompage, 
les normes esthétiques exigées ne sont pas respectées. En outre, à des profondeurs 
en tre  8/10 m, l ’effet nuisible de la houle p eu t se produire sous un double aspect ; 
celui de creuser l ’extrém ité de l’émissaire, de l’en terrer avec des courants de 
sable ou de rem uer la m atière organique déposée sur le fond.

6. Il est donné, ci-dessous, des exemples de com portem ent d ’émissaires 
pour des objectifs bien différents, oii l ’influence de la profondeur est mise en relief :

a) Em issaire de Salou (Tarragone) composé de deux conduites de PVC 
de 250 mm de diam ètre, d ’une longueur de 1.300 m, 23 m de profondeur et un 
débit de 200 1/sec. avec broyage préalable e t des eaux exclusivem ent fécales. 
La norme esthétique est to u t à fait respectée car, à prem ière vue, il u ’existe 
pas de coloration trouble ni de taches de graisse; pour pouvoir apprécier la zone 
de déchargem ent, il fau t recourir à la photographie aérienne. Il n ’y a pas eu de
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variation  appréciable de la flore existante à l ’extrém ité de l ’émissaire, mais une 
augm entation de la faune m arine.

Q uant au stan d ard  bactériologique, les analyses effectuées en été, à l ’époque 
d ’un plus grand débit, donnent les résu lta ts  moyens su ivants :

— Sortie de diffuseurs : plus de 200.000 coli/100 ml.

—  A 100 m des diffuseurs en direction de la plage :
—  prise surperficielle, plus de 200.000/100 m l;
— prise à 5 m de profondeur, plus de 200.000/100 ml.

—  A 200 m des diffuseurs en direction à la plage, plus de 100.000/100 ml.

— A 500 m en direction de la plage, de l’eau non contam inée.

-  A 700 m  en direction de la plage, de l ’eau non contam inée.

Comme ou peut le constater, on n ’a pas tenu com pte, dans les prises d ’échantil­
lons successives à différentes profondeurs, des concentrations pratiquem ent 
similaires ay an t été arrêtées (comme on a pu l’observer dans des analyses systé­
m atiques à la côte de Grenade avec des prises à 0,25, 2 et 5 m de profondeur), 
ce qui v ien t renforcer les observations qui signalent l ’influence minim e que les 
actions de la surface (lumière, soleil) ont sur la m ortalité  bactérienne.

b) Il s ’ag it d ’un déversem ent en m er de boues stériles p rovenan t d ’un 
complexe de concentration  de m ines de spath  fluor aux Asturies. Les boues, 
d ’une concentration  de 0,83 kg/m 3, se com posent fondam entalem ent d ’anhydride 
silicique (50 %) et d ’oxyde de fer e t b ary te  (40 %), e t leur ré ten tion  au tam is de 
325 m ailles/cm 2 n ’a tte in t pas 10 %, ce qui fa it q u ’elles ren tren t en suspension 
dans l ’eau, en la colorant vivem ent, m ais ne se déposent pas sur les plages. C’est 
un cas typ ique de contam ination gênante. Après avoir effectué plusieurs essais 
de laboratoire, on est arrivé aux conclusions suivantes :

1) Si le déversem ent s’effectue to u t près de la surface, les boues se m ain­
tiennen t longtem ps à la surface et les m ouvem ents de celle-ci con trarien t la 
vitesse de sédim entation.

2) Si le déversem ent s’effectue en profondeur e t si on fixe convenablem ent 
la profondeur e t la vitesse de sortie, les solides en suspension sont rap idem ent 
déposés et n ’a tte ig n en t pas la surface. La vitesse de sédim entation augm ente 
no tab lem ent si l'effluent se refroidit préalablem ent e t su rtou t s’il est mélangé à 
l ’eau de m er, ré su lta t logique car les deux processus produisent un accroissem ent 
de la densité de l’effluent et dim inuent sa flottabilité . De ce tte  façon, il se com porte 
comme une dissolution de densité égale ou supérieure à celle de la m er e t se dépose 
rap idem ent sans donner une coloration aux eaux de mer. En p a r ta n t de ces résul­
ta ts , on constru isit l ’émissaire d ’une longueur de 1.000 m, d ’un débit de 250 m 3/h 
e t de 20 m de profondeur, qui se com porte correctem ent, car même le cône de 
sédim ents, qui se form ait les prem iers jours au fond, à la sortie des diffuseurs, 
é ta it d istribué dans une am ple zone par les m ouvem ents de l ’eau.
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c) 11 s ’agissait de déverser d irectem ent dans la m er l ’eflluent d ’une usine 
de cellulose reliée actuellem ent au réseau d ’égouts de la ville (fig. 3), avec débouché 
dans la m er en un point très proche de la côte. Ces eaux résiduaires on t un h a u t 
contenu de DBO, mais su rtou t de lessives qui, é ta n t agitées à la surface e t pro­
pulsées contre la côte, produisent des écumes persistantes, constituan t donc un 
cas évident de contam ination gênante au po in t (A), tand is que la plage de la ville 
en est libérée p ar la présence du cap e t la direction de la com posante dom inante 
de traînage (R). L ’usine qui, à la dem ande de la M unicipalité, déversait p ar le 
point A les eaux fécales, uniquem ent, dem anda l ’au torisation  de déverser à (B) 
avec un émissaire court à une profondeur de 8 m. L ’autorisation fu t accordée 
m ais subordonnée à l’épuration  de l’eflluent des lessives déjà m entionnées; le 
déversem ent n ’a pas été autorisé pour le m om ent ta n t  que l’épuration  ne sera 
pas effectuée, car le phénom ène qui se p rodu irait est évident : petite  dilution 
à (B), hau te  concentration superficielle près de la digue e t b a ttem en t des eaux, 
avec form ation correspondante d ’écumes qui, entraînées par R contam ineraient 
la meilleure plage de la ville à l'am énagem ent de laquelle on vient de consacrer 
près de 100 millions de pesetas.

1.1. D ans le projet et la construction d ’émissaires sous-m arins, on doit 
ten ir com pte de deux sortes d ’actions auxquelles ils son t soumis :

a) les actions chimiques, dérivées de la na tu re  de l’eflluent même e t les effets 
corrosifs du milieu où il se trouve, et

b) les actions dynam iques, soit par les sollicitations directes de la dynam ique 
marine, soit par celles qui proviennent des m ouvem ents du fond m arin.

1.2. l)u  point de vue de la corrosion, l ’emploi du béton peut poser certains 
problèm es en présence d ’eaux agressives, comme par exemple l’acier, qui doit 
être  protégé contre la corrosion du milieu m arin , tand is que les plastiques e t la 
fonte ne posent pas ces problèmes.

1.3. Une conduite déposée au fond est soumise à une série de forces hori­
zontales (F) en raison de la houle e t des courants, ainsi q u ’à une force ascension­
nelle, et sa stabilité  dans le fond sera assurée, lorsque :

V <  P ; f X (P-V) >  F

ICI

En ce m om ent, l ’usine est placée de­
van t l ’a lternative d ’épurer ou de prolonger 
son émissaire ju sq u ’à (C) avec un tira n t 
d ’eau de 25 m. Avec cette  profondeur on 
obtien t une grande dilution, l’eflluent é tan t 
en tra îné hors de la zone de ba ttem en t 
contre la digue.

V I I  Q É N I E  D E S  É M I S S A I R E S
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(P) é ta n t le poids e t (f) le coefficient de fro ttem ent. De to u te  façon et é ta n t donné 
la grande longueur des émissaires, on déduit des déform ations excessives qui 
nécessitent parfois l’enfouissem ent e t l ’ancrage des conduites. A ce sujet, il fau t 
ten ir com pte que les m ouvem ents du fond de la m er peuven t déterrer les conduites 
e t c ’est pourquoi, en cas de non ancrage, leur poids do it ê tre  en rapport inverse 
à la stab ilité  des m atériaux  qui constituent le fond.

1.4. En ce qui concerne les procédés de construction, il en existe généralem ent 
deux, avec leurs avantages e t leurs inconvénients. Celui du tuyau  continu soudé, 
possible en acier e t en therm oplastique qui, bien q u ’il contribue à élim iner les 
points faibles constitués par les jo in ts, présente des difficultés de p lacem ent car 
il nécessite un grand espace de lancem ent, soum et la tuyau terie  à de grandes 
sollicitations au cours de ce lancem ent e t rend plus difficile la réparation  des 
avaries. D ’au tre  p art, on trouve la fonte ou au tres plastiques disposant de jo in ts 
qui ne seront ni à bride ni à raccord avec cordon, trop  rigides.

2.1. Les conduites en chlorure de polyvinyle (PVC) furent, au début, très 
employées en raison de leur grande résistance à la corrosion, de leur m aniabilité 
e t de la sécurité de leurs jo in ts, qui les renden t très appropriées pour des fonds 
de boues ou de sable, car, d ’un au tre  côté, leur poids léger e t leur résistance 
mécanique les renden t très vulnérables, su rtou t pour des diam ètres supérieurs 
à 300 m m .

PIEU METALLIQUE
BRIDE DOUBLE EN FONTE 
JOINT EX CAOUCHOUC
TUBE EN P.V.C

ET ECROU 
P V C

SA BLE, VASE

2*. PHASE

Fig. 4.

3? PHASE

L a pose la plus adéquate  de ces conduites consiste à les enfouir et à les fixer 
avec des brides à pieux. Les jonctions ne doivent pas ê tre  rigides m ais réalisées 
au m oyen d ’un jo in t néoprène. La figure 4 présente un dispositif approprié pour 
des fonds de boue e t de sable, avec des épaisseurs de 3 à 5 m, où le pieu peu t être 
enfoncé par une injection d ’eau sous pression. Le com portem ent est bon, même 
avec une régression de 1 à 2 m des m atériaux du fond. Il est cependant très sensible 
aux  sollicitations verticales, aggravées par la présence de l’air dans la conduite, 
et on doit étab lir des dispositifs d ’élim ination de celui-ci sur de longs tronçons.
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2
GRAVIER.

2*. PHASE

Fig . 5.

3? PHASE

Le dispositif de la figure 5 a été employé avec des épaisseurs réduites de boue 
ou de sable ou aux endroits où l ’existence de m atériaux  gros ou de roches ne 
p erm etta it pas la mise en place de pieux par injection. La fixation au moyen 
d ’ancrages est su je tte  à de fréquentes avaries car l’action de la m er est la cause 
de petits m ouvem ents qui provoquent la ru p tu re  des conduites. L ’emploi du 
PVC sur roche n ’est pas recom m andable à moins de creuser un fossé e t de le 
recouvrir postérieurem ent avec du béton, la conduite agissant alors comme un 
coffrage perdu à propriétés anticorrosives. Ces propriétés font que l’on utilise 
comme protection d ’autres m atériaux , en a jo u ta n t un tube  de PVC dans un au tre  
en acier, lecjuel agit en qualité  de support résistant.

2.2. Le polyéthylène a été employé dans des cas d ’effluents hautem ent 
corrosifs (acides, chlorés), comme protection in térieure des conduites m étalliques 
(fig. 6). Le plus grand inconvénient de celui-ci est sa flo ttabilité , qui réclame

ZONE AVEC PEU OE PROFONDEUR

________ FONO

ZONE AVEC UNE 
GRANDE PROFONDEUR

TUBE EN FONTE, \
TUBE EN POLYETHYLENE [

■ ■ EN BE' N 
TUBE EN POLYETHYLENE 
ANSE

FONO

TUBE EN FONTE_________ |
TUBE EN POLYETHYLENE I

I FONO

T W

BAYER HI SPANI A -TARRAGONA-(ESPANA)

COMPLEXE CHIMIOUE-BAYER HISPANIA-TARRAGONA 
(ESPAÑA)

Fig. 6 et

_T U 0 E S El
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l ’emploi d ’ancrages très proches afin d ’obtenir une pente uniform e e t d ’év iter 
les ondulations. Mais en même tem ps sa flexibilité perm et des dispositifs d ’ancrage 
avec du béton (fig. 7) sans que les m ouvem ents éventuels puissent causer la 
ru p tu re  de la conduite.

2.3. Le polyestre réu n it les propriétés anticorrosives des précédents, mais 
seulem ent celles de flexibilité dans de grands diam ètres e t ne doit pas être employé 
dans de petits diam ètres en raison de sa grande rigidité.

2.4. Parm i les m atériaux  m étalliques, on dispose de l ’acier e t de la fonte. 
Celle-ci, plus économique, peu t être grise (pour des petits  diam ètres) ou souple 
(pour des grands) e t le genre de jo in t ad éq u a t est l ’express, d ’exécution simple, 
qui perm et des m ouvem ents à la conduite e t ne nécessite pas une fondation 
soignée. La souple se com porte très bien sur des gros m atériaux  et sur la roche 
et a une grande résistance m écanique; son résu lta t est analogue à celui de l’acier 
sans présen ter le peu de résistance de celui-ci à la corrosion.

3.1. Les recherches, effectuées dans des conditions optim ales d ’im m ersion, 
ont fait connaître l’énorme im portance des caractéristiques e t de la disposition

des diffuseurs pour év iter des p e rtu rb a tio n s dans 
les déversem ents. L eur prem ier objectif est celui 
de d istribuer, d ’une façon uniforme, les débits 
dans les différents orifices de sortie, ce que l ’on 
ob tien t avec des dim inutions graduelles des sec­
tions e t en v a rian t les diam ètres de sortie. On 
emploie ainsi des pièces de PVC d ’un aspect 
tronconique avec des coupes en biais des becs, 
en ob tenan t des je ts  qui, bien que possédant un 
hau t contenu de m atière organique, ne provo­
q uen t pas une intense désoxygénation, nuisible 
à la flore et à la faune m arines.

Leur distance optim ale se trouve près de la 
profondeur du déversem ent e t dans le calcul de 
leur débit, on doit adop ter au moins un coeffi­
cient de sécurité de 1,25, afin d ’assurer un fonc­
tionnem ent correct et d ’év iter des vitesses excessi­
ves à la sortie.

La position la plus favorable à la sortie est 
l ’horizontale ou l ’oblique peu inclinée p a r rap p o rt 
au fond et son orientation dépendra de la zone de 
déversem ent. D ’une façon générale ils doivent 
être orientés norm alem ent vers le couran t do­
m inan t d ’entraînem ent. D ans la M éditerranée 
espagnole, pour des émissaires de 1.000/2.000 m 
et des profondeurs supérieures à 20 m, avec des 
orifices de sortie de 10/20 cm, les m eilleurs résul-

Photo 3.

Diffuseurs et ancrages 
D =  100 m/m —  Pieu d’an­
crage.

Photo 4.

Diffuseurs et ancrages 
D =  100 m/m — Dé en béton.
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ta ts  sont obtenus avec des diffuseurs sensiblem ent parallèles à la côte, bien que, 
dans chaque cas, on doive étudier les courants dom inants, su rto u t lorsque le tracé 
de la côte n ’est pas sensiblem ent Nord-Sud.

Ils doivent être développés sur une grande longueur, su rtou t pour des grands 
débits. C’est pour cela que les diffuseurs de l’émissaire de P alm a de M ajorque, 
d ’un débit de 1.000 1/sec. on t été projetés sur la base de 400 m.

V I I I  G R A N D E S  I N F R A S T R U C T U R E S  D ’A S S A I N I S S E M E N T

1. A ctuellem ent, divers projets de grandes in frastructures d 'assainissem ent 
concernant to u t le long de la côte m éditerranéenne et les Iles Baléares sont à 
l ’étude, afin de résoudre les problèmes posés par le développem ent e t l ’expansion 
de ces zones, ta n t d ’une façon perm anente que conjoncturelle en raison de l’affluence 
touristique.

2. Parm i les plus avancés se trouve l ’assainissem ent intégral de la Côte 
du Soleil (Malaga), dans l’élaboration duquel on a tenu  com pte de la population, 
ta n t  stationnaire q u ’additionnelle, des superficies à assainir e t des débits à évacuer. 
On a procédé à l’évaluation suivante concernant les années 1985 e t 2000 :

Prévisions 1985 2000

Population p e rm a n e n te ....................................
Capacité additionnelle h ô t e l i è r e ..................
Capacité additionnelle extra-hôtelière . .
Population de p o in te ........................................
Population m o y e n n e ........................................
Population moyenne en chiffres ronds. . .

173.013
55.463

373.433
601.909
459.281
459.300

244.863
91.733

617.258
953.854
717.806
717.800

La superficie assainie comprend des centres urbains et la zone touristique 
interm édiaire, avec près de 15.000 ha et plus de 100 km de côte.

Le Plan est fondé sur les prévisions suivantes :

1 . In tervention urgente dans les zones ay an t des problèmes de contam ination.

2 . Prom otion des zones desservies par le systèm e d ’approvisionnem ent en eau 
de la rivière Verde et non assainies.

3. Souplesse et indépendance aux divers stades de l ’exécution.

4 . N orm alisation et m odulation des différents élém ents utilisés afin de rendre 
plus économique la solution, et program m ation de son développem ent en fonc­
tion de la demande.
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5. Conception du p ro je t des élém ents linéaires de telle m anière q u ’ils affectent 
le moins possible les complexes urbains existants.

(5. D ualité des collecteurs généraux au nord e t au sud de la R oute N ationale 340 
(parallèle à la côte), afin d ’év iter la prolifération des trav au x  de croisem ent 
sur celle-ci, qui pourraien t troub ler la fluidité de sa circulation.

7. Eloignem ent de la zone côtière des S tations d ’E puration  de boues activées, 
afin d ’év iter les inconvénients psychologiques, économiques e t coûteux de 
l'expropria tion  de la superficie occupée e t des abords.

8. Em placem ent, sur les zones côtières seulem ent, de S tations E puratrices 
d ’oxydation  to ta le  qui, é ta n t plus com pactes, perm etten t leur recouvrem ent 
e t affectent une superficie plus réduite, en pallian t ainsi les inconvénients 
exposés ci-dessus.

9 . E vacuation  de l ’effluent résu ltan t, de m anière à assurer la non contam ination 
de l ’environnem ent, en u tilisan t des émissaires te rrestres e t sous-m arins 
convenables et, pour le m om ent, sans réutilisation  des eaux résiduaires.

P our les collecteurs on a employé des sections variables qui von t de la 
circulaire à 0,30 m de d iam ètre à l ’ovoïde de 120-180. La longueur to ta le  de ces 
conduites est de 126,8 km e t la m atériel employé pour celles-ci est le béton 
centrifugé.

P our les sta tions élévatrices, au nom bre de 25, on a adopté une structu re  
unique en m odifiant seulem ent les groupes m oteurs pour chaque installation . 
Les stations épuratrices à boues activées on t été mesurées au m oyen d ’un m odule 
de 125 1/sec. en débit pointe pour un to ta l de 76 m odules, distribués en 20 stations 
disposant chacune de 2 à 8 modules. Il en existe seulem ent une qui est plus grande, 
d ’un module de 250 1/sec. en débit de pointe, aux environs de la m arge droite 
du Guadalhorce. Les stations à oxydation to tale  on t été mesurées au m oyen de 
modules de 35 et 125 1/sec. en débit de pointe, distribués en 4 sta tions de 1 à 4 
modules chacune.

Les ém issaires sous-m arins on t été m esurés conform ém ent aux norm es en 
vigueur et, par leur interm édiaire, les effluents, dûm ent tra ités, seront déversés 
dans la mer. Les sections varien t entre 250 e t 400 m m  e t la longueur to ta le  de 
ces émissaires a tte in t 19 km . Les m atériaux  à em ployer seront le PVC et la fonte 
ductile à jo in t élastique, protection de béton submergé et ancrages adéquats 
dans le fond m arin.

En règle générale, le systèm e adopté pour la zone touristique interm édiaire 
a été celui de la division en tronçons partiels, qui sont tra ités  indépendam m ent.

Ce tra item en t com prend le tracé e t la m esure de collecteurs généraux qui 
figurent pour leur épuration dans des points adéquats, selon la topographie 
de la zone e t en disposant, si nécessaire, les installations d ’im pulsion correspon­
dantes.

Dans la m esure du possible, l ’épuration  s ’effectue par des sta tions à boues 
activées. D ’une façon générale, on prévoit leur em placem ent vers l’in térieur afin
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d ’év iter l ’occupation de plages par ces usines, aussi bien pour faciliter les expro­
priations que pour év iter le m auvais effet psychologique provoqué par ces instal­
lations près des zones destinées aux bains.

Lorsque ce systèm e n ’est pas viable, on p ro je tte  des sta tions d ’oxydation 
to ta le  qui, é tan t plus com pactes, occupent moins d ’espace et p erm etten t leur 
établissem ent près de la côte; elles peuvent aussi être couvertes, ce qui évite les

D ans la p lu p art des cas, le 
déversem ent de l’eflluent déjà 
tra ité  s'effectue au moyen d ’émis­
saires terrestres tracés généralem ent 
to u t au long des cours d ’eau — ce 
qui dim inue les problèm es d ’ex­
propriation — e t postérieurem ent 
par des émissaires sous-m arins qui 
com plètent le tra item en t en déver­
san t à une distance e t à une pro­
fondeur adéquates.

En ce qui concerne les en­
sembles urbains ils ont été tra ités 
avec leurs particu larités propres.

indique à la figure 8 un schéma type de tra item en t et de déversem ent.

S U M M A R Y

1. The paper begins by drawing attention to the increasing influence of human activities on 
the physical and biological characteristics of the marine medium. The salubrity of the 
shore waters depends on the maintenance of the ecologie balance between inshore and offshore 
and this question is in relation with the discharge of sewage and industrial waste into the sea.

‘2. The different ways of pollution are divided in two classes :
— Nuisance or anti-aesthetics pollution produced by all kinds of solid wastes, dirty waters 

and industrial wastes.
—  Dangerous pollution for the human health or for the marine flora and fauna; the first, 

due to the contaminated sewages and the second, due to the aggresive or nutrient industrial 
wastes which destroy the ecologie equilibrium of the sea.

3 . The sea has several ways of defense against these forms of pollution : keeping in its depth 
the solid wastes or spreading them along its immense surface. W ith respect to the bacteria, 
they have a permanent character insofar as they are concentrated into substances absorbed 
by man in some form or other. The influence of light, ultra-violet rays and temperatures on

inconvénients m entionnés plus haut.

M E R

Fig. 8.
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the microbic flora can be listed as physical purifying mechanisms, not yet sufficiently known, 
but efficient enough, above all in certain zones as figure 1 shows.

4. Man, who is now aware of the problem, should take measures both at national and inter­
national level, to prevent and correct the pollution and its effects. One of the first things 
that can be done is to lay down certain conditions for discharging wastes, in order to prevent 
inconvenient and dangerous contaminations.

5. The disposal of sewage and waste water can be effected in different ways, causing several 
effects :
—  by means of direct discharge from rivers or agricultural drainages : bacteria and foods 

are carried along, causing contamination very difficult to  overcome except by direct 
action on the waterways which produce it.

—  by means of what m ight be called « the non discharge method », a sort of closed circuit 
for the residual water, using it inland or discharging it into the subsoil —  a method which 
can be dangerous for certain types of soils. The system  of sewage recovery, attractive  
as it may seem in principle, presents some problems of supply and demand and others 
due to the elimination of sludges.
For that it is necessary to arrange an effective technique such as the construction of 
submarine outlets.

6. Several factors must be taken into account when planning these outlets such as the aesthetic 
and biological standards, the m ost advantageous ratio between length and depth to be reached 
by the outlets, considering the standard of sewage-treatm ent (see fig. 2). In this connection, 
the paper m entions the advantages or disadvantages of two methods : a short outlet with  
complete treatm ent of sewage or a long outlet with superficial treatm ent only.

7. Three different cases of outlets are described :
one of them  for sewage waters and two for industrial wastes (fig. 3), bringing out in all of them  
the importance of the depth of the discharge point. Photographs illustrate this question.

8. The different materials to be used in the design and construction of the outlets are described, 
as well as their advantages or disadvantages and the m ost adequate means of fixing them  
to the sea bed (see figures 4, 5, 6 and 7 and also photographs of diffusers and anchorages).

9 . Finally, the main characteristics of the whole sanitation scheme of the Sun-Coast of Spain 
are analyzed, including a model installation of sewerage treatm ent and discharge.

1 7 5



S. II - 6

PA P E R

by

À k e W A L D E M A R S O N ,
Director, Port of Malmö.

1. I N T R O D U C T I O N

The pollution of w atersheds and, as a consequence thereof, the  pollution 
of harbours and coasts has been in process for several decades and has, during 
this tim e, grown to be one of the big problem s in the  world. G reatly simplified, 
it can be said th a t one phenom enon creates th e  problem  and ano ther leads to  
dem ands for m easures lim iting the  effects of the first one. The first phenom enon, 
nam ely rapid  technical developm ent, results in th e  need of exploitation and 
transpo rta tion  of very large quan tities  of raw  m aterials (often dangerous for 
na tu re  and living things). In term ediate  and finished products to  and w ithin the 
areas of production and consum ption spread over the face of the  earth  cause the 
same problem . The resull of th is is pollution and the problem  of w hat to do with 
certain  by-products becomes increasingly harder to solve. The o ther phenom enon 
is th e  rapidly  growing conciousness during recent years, th a t  irregardless of how 
« durable » and adap tab le  natu re  and life are, the  lim it for pollution which can 
(and m ust) be accepted has very nearly been reached. Public in terest in Sweden, 
as elsewhere, has during la te r years been directed tow ards these problem s and 
resulted in a series of conferences, opinions, research, technical solutions, and so on. 
A gainst such a background, the  au th o r of this paper has been faced with the  
certain  « balancing problem s » in order to  present the  s ta te  of this sub jec t’s present 
position in Sweden w ithin the space allowed for a PIANC paper. The au tho r 
gladly offers his assistance to  those colleagues desiring com plem entary inform ation 
beyond th a t which is presented here. Among those problem s not taken  up in 
this paper are those which arise from the injurious products of the  land areas 
ad jacen t to harbours and coasts being carried ou t into the sea where they produce 
secondary pollution w ithou t first being satisfactorily  rendered harm less.

II. T H E  T A N K E R

A. S h i p b o a r d  t r e a t m e n t  of  w a t e r  b a l l a s t  and oil  ( c h e m i c a l s ) .

The background to  the  perm issible oil dum ping allowed by the  in ternational 
oil convention is based on th e  need for tankers to  carry w ater ballast on the  re tu rn
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trip  to the loading port. The ballast q u an tity  needed tor a large tan k e r is up to 
about 40%  of its deadweight.

I t  has been h itherto  economically impossible to  construct a ship which 
contains separate ballast tan k s corresponding to  more th an  abou t 10-15% of its 
deadweight. Therefore it  has been necessary to  also carry  ballast w ater in the  
cargo oil tanks. This is norm ally done during the  last phase of the  unloading 
when w ater is taken  into th e  clean ballast tan k s as well as some of the  ship’s oil 
tanks. During the  trip , some of the  em pty  tanks are cleaned of any rem aining oil 
and sedim ent. These clean tan k s are then  filled w ith clean ballast w ater a t  the  
same tim e as the  now d irty  w ater in the  sh ip’s o ther tan k s is pum ped over board 
after suitable trea tm en t. Thus the  shipboard trea tm en t of ballast dem ands g reat 
care and skill of the  crew. This is wel illustra ted  by noting th a t  a 250.000 ton  
tan k er on its ballast journey m ay, according to  th e  regulations, discharge a 
m axim um  of 16 tons of oil whereas the  q u an tity  of sedim ent and oil rem aining 
a fter unloading can be up to  abou t 800 tons.

One known m ethod for reducing the q u an tity  of left over oil and to facilitate 
the trea tm en t of th is left over oil in the  harbours is the  « load on top  system  ». 
This system  is used for crude oil traffic and for traffic between the refineries and 
coastal and inland ports. A nother m ethod employs the use of tankers w ith 
special ballast tanks and /o r equipm ent for the  separation  of oil polluted ballast 
w ater. Increased use and technical im provem ent of these m ethods is an  area 
which, a t  the  present, is the  object of g reat interest. Among other m easures, 
there is a need for the  developm ent of oil separators w ith large capacities and oil 
m easuring devices which register the q u an tity  of oil to  be pum ped out. Such 
devices can be coupled w ith au tom atic  blocking of the  ou tle t when the quan tity  
of oil in the  ballast w ater is too high, should a fu rther safety m argin be needed.

Still o ther m ethods which can be nam ed are the following :

— Chemical m ethods to  hasten  and im prove th e  settling of oil and w ater in 
the tanks.

—  Installation of some form of flexible m em brane in the  oil tanks through the 
use of which the w ater ballast never comes in con tac t w ith the  oil.

— Cleaning the  tan k s w ith some o ther substance th an  w ater, such as solvents, 
so th a t  only small quantities need be used.

— (Stipulate th a t all cleaning of ballast w ater m ust be done in port a t special 
receiving stations).

The problem of contam inated  bilge w ater on board th e  ship appears to be 
easily solved. The ship could be equipped w ith special tan k s for bilge w ater. 
A fter oil separation, the  oil can be stored in special w aste oil tan k s or barrels 
for direct delivery to decomposition sta tions on land.

Two other possibilities for reducing dam age are to  reduce the risk of accidental 
dum ping and prevent leakage into the  sea. A w arning system , or m ore properly
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a level control, could be used to produce a signal of some type  if the liquid level 
(oil or chemicals) reaches a predeterm ined level. Sueli technical solutions exist 
for filling tan k s on land (sta tionary  tanks, truck  and railroad tanks) b u t these 
m ethods have h itherto  had  hard ly  any m arine application. I t  can also be feasible 
to  use, as a first phase, a system  of portab le  level controls until tankers 
are successively equipped w ith perm anent level controls. W hen dependable 
perm anent level controls are available for tankers, it  would seem n a tu ra l th a t 
these protective devices should be coupled to  an au tom atic  closure of th e  valves 
of bunkering and loading pipes.

As concerns the  problem  of preventing leakage into the sea, a tten tio n  can be 
draw n to a collection device developed by some companies from the  area of 
G othenburg harb o u r for use during bunkering. In principle the  m ethod works 
by fastening a very tem porary  hose or sack of tex tile  m aterial onto tire bunker 
ta n k e r’s gooseneck and le tting  it  lie on the deck. It would not cause any  obstruc­
tion  in th e  v icin ity  of the  gooseneck. If the tan k  overflows during bunkering, 
th e  oil which runs out will first be collected in the « oil sack ». A fu rther 
developm ent of th is  m ethod would be to  connect all the bunker ta n k e r’s vents 
and goosenecks from its tan k s via a common ventilation conduit to  a collection 
tan k . In its tu rn , th is tan k  could be connected to free air by a ventila tion  pipe. 
The collection tan k  should of course be equipped with a w arning system  and 
a valve closing system .

B. Oil d u m p in g  caused by d am ag e .

Even though oil discharges caused by collisions or grounding am ount to only 
a small portion  of th e  to ta l oil discharge into the sea, such discharges cause great 
dam age to  our environm ent due to  the fact th a t  such accidents usually occur 
near to  land. I t  m ay be safely ventured  th a t such dam age is always caused by 
the  so-called hum an  factor.

D evelopm ent in the size of tankers is governed by freight economy and it 
is probable th a t  in the  fu ture larger and larger ships will be built.

It can be safely asserted th a t  the  probability  th a t a sh ip’s steel construction  
is fau lty  and could cause oil discharge is quite  small. T oday’s knowledge of the 
forces m et a t sea is excellent. Coupled to  this are the calculation m ethods reliably 
tested  th rough full scale te s t m easurem ents on ships up to  250,000 tons dead­
w eight. All large ships are equipped with a load d istribu ting  instrum ent, 
L oadm aster 5, which enables the sh ip’s officers to  check the  level of stress during 
loading and unloading. The problem  rem ains how ever to  educate the  personnel 
on board, since any ship can be over-stressed in its steel s truc tu re  through im proper 
load d istribu tion .

A nother technical problem  of in terest is the m anoeuvrability  of large tankers. 
E ven though technicians have lim ited theoretical knowlege of a sh ip ’s m anoeuvring 
properties, especially as affected by external factors such as wind, tides and
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currents, these questions can be approached in a satisfactory m anner. Special 
« m anoeuvre pools » are available for testing  the  properties of models. There are 
also sim ulators coupled to com puters which can sim ulate the  properties of a full 
scale ship during different m anoeuvres. I t m ust however be sta ted  th a t  even 
if these large ships possess top technical equipm ent from the  view point of 
m anoeuvring, they  need a w ell-trained crew. The sim ulators nam ed above are 
excellent aids for th is purpose.

M anoeuvrability for even the largest ships (over 300,000 tons) can be classified 
as good.

M anoeuvrability is of course im portan t when the risk of collision arises, 
bu t as concerns conditions which prevent m anoeuvring away from collisions, 
such as crowded channels, the stopping distance is of u tm ost im portance.

W ithou t a doubt, large ships in th is respect are more poorly equipped th an  
sm aller vessels and m uch research is needed in order to  reduce the  stopping 
distance. A 250,000 to n  tan k er applying full use of accessible back-effect requires 
about 4,500 m etres to come to a full stop. The corresponding distance for a
40.000 ton  tanker is abou t 2,500 m etres.

Among those proposals for m easures to solve th is problem is one for use of 
parachutes which can reduce the braking distans by 75% . I t appears as though 
ad justable propellers should be of help as well as shrouding the  propeller.

C. Ta nk er  Des ign.

According to the 1971 adm endm ents to  the oil convention, newly built 
tankers are to  be constructed so th a t  they  are partitioned . D am age of a defines 
scale does no t then resu lt in oil leakage of more th an  30,000 m 3. F or ships of over
420.000 tons deadw eight, th e  allowable leakage is som ew hat higher, b u t never 
more th an  40,000 m 3. A 350,000 TD W  tan k er m ust be equipped with 28 tanks 
instead of 22. The increased weight of the  ex tra  steel added is 12,000 tons and 
the  increased cost is approxim ately  Skr 4 million. A tan k er in the  600,000 ton 
class m ust have 40 tan k s and probably a partia l double keel in th e  forebody.

A more definite solution would be to provide the  ship w ith a double keel 
and double sides to such a degree th a t  the  sh ip’s tan k s could not be penetrated  
if it was grounded or involved in a collision. A ship constructed in such a fashion 
could also solve its pollution problem s involving ballast as the  double bo ttom  and 
sides could be used as clean ballast tanks. In order to  satisfy the requirem ent ju st 
described, the  penetration  of struc tu ra l dam age occurring from a shipwreck m ust 
be investigated. If the penetration  depth of the above m entioned 1971 IMCO-rule 
be followed, the m ain dimensions of ships m ust be m arkedly increased. Besides 
an increase in the price of such ships of perhaps 40% , sueli increase in dimensions 
will result in a velocity reduction in the neighbourhood of 0.10 knots or require 
an increase in m otor effect of approx. 1870 H P  (4.6% ).
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A nother solution would be to  use closer double hulls and to undertake an 
analysis of th e  ab ility  of the steel construction to  absorb im pacts. This is the 
approach used for pro tective construction around th e  reacto r ta n k  of nuclear 
powered ships. This m ethod also involves a considerable increase in cost (a t 
least 30% ).

III. N A V I G A T I O N

A. Determinat ion  of posit ion.

Investm ents in safer navigation and cargo handling procedures are well 
m otivated . An incorrectly determ ined position or an instable cargo placem ent 
can resu lt in th e  risk of pollution in harbours and on coasts. D uring recent years, 
a large num ber of auxiliary  devices have been taken into use in order to  increase 
safety a t  sea. Anti-collision radar, satellite navigation and D oppler logs have 
become standard  equipm ent for those shipping com panies wishing to keep their 
ships up to  date.

Many of the  m odern safety prom oting devices are based on electronics. 
The analogue technique has am ong others played an  im portan t p a rt in au tom atic 
control applications. R ad ar is well established. D igital techniques and 
com puters have been introduced on board ships.

A new m ethod is satellite navigation. The only system  available is the 
N avy N avigating Satellite System , NNSS, from the USA. By m easuring the 
frequency change (D oppler effect) in radio signals when the sender and receiver 
approach each o ther or move aw ay from each other, da ta  is obtained for determ in­
ing the  position. The NNSS a t  the  present uses five satellites. These orbit the 
earth  a t a height of about 1,100 km  in a nearly circular polar o rb it. The satellites 
are updated from stations on earth  with d a ta  for th e ir astronom ical pa th s  and 
individual velocities. This da ta  is stored in a m em ory device on board the satellite. 
In a in tegrated  navigation system , satellite navigation works to ta lly  autom atically  
and has no m anual phases. The precision is usually w ithin half of the ship 's length 
(< 1 0 0  m eters). The num ber of possible position determ inations by satellite 
depends on where the ship is, bu t averages out to be about one position/40 m inutes.

Between satellite fixes, position determ ination  is done by dead reckoning. 
The sh ip’s new position is calculated from inform ation of the course and velocity. 
A ccurate velocity determ ination  is obtained by use of a Doppler log. This gives 
land velocity as opposed to  conventional logs which give w ater velocity.

I t can be advantageous, in crowded passages, to  have continuous good 
position determ ination . Two system s for this purpose are the  Decca and Toran 
Systems. These use continuous radio waves to produce position lines in th e  form 
of hyperboles th rough the use of m easurem ents of phase differences. The position 
is determ ined by finding the  intersection point between the hyperbole branches.
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The precision can be as good as 5-10 m eters or, w ith a considerable increase in 
cost, 2-3 m eters.

All position determ inations, w hether from satellite navigation, Decca or 
T oran system s or dead reckoning, contain m easurem ent errors. If these are in 
addition disturbed by random  errors, the  resu lt can be th a t  an individual position 
determ ination  has a to ta lly  incorrect value. A n a tu ra l solution for avoiding such 
difficulties is to  filter the  m easurem ent values. This can be done for exam ple in 
a so-called K alm an fdter. Through use of th e  fdter, the  best possible position 
determ ination is continuously obtained. Program s are available for these 
com plicated calculations.

B. Manoeuvring sy s t e m s .

Most collisions involving ships arise from incorrect m anoeuvres by the  ships. 
I t  is often the hum an factor which causes these. Anti-collision radar, channel 
navigation and au tom atic  pilots provide a m eans to  m ore safely m anoeuvre the  
ship.

In a critical situation, an incorrect in te rp re ta tion  of rad a r inform ation can 
m ean catastrophe. Erroneous rad a r plots have in certain  cases been a contribu ting  
factor to  causing collisions. Because of this, investm ents in au tom atic  radar 
plots have become quite large during la te r years.

Several system s have come into use which can w ith varying degrees of 
inform ation, process rad a r da ta . One system  which has been developed with 
Swedish help is called the Anti-collision (A/C) System. It has been produced 
through the  combined effort of R aytheon/Selenia, Salén Shipping and Kockum s. 
The system  includes the  following d a ta  :

-— A utom atic track ing  of up to  40 traces;

—  A utom atic detection of new traces;

— M anual track ing ;

—  D eterm ination of nearest passing distance and tim e until th is is reached;

—  Prediction of the trace ’s position;

— Sim ulation of m anœ uvres.

The anti-collision picture is superim posed on the  inform ation appearing on 
th e  rad a r screen. It is therefore also possible to  follow the course w ith respect 
to  land contours, etc. Ships on a collision course or those which will pass very 
close to  each o ther are especially m arked on the rad a r screen and an alarm  is given. 
I t  is also possible to sim ulate how the  anti-collision picture is changed by different 
m anœ uvres of the ships.

In crowded shipping lanes, a system  such as the  A/C system  can be used. 
Inform ation on a permissable lane in which the ship m ay m anœ uver is fed into 
the com puter via a typew riter or paper tape  reader. The outer contours of
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the  lane are m arked on the  ra d a r screen by th e  com puter. These contours are 
then  locked on to  the picture by a rad a r lix.

Connection of the  position determ ination, navigation  and the A/C system  
can be carried out by com puter in tegrated  au tom atic  control. Through such a 
system , the  ship is given the  chance to autom atically  m anœ uver w ithin the 
shipping lanes.

C. Safer  cargo  handl ing .

Those dam ages which can arise during cargo handling are in principle of 
two types, nam ely dam age to  the  hull resulting from excessive stress and dam age 
from  the  tan k s overflowing.

I t is considered to  be impossible to  predict all possible com binations before 
loading/unloading. Load distribu tion  instrum ents have therefore come to be 
an  excellent aid. Stress in the  hull is dependent on the d istribution  of the  cargo 
in the different holds. Inform ation on the cargo is fed into the  instrum ent by 
a counting m echanism . D uring the tim e th a t  the  cargo is being loaded, the  
loadm aster perform s im m ediate and continuous calculations of th e  d raught, 
deadw eight, trim , bending m om ent and transverse forces for preselected sections. 
The values calculated are presented on the  control panel of th e  instrum ent.

Cargo handling for tankers can be m ade safer through the  use of more 
au tom atic  procedures. A well tested  com puter based cargo handling system  
greatly  raises the  safety level as concerns both tan k  stresses and overflows.

One cargo handling system  in use controls 52 hydraulically  operated valves 
as well as one hundred m anually operated valves. The tan k  levels are read by 
the  com puter which also transform s th is inform ation into volume and weight. 
D uring the loading of the cargo, the  shearing force, bending m om ent, deadw eight, 
d raught and trim  are continuously m onitored. If any of these variables fall 
outside given lim its so th a t  the  safety of th e  ship is endangered, an alarm  is 
im m ediately given. The operator can also obtain  a p rin t out of the  tan k  contents, 
shearing force, bending m om ent and so on whenever he so chooses.

IV. P R E P A R E D N E S S  A N D  S U P E R V I S I O N

O rganization of Swedish « oil guard preparedness a t  sea » is now in its th ird  
year. As concerns Nordic cooperation in com bating large scale oil dum ping, an 
agreem ent was m ade between Sweden, Norw ay, F in land  and D enm ark on Sept. 16, 
1971. According to  th is  agreem ent, cooperative m easures for preventing the oil 
pollution of the  seas have been discussed by respective represen tatives having 
national responsibility for these m atters.

Sweden’s store of supplies for oil pollution work as of 30/6/1973 as well as its 
acquisitions tw o years after th is date  are listed hereafter.
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T yp e  of Eq uipment .

Equipm ent ¡or mechanical removal.

H eavy-du ty  oil booms — L igh t-du ty  oil booms Oil collectors, vortex  type 
Oil collectors, catam aran ty p e  — Oil collectois, excavator ty p e  — Oil containers,
10 m 2 — Oil containers, 50 m 2 — Oil containers, deck type  — B uoyant lioze.

Equipm ent for semi-mechanical removal.

A bsorbent booms — A bsorbent substances Spreading equipm ent — Oil 
traw l.

011 dispersion equipment.

Oil dispersion substances — l-’ixed spreading equipm ent — Portable spreading 
equipm ent - Drum  pum ps.

Anchoring and handling equipment.

Anchoring equipm ent of various types — Trucks, cranes, etc...

Vessels and boats.

Command and oil-control vessels (200 ton  class) — Oil-contiol vessels 
(50 ton class) — Supply vessels — Smaller w ork-boats.

The cost for acquisitions for the two years following 30/6/1973 are approx. 
7 million SK r. This cost is not however to be borne solely by the national 
governm ent. Industries incurring the risk of causing dam age will also have 
to  purchase their share.

As an example of the « preparedness organization » for such activities can be 
taken  a refinery located in a fjord w ith a yearly  in take of approxim ately 7 million 
tons of crude oil. The protection devices needed for such a refinery would include :

— perm anent booms around the piers;

special leakproof devices on land to which the booms can be tigh tly  connected;

— sea booms for closing olí the fjord;

— 6,000 m of « ordinary » booms;

— a vessel for laying ou t booms and for dispersion;

— concrete pontoons for collecting oil ;

— a vessel w ith 1,000 m  of sea booms, 2,000 m of « quick » booms, dispersion 
liquid, and a 250 m 3 tan k  for storing collected oil.

One definite handicap for supervising au thorities is th a t  they  have not been 
able to  any degree of certa in ity  to trace ships guilty  of illegal oil dum ping. W hat
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is needed for this is some m ethod for m arking the oil in ships. A group of experts 
from S jöfartsverket (the N ational Swedish A dm inistration  of Shipping and 
N avigation), N atu rv ârd sv erk et (the N ational Swedisch E nvironm ent P ro tection  
Board), AB A tom energi (the Swedish Atomic Energy Company) and T ullverket 
(the Swedish Customs Oilice) have now developed a m ethod for m arking oil 
rem nants in tankers w ith non-radioactive substances. If th is left over oil is 
pum ped out, the ship leaves its <> calling card ».

Supervision of the  seas by ship is gradually  being com plem ented by air 
supervision. More t|uali(ied observations, e.g. discovery and track ing  during 
darkness of an oil b e lt’s position and m ovem ents and so on, need specially adapted  
rem otesensing techniques. D evelopm ent of such a Swedish R S-technique has 
recently been given a boost by a cooperative effort begun by a group of s ta te  
au thorities and p rivate  industries. This effort includes a series of te s ts  a t  sea 
which are being carried ou t a t  the  tim e of w riting  th is  paper.

V. P R E S E N T  M E A S U R E S  IN H A R B O U R S

A. Receiv ing s tat ions .

As concerns the technical possibilities in harbours to receive and render 
harm less oil rem nants, the  discussion m ust differentiate between oil polluted 
ballast w ater and oleaginous (oil-containing) m ixtures. D ifferent technical 
solutions for receiving and separating ballast w ater have been tested  during a 
num ber of years and shown them selves to  work well. The oil rem nan ts from 
tankers actually  do not differ from those oil rem nants produced from corresponding 
technical operations on land. In both cases, the oil rem nan ts are produced from 
engine rooms and from tan k  cleaning. Ships have h itherto  been able to dum p 
such refuse in th e  sea. W h a t to do with these oil rem nan ts is however a difficult 
technical problem  to solve. In principle it  is a question of having receiving 
sta tions in the harbours with sufficient capacity  for the oil. E ither small lighters 
can be draw n out to  the ships and receive the oil rem nan ts, or mobile slurry 
exhausters can be driven up to the ship while it is tied  up to the dock. A nother 
solution is to  have on-shore tan k s to  which the ship directly pum ps the oil refuse. 
A technical po in t to  be observed here is th a t  the oil and w ater m ix tu re  produced 
from cleaning tan k s often contains emulsifiers. Such m ixtures canno t be trea ted  
in to d a y ’s sta tions for cleaning ballast w ater as the emulsifiers p u t the  stations 
out of function. Thus there m ust be two separate receiving system s for taking 
care of such oil and w ater m ixtures.

Special problem s appear when tankers m ust be cleaned before they  are to be 
repaired in the docks. The m ixture of oil rem nan ts and the w ater used to wash 
the tanks is either trea ted  in a tan k  cleaning station or else it is collected and 
delivered to a receiving sta tion  for different oil rem nants.
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As concerns these different oil rem nants, the real problem  is not receiving 
the m ixtures and separating them  in different ways, but w hat to  do w ith the 
final products. These m ust nam ely in the ir tu rn  in some way be trea ted  so th a t  
they  are destroyed. The Swedish expression « k v ittb livn ing  » (get rid  of) expresses 
the  real problem . 11 is up to the  receiver usually the  harbour —  to do away 
w ith such rem nants. D estruction of them  is both technically  difficult and economi­
cally costly. The processes m ust be carried ou t in sueli a way th a t  the  environ­
m ent is not dam aged. It is therefore n a tu ra l th a t  in terest in th is area is ever 
more being directed to  converting. This involves converting the  rem nants so 
th a t  they  can be utilized in some way and thereby  be of value. The processes 
involved are however so com plicated th a t  they  are probably w orth a separate 
« subject » a t a P I ANC congress. Such a conference could take up receiving, 
destruction, and converting sta tions for oil and chemical rem nants from ships and 
loading/unloading in th e  harbours.

B. Traffic  routing.

Traffic rou ting  in crowded passages and near to  land can be solved ra th e r 
quickly. In addition, as opposed to  rem edying m easures for new sh ips,th is  super­
vision can include those vessels already in traffic. One such traffic rou ting  system  
- in a first phase perhaps as simple traffic supervision —  can be accomplished 

by harbour rad a r or, for exam ple, through the use of « Follow-the-wire m arine aid » 
equipm ent.

VI. C O M B A T I N G  O I L  P O L L U T I O N

Knowledge is needed concerning th e  dam ages pollution creates over short and 
long periods of tim e. This is also tru e  of the  secondary effects caused by the  m eans 
used in com bating the  pollution. Such knowledge is of the u tm ost im portance 
for use in designing the technical ap p ara tu s  needed to  lim it the  occurrences of 
acts of pollution and to  com bat « accidents ». As long as the to ta l effect which 
different pollutions (type and size) th a t  cause a given environm ent are no t m easur­
able by a given « yardstick  », it will be a question of personal opinion and « moral 
judgem ent » which dictates the  appearance of different solutions and rem edying 
measures.

The two types of m ethods used in com bating oil in w ater are m echan­
ical m ethods for surrounding, gathering together and tak ing  up the  oil 
from the w ater and chemical m ethods for em ulsifying or sinking the oil to  the  
bottom . In order th a t  the oil is eventually  broken down, th e  chemical m ethods 
presuppose th a t  n a tu re ’s own processes can continue to  decompose the  oil. There 
are m any uncertain factors concerning n a tu re ’s ability to  break down oil and the  
dam aging effects oil emulsifiers have on sea w ater. The same is true  for the  effect 
which oil th a t  has sunk to the  bo ttom  has on the  sea bed. W ith respect to  such 
unknow n factors, the  mechanical m ethods m ust be considered superior to  the 
chemical ones.
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Com bating oil pollution by m echanical m eans as a rule dem ands access to  a 
com bined system  of booms and  equipm ent for tak ing  up the  oil and storing it  
(containers). Such requirem ents vary  greatly , depending on w hether th e  work 
is being done in, for exam ple, an archipelago, or in the  open sea, w hether it  is a 
small or large q u an tity  of oil, if i t  is pum pable or no t, and so on.

A lthough th e  access of booms for use in th e  open sea has been im proved 
during the last year, the  types possessing the m ost desirable characteristics are 
still being developed. However, it  is planned th a t  tests of a qualified boom for 
use on the  open sea will be carried ou t by th e  Swedish coast guard th is  au tum n. 
The two m ost curren tly  used types of equipm ent for tak ing  up oil a t  sea is a type 
of « endless band  » (slick lickers) and a « whirl raiser » (vortex  system ). There is 
a « band type  » equipm ent for tak ing  up oil which has a capacity  of 5-15 m 3 of oil 
per hour. This is either in the  form of portable equipm ent for placem ent on board 
ships or else it is perm anently  bu ilt in to  m achine powered catam arans.

For tak ing  up large or huge quan tities of oil, vortex  type  equipm ent is being 
acquired which has a capacity  of approx. 200 m 3 per hour. Such equipm ent 
weighs m ore th a n  th ree  tons and has an ou ter dimension of approxim ately  6 m.

O ther equipm ent for taking up oil, as foi o ther heavier types of oil com bating 
equipm ent, needs access to a ship of suitable size and type. In order to  properly 
use sueli equipm ent and retain  it  to  a sufficiently high degree of preparedness, 
access is needed to  a num ber of special large vessels (in the 200 ton  class) w ith 
specially designed handling equipm ent, storage spaces, electric power, hydraulics, 
and so on. J u s t  as im portan t, th ere  is needed a crew well tra ined  in the  function 
of such equipm ent.

M echanical rem oval of oil involves the  use of suction equipm ent of different 
types. There are units which float on the w ater and  skim off the oil, or different 
types of nozzles which are p u t into the  layer of oil. The d isadvantage w ith these 
m ethods is th a t  th ey  canno t be used in waves over 15 cm high. In addition, 
large quan tities  of w ater are also taken  up which m ust then  be separated  from 
the  oil. I t  has been proposed to  build a vessel with a V-shaped collector opening 
which would skim off and collect the  oil layer for separation and storage on board 
as i t  advances th rough th e  w ater. Such vessels would be however too 
uneconomical. An ap p ara tu s  a t  th e  side of a ship which generates a strong 
whirlpool could be used to  suck th e  oil down and into a pipe leading into the  
sh ip’s tank . Such a m ethod presupposes a ra th e r  thick layer of oil in order to 
reach a sufficiently large capacity . Because of this, the  oil m ust often be surround­
ed and collected. There exist differently constructed booms which have shown 
them selves ra th e r  useful. B u t it  m ust be taken  into consideration th a t  th e  
heavier booms are difficult to  use for m ost purposes o ther th an  for use as perm anent 
booms. On the  o ther hand, the  lighter constructions, even though they  function 
well in harbours, cannot hold oil if the  wind velocity exceeds 5 m /sec or if the 
cu rren t exceeds x/ 2 knot. Booms have recently  been produced in Sweden which 
can be used in wind up to 15 m/sec and a curren t of 1 kno t bu t which still are not
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too clumsy to handle. A problem which has still not been satisfactorily  solved 
is the  anchoring of the boom. As usual, it is a question of finding a suitable 
com bination of durab ility  and « flexibility » w ithout m aking it too heavy or 
aw kw ardly constructed. A nother type  of sea boom reported  to  be under construc­
tion in England is a floating one which is braked only by floating anchors.

Discharges of fuel oil 4 or heavier oil and oil rem nants from tan k  cleaning 
do not float in any definite forms. I t  occurs m ostly as clum ps on and under 
th e  surface of the  w ater. F o r th is reason, booms are no t especially applicable. 
Some more suitable m eans m ust therefore be developed such as a net, a traw l or 
some sim ilar construction.

By using an absorber (or adsorber) agent, th e  oil can be given such a 
consistency th a t  it is easier to  be trea ted  by  m echanical m eans. This however 
produces a greater volume. Both « n a tu ra l m aterials » and specially produced 
agents have been tested . I t  has unfortunately  been difficult to find an agent 
which, a fter a length of tim e (wreek), does not sink to  the bo ttom  and simply 
release the  oil. The ideal solution would be an agent w'hich did  not sink and a t 
the same tim e created a com paratively greaseless consistence. This would help 
contribu te  to  prohibiting  th e  oil to  be released in bays, beaches, wharfs, etc. 
Com bating dum ped oil w ith absorber agents in general requires equipm ent to  
effectively spread the agent over the  surface of the  oil as ŵ ell as som ething to 
collect and take up the absorbed oil from the  w ater. E jector spreading and 
a surface oil traw l can be used for these purposes. The traw l, a fter it is filled 
wfith oil clumps, is hauled or lifted on board  a suitable vessel. One m ethod 
under discussion involves the adding of some harm less chemical to the oil thereby  
giving it a gelatinous consistence. This m ethod could be used to  tre a t the ou ter 
edges of floating oil thereby  coagulating it and form ing a « dike » to  re ta in  the 
rest of the oil. I t  could also be used to  prohibit oil from floating out into the  w ater 
from dam aged tankers.

M echanical m ethods, w ith or w ithout the  use of absorber agents, do however 
have th e ir lim itations. W ind and curren t conditions, even in areas near the  
coast, can be so difficult th a t  it is hard  or d irectly  impossible to  tre a t all the  oil 
by m echanical m ethods. I t is then  necessary to  apply  ano ther m ethod, usually 
dispersion.

In using th is m ethod, the  dispersion liquid is spread on the oil which is then  
agitated  in some m echanical fashion. This breaks the  oil down into small drops. 
The agita tion  is done by, for exam ple, a special device towed along for th is purpose, 
w ater sprayed under high pressure, or the  sh ip’s propellers. Use of a dispersion 
agent results in the  introduction of y e t ano ther more or less harm ful m aterial 
into the water. I t  also results in th a t  the  oil, by itself no t too harm ful, is spread 
in a larger volume of w ater th an  if dispersion was not used. This la te r effect 
m eans th a t  more organism s are exposed to  the risk of in jury , and not from only 
one bu t two com ponents. On the o ther hand, it can be assum ed th a t  the  oil 
is more quickly broken down due to  the  larger surface area offered to  m icro­
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organisms. The question is thu s if the  to ta l effect is positive or negative. i,e., 
should dispersion m ethods be used or not. This is a question which cannot 
quickly or correctly be answered. O ther conditions, as well as conditions from 
the  locality, m ust be taken  into consideration. In tak ing  a technical look a t 
dispersion agents, it is found th a t  they  as a rule consist of a portion which functions 
as a solvent and ano ther portion which functions as an emulsifier. It is usually 
the solvent portion which is the m ost poisonously active substance. Therefore 
the problem is to  find less poisonous solvents. A « th ird  generation » of agents 
for the  dispersion of oil has now begun to  m ake its debut. The characteristics 
of these new agents is th e ir  low toxicity  combined w ith higher effect, a lower price, 
and th a t  they  are m ore easily decomposed.

O ther m ethods for com bating oil are available, buL these are hard ly  useable 
in the area considered in « subject 6 ». B urning in, e.g., coastal zones can result 
in th a t  both beach fauna and flora are destroyed for a long tim e. The spawning 
grounds for fish can also be affected, and so on. In addition, burning can cause 
the form ation of clum ps and the pollution of oil thereby  partia lly  subm erging it. 
Large oil discharges can be split into smaller parts and then  spread out over a 
larger area. I t  can also be hard to set fire to  oil floating on w ater since the  parts  
m ost easily set fire to  quickly evaporate and because oil flows ou t in th in  layers. 
In general, a layer of oil a t least 1 cm th ick  is needed. Oil th a t  is emulsified w ith 
w ater cannot be b u rn t. And finally, a special igniting agent m ust be used to  even 
s ta r t it burning.

A nother m ethod which can hardly  be used in harbours or coastal zones from 
the biological view point, is sinking the  oil. W hile the  oil is sinking (from, e.g., 
sand or chalk), oil clum ps can be spread by th e  currents and dam age nets, etc. 
Sunken oil clum ps can also come loose from the  bo ttom  and float up again. 
B ottom  organism s are suffocated under the  sunken oil. Therefore it is only 
under certain  conditions th a t th is  m ethod m ay used. Finally, one m ethod can 
be nam ed which is based on the property  th a t  oil in sea w ater is decomposed 
by bacteria and certain  yeast cells. The speed of th e  decomposition process 
depends on, am ong o ther factors, the tem perature, and it  can occur very slowly. 
The same is true  if certain  substances are present in the oil which prohib it bacteria 
decom position or if the oil is more or less mixed w ith bottom  sedim ent. During 
the time a biological decom position is tak ing  place, sea birds are in danger. There 
is also the risk th a t  nets will be dam aged. There is today  available a series of 
different cu ltivated  microbes which can serve as « Oil eaters ». B u t even if they 
can serve as food for fish once « th e ir food » has been depleted and they  them selves 
die, the m ethod can hard ly  y e t be used in harbours and coastal areas.

VI I .  C O N C L U S I O N

The discussion above has taken  up preven ta tive  and rem edying problem s 
concerning oil discharges occurring on coasts and in harbours. Such discharges
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can be from tankers, bunkering stations, or refineries. Due to space lim itations, 
the  repo rt has no t taken  up oil discharges via sewage pipes or from dam aged 
cisterns on land. The num erous risks which can occur from  oil drilling companies 
near coastal w aters have also no t been tak en  up.

An im portan t p reven tative m easure is all th e  in form ation  which is curren tly  
being given concerning these conditions and th e  ex tra-m ural studies which are 
being conducted. The m aterial presented in th is repo rt has m ainly been taken  
from different reports given a t  such courses. These include courses given by ship 
builders, oil corporations, supervising authorities, harbours, and other companies 
concerned w ith th is subject.

The problem s connected w ith oil dum ping occur as well from pollution as 
from other chemicals, biocides and certain  refuse products from industries. In 
principle it can be said th a t  the  same m ethods can be used for reducing the  dangers 
from  these po llu tan ts as for oil dum ping. These include b e tte r ship construction, 
b e tte r navigation  and m aneouverability  of the  ship, safer shipping channels and 
harbour entrances as well as b e tte r traffic rou ting  th rough the  use of harbour rad a r 
and position determ ination , preparedness m easures, and developm ent of m ethods 
for rem edying damages.

R É S U M É

Ce rapport traite des questions touchant les méthodes de prévention et correction lorsqu’il 
s’agit de protéger les côtes et les ports des rejets de pétrole. Le rapport analyse première­
ment les mesures en ce qui concerne les navires et là-dessus un relevé des nouvelles méthodes de 
navigation et de manœuvre plus sûres, des pétroliers. Dans les deux parties suivantes, on se 
préoccupe d’une part de l’organisation d’urgence et de surveillance et d’autre part des mesures 
préventives qui peuvent être prises dans les régions côtières et les ports. Dans une cinquième 
partie on fait part des dispositions à prendre pour la prise en main du pétrole qui s’est libéré. 
Dans la première partie, sur les navires, on expose les mesures à prendre pour effectuer plus 
sûrement le maniement à bord, des ballasts d ’eau et pétrole. A ce sujet, parmi les méthodes 
exposées, on rend compte de la sauvegarde des trop-pleins, des méthodes chimiques pour activer 
et améliorer la décantation entre le pétrole et l ’eau dans les réservoirs. D ’autres théories selon 
lesquelles il s’agit d’installer une certaine forme de membrane flexible dans les réservoirs de 
pétrole, par laquelle le pétrole ne peut entrer en contact avec l’eau des ballasts ou d’employer 
d’autres produits que l ’eau pour le lavage des réservoirs comme par exemple un dissolvant, 
utilisé en petites quantités.

Dans cette partie, on soulève aussi la question du rayon de manœuvre et de la distance de 
freinage et l ’aspect de la construction des grands pétroliers.

Dans le passage suivant, on signale le problème au point de vue navigation. A ce sujet, 
on présente la navigation « satellite » et la possibilité, au moyen du filtre Kalman, d ’obtenir 
les meilleurs relevés de position possibles en éliminant les fautes accidentelles et en em ployant 
à la fois les méthodes « satellite », « Decca », « Toran » et « à l ’estime ».
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Le chapitre suivant du rapport est consacré aux méthodes de manœuvre et présente un 
systèm e, qui ressort d’une collaboration entre Raytheon, Selenta et une société suédoise, 
un « systèm e anti-collision ». Cette partie s’achève par un bref compte-rendu démontrant com­
ment l ’on peut, grâce à une judicieuse répartition de la cargaison et le maniement de celle-ci 
opéré par un systèm e basé sur ordinateur, obtenir un maniement plus sûr de la cargaison.

Dans la quatrième partie, on fait part de la composition du systèm e d’urgence et de sur­
veillance suédois et on donne une liste du matériel qui est m aintenant en cours d'acquisition.

Dans la partie suivante, on expose les mesures préventives qui peuvent être prises dans 
les régions côtières et les ports en ce qui concerne les installations de réception et le contrôle de 
la navigation. En rapport avec celle-ci on note l’usage du radar de port et du « câble de navigation  
en rade ».

Dans un sixièm e chapitre le rapport aborde les mesures pour la lutte contre les rejets 
de pétrole. A ce propos, on présente des méthodes mécaniques, résorption et dispersion, com ­
bustion et dim inution; des points de vue sur l ’emploi de ces méthodes dans les régions côtières 
et les ports sont également donnés.

Dans la conclusion, on donne des avis généraux sur le problème de la lutte contre le pétrole 
et on y  fait remarquer ensuite l’importance de la recherche et de l’information en vue de réduire 
les risques de rejets de pétrole.
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PAPER
by

Captain A.F. DICKSON,  Extra  Master  Mariner,  FIN,
Director, Shell International Marine Limited,

and

J.H. P O T T E R ,  B S c ( T e c h )  CEng MICE,
Chief Engineer, River and Principal Pollution Control Officer,

Port of London Authority.

T H E  S H I P  O P E R A T O R  
AND T H E  P O R T  IN P O L L U T IO N  C O N T R O L

I N T R O D U C T I O N

Pollution is a d irty  word and those who generate pollution, howsoever indi­
rectly , are besm irched in th e  eyes of a public opinion which is no t particu larly  
well informed.

The socio-economic im plications of pollution and its control are no t to  be 
ignored. In B rita in  and indeed in Europe there is apparen t conflict betw een the  
aim s of economists, sociologists, ecologists and so-called conservationists. Conse­
quently  politicians are required  to  resolve th e  difficulties in the  light of national 
and local in terests, often in th e  face of a vociferous lobby to  reduce th e  ra te  of 
developm ent and « re tu rn  to  n a tu re  ».

F undam enta l to  th e  developm ent of civilisation and standards of living are 
com m unications and transpo rt, y e t m otorw ays and the m otor vehicle, a irpo rt 
and  aircraft, and ports and shipping have become th e  targets  of abuse and  descri­
bed as anti-social. How has th is hysteria  about pollution developed and can 
it be justified? H ave those responsible for the  developm ent of roads, a irports 
and ports fully realised the im pact of th e ir  activities upon the live of th e  indivi­
dual? Is the only prospect of generation of trade also one of doom for life as we 
would like to  enjoy it?  W ould th e  under-developed countries be able to  advance 
w ithou t an equivalent advance in the m ore prosperous countries? Is the  general 
public prepared to  pay  for a b e tte r  environm ent and if so, how m uch? How 
is the  m oney to  be gained for such an im provem ent if no t by an increase of develop­
m ent and trade?

There are no simple answers to  any of these questions b u t certain  facts become 
apparen t. There has in the  past been a connection between developm ent and
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pollution and  there  has been a lack of vision on th e  p a rt of our predecessors as to  
th e  effect of th e ir  activities on the  ecological and  social clim ate. Even if existing 
standards of living are merely to  be m ain tained  there  m ust be fu rth er develop­
m ent to  sustain  a growing population increasingly aware and critical of its environ­
m ent and newly conscious of its  power to  influence those who m anage it for them . 
The resurrection of life in the  tida l river Tham es and th e  success of legislation 
in lim iting atm ospheric pollution in London have shown th a t  developm ent need 
no t be accom panied by the  m isery of pollution. Enlightened and influential bodies 
can do m uch to  restore acceptable conditions if th ey  possess appropriate  powers 
and have the  determ ination  and desire to  use them  wisely in th e  in terests of the  
economic, social am enity  and health  aspects of th e  environm ent as a whole, not 
ju s t one or another of them , for they  are m utually  dependent.

G reat B rita in  has in recent years been regarded as being in the forefront of 
progress in pollution control. This is no t because th e ir  people are b e tte r  inspired, 
ra th e r  is i t  th a t  th e  B ritish  Isles is a very  densely populated area w ith a rivers 
system  inappropria tely  small to  cope w ith th e  w ater supply and  w aste disposal 
dem ands placed upon it. The tid a l Tham es receives the  w aste from  some eleven 
million people b u t has an  average freshw ater flow of th e  order of only 25 cubic 
m etres per second in th e  sum m er and 70 cubic m etres per second over th e  full 
year. The population of G reater London was 2 1/2 million in  1842, 4 3/4 million 
in  1881 and now approaches 8 million. I t  is apparen t th a t  problem s of pollution 
would be likely to  arise earlier here th a n  in m any less intensively used areas 
and indeed the  first po rten ts  of trouble were m et in the  1860’s after th e  in troduc­
tion  of w ater-borne san ita tion  had  disposed w aste to  th e  river instead of, as 
previously, to  fields as « n igh t soil ».

The solution a t th a t  tim e was to  collect th e  effluents and discharge them  
20 Km s fu rther tow ards th e  sea, outside th e  lim its of th e  m etropolitan  grow th 
area and where tida l m ixing was slightly m ore effective. This rem edy was essen­
tia lly  short-term ed and i t  soon becam e necessary to  in troduce progressively 
b e tte r  standards of sewage trea tm en t. N evertheless by 1949 the  river had become 
stinking and  lifeless, and som ething m ore effective had  to  be done. The ou t­
w ard grow th of London had  overtaken th e  sewage outfalls and a 15 year long 
investigation was in itia ted  to  identify  th e  sources of pollution, evaluate the ir 
im portance, establish th e  mechanics of tid a l m ixing and the  chem istry of purifi­
cation and determ ine a s tra tegy  of recovery. T h a t nine years la te r a g reat m easure 
of success has been achieved is a credit to  those concerned b u t th e  desire and 
im petus was born of necessity, no t of high m oral judgem ent and foresight. The 
effectiveness of the  cam paign is based on sound technical knowledge, backed by 
co-operation and sharpened in th e  last reso rt by  th e  presence of effective legal 
remedies and powers.

The same historical s ituation  has been repeated  in o ther p arts  of the  B ritish 
Isles and indeed in Europe and  America and the  im p o rtan t lesson to  be learned 
is th a t  we m ust no t always be catching up w ith  th e  past, we m ust m ake provision 
for th e  fu tu re  as well, w ith  the  full co-operation, consultation and co-ordination
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of all the  in terests concerned in th e  social, economic and health  triangle. More 
th an  th a t, i t  is th e  function of each of us to  dem onstrate to  th e  public a t  large 
th a t  we are conscious of our responsibilities to  them  b u t w herever possible to  
educate them  to  a b roader vision of w hat the  control of the  environm ent m eans 
and  entails and to  guide th e ir  a ttitu d es  to  a realistic perspective.

The fouling of our doorsteps has inevitably  led to  a trend , as w ith London 
in the  1860’s, to  move th e  centre of th e  discharge of our w aste aw ay from  the  
public presence; consequently th e  sea has become a ta rg e t for disposal, and m ore 
particu larly  th e  sea around our coasts w here full m ixing w ith th e  v as t oceans 
of the world is rarely  m et. Once again we are dealing in short-term  m easures 
and  our foresight is very  m uch in  doubt. Pollu tion  knows no frontiers and  the  
in teraction  of our considerations m ust become m ore com prehensive and more 
co-ordinated in ternationally . A world forum  of connected in terests such as 
PIA N C is v ita l in such a context, b u t i t  is no t enough to  p ro test our innocence, 
we m ust be ready  to  accept our gu ilt w hether it is of thoughtlessness, ignorance, 
omission or m ore rarely  of deliberate action, and we m ust tak e  steps to  safeguard 
th e  environm ent from  which we reap large economic and social benefits. In  so 
doing it  is necessary to  appreciate th e  significance of our actions in re la tion  to  th e  
incidence of pollution as a whole, no t ju s t in term s of d irect effect b u t also in 
term s of w hat ac tiv ity  is generated as a consequence of our actions.

P o rts  and Ship O perators are coming under increasing criticism  for th e ir 
acceptance th a t  some pollution from  th e  carriage and handling of cargoes is 
inevitable. Sim ilarly th e  evolvem ent of prim ary and secondary industry  from 
th e  creation of a p o rt is being looked a t  as th e  responsibility  of the  p o rt and  its ’ 
users, who in th e  public m ind m ust bear some responsibility  for th e  pollution 
arising from th e ir operations, howsoever indirectly . Can th e  p o rt tran sp o rt 
industry  face these charges w ith a clear social conscience? W h at m ore requires 
to  be done and in w hat areas can th e  m ost significant contribution  be m ade? 
Can th e  industry  step  outside th e  generally accepted standards and agree to  m ake 
a deliberate effort to  im prove th e  im age of th e  p o rt and  th e  ships th a t  use them , 
overcom ing a preoccupation w ith  commercial com petitiveness th a t  blinds them  
to  th e ir  surroundings?

Some im p o rtan t advances have already been m ade as a resu lt of agreem ents 
m ade w ith in  trad e  or governm ent organisations. The In tergovernm ental 
M aritim e C onsultative O rganisation has been m uch m aligned for its  failure to  
achieve 100 per cent following for its recom m endations and  for th e  delay in imple­
m enting them  b u t has nevertheless achieved very  tangible results. The Oil 
Industry  has effectively in troduced th e  « Load on Top » system  and y e t it  is 
criticised because charter ships and flags of convenience rarely  comply. This 
sort of criticism  by  exception ignores th e  very valid im provem ents which have 
been m ade and for which due cred it should be given. More generally th e  U nited 
N ations is criticised in relation to  its  R esolutions and  Conferences for verbal 
indigestion and sta tem en ts of good in ten tion  unachievable in  practice. Above 
all the  general public is rnoi'e concerned abou t aesthetic  pollution th a n  th e  often
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m ore serious hidden sources and it  rarely  recognises its own very  considerable 
and individual contribution tow ards th e  problem . N evertheless P o rts  and 
H arbours are rarely  places of beau ty  and cleanliness and much can be done to  
im prove them  and th e  w aters surrounding them .

Pollution in harbours and coastal w aters can have origins on shore, from 
ship or a ircraft, from pipeline or from deposit grounds. I t  is the  purpose of th is  
paper to  review  th e  types of pollution which can arise from some of these sources 
and to  a ttem p t to  indicate th e ir im portance, w ith special reference to  the  contri­
bu tion  arising from  the  p o rt tran sp o rt industry . I t  is inevitable th a t  a po rt 
area is also a centre of social, industria l and  commercial activ ity , and the degree 
of responsibility and control which can be accepted and exercised by th e  po rt 
tran sp o rt industry  for th e  area a t  large m ust necessarily be lim ited, b u t it  is 
nevertheless a highly influential body and  its  contribu tion  to  an  im provem ent 
of the  environm ent can and  should be very significant.

One of the essentials of any scientific advance is lh a t of identification and 
concentration of effort in a particu lar direction. B y concentrating on oil pollution 
th e  IMCO Sub-Com m ittee have achieved notable success. I t  is for debate w hether 
th ey  are wise to  diversify th e ir  effort into m arine pollution as a whole for a big 
advance over a lim ited fron t is easier and certainly m ore recognisable th a n  a 
small advance over a very wide front. It is appropriate  for the p o rt tran sp o rt 
industry  and PIA N C to  ensure th a t  th e  concentration and direction are appro­
p riate  for effective im provem ents in th e ir  own environm ent.

P R E V E N T I O N  O F  O I L  P O L L U T I O N  IN H A R B O U R S  A N D  C O A S T S

It is th ough t to  be convenient to  exam ine th e  risks of oil pollution and rem e­
dial m easures under two separate headings :—

O perational Oil Pollution, th a t  is pollution caused by oil discharged 
from tankers in accordance w ith the  operational procedures followed by the  
particu lar ship.

Accidental Pollution, being pollution which occurs when tankers are 
involved in an accident resulting in emission of persistent oil from the hull 
of the  tanker.

A case has been advanced th a t th e  emission of any petroleum  into th e  
sea is harm ful. However, th is case does no t seem to have been substan tia ted  
and presently efforts of governm ents, o ther au thorities and th e  Oil Industry  
tow ard lim itation  of risk of oil pollution are directed tow ards lim itation of 
visible, pollution of the  environm ent by w hat are know n as persisten t oils. 
This p a r t  of th e  paper will therefore deal only w ith pollution problem s rela­
ting to  persistent oil as defined by the 1954 Oil Pollution Convention.

It is qu ite  im practicable to  elim inate th e  risk of accidental oil pollution b u t 
all th e  nations of the  world have indicated th a t  they  wish to  reduce these risks
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to  an acceptable level. The Oil Industry  is entirely  in accord w ith th is in ten t, 
the  difficulty being to  determ ine th e  level of safety which is economically justi­
fiable, and the  m easures which m ust be set ou t and enforced to  ensure th a t  the 
required level of safety  can be m aintained.

The possibility of elim ination of operational oil pollution would appear to 
be feasible b u t m ust be expensive. The whole sub ject is a t  present under study  
to  determ ine th e  feasibility and cost effectiveness of a num ber of different 
approaches to  th e  problem .

The w orld’s trad e  in oil derives considerable benefit from use of shipping 
on a com pletely in ternational basis and it would seem to be sensible to  a ttem p t 
to  ensure th a t  m easures taken  to  reduce risks of oil pollution should be in te rna­
tionally  accepted and applied, so th a t  the  appropriate  acceptable level of pro­
tection  against oil pollution risk can be enjoyed by all countries of th e  world 
and  the  Shipping Industry  would have one standard  w ith which ships would 
have to  comply, th u s  ensuring fair com petition. I t  is im portan t to  bear in mind 
th a t in addition  to  risks to  the  environm ent in ports and close proxim ity thereto  
of all countries where oil is laden and discharged, tankers on passage will in m any 
circum stances be sailing in w aters where oil discharged to  the  sea m ight pose a 
th re a t to th e  coastline of countries qu ite  disinterested in the  trad e  involving 
the  m ovem ent of oil.

The present position w ith regard to  in ternational control of the  oil pollution 
problem is th a t  th e  In tergovernm ental M aritim e C onsultative O rganisation 
(IMCO) has accepted responsibility  for form ulating conventions dealing with 
th e  w ay in which tankers are designed and operated to  deal w ith the  problem  
of operational pollution, and IMCO has also accepted responsibility for m easures 
by in ternational agreem ent to  reduce the risk of accidental pollution.

Operat ional  Oil Pol lut ion.

The m ain cause of operational oil pollution is th a t  as presently  operated , 
tankers on com pletion of discharge of cargoes of persisten t oil load w ater as 
ballast into the d irty  oil tan k s and m eans have to  be found of deballasting these 
ta n k s  after suitable tan k s have been cleaned and clean ballast loaded for discharge 
prior to  loading th e  n ex t cargo. P resen tly  by far the  g reater proportion of 
tankers follow a system  known in the  Oil In dustry  as Load-on-top, which involves 
th e ir  cleaning tan k s  during the voyage using a cleaning process w hereby virtually  
all th e  oil cleaned ou t of the tan k s is retained on board and, together w ith a small 
q u an tity  of w ater from th e  cleaning process, is m ixed w ith the  n ex t cargo.

IMCO, accepting th a t  this procedure could elim inate a substan tia l cause 
of operational oil pollution, in troduced in 1969 some am endm ents to  the  Oil 
Pollution Convention of 1954 and it is considered to  be of prime im portance th a t  
these am endm ents should be la tified  and th a t  legislation should be in troduced 
requiring tankers to  conform to  the  provisions of the  1969 am endm ents.
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The efficacy of the  1969 am endm ents depends very largely on efficient sur­
veillance to  ensure th a t  the  condition of tankers on ariiv a l a t loading ports, and 
equally im p o rtan t on arrival a t  repair ports for repairs, have on board  v irtua lly  
all the  oil rem aining from th e  previous cargo. The Oil In dustry  can do a certain  
am ount in  th is  regard  and in th e  au th o r’s own Group of Companies m easures 
have been in troduced to  examine, all tankers presenting to  load a t term inals 
controlled by  Companies of th e  Royal D utch  Shell Group to  ensure th a t  th e  
tankers have carried ou t th e ir Load-on-top procedures correctly. O ther companies 
tak e  sim ilar m easures and these could be extended to  cover th e  Industry , b u t 
au th o rity  in th is  m a tte r  m ust surely rest w ith governm ents. Therefore, w hilst 
th e  Oil Industry  can provide a service to  assist governm ents to  determ ine where 
ships m ay no t have complied w ith oil pollution legislation, action in the  m a tte r 
m ust rest w ith the  governm ent of the  flag s ta te  of the ship concerned, and th is  
action would be dependent on a repo rt from th e  governm ent where a possible 
contravention of oil pollution legislation had  been discovered on arrival either 
a t  a loading po rt or a t a repa ir port.

The au tho r is entirely  in accord w ith an opinion widely held in th e  Oil In dustry  
th a t  by far the  m ost im portan t con tribu tion  to  th e  reduction  of operational oil 
pollution would resu lt from m ore efficient operation  of th e  Load-on-top system . 
W hilst IMCO has under exam ination a num ber of m easures to  reduce oil pollution 
below the  level obtainable using Load-on-top, w hatever is th e  outcom e of these 
investigations im plem entation of any solution m ust lie several years ahead, and 
in the  m eantim e the  level of operational pollution can and should be reduced.

M any alternative  solutions to  reduce th e  level of operational pollution have 
been considered in IMCO b u t only two seem to be practicable and bo th  would 
be expensive. There is no possibility w hatsoever of m eans for im provem ent 
being financed ou t of existing profits and  the  costs will have to  be passed on to  
th e  consumers.

The tw o solutions which have received intensive study  in the  Industry  and 
a t  IMCO involve either the  provision of reception facilities a t  all loading term inals 
to  take all th e  ballast w ater from ships’ tanks, or the  provision of separate  com­
partm en ts in tankers to  enable th em  to carry an  adequate  q u an tity  of ballast 
w ater which would be k ep t quite  separate from  th e ir cargo systems.

The first solution would in some circum stances provide the  m ore economical 
a lternative  b u t where loading berths are far offshore or w here oil is being produced 
from oilfields in the  sea th e  necessary facilities would be very expensive and in 
some cases technical difficulties could arise w hich m ight no t be soluble. A nother 
difficulty is th a t  where large quan tities of contam inated  w ater m ust be received 
a t  loading term inals the  w ater has eventually  to  be trea ted  and retu rned  in the  
v icinity  of the  loading term inal still w ith  some degree of oil pollution There 
m ay be difficulties in persuading governm ents of countries concerned w ith  the  
export of oil th a t  they  should legislate to  require in terests concerned w ith oil 
production in the ir countries to  spend large sum s of m oney to  cure a problem
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which is no t the irs  in  a w ay which will resu lt in some contam ination  of th e ir  im­
m ediate environm ent.

The a lternative  solution would only really  be applicable to  new tonnage 
and  would no t seem to  be a tta in ab le  for practical reasons before abou t 1976. 
I t  has th e  advantage of being applicable to  all trad es  and posing a common level 
of additional cost. I t  is certainly technically feasible to  design tankers where 
th e  ballast system  would be com pletely disconnected from th e  oil system  of the  
ship; it  would how ever be necessary to  provide m eans w hereby th e  tw o system s 
could be inter-connected in casualty  circum stances or under force m ajeure.

Accidental  Pol lut ion.

This can be conveniently sub-divided under th ree  heading :—

1. Pollu tion  arising from  discharges and emissions from engine room spaces.

2. Pollu tion  caused by  cargo handling accidents.

3. Pollution caused by accidents under way, usually collision or stranding.

Steps have been tan k en  to  reduce the  risks of pollution under th e  first category 
notab ly  by legislative action and by  th e  fitting  of separators to  deal w ith bilge 
w ater. N onetheless, pollutions can occur from  such causes as deliberate or 
accidental pum ping of oil contam inated  bilge w ater over the  side, overflow of 
engine room tanks, m al-operation of separators and  leakage from  oil sealed stern  
glands. A lthough some of these are relatively  m inor, they  can cause nuisance 
and they  m ay originate from  v irtua lly  any ty p e  of m echanically propelled ship. 
T heir cure lies alm ost entirely  in the  provision of suitable equipm ent, its proper 
upkeep and the form ulation and s tric t observance of appropriate  operating  prac­
tices.

H arbour pollution is usually related  to small quantities of oil b u t because 
in m any circum stances the  oil is p u t in to  the  w ater in an enclosed area the  nuisance 
value m ay be high, and where large quan tities of oil are being continuously handled 
th e  problem  is reg re ttab ly  ever present. H ow ever a t Milford H aven  where 
around 43 m  t  of crude oil are handled annually  and th e  harbour m ust function 
no t only as a large oil port b u t provide high am enity as well, th e  au thorities are 
satisfied th a t  th ey  have been able to  contain oil pollution to  a level where the 
nuisance is m inim al and acceptable. Scientific m onitoring indicates th a t  there 
has been no harm ful ecological effect.

The causes of accidents related  to  the  handling of cargo are m any and varied. 
The possibility of m ooring failure m ust be guarded against and tan k e r in terests 
and harbour au thorities should take note of work done on moorings, particu larly  
in regard to  moorings of large tankers by shipowning and oil com pany in terests. 
E qu ipm en t failure, hoses, pipelines, valves etc., can obviously be reduced by 
suitable regular inspection and m aintenance, and au thorities should accept a 
responsibility  to  see th a t  these are carried out.
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R egrettab ly  the  m ost common source of oil pollution during cargo handling 
is a ttrib u tab le  to  hum an fallibility, overflowing of cargo or bunker tan k s and 
emission of oil through inadequately  closed tan k e r sea valves being th e  m ost 
common. Risk of this type  of accident can in  th e  a u th o r’s opinion m ost effec­
tively be reduced by good shipboard m anagem ent, and  em ploym ent of suitable 
quality  of staff and training.

In nearly  all countries of th e  world national and local authorities impose 
penalties on tankers where pollution occurs. These penalties have become 
m uch more stringent over th e  last few years and certain ly  those concerned in the  
operation of tankers m ust accept the  philosophy th a t  transgressors m ust expect 
to  suffer penalties. However, i t  does no t seem th a t  ever m ore stringent penalties 
will cure the  problem  and there  is a fear th a t  if penalties are too severe defensive 
m echanism s will be set up which m ay m ake it  difficult to  find th e  cause of p a rti­
cular pollution and take  sensible rem edial action.

Recent history shows th a t  oil pollution caused by accidents to  ships under­
way can be very dram atic. There have been 25 m ajo r incidents of collisions 
and groundings over th e  la s t 5 year period am ounting to  a to ta l emission to  the  
sea of oil of 222,000 tons.

N avigational accidents over recent years have been analysed in the  Oil 
Industry  to see w hat can be learned to  identify causes so th a t suitable rem edial 
m easures can be taken . F rom  the  analytical work done it  can be shown th a t  by 
far the  m ost im p o rtan t consideration is hum an fallibility.

W ith regard to  collisions, the  navigation  of high density  traffic areas a t  too 
g reat speed and  insufficient a tten tio n  to establishm ent of the  th re a t of danger, 
together w ith m isin terpretation  of the  situation , prove to  be the  reasons under­
lying collision.

Groundings similarly are alm ost invariably  due to hum an error and no t to  
lack of m anoeuvrability of ships, or paucity  or inefficiency of navigational equip­
m ent. H aving identified the principal cause of accidents as hum an error, pre­
ven tative measures m ust relate to  reduction as far as possible of the area of poten­
tia l error and changes in navigational procedures which will reduce the  likelihood 
of such error. The following appear to  be relevant :—

1. Discipline on the  navigation bridge should be such th a t  there is a clear under­
standing of responsibilities between M aster, Ship’s Officers and Pilot. It 
is of v ita l im portance th a t  the  decision of any one navigator m ust be checked 
and th a t  constant checks m ust be k ep t to  ensure th a t  the  ship is in fact m aking 
good th e  required course, position finding m ethods being double checked 
w herever possible.

2. The in ternational rules for prevention of collision a t  sea are to be am ended 
by th e  IMCO Convention of 1972. In the  a u th o r’s opinion th e  revision of 
th e  rules is long overdue and  w hilst some of th e  short-com ings of the  previous
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rules have been am eliorated, experience m ay show need for fu rth er revision 
in th e  no t too d is tan t future.

3 . Traffic routeing is now generally accepted as being of considerable value in 
enabling ships to  navigate  areas of high traffic density and IMCO’s role in 
setting  in ternationally  agreed m eans of traffic routeing and prescribing routes 
for specific areas m ust be of help.

4 . The control of traffic in ports by harbour au thorities is in the au th o r’s opinion 
highly desirable and experience m ay well be extended to  o ther areas. B u t 
it  would seem to  be unwise to  tack le  control of routeing in coastal areas un til 
th e  control of traffic in ports and p o rt approaches can be m ade efficient.

Role of Large  Ta nke rs .

In the  au th o r’s opinion quite inadvisedly, the  risk of oil pollution is th o u g h t 
to  increase w ith increase in size of ship em ployed on any given trad e . Much 
has been w ritten  abou t problem s related  to m anoeuvrability, stopping distances etc. 
of large tankers. There is no evidence to  show th a t  large ships carry any more 
risk  of collision or stranding  th a n  th e  sm aller ships which they  replace. In  fact 
over recent years some of the  m ost serious cases of large scale oil pollution have 
been a ttrib u tab le  to  accidents which have happened to  relatively m odest sized 
tankers.

So, given a requirem ent to  tran sp o rt a q u an tity  of oil, i t  seems logical to 
argue th a t  the  risk of serious accident which m ust be related  to  th e  num ber of 
ships deployed is reduced by em ploying larger and therefore fewer ships. I t  
is, of course, necessary to  ensure th a t  th e  m agnitude of th e  hazard involved w ith 
very  large ships can be k ep t w ithin acceptable lim its. However, th is  can be 
done and has been done by an IMCO Convention w hich requires tankers to  be 
constructed in a way th a t  does no t allow th e  emission of oil to  th e  sea a fte r an 
accident to  rise in proportion to  increase in size of ship.

Use of Offshore  Berthing Faci l it ies ,  S ing le  Buoy Moorings  etc.

An argum ent is advanced in th e  previous heading th a t  th e  pollution risk 
does no t rise and m ay in fact be reduced by th e  use of very  large tankers, and 
i t  is dem onstrable th a t  the  use of these ships results in quite  d ram atic  reduction 
in the  freight cost of m oving oil by sea, and therefore the  delivered price. There 
is no reason to  believe th a t  any  p la teau  has y e t been reached in the  developm ent 
of ship size and we m ust expect th a t  in th e  foreseeable fu tu re  ships m uch larger 
th a n  those presently  in use will be used for the  carriage of crude oil.

The existing large crude tankers are in m any cases too large for ports and 
harbours which could be served efficiently by a sm aller volum e of oil carried in 
sm aller size tankers. There is therefore in m any p arts  of the  world a case for the  
provision of entirely  new facilities outside the  confines of existing ports. The
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single buoy mooring is one of the  m ost common ways of providing safe berth  
accom m odation for very large tankers in sea areas unpro tected  by harbour works. 
P rojects to  provide moorings of th is type  have been developed in a num ber of 
p arts  of the  world and companies associated w ith th e  a u th o r’s em ploying com pany 
are presently operating 16 berths of th is type, handling in excess of 75 million tons 
of oil per annum , and this level of operation has resulted  to  date in only two 
instances of very m inor pollution of th e  surrounding coastline by oil. There 
have been several instances of spillage of oil in to  the  sea, usually small spillages 
of th e  ty p e  which regre ttab ly  is associated w ith tan k e r loading and discharge 
operations, xegardless of th e  ty p e  of berth  used. A poin t to  em phasize however 
is th a t  in single buoy mooring operations these small spillages occur in m ost cases 
offshore, where the  oil is usually na tu ra lly  and quickly dispersed and does not 
cause any  nuisance.

The use of single buoy m oorings in offshore localities by rem oving tan k e r 
traffic from  existing ports very often w ith considerable congestion of o ther ship­
ping, and affording berths to  which ships can approach w ith m inim um  navigational 
hazard  of either stranding or collision, substan tia lly  reduces th e  risk of accidental 
pollution of th e  catastrophic type. W hilst there  is evidence to  indicate th a t  the 
to ta l q u an tity  of oil spilt in to  th e  sea w ith  single buoy m oorings is som ew hat 
larger th an  w ith conventional berths in qu iet w ater, the  degree of increase in 
spillage is relatively small and its  effect is substan tia lly  reduced by the  fact th a t  
th e  oil is no t enclosed as would be the  case in a conventional harbour.

Remedia l  Action for Oil Pol lution.

Since the  trau m atic  accident to  the  « Torrey Canyon » the  Shipping Industry  
and the  Oil Industry  have spent considerable tim e and effort tow ard a higher 
degree of efficiency in salvage operation. Im provem ents have been m ade both  
in th e  field of equipm ent and equally im portan tly  in regard to  contractual problem s 
which always arise when ships and cargo are in peril on th e  high seas.

I t  is th e  au th o r’s considered opinion th a t  in the  large m ajo rity  of cases where 
tankers are badly dam aged and pose a substan tia l pollution th re a t the  best way 
of reducing the  th re a t will be to  m ount a successful salvage operation. This 
m ay have to  be done no tw ithstand ing  a residual nil value of ship and cargo. 
Bearing in m ind th a t  salvage operations m ay have to  be m ounted in any p a rt of 
th e  world and m ay involve any num ber of different degrees of dam age to  ship 
and cargo, and also tak ing  in to  account th a t  crude oil as a cargo has hazards 
depending on its particu lar na tu re , th e  Shipping Industry  together w ith the  
Salvage Industry  and the  Oil Industry  is now well prepared to  tackle th e  prob­
lems.

Cost  of Clean-up and Liability to Third  Parties .

A t the  tim e of the  accident to  th e  « T orrey Canyon » shipowners carried 
insurance which provided cover against dam age for which th e  shipowner had

202



— 11 —

direct legal responsibility. There was no certain  way of ensuring th a t  costs 
undertaken  by au thorities in lim iting th e  effects of oil pollution or clearing polluted 
beaches would be recoverable from  th e  shipowner. I t  was seen to  be necessary 
to  form ulate arrangem ents w hereby shipowners would have a responsibility  for 
oil pollution dam age a ttribuab le  to  accidents to  th e ir  ships up to  w hatever lim its 
th ey  could reasonably be expected to  be able to  insure, except in  circum stances 
w here the  accident m ight be a ttr ib u tab le  to  ac t of W ar, force m ajeure or entirely  
th e  defau lt of some th ird  p a rty , and  the  nations assem bled a t  IMCO form ulated 
a Convention to  give effect to  th is requirem ent know n as th e  Civil L iab ility  Con­
vention  of 1969. This Convention has no t y e t been ratified b u t th e  Shipping 
Industry  has set up an organisation know n as TOVALOP (T anker Owners Volun­
ta ry  A greem ent Concerning L iability  for Oil Pollution) which ensures th a t  funds 
will be available to  com pensate for clean up done either by au th o rity  or voluntarily  
by  th e  owner himself up to  a m axim um  of SIO million or $100 per gross regis­
tered  ton.

I t  was appreciated  th a t  it would be necessary to  set up an in ternational 
fund to  provide full com pensation for victim s of oil pollution where these were 
no t already covered by the 1969 Convention and to  higher lim its th a n  the  
TOVALOP m axim a, and a fu rth er IMCO Conference produced a Convention 
know n as th e  In ternational Com pensation F und  for Oil Pollution D am age in 1971. 
In the  m eantim e th e  Oil Industry  produced a vo lun tary  arrangem ent know n as 
CRISTA L (C ontract R egarding an  In terim  Supplem ent to  T anker L iab ility  
for Oil Pollution) w hich ensures th a t  cargoes carried by TOVALOP entered tankers 
have cover on a m utual indem nity  basis, which together w ith  tan k e r owners 
liability  from  any o ther source will give an aggregate am ount of $30 million per 
incident.

E q u ip m e n t  and Te ch n iq u es  for Cleaning Oil Pol lut ion.

I t  is suggested th a t  organisationally  governm ents either a t  national or local 
level should provide and m ain ta in  w hatever equipm ent is necessary for tre a t­
m en t of oil either on th e  sea or on beaches. The costs involved in use of th is 
equipm ent, toge ther w ith charges to  reflect th e  cost of providing w hatever is 
necessary, should logically come from  th e  Shipping and  Oil in terests involved 
in the  pollution.

Similarly harbour authorities should provide w hatever is reasonably necess­
ary  to  deal w ith oil spillage which m ight occur in a particu lar port.

I t  is fo rtuna te  th a t  oil on the  surface of th e  sea, a t  least in tem pera te  w ater 
tem pera tu res will be fairly rap id ly  degraded biologically and  all th e  indications 
are th a t  where large scale pollutions have occurred in close proxim ity  to  coastal 
areas, th is biological degradation has been of g reat im portance in dealing w ith 
a large proportion  of th e  oil.

Oil on th e  sea surface can be trea ted  w ith  dispersants which can now be of 
very low tox icity  and in m any p a rts  of th e  world chemical dispersant to  be sprayed
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on to  the  surface of the sea and suitably  ag ita ted  to m ix it w ith the  oil slick, is 
the  main weapon which m ay be used to  reduce risk of pollution of ad jacent coast­
lines.

In areas where quan tities of sand and suitable dredgers are available it  is 
possible to  equip the dredgers in order th a t  they  can spray suitably  trea ted  sand 
over the oil so th a t  the sand and oil will sink, the oil being th en  degraded bacterio- 
logically on th e  sea bed. This m ethod obviously cannot be used where the  sea 
bed in the area is used for fishing of any kind. The deploym ent of a suitable 
boom to  contain the  oil or to  p reven t its  reaching a particu lar area is im m ediately 
a ttrac tive . U nfortunately  to  date  booms have no t proved efficient except in 
v irtually  qu ie t w ater no t subject to  current.

British Petroleum  have recently  spent considerable effort on developm ent 
of a boom which can be used in rough w ater conditions, and w hilst i t  m ay not 
be usable as protective equipm ent in areas subject to  curren t, it  m ay well prove 
efficient in providing a m eans of containm ent of oil of the surface of th e  w ater 
so th a t  the  oil m ay be more easily rem oved or trea ted . This boom is in the 
au th o r’s opinion the m ost efficient y e t developed and  its laying from a suitable 
craft which can be carried by air to  the required location seem useful features.

Shell Oil Com pany in the  U nited S tates have developed a chemical known 
as an Oil H erder which would appear to  be usable in certain  circum stances to  
avoid oil spreading in a dangerous m anner and also to  facilitate  its collection.

Once oil arrives on beaches th e  only satisfactory  way of cleaning seems to 
be physical rem oval, usually w ith the help of suitable absorbents when th e  oil, 
together w ith absorbents are subsequently  destroyed by burning. A final polish­
ing clean-up using the  new low tox icity  dispersants m ay be desirable in cases 
of beaches of high am enity  value.

H A R B O U R  A N D  C O A S T A L  P O L L U T I O N  ( G e n e r a l )

The largest single source of coastal pollution is likely to  arise from  th e  disposal 
of sewage effluent and sludge into river and estuarial system s. 79%  of th e  pollut­
ing load carried by the  tid a l Tham es in th e  1950’s had  th is origin and its volum e 
is three tim es as high as the  upland flow entering the  estuary  in  sum m er. W ith 
a resident h in terland  population of eleven million people contribu ting  to  th is 
problem , the  significance of efficient ships’ sewage system s in ports m ay appear 
to  fade, especially if th a t  p o rt’s passenger traffic is relatively  low. N evertheless 
in im pounded docks, where th e  w ater m ovem ent is restricted , the  problem  can 
be very im portan t and it is the  a u th o r’s view th a t  a p o rt or term inal m ust provide 
facilities for the  reception or transfer of ships sewage and garbage ashore. Simi­
larly  where significant ship populations are assembled however tran sien t and 
w hether in docks, harbours or a t river m oorings, it is essential th a t  facilities be
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provided such th a t  w aste generated  is capable of transfer, reception and adequate  
trea tm en t ashore and reliance should not be placed upon the possession by ships 
of adequate holding tanks or on-board sewage tre a tm e n t system s, the  la tte r  of 
which cannot a t  th is stage be considered to  be in an adequate  sta te  of developm ent.

Ship-board sewage trea tm en t system s generally suffer from  one or two m ajor 
defects; sterilization techniques create acceptable conditions on board b u t lose 
th e ir effectiveness as soon as the sewage is discharged to  w aters in which bacteria 
abound; biological tre a tm e n t system s depend on tan k s of a very large capacity  
allowing an appreciable period of re ten tion , on th e  establishm ent by use on voyage 
of appropria te  colonies of bacteria  and on enlightened operation and m aintenance, 
rarely achieved. It is im portan t however to  recognise th a t  certain  ships do not 
present problems in this respect; th e  provision of adequate  holding tanks for 
sewage in YLCC’s by v irtue  of th e ir nature , size and population is a relatively 
simple m atter. C ontainer and Ro-Ro ships, dedicated as they are to  an  alm ost 
im m ediate tu rn -round , m ay require sm aller holding tan k s th an  more conventional 
cargo ships, bu t in none of these cases should un trea ted  and direct discharge to 
dock, harbour or coastal w aters be perm itted . I t is equally im portan t th a t  
there is some standard isa tion  between countries and ports in the ir requirem ents 
of ships for th is purpose; it is unrealistic to  dem and the provision of a ship-board 
sewage system  in, for exam ple, Canadian P o rts  and to  deny th e ir  use in E uropean 
P orts b u t require instead large holding tan k s or equipm ent capable of pum ping 
ships sewage ashore. The rap id  evolution of yach t m arinas, houseboat colonies 
and floating restau ran ts  has produced a sudden upsurge in w aste disposal problem s 
and ports and harbours should no t allow their responsibilities to escape them  in 
the  desire to ob ta in  the  m axim um  financial advantage from this type of develop­
m ent.

The handling of cargoes in a port or a t a term inal has a special significance in 
pollution term s and the losses due to  spillages can be considerable. G rab-handling 
of loose cargoes, is relatively inefficient as a m ethod, bu t is in general use. Sugar 
spilt as a resu lt of being handled in th is way has a very high polluting value and 
one pound weight of this substance requires as much oxygen for its eventual 
bacteriological breakdow n as does the to ta l raw  sewage em anating from one m an 
in one week. In investigating  industrial pollution in its m any forms it  has often 
become apparen t th a t  processes have been developed which allow a considerable 
loss of raw  m aterials and th a t  appreciation of this together w ith rem edial action 
and recovery can lead to a significant economic im provem ent w ith an  equivalent 
benefit in a reduction  in polluting load. This is equally evident in the port 
industry  and m uch more a tten tio n  should be paid to  the provision of handling 
equipm ent which is capable of reducing spillages to  a m inim um . I t is in teresting 
to  note th a t  Ro-Ro ships and  containerisation  are very effective in th is respect.

D riftw ood and debris arising from port operations or decaying po rt struc tu res 
is a common sight and can result in a considerable hazard  and nuisance value 
and  in vociferous public concern which could be greatly  reduced if ports and the
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ships using them  were to  recognise th a t  th e  effort in preventing the  en try  in to  
th e  w ater of such m aterials is fa r less th a n  th a t  required for recovering them  
from the  w ater a t a la te r stage. In particu la r th e  h ab it of sh ip’s crews of throw ing 
dunnage overside as th ey  leave p o rt is to  be deplored and  th e  a tten tio n  of the  
individual m ust be draw n to his responsibility for keeping ports and coastal w aters 
clear of such a display of bad  housekeeping.

The im pact of dredging activities on w ater pollution is rarely  appreciated. 
In  a heavily used w aterw ay, considerable accum ulation of polluting m a tte r  can 
develop on th e  bed, w hether by v irtue  of the  m echanism  of sedim ent tran sp o rt 
or from  deliberate or accidental dum ping or spillage. In an  area where the  
w aterw ay receives industria l effluents and  sewage discharges, certain  toxic 
m aterials including m ercury, arsenic and phenols which by pass the  trea tm en t 
system s, m ay over the  years settle out and progressively contribu te  to  au intensive 
pollution problem . The quiet w aters often required for p o rt operation, the  
salinity gradients inheren t in basins ad jacen t to  sea access channels, the  m axim ising 
of depths for th e  reception of ships of successively increasing draught, all lead 
to  a tendency for polluting m a tte r  to  congregate around p o rt areas which ac t 
as sedim ent sinks. The ac t of dredging these areas can liberate into suspension 
m a tte r  which otherwise m ight lie dorm ant beneath  th e  m ud. F or m any years 
i t  was and  in some cases it  still is th e  practice to  deposit dredged spoil back into 
th e  estuarial or coastal w ater system  in the hope th a t  it  would no t come back 
quite so quickly as it  was dredged. The choice of deposit grounds is now becoming 
m ore scientifically based b u t in th e  P o rt of London th e  economics of the  provision 
of pum p-ashore facilities for the  disposal of v irtua lly  all dredgings has been proved 
and has resulted in a reduction in sedim ent m ovem ent, in dredging requirem ents 
and in the  level of suspended solids in the estuarial system . The pollution side 
benefits of th is  m ethod of disposal are believed to  have been significant. In the  
first place accum ulated polluting m a tte r  is being progressively rem oved from  the 
w aters of th e  Tham es; secondly th e  less tu rb id  w aters of th e  estuarial river are 
m ore receptive to  the  re-in troduction of life in to  th e  system ; and th ird ly  the  
capacity  of th e  w ate r to  receive oxygen from  th e  atm osphere is being enhanced 
so th a t  bacteriological purification is being accelerated. If the  annual rem oval 
of some two million tons of sedim ent from  th e  system  can produce such beneficial 
results, how m uch b e tte r  would i t  be if the  dum ping of over 5 million tons of 
digested sewage sludge each y ear into the  relatively  confined w aters of th e  estuary  
were to  cease or a new dum ping area were chosen such th a t  adequate  m ixing and  
dispersion w ithin a larger w ater mass were achieved. This problem is not one for 
London alone and concern abou t th e  use of th e  N orth  Sea as a « sink » for th e  waste 
of Europe is well founded ; some 8 % m illion tons of sewage sludge, tw o million tons 
of industria l sludge and eleven million tons of dredging spoil are deposited in 
the  coastal w aters of G reat B rita in  each year. The fau lt lies no t w ith the  m ethod 
of disposal b u t w ith th e  areas chosen and the  lack of dispersion and dilution. 
The to ta l w ater mass in th e  v ast oceans of th e  earth  is qu ite  capable of receiving 
our w aste w ithou t detrim ent, b u t rarely  th e  sea around our shores.
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Ports, as the  hubs around which industries develop, bring to  them selves 
accusations of inv iting  pollution by association. F u rth e r, by th e  in troduction  
of the concept of « industria l ports » such as E uroport, the  charge is brought 
th a t  ports are instrum ental, by v irtue  of the ir planning, in in troducing pollution 
to an area. The responsibility  to  ensure th a t  unacceptable conditions do no t 
develop is inescapable. Technology is capable, a t  a price, of ensuring th a t  
industria l activ ities can be relatively  inoffensive and planners and developers 
m ust be prepared to  an tic ipate  and  accept th a t  price. I t  is likely th a t  they  cannot 
do th is unless e ither th e ir  com petitors accept sim ilar responsibilities or if they  are 
by  force of law  compelled to  do so. Since com petition is in ternational, the 
im portance of in ternational law or aligned national law becomes self-evident.

L and  use in P o rts  has been the  subject of a previous In ternational N avigation  
Congress, w ith special reference to  th e  area required  per u n it of th ro u g h p u t and 
certa in  ports have discovered th a t  th e ir  ab ility  to  develop fu rther is lim ited not 
by trade  prospects b u t by land  availability . In these circum stances land which 
should have been allocated to  am enity  or residential use has been eaten  up by 
industry  to  th e  detrim en t of the  quality  of life of those who work there. In 
consequence public reaction to  otherwise lesser forms of pollution becomes quite 
intense. I t  is in the  P o rts ’ own in terests to  ensure th a t  these situations do no t 
develop and th e ir  responsibility  to  provide adequate  land is quite  clear b u t rarely 
appreciated . In recen t years it  has no t been unknow n for developers or industria l­
ists to  counter th e  offensive presence of an industry  by the free provision of an 
am enity  area to  appease the  local population  and th is  has m ade com m ercial sense. 
In some areas the  creation of artificial islands for w aste processing and disposal 
and for the  more noxious industrial activities has been advocated  to  escape public 
objection, b u t here again « ou t of sight » should no t m ean « ou t of m ind ».

Effluent from  land based industry  is usually a fron t runner w ith sewage 
tre a tm e n t works discharges in the pollution stakes, b u t it often contains substances 
of a m ore persisten t and toxic n a tu re  abou t which m uch concern is being expressed. 
The rem oval of these substances before discharge of the  effluent to  coastal w aters 
is perhaps th e  m ost im p o rtan t problem  in th is field and  an incentive to  recover 
these often valuable m aterials is v ita l unless legislation is to provide the solution.

Oil refineries are capable of being designed in a m anner such th a t  the ir 
effluent is no t objectionable and  th e  use of air cooling and separation system s has 
become stan d ard  practice. Public concern a t these installations is m ore often 
linked to  atm ospheric pollution and the  hazardous n a tu re  of th e  operations 
coupled w ith th e  association of th is  industry  w ith oil spill incidents, 
often exaggerated. In th e  tida l Tham es during 1970 and  1971 th ere  were 257 
reported  oil spill incidents involving a to ta l q u an tity  of oil estim ated  a t  less th a n
3,000 tons or less th a n  0.01 % of the  to ta l crude oil im ports and  transh ipm ents. 
The origins of these spills and th e ir  significance is illustrated  in th e  following 
tab le  :
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Source
N um ber of 
Incidents

E stim ated  
to ta l tonnage 
(m axim um )

U n tra c e a b le .......................................................... 43 50

D ry Cargo V e s s e ls ............................................. 107 160

Shore Installations o ther th a n  refineries . . 28 betw een 1,000 
and 1,500

Refinery, B ulk Storage and Associated 
T anker a c t i v i t i e s ........................................ 79 1,400

I t  will be seen th a t  abou t half of the  incidents originated from refinery and 
associated tan k e r activities and a significant proportion was released to  the  estuary  
by users ra th e r  th a n  suppliers. R ecent forecasts of annual world oil pollution 
by ships of 66,000 tons in 1975 (IMCO), would appear to  be too low in th e  light 
of these figures, b u t more im p o rtan t is the  indication  th a t  a 50%  increase in traffic, 
by 1980 is likely, under present conditions, to  produce a com m ensurate increase 
in oil pollution, both from ship and shore.

The significance of hazardous cargoes in ship tran sp o rt and p o rt handling 
is dem onstrated  by the  categorisation in the In ternational Cham ber of Shipping 
« blue book », coupled w ith the  GESAMP list of some 250 hazardous substances 
carried by ships w'hich is to  be prepared for the  1973 Conference on behalf of the 
In tergovernm ental M aritim e C onsultative O rganisation. This list is to  indicate 
hazard  ratings under four m ain headings :

a) B io-accum ulation;

b) D am age to  living resources;

c) H azards to  hum an health ;

d) R eduction of am enities

and indications are to  be given of the relationship betw een the  q u an tity  of 
discharge, the  n a tu re  of the  receiving w aters and the  hazard  resulting from the 
discharge. W hat is im portan t here is not the evaluation of effect b u t the determ in­
ation to  reduce the risk of accidental spillage, s tranding  or sinking and of adequate 
notification to  au thorities whose w'aters m ay subsequently  be affected, together 
w'ith plans for appropriate rem edial or recovery m easures. IMCO is to  sponsor 
recom m endations on an  appropria te  reporting  procedure.
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A dequate facilities for the reception of residues and washings of noxious 
cargoes is v ita lly  im p o rtan t for a p o rt and it is th e  au th o r’s contention  th a t  it is 
th e  p o rt’s responsibility  to  ensure th a t  such facilities are available, though no t 
necessarily to  provide them . IMCO is gaining inform ation  on the  availability  
of such facilities w ithin partic ipa ting  countries, w ith specific reference to  the  size 
of the  reception facility and the  ty p e  of w aste which can be received. Countries 
should not quibble as to  w hether they  should be required  to  provide facilities 
for the reception of residues resulting  from  the discharge of cargoes in the previous 
country  of call. The po rt tran sp o rt industry  is in ternational and  in terdependent.

The P o rt T ransport In dustry  is m ost vulnerable to  public censure in the 
occurrence of « incidents », « strandings », sinkings, collisions and  fires a t  sea and 
a t  berth . T h a t the  po rt and ship industry  has a rem arkably  safe record is for­
go tten  in the  hea t of the  m om ent and  the  adven t of larger ships and more intense 
traffic year by year can only increase public concern, how ever unw arran ted . 
The design and surveillance of sea p o rt approaches m ust of necessity be a t  very 
high levels and the  recom m endations of th e  In ternational Oil T anker Commission 
should prove valuable to  P o rts  and Ship O perators in th is  respect, especially 
in  relation to channel design and the  provision of hydro-m eteorological inform ation 
and navigational aids. Safety of the  ship a t  sea and  onto the  berth  requires 
th e  u tm ost co-operation betw een M ariner and Engineer, b u t it  is becom ing 
increasingly evident th a t  regulation  of traffic needs to  be m andato ry  or more 
specific w ithin heavily worked shipping channels, extending to  in ternational 
w aters such as the  English Channel, where too often ships have ignored advisory 
beacons, wreck buoys and  even recom m ended routes. There would appear to  be 
evidence th a t  sh ips’ crews are no t always a t  th e  optim um  s ta te  of readiness or 
tra in ing  and th is  requires careful consideration. The wisdom of carry ing two 
pilots on VLCC’s in congested w aters has been suggested so th a t  one pilot can 
concentrate on handling the  ship w hilst th e  o ther m onitors position direction and 
speed param eters in relation  to  the  essentially narrow  channels th rough which 
these ships have to  pass.

I t should be an accepted d u ty  of po rt au thorities periodically to inspect 
unloading and handling facilities w ith in  their ports to  ensure th a t  m inim um  
safeguards and  stan d ard s are adhered to  and th ey  should have and  use the  power 
to  close any berth  w here the  facilities do no t reach an  acceptable stan d ard  of 
safety which shall include th e  provision of an ti spillage devices and  emergency 
procedures. Check valves for oil pipe lines to  lim it spillages in  th e  even t of the 
pipe being severed by a collision w ith a je tty  could be a case in point. In certain  
ports there  are risks th a t  tankers m ay be stranded  in the  approaches to  th e  port. 
In such circum stances i t  m ay well be th a t  the  risk of oil pollution can best be 
avoided by providing adequate  lightening capacity  to  tak e  a sufficient q u an tity  
of oil off the  stranded  tan k e r to  allow her to  be refloated and  rem oved to  a position 
of safety. Salvage operations recently  undertaken  ind icate  th a t  suitable 
lightening ships can usually be provided w ithou t too much difficulty, and  the 
Oil Industry  is actively engaged in a review of how to ensure the  provision of
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adequate  tendering and oil transfer equipm ent which m ay be necessary in opera­
tions of th is kind.

The use of un it loads, containers and large bulk carriers has dem onstrably 
reduced the  incidence of losses per un it of th rou g h p u t due to  handling a t  berths 
and has often assisted th e  recovery of cargoes which have been lost in the w ater. 
There is still room  for im provem ent in the  packaging and identification of cargoes 
which could present problem s of w ater pollution and  too often cargoes are left 
in th e  w ater if th ey  do no t presen t a navigable hazard  and th e ir salvage has 
no financial m erit or entails some handling danger.

The willingness of nations to  engage in conventions for th e  protection  of 
th e  environm ent is dem onstrated  by th e  Convention for the  prevention of dum ping 
in the  N orth-east A tlan tic  which also draw s a tten tio n  to  th e  in stan t, delayed or 
cum ulative polluting effect of substances in a physical, chemical or biological 
m anner. The effects will vary  according to  th e  geographical n a tu re  of th e  area 
and th e  ex ten t and  m anner of w ater m ovem ent, d ilu tion and dispersion, bo th  
horizontal and  vertical. I t  will be difficult to  m onitor th e  effects of pollution in 
these areas and to  identify  those param eters or indicators which will give advance 
w arning of undesirable effects, b u t th e  principle of prevention being b e tte r  th an  
cure is established, w hilst recognising th a t  com plete prohibition  is im practicable 
and  th a t  selective dum ping can be accepted.

The m inimising of pollution of po rt and  coastal w aters is dependent on the 
identification of th e  principal sources and  th e  isolation of th e  more critical problems 
so th a t  effort can be intensified in th e  optim um  direction. L im iting levels need 
to  be established for different substances in  different areas w ith  legal enforcem ent 
powers which can only operate satisfactorily  if inspection facilities are adequate. 
The provision of facilities for the  reception and  trea tm en t of w aste ashore is 
essential as is th e  establishm ent of appropria te  safety precautions, w ith appropriate 
equipm ent and procedures.

Even w ith such control of scheduled discharges or deposits, pollution regularly 
occurs as th e  resu lt of hum an error, m echanical failure or from  an unplanned event. 
I t  is in  th is  field th a t  ports and ship and  b e rth  operators can m ake th e  m ost useful 
contribu tion  to  th e  reduction of pollution a t very  little  cost —  constan t vigilance, 
checking of equipm ent and  m ost im p o rtan t of all th e  involvem ent, tra in ing  and 
co-operation of the individuals a t  th e  end of th e  line is all th a t  is required. H eavy 
fines on prosperous companies have little  effect on the ir rem ote employees and 
an intensive public relations exercise can pay  enorm ous dividends and  bring 
to  ligh t problem s which m anagem ent often don’t  know  exist.

The occurrence of deliberate discharges of polluting m a tte r  from  ship or shore 
is fo rtunate ly  relatively  infrequent, b u t i t  happens and generally when it  is felt 
th a t  no-one is looking or can see. In  fog or rain , a t n igh t-tim e or a t  week-ends 
and ou t of sight of shore are th e  general occasions when these th ings happen and 
m onitoring system s m ust be random  and  no t regular if offenders are to  be detected
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and subsequently  deterred from  attem p tin g  such acts. The co-operation of the  
public and of fishing vessel crews is valuable if they  are m ade aw are of a reporting  
centre for events of th is  n a tu re  and  which is open 24 hours a day.

Rem edies for pollution, once it  has happened, are of only lim ited effectiveness, 
though th e  IMCO m anual of oil spill procedures is a d irect a tte m p t to  im prove 
th is  situation . Following th e  « Torrey Canyon » incident, th e  ingenuity  of 
m anufacturers has been stim ulated  by th e  concern of governm ents and th e  public, 
b u t m ust th is sort of realism  always require a catastrophe to  ac tiva te  it?  If the  
sinking of th e  m . v . « G erm ania » w ith  its  cargo of 150 drum s of te tra  e thy l lead 
is to  be used as a sim ilar lesson, th e  recovery of hazardous cargoes after sinking 
should become common practice w here th ey  endanger life, health  or am enity.

Pollution of a harbour or coastal w ater can affect th e  operations of a po rt 
in several ways. The release of obnoxious gases such as hydrogen sulphide from  
anaerobic w aters was a d istinct disincentive to  work on th e  riverside of th e  Tham es 
in th e  1950’s. Since th e  im provem ent in the  quality  of th e  tida l Tham es there  
has been an upsurge of pride and  satisfaction in th e ir  working surroundings by 
p o rt and allied workers. This has been dem onstrated  by  the  form ation of several 
angling clubs and by  fishing com petitions a ttended  by two or th ree  hundred  people 
a t  a tim e. The counting of th e  num ber of species of fish and birds which are 
presen t in  th e  area has become a regional pastim e; surfing on p a lle tt boards 
tow ed by  tugs on the  river has been observed; th e  area and th e  w orkers have 
become alive again. Conversely th e  presence of oil on ladders and  equipm ent 
and  the  possibility of deterioration of p o rt s truc tu res and  indeed of th e  p a in t 
on ships hulls as a resu lt of pollution has been observed to  produce increased 
m aintenance costs and an unhappy  s ta te  of m ind in  p o rt workers. The use of 
river and  coastal w aters for industria l cooling processes can be affected if the  
quality  of the  w ater deteriorates and  concern abou t condensers ensues. On the 
o ther hand  i t  is ap p aren t th a t  an im provem ent in w ater quality  m ay bring about 
a re tu rn  of unwelcome life in the  form  of m arine borers, hydroids and  barnacles, 
such th a t  the  use of preventive m easures such as biological inhibitors, chlorination 
and  ultra-sonic cleaning m ay become necessary. The increase of oxygen in 
river w aters m ay resu lt in  an increase in th e  need for cathodic protection  of m etal 
structures.

The very  direct influence w hich w ater pollution has upon p o rt operations 
and th e ir  public im age justifies, in  th e  a u th o r’s view, th e  appo in tm ent by  port 
au thorities of specialists to  p ro tec t th e ir  in terests in th is field and  ac t as advisers 
on preventive and rem edial m easures and on th e  need to  educate public opinion 
and  reduce th e  presen t em otive s ta te  which exists abo u t p o rt developm ent and 
operations. This is tru e  w hether or no t th e  p o rt au th o rity  has a s ta tu to ry  
responsibility  for pollution control and  these appoin tm ents should be regarded 
as v ita l in th e  same w ay as th e  m ore norm ally accepted « safety officers » w ith 
a seniority reflecting th e  p o rt au th o rity ’s sincerity  in  pollution control and the 
social responsibility  of ports. In d u stry  in general and  th e  oil ind u stry  in
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particu lar, already have these officers, is i t  a lack of in terest th a t  has prevented 
ports from  following suit?

C O N C L U S I O N S

The responsibility for m inim ising pollution, for the  surveillance of approved 
discharges and  m onitoring of th e  quality  of the  m arine environm ent, for the  
detection of offences and for th e  setting  up of rem edial activ ities cannot be 
allocated on a vo lun tary  basis. I t  requires co-operation betw een nations w ith 
common standards applied in each, i t  needs research allied to  need bu t m ost of all 
i t  needs the  force of law, which should be used only when all else fails. In th is 
fram ework national and  regional governm ents, ports, ship owners and operators, 
engineers and naval architects and  m an as an individual, each have a significant 
role to  play. In th is  ac tiv ity  consultation, co-operation, co-ordination and control 
need to  be exercised a t all levels b u t in particu la r require the  determ ination  and 
encouragem ent of m anagem ents.

Marine pollution control m ust never be allowed to  become synonym ous w ith 
politics, national or in ternational; i t  m ust transcend  social and ideological barriers. 
Who b e tte r  to set an exam ple in th is regard  th a n  those whose very  existence 
depends upon the ir relationship and understanding  w ith o ther nations — the 
shipping and p o rt tran sp o rt industry!

There is m uch th a t  can be done and the  incentive to  do i t  m ust no t be reduced 
by distracting prophesies of doom and an inevitable ex tinction  of m ankind  w ithin 
th e  nex t 50 to  500 years.

The In ternational Convention for the  prevention of pollution from  ships 1973, 
a t  present being prepared by IMCO is form ed from  the  desire to  achieve the 
com plete elim ination of in ten tional pollution by  oil and o ther harm ful substances 
and the  m inim isation of accidental release of such substances by th e  adoption 
of uniform  rules in th e  exercise of m aritim e trade . This convention has the  aim 
of protecting the  hum an environm ent in general and th e  m arine environm ent 
in particu lar from deliberate, negligent or accidental release of harm ful substances 
from ships and provides for legal penalties for contraventions. Arising from  the  
proposed convention are codes and  conditions to  be applied in the  carnage of 
defined noxious substances, m andato ry  reporting  of significant spillages of oil or 
noxious substances, and G overnm ent inspection of ships entering ports where 
reports of a discharge have been received. P a r t  of IMCO’s desire to  minimise 
m arine pollution is expressed in  th e  a tten tio n  given to  safety  factors in navigation, 
routeing, ship design and th e  provision of adequate  and  effective secondary 
system s of power generation and  steering gear.

W hilst these general considerations, if adopted and exercised, will do m uch 
to  reduce m arine pollution, th ere  are still m any m ore specific areas in po rt opera­
tion where pollution gaps will exist and it is up to  the ports in concert, perhaps

212



-  21 —

th rough  a P I  ANC or IA PH  ad-hoc working party , to  consider how th ey  can 
actively con tribu te  to  th e  work s ta rted  in th e  w ider sense by IMCO. It is also 
for consideration w hether PIANC and IA PH  should henceforth involve them ­
selves m ore directly  in  IMCO affairs as indeed th e  In ternational Cham ber of 
Shipping have done and end th e  period during which th ey  have acted m erely as 
« Observers » in an off-stage capacity . The success of such a ven tu re  will be 
assured only if port operators show them selves individually  desirous of im proving 
th e ir  own environm ent and th is applies as m uch to  smoke and noise control as 
to  w ater and quayside housekeeping.

R É S U M É

Le C o m m a n d a n t  de  n av i r e ,  le p o r t  e t  le c o n t r ô l e  de  la po l l ut ion .

S o m m a ire .

Le rapport aborde la question de la pollution de l ’eau dans les ports et de leurs abords et 
examine l ’importance des opérations portuaires et maritimes sous l’angle de la pollution en 
général.

On a émis l’opinion que développem ent ne signifie pas nécessairement accroissement de la 
pollution mais qu’il existe des zones où les autorités portuaires et navales peuvent contribuer 
individuellem ent et solidairement à l’amélioration de leur environnement dans le cadre d’accords 
commerciaux internationaux à l’échelle gouvernementale renforcés par des pouvoirs législatifs 
effectifs et moyens de droit.

P o l lu tio n  d u e  a u x  h y d ro ca rb u re s .

Il a été suggéré qu’il était impossible d’éliminer le risque de pollution accidentelle par pétrole 
qui est dû plus à la faillibilité humaine qu’à toute autre cause. Cependant une organisation effi­
cace à bord et un équipage bien entraîné peuvent contribuer dans une large mesure à améliorer 
la situation.

Il devrait être possible d’éliminer la pollution due au pétrole causée par des manœuvres 
mais l ’efficacité d’une élimination totale est discutable.

Le moyen le plus efficace de réduire la pollution due au pétrole causée par des manœuvres 
serait d’accroître l’efficacité du systèm e de chargement par le haut. Bien qu’IMCO a à l ’étude 
plusieurs projets de réduction de la pollution par pétrole en deçà du niveau atteint par charge­
m ent par le haut, quelque soit le résultat de ces investigations, il faudra attendre plusieurs années 
avant qu’une solution quelconque ne soit appliquée et entretemps le niveau de pollution due aux 
manœuvres peut et doit être réduit.

Les deux solutions ayant fait l ’objet d’études intensives de la part de l’Industrie et de IMCO 
prévoient d’une part des dispositions nécessaires pour assurer des facilités de réception dans 
tous les ports de chargement perm ettant de vider les ballasts, d’autre part des compartiments 
séparés dans les pétroliers de façon à ce que ceux-ci puissent transporter une quantité de lest 
liquide qui ne serait pas en contact avec leurs systèm es de cargaison.

Le rapport préconise un contrôle plus efficace du trafic portuaire qui devrait être étendu  
à d’autres zones. Le rôle des pétroliers géants est étudié et il semble logique que leur emploi 
réduise le risque d’accidents en mer spécialement en cas de mouillage au large et qu’il soit pos­
sible d’empêcher tou t risque dû à un accident de prendre une importance proportionnelle à la 
dimension du bateau si la Convention de l’IMCO concernant la conception et la construction  
des pétroliers était appliquée.
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Les remèdes, la responsabilité et les assurances en cas de pollution due au pétrole sont 
discutés tout particulièrement en ce qui concerne les mesures provisoires de l ’Industrie Maritime 
actuellem ent appliquées et ce jusqu’à ce que les Conventions de l ’IMCO aient été ratifiées.

P o llu tio n  p o r tu a ire  et côtière.

Le rapport discute l’importance des systèm es d’évacuation des égoûts et ordures des navires, 
des méthodes de m anutention des chargements, des bois flottants et débris, du dragage et m étho­
des d’évacuation, du développement industriel portuaire, des activités des raffineries de pétrole, 
des cargaisons dangereuses, des facilités de réception des résidus et du nettoyage des cargaisons 
nocives et de l’importance d’inspections régulières par les autorités portuaires et par les com ­
mandants de navire. La nécessité de chenaux d'accès aux ports bien conçus et renforcés par des 
appareils de navigation adéquats est soulignée et il est remarqué que le risque de pollution est 
réduit grâce à l’emploi de réservoirs et de systèm es « roll-on —  roll-ofi ».

Il est admis que l’erreur humaine est la cause principale de la pollution accidentelle et il 
est préconisé d’intensifier tout effort en vue de rendre les dirigeants, le personnel et les ouvriers 
conscients du problème que pose le contrôle de la pollution. Les autorités portuaires sont invitées 
à employer des spécialistes de première force pour les conseiller pour toute question d’environ­
nem ent, et pour créer dans chaque em ployé un regain de fierté dans l’économie domestique et 
de conscience de leur environnement.

Il est important que les organisations maritimes réalisent l ’influence directe ou indirecte 
qu’elles ont sur la vie de l’individu. Le rapport souligne également la nécessité d’éduquer l’opi­
nion publique. Il est un fait que les aspects économiques, sociaux, esthétiques et sanitaires de 
l ’environnement dépendent l’un de l’autre et qu’aucun aspect ne doit être développé au détri­
m ent d’un autre.

Finalement il est reconnu que les autorités portuaires et les capitaines de navire ont une 
très grande influence et que par l’intermédiaire de l ’IAPH  et de l’AIPCN, ils peuvent et doivent 
encourager les organisations gouvernementales internationales telles qu’IMCO à élaborer des 
conventions et traités. En tan t qu’individus, ces autorités ont un rôle im portant à jouer dans 
l ’amélioration de leur propre environnement et de leur réputation et ce grâce à leur conduite 
éclairée.
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S. II - 6

PAPER
by

Donald A. WALSH,
Director of Planning & Research, Port of Los Angeles, 

California.

The sinking of th e  tan k er T O R R E  Y CANYON in th e  English Channel on 
March 18, 1967, was probably  th e  incident which contribu ted , m ore th an  any 
o ther, to  touching off the  g rea t anti-pollu tion crusade in  which po rt au thorities 
and others th ro u g h o u t the  world are now so deeply involved. This tan k e r accident 
which was followed in Ja n u a ry  of 1969 by th e  S an ta  R arbara  Channel oil p la t­
form  leaks, brought about an  awareness on th e  p a rt of th e  general public to  the  
need for tak ing  im m ediate and drastic  m easures to preserve th e  environm ent.

As m ight have been an tic ipated , th e  in itial reaction  to  th is  situation  was a 
deluge of ill-advised and  oftentim es conflicting legislation by various govern­
m ental entities. Much of th is legislation would appear to  have been based more 
on em otionalism  th a n  on logical reasoned approaches to  (1) th e  problem  (2). 
M any tim es such legislation represented a duplication of effort and overlapping 
of jurisdictions am ong th e  various governm ental agencies involved w ith no well 
cooi'dinated p lan  as to  how an  effective and acceptable pollution control program  
could be im plem ented. F o rtunate ly  a period of re-assessm ent is now beginning 
to  tak e  place. Much of th is  over reaction  in  term s of regulations and legislation 
is now being contested. Revisions are being m ade in  th e  light of economic p rac ti­
calities and realistic ecological and environm ental considerations. M ost know ­
ledgeable persons now seem to realize th a t  there  are no in s ta n t solutions to  th e  
m any com plex pollution problem s which we face and  regulation in  th is field will 
undoubtedly  outpace technology over the  n ex t few years.

The seriousness of pollution problems, however, should no t be underestim ated. 
M any responsible persons have w arned th a t  th e  w orld’s oceans are being polluted 
a t  an  alarm ing ra te  and the  continued disposal of w astes a t  sea both  from  onboard 
vessels and from  shore side facilities cannot long continue a t  presen t ra tes  (3).

The M editerranean, for exam ple, is now being described by  some as a dying 
sea due to  th e  enorm ous am ounts of po llu tan ts being dum ped annually  into 
th a t  body of w ater. One source has determ ined th a t  approxim ately  300,000 tons 
of oil per year are now being discharged into th e  M editerranean from  vessel ballast 
tanks, tan k  cleaning, industria l w aste and oil term inal spills (4).

215



__ 2 __

I t has also been reported  th a t  approxim ately  500,000 tons of chemical wastes 
are shipped annually  from th e  Rhine R iver area for dum ping in  th e  N orth  Sea. 
In  addition, abou t 4,500,000 tons of colliery w aste are being dum ped directly  
into the  N orth  Sea from English mines.

O ther estim ates indicate th a t  th e  world fleet of some 48,000 ships over 
100 gross tons pollute the  seas a t th e  ra te  of from  1 to  5 million m etric tons of oily 
w aste annually. A bout half of th is  is accounted for by th e  44,000 passenger, 
cargo, m ilitary  and pleasure ships flushing oily w aste from  the ir bilges. The 
o ther half comes from the  4,000 tankers which ply th e  w orld’s sealanes (5).

O ther sta tistics equally sta rtling  can be obtained from  alm ost any agency 
having responsibility for m onitoring and controlling pollution.

Since th is  subject covers such a broad area, the  au th o r will a tte m p t to  merely 
cover the  highlights of harbor and coastal pollution problem s as they  now exist; 
w hat means are available for pollution control; w hat some of the  w orld’s ports 
are doing in  pollution control; and finally some recom m endations and conclusions 
as to  w hat th e  fu tu re  m ay hold. No a tte m p t has been m ade in th is  paper to 
investigate in  any g reat detail problem s related  to  smoke, dust noise or aesthetic 
pollution and only to  a lim ited ex ten t is therm al pollution considered.

A. S O U R C E S  O F  C O A S T A L  A N D  H A R B O R  P O L L U T I O N

There are any num ber of pollution sources th a t contribu te  to  th e  w ater 
quality  of harbors and  coastal areas. Some of th e  m ost troublesom e and m ost 
easily identifiable are th e  following : 1) vessel w aste, 2) oil spills, 3) float­
ing trash  and debris, 4) industria l w aste discharge, 5) power p lan t and 
refinery coolant discharges, 6) dredging activ ity , 7) deep d raft vessels tu rn ing  
up bo ttom  sedim ent, 8) storm  drainage runoff w ith agricultural chemicals, ferti­
lizers and pesticides, 9) polluted stream  discharges, 10) sewage p lan t outfalls, 
11) tida l m ovem ents, 12) stack  gases and smoke, 13) grain elevator and bulk 
handling dust, etc. E very  p o rt obviously has its  own particu lar list of pollution 
sources.

Studies recently m ade by the  Dillingham  Corporation under th e  sponsorship 
of th e  Am erican Petroleum  In stitu te  showed th a t  75%  of the  oil spills which 
occurred offshore between 1956 and 1969 was associated w ith tan k er and vessel 
ac tiv ity  (6). The rem aining 25%  was due to  offshore drilling, pipeline breaks 
and other causes.

Since i t  is estim ated th a t  world crude oil production  will reach four billion tons 
per year by 1980 and a t  least one-third of th is  will probably  come from  offshore 
sources, th e  hardw are and procedures to  effect p rom pt and thorough clean-up 
are of u rgent necessity.

In  addition  to  pollution problem s associated w ith offshore production, th e  
U nited S tates, for example, faces an  oil shortage of some 15 million barrels per day
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by 1985 or 58%  of to ta l needs a t  th a t  tim e which will undoubtedly  be supplied 
by im ports w ith the  resu ltan t opportun ity  for spills and pollution by tankers. 
T he alternative  would be intensive developm ent of oil shale, ta r  sand, coal and 
nuclear sources which can produce environm ental problem s much more serious 
th a n  m arine transpo rt.

Oil is no t the  only po llu tan t to  consider, however, and every p o rt should 
analyze discharges being m ade w ith in  th e  harbor confines related  to  food proces­
sing, m eat packing, brewerys, fish canneries, wineries, p lating  shops, chemical 
m anufacturing, oil well brine, lea ther and tex tile  dyeing plants, laundry  wastes, 
petroleum  w aste, oil refinery w aste, cooperage of barrel washing facilities, tan k  
car washing, run-off from  farm lands where pesticides and insecticides are used, 
and th e  oily w aste from  shipyards and ship repair facilities. The discharge from 
these processes as well as others of a related  n a tu re  generally require some ty p e  
of p re -trea tm en t before discharge into harbor w aters since they  often contain 
bo th  toxic substances and suspended solids.

Some pollution problem s m ay arise from th e  sheer size of ships now coming 
into service. Very large propellers m ay have an  effect no t only on tu rb id ity  
b u t also on salin ity  by increasing tu rb u len t m ixing in and through the  halocline. 
If th is  occurs, it  could seriously a lte r th e  relationship betw een salinity  changes, 
dep th  and bo ttom  type  which are im portan t to  th e  spawning grounds for some 
fish and invertib ra tes (7). This problem  would obviously be com pounded if 
there  is a g rea ter tren d  tow ard th e  use of bow and stern  th ru ste rs  on large vessels 
w hether th ey  be of th e  propeller or w ater je t type.

B. U N I T E D  S T A T E S  A N D  I N T E R N A T I O N A L  P O L L U T I O N  L AW S,  
C O N V E N T I O N S  A N D  P O L L U T I O N  I N S U R A N C E

To anyone in  the  shipping business it  is a cliche th a t  a p a r t from  the  expense 
of additional insurance and th e  operating  costs and purchase price of special 
anti-pollu tion devices, every ship in the  fu ture m ay well have to  carry as a m em ber 
of its crew a properly qualified sea law yer to  guide his vessel th rough th e  maze 
of an ti-po llu tion  laws now being enacted th roughou t th e  world.

Ju s t how uniform  the m ultip licity  of laws and regulations will u ltim ately  
become is a m a tte r  of grave concern to  the  shipping industry . I t  appears obvious, 
however, th a t  th e  costs which compliance will impose will be considerable and 
canno t be absorbed entirely  by  th e  industry .

Federal regulations in  th e  U nited  S tates are becoming m ore s tric t and 
u ltim ately  will undoubtedly  preem pt m any sta te , regional and local regulations. 
A case is to  be heard  in mid-1972 by th e  U. S. Suprem e C ourt involving th e  S tate  
of F lorida and w hether or n o t i t  can impose pollution controls which are more 
s tric t th a n  those of th e  federal governm ent (8). New Y ork, Connecticut, Virginia, 
N orth  Carolina and Georgia are reported ly  considering sim ilar legislation. The
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U. S. Suprem e Court is also expected to  rule in  mid-1972 on a case involving a 
M ichigan anti-pollu tion law forbidding barges w ith flush toilets to  en ter its inland 
w aters while a t  th e  same tim e U. S. law perm its such barges on inland w ater­
w ays (9).

I t  is obvious to  nearly everyone th a t  com pletely independent action or 
« hom e rule » is a luxury  which cannot be afforded in  the  field of pollution control 
and environm ental m anagem ent. A simple ship to  shore connection for w aste 
discharge, for exam ple, if left to  th e  discretion of each s ta te  or na tion  could lead 
to  hundreds of different standards resulting in  costly duplication of equipm ent and 
endless conflicting in terp re ta tions of legal and engineering requirem ents.

1. U. S. Water  Quality I m p ro v em en t  Act of 1970.

The U. S. W ater Q uality Im provem ent A ct of 1970 provides on a  national 
basis th e  m eans for policing dam age to  th e  ecology of U nited  S tates w aters. 
This law, for exam ple, p rohibits discharges w ith in  the  12 mile lim it and all spills 
or discharges m ust be reported  to  th e  U. S. Coast G uard. I t  imposes a clean-up 
liability  of $100 per gross to n  of th e  responsible vessel or $14 million, w hichever 
is less. W illful violators are subject to  a civil penalty  of $10,000 for each offense 
plus the  cost of cleaning up th e  spill. E very  vessel over 300 GRT m ust ob tain  
from  th e  Federal M aritim e Commission (FMC) a certificate of financial responsi­
b ility  to  m eet th e  clean-up costs which could be im posed under the  act. The 
ac t also forbids th e  discharge of im properly trea ted  sewage from vessels into 
U. S. navigable w aterw ays.

The federal regulations would perm it discharge of w aste from small craft 
a fter trea tm en t w ith  m ascerator-chlorinator ty p e  devices. Such equipm ent 
can provide trea tm en t a t  abou t th e  equivalent of prim ary trea tm en t by m unicipal 
sewage plants. Most states, however, w an t th e  law strengthened to require 
holding tanks th a t  are pum ped ou t into shoreside facilities when th e  boat re tu rn s 
to  its  dock. They feei th a t, in  general, th e  new federal law is too lenient insofar 
as th e  sm aller c ra ft are concerned.

The federal law which was enacted on A pril 3, 1970, provides th a t  following 
th e  com pletion of research on w aste disposal system s and a repo rt to  the  U. S. Con­
gress on th is  subject th a t  th e  E xecutive D epartm en t, th rough th e  E nvironm ental 
P ro tec tion  Agency (EPA ), shall prom ulgate standards for m arine san ita tion . 
New vessels m ust be equipped w ith approved devices w ith in  two years after the 
standards are adopted by E P A  and existing vessels m ust be so equipped after 
five years. There have been several s tandards proposed to  date by th e  EPA , 
b u t as of mid-1972 none had been officially adopted . This m eans th a t  th e  two 
y ear and five year periods have no t y e t begun.

The Coast Guard is the  U nited  S tates federal agency which has the  responsi­
b ility  under th is  ac t for coastal and offshore pollution control and enforcem ent. 
I t  will be th e  agency responsible for imposing regulations and im plem enting the
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standards which are finally adopted and will be th e  final au tho rity  on th e  design, 
insta lla tion  and operation of all m arine trea tm en t p lan ts (10).

I t  should be no ted  th a t  th e  Refuse A ct of 1899 has been strongly enforced 
recently  and prohib its discharges into navigable w aters w ithout a perm it issued 
by  th e  U. S. A rm y Corps of Engineers. Chemical spills, for exam ple, come 
under th is  act. A ttem pts are being m ade to  transfe r th is perm it g ran ting  au tho ­
r ity  to  the  EPA . In  a 1972 survey conducted by th e  Am erican A ssociation of 
P o rt A uthorities, it  was found th a t  a to ta l of .$138,432,200 of construction work 
in various ports was being delayed due to  general confusion in th e  perm it g ranting 
process and because of adm inistra tive problem s associated w ith th e  various 
pollution and environm ental control agencies (11).

2 . British oil in navigable w a te r s  bill.

This proposed legislation by th e  B ritish  governm ent would provide for a 
fine of up to  $120,000 for any  transgression of pollu tion  regulations in  B ritish 
w aters.

Botli B rita in  and South Africa now reserve th e  righ t to  destroy and sink a 
grounded tan k e r th rea ten ing  th e ir  coastlines.

(Many countries, however, are evidentally  still relying on th e  old common 
law position th a t  a to r t  feasor is liable for his negligent acts.)

3 . Canada Sh ip pi n g  Act of 1971.

U nder th e  C anada Shipping A ct of 1971 a levy of 15e per tons has been placed 
on all oil shipm ents of over 1,000 tons, by vessel, both  into and ou t of Canadian 
ports. This levy am ounting to  2e per barrel will be used to  build up a fund of 
from $15 to  $20 m illion for th e  clean-up of any  oil spills for which responsibility 
cannot be established (12).

4 . Greek pollution control  Act of 1971.

The Greek governm ent under a shipping law passed last y ea r is tak ing  ra th e r 
drastic  steps against polluters which provides for fines by po rt au thorities of up 
to  $26,650 for spills in the ir areas. The Shipping M inistry which has au tho rity  
over the  ports, however, m ay levy fines of up to  $1.65 million in  exceptionally 
serious cases (13).

5 . S tate  of Maine  oil transfer  tax.

The S ta te  of Maine recently  passed a law im plem enting a half cent a barrel 
ta x  on all oil transfers. This m oney would be used to  finance a coastal protection 
fund th a t  would pay  for policing oil term inals and dam age from  tan k e r spills.
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6 . IIVICO (Agency of the United Nat ions) .

There are two Intergovernm ental M aritim e C onsultative O rganization (IMCO) 
conventions arising from  the  T O R R E Y  CANYON disaster agreed to by some 
40 nations in N ovem ber of 1969 as follows :

a) Public Law Convention — concerned witli the  powers of coastal s ta te s ; to  take  
action in the  event of a m ajor catastrophe even to  th e  ex ten t of destroying 
a vessel th a t  poses a serious coastal pollution hazard .

b) Civil Liability Convention —  concerns liab ility ; w ith com pensation to be 
paid for clean-up operations. This places on the shipowner a lim it of $135 
per gross to n  up to  a m axim um  of $14 million for any one disaster. All ships 
would have to  be insured and carry  certificates of insurance. B y the  term s 
of this convention the  to ta l q u an tity  of oil discharged by a tan k er on a ballast 
voyage m ust not exceed 1/15,000 of its to ta l cargo carrying capacity . This 
would mean, for exam ple, th a t  for a 150,000 dw t tan k e r it  could discharge 
10 tons of oil into the  oceans on a ballast voyage.

A new IMCO convention is scheduled for adoption a t a conference to be held 
in London in October 1973. The prim ary objective of th is 1973 conference will 
be to  achieve by 1975, if possible, the  com plete elim ination of in ten tional oily 
discharges into the  seas by tankers and o ther vessels. I t  should be pointed out 
th a t  a g reat deal of very valuable research work is now being carried ou t by 
various countries in  p reparation  for the  1973 convention and involves a t  least 
10 separate studies (14).

7. Convention for the prevention of mar ine  pollution.

An agreem ent was signed in Oslo, Norw ay, on F ebruary  15, 1972, betw een 
12 E uropean nations called th e  « Convention for the  P revention  of Marine Pollu­
tion  » (15). By the  fall of 1972 it is hoped th a t  th is  will have the  sta tu s  of in ter­
national law. The in ten t of th is  convention was to  p roh ib it dum ping of dangerous 
m aterials in the in ternational w aters of the  seas extending from G reenland to  
F inland and from G ibraltar to  the  Arctic. The tw elve countries concerned are 
Belgium, D enm ark, France, W est G erm any, F in land , Iceland, B rita in , the  N ether­
lands, Norway, Spain, P ortugal and Sweden. The agreem ent covers w aste 
dum ped from both  ships and aircraft. The prohibition  on dum ping would cover 
durable plastics, m ercury, cadm ium , arsenic, lead, pesticides, scrap, m etal, ta r  
and m any other p roducts and com pounds. Each country  would be expected 
to  prosecute its own nationals in th e  event of an offense.

I t is an tic ipated  th a t  th e  U nited N ations environm ental m eeting to be held 
in Stockholm in mid-1972 will propose some additional restrictions based upon 
a previous convention prepared a t  R eykjav ik , Iceland, in April of 1972 by the  
In tergovernm ental W orking Group on M arine Pollution.
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8 . Proposed Mediterranean a greem en t .

The Food and A gricultural O rganization of th e  U nited  N ations has worked 
ou t an  anti-pollu tion  program  for th e  M editerranean area which will eventually  
be subm itted  to  th e  16 M editerranean countries for th e ir  approval (16).

9. Pollut ion insurance.

P ollu tion  insurance m ay end up as w ar risk insurance has in  th a t  i t  will 
u ltim ately  be too expensive for p riva te  industry  to  underw rite  and could require 
some type  of governm ent sponsorship. Two industry  groups th a t  are a ttem p tin g  
to  provide th e ir own insurance plans are th e  following :

a. T O V A L O P  (17).

The T anker Owners’ V oluntary  A greem ent Concerning L iability  for Oil 
Pollu tion  (TOVALOP) came into effect on O ctober 6, 1969. I t  provides a form 
of jo in t liability  insurance up to  a m axim um  of $100 per gross ton  of th e  vessel 
or $10,000,000 per tan k e r incident. Some au thorities feei th a t  if all tanker 
operators could be persuaded to  join such a system  voluntarily , m uch of th e  curren t 
in ternational legislation would no t be necessary.

Today, 96%  of th e  w orld’s tan k e r tonnage is operated by m em bers of 
TOVALOP.

b. C R I S T A L  (17).

This is an  agreem ent (C ontract R egarding an In terim  Supplem ent to  T anker 
L iability  for Oil Pollution) composed of oil companies, as opposed to  tan k e r 
owners, and relates to  th e  cargo on board th e  vessel itself. In  effect it  is a self- 
insurance scheme which supplem ents th e  com pensation payable by a shipow ner 
w hich raises th e  to ta l th a t  can be paid for any single pollution incident 
to  $30,000,000. I t  is available in  all instances w here th e  shipow ner is a m em ber 
of TOVALOP. I t  guarantees com pensation to  individual claim ants who suffer 
dam age from  a tan k e r m ishap, for exam ple, fishermen and b o a t owners, as well 
as to  governm ents.

C. P O L L U T I O N  D E T E C T I O N

N um erous devices and procedures are  now being developed to  m onitor and 
control pollution. The m ost im p o rtan t factor in  th is  regard is obviously to  be 
able to  identify  the  po llu ter and to  do so in  such a m anner th a t  a conviction can be 
obtained in a court of law.

R ecent studies m ade a t  W oods Hole, M assachusetts, and by th e  U. S. R ureau 
of Mines have shown th a t  every body of crude oil and the  refined products m ade 
from  it reveal a definite indentifiable com position or « fingerprin t » which is different 
from all o ther oils and even from  each oil w ith in  the  same field, b u t from different
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horizons w ith in  the  field. These « fingerprint » characteristics can be recognized 
by  analysis w ith  sophisticated, m odern analytical techniques such as gas chromo- 
tography . If a catalogue could be developed of th e  w orld’s different oil types, 
i t  would greatly  aid in  th e  prosecution of those responsible for m ajor oil spills 
where positive identification is otherw ise difficult, if no t impossible to
establish (18) (19).

The U nited S tates Coast G uard now has a rad a r like device which can be 
carried in  planes or helicopters to  spot oil slicks in  fog or darkness in  order to  
apprehend vessels which dum p w astes w hen approaching port. This device is
sim ilar to  a cam era and is sensitive, no t to  visible light, b u t to  m icrowave
radiations, and is called a m icrowave radiom eter.

H allikainen Instrum ents has developed a small portab le  300 pound floating 
oil detector to  find m inu te  traces of hydrocarbons on w ater which m ay no t even 
be visible to  th e  naked eye. The device utilizes a ligh t reflecting principal and 
photocell for m easuring th e  in tensity  of th e  reflected light. This detector gives 
off a signal of varying in tensity  depending upon th e  thickness of th e  oil spill (20).

H elicopters using infrared sensors have proven effective in  determ ining 
sources of pollution particu larly  w here small therm al differences are involved. 
As m uch as 1/10 of a degree in  tem pera tu re  differential can be detected w ith 
these devices. The m easurem ents are tran sla ted  into a pictui'e of ligh t and 
dark  shading on a television screen in  th e  helicopter cabin. The p a tte rn  clearly 
shows the  to ta l area which is being polluted and th e  evidence can be recorded 
on videotape for fu tu re  use as evidence against a polluter.

The m a tte r  of « positive identification » is of extrem e im portance in  assessing 
oil spill fines. E ven  th e  use of helicopters and photographs should probably 
be supplem ented by a sample hoisted up to  th e  helicopter for analysis and evidence 
of th e  spill, otherwise proof in court m ay be difficult to  establish.

D . M E C H A N I C A L  C O N T A I N M E N T  D E V I C E S

For oil spills and some types of chemical spills th e  initial effort m ust be direc­
ted  tow ard containing th e  spill so th a t  i t  can be rem oved by sorbents or skim ­
m ing devices. Some of the  m ore widely used types of containm ent devices are 
th e  following :

1. Spill  B o o m s  -— There are betw een th ir ty  and forty  different types of 
booms being m arketed  a t  present and th ey  come in m any shapes and sizes (21).

A bo ttom  tension type  oil containm ent boom capable of use in  waves up to 
20 feet, 2 k n o t currents and  60 k n o t w inds has been developed by  H um ble Oil 
& Refining Co. for use in th e  Santa  B arbara Channel and is now p a rt of th e  standby  
equipm ent of Clean Seas Inc. for em ergency use in th e  channel area. This boom 
is 500 feet long, has a 3.5 foot freeboard and a d raft of abou t 4.5 feet.
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Reynolds Subm arine Service Corporation has developed a ligh t w eight 
corrugated alum inium  boom which can be stored on a small spool aboard  a vessel 
or a t a dock. I t  has abou t a 7-inch freeboard and  m ain tains vertical flo tation  
by  m eans of a strip  of n itrile  rubber m onocellular foam. Its  use is restric ted  to  
ra th e r  calm w aters.

2 . Air  B a r r i e r s  —  U nderw ater air barrier system s have proven highly 
effective in  controlling oil spills in harbors and ports. Such a system  is ideal for 
closing off a harbor or m arina entrance (21). This m ethod is sim ilar to  system s 
in use for artificially aerating  w ater. The barrier consists of an underw ater 
perforated  pipe and a compressor a ttached  to  it. The pipe can either be suspended 
in  th e  w ater or placed on th e  bo ttom . As th e  compressed air m oves upw ard 
th rough th e  w ater from perforations in  th e  pipe i t  generates an  underw ater barrier 
of excited air bubbles th a t  form s a dike of interlocking columns of air and w ater 
on th e  surface. This forces th e  floating oil back from  th e  line and keeps it from  
p enetra ting  th e  barrier. Generally, these barriers can be used only in relatively  
calm  w aters.

A new ty p e  of floating air barrier device has been developed by  E ric R a th  
of L a jo lla , California. This u n it can be used in  rough w aters. I t  comes 
in 40' lengths, each weighing abou t 5,000 pounds. They can be connected together 
and form a continuous barrier. In  th is  system , a compressor w hich is m ounted 
on each section feeds air to  a m anifold running th e  length of an angled under­
w ater slope sheet. The air is th en  directed upw ard along th e  face of th e  slope 
form ing an air and w ater barrier a t the  face of th e  device (39).

3 . U n d e r w a t e r  t e n t s  —  A device for containing underw ater oil seeps or 
to  tra p  oil rising from  a sunken hull is in use by U nion Oil Com pany of California 
in  th e  Santa  B arb ara  Channel. This ten t-like  device was designed by  th e  F irestone 
Coated Fabrics Com pany and can be bu ilt in  vary ing  sizes. The te n t  floats f la t 
while on th e  surface and a flo tation  buoy raises th e  center of th e  te n t  in to  a shallow 
peak when i t  is subm erged. There is a base connection a t  th e  peak to  draw  off 
th e  trap p ed  oil. This fabric-dom e te n t  is m ade of PYC over nylon fabric and 
weighs abou t 22 ounces per square yard  (40).

4 . S e a d r a g o n  —  An am bitious new concept called « Seadragon » for cleaning 
up oil spills from  in ternational w aters is being developed and tested  for th e  oil 
in d u stry  by th e  G arre tt Corporation of Los Angeles under a con trac t w ith  th e  
Am erican Petro leum  In s titu te  (A PI) (21). The Seadragon concept consists of 
four separate  operations : a) sweeping, b) skim m ing, c) separating, and d) storing. 
I t  is hoped th a t  th is system  can effectively clean up oil spills in 8-foot waves. 
One of th e  principal design criteria  for Seadragon is th a t  it  be tran sp o rtab le  by 
a ir and th a t  it  can be deployed to  a spill site w ith in  four hours. T he goal for 
th is  system  is to  be able to  sweep an  area a t  a m inim um  ra te  of 120 acres an hour 
and process a m inim um  of 25,000 gallons of oil and  w ater per hour.

5. C o a s t  G u a r d  A DAPTS S y s t e m  and  C o n t a i n m e n t  B a r r i e r  —  The
U nited  S tates Coast G uard Air Delivered A nti-pollu tion  T ransfer System
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(ADAPTS) which has recently  been tested  in th e  open sea and is now being 
deployed for use is aim ed a t  d ram atically  reducing th e  am ount of oil entering 
th e  ocean from  a wrecked or leaking tan k e r or o ther vessel. The prim ary  elem ent 
of the  system  consists of large rubber tan k s and high speed pum ps delivered by 
a ir to  a wreck or leak location (23) (24).

In conjunction w ith th e  ADAPTS system , th e  Coast G uard recently  tested  
a high seas oil containm ent barrier designed by Johns-M ansville Corporation. 
This barrier theoretically  could operate in seas up to  five feet, tw o kno t currents 
and 20 m ph winds and could be deployed in m ost U. S. coastal w aters in  four 
hours or less. In actual tests, however, i t  was found th a t  cu rren t is a critical 
factor and th a t  th e  27-inch deep and  21-inch high barrier was no t effective in 
curren ts over 1 1 / 2  knots. A t these speeds the  oil would actually  go under the  
barrier and p enetra te  to depths as m uch as 20 feet.

The Coast Guard is now investigating  th ree  different devices to  recover the  
oil trapped  w ithin th e  boom. These th ree m ethods are : a) belt, b) disc, c) weir.

All p arts  of th e  ADAPTS system , however, will undergo fu rther testing , 
im provem ents, and m odifications as it  is used under actual spill conditions.

E. M E C H A N I C A L  R E C O V E R Y  D E V I C E

Once the  oil or o ther po llu tan t has been contained by a boom or o ther m eans 
a recovery device of some ty p e  is th en  employed to  pick up the pollu tan t.

1. S k i m m e r s  —  There are m any m echanical skim m ers on the m arket 
and, in general, they  fall into th ree basic categories : a) simple settling tan k s 
into which the oily or polluted m ix ture  is transferred  by the  forward m ovem ent 
of the  device (or as in one case, a paddle wheel), b) vacuum  pum ps to  transfer 
th e  m ix ture to  settling tan k s w ithin th e  device or to  rem ote tanks, c) wiping 
devices consisting of po lyurethane covered drum s, rollers or endless belts to  
selectively rem ove oil from th e  w ater surface and transfer i t  to  a storage tank . 
These skim m er devices, however, are extrem ely lim ited as to operational capability  
and, in general, wave heights of more th an  6 inches p reven t the ir effective use and 
waves of two feet generally prohibit u tilization  of even the  largest un its (21).

A popular skim m er is th e  ca tam aran  hull ty p e  nam ed the  MOP-CAT. The 
distinguishing feature of th e  MOP-CAT is a drum  which revolves betw een the  
two hulls and absorbs the oil in its plastic foam surface from which it is squeezed 
ou t in to  a containm ent vessel. In  some ports th e  MOP-CAT does double du ty  
as a fireboat, particu larly  in shallow w ater, and it  is light enough so th a t  it  can 
be transported  by helicopter. The MOP-CAT is w ater je t propelled and can 
m ove backw ards, forwards or sideways (25).

The O ela-III oil skim m er is excellent for ge tting  into hard-to-reach areas, 
such as underneath  docks. I t  consists of a central rounded control float from
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which are extended four spoke-like arm s w ith floats which balance th e  entire 
assemblage. I t  weighs only 110 pounds. As th is  device floats, th e  suction 
process skims the  w ater, rem oving oil or o ther po llu tan ts w ith a m inim um  of 
w ater content. I t  can be used from practically  any ty p e  of open boat.

A nother very effective skim m er is th e  R heinw erft w eir-type. I t  was 
developed in  W est G erm any and is in w idespread use in Europe and  th e  U nited 
S tates. I t  utilizes a floating basin in th e  center of th ree  perim eter floats in  a 
tr iangu lar configuration. I t  can be bu ilt to  alm ost any size and capacity  desired. 
I t  is ligh t and can be handled and m aneuvered by light harbor craft.

2 . Vacuu m  B a r g e s  — There are m any vacuum  barges (also classified as 
skimmers) in  use and to  a good m any po rt personnel, th ey  represent th e  sim plest 
and m ost effective m ethod of rem oving oil from  w ater when th e  spill is of a ra th e r 
m inor natu re . Generally, m ost vacuum  barges are self-contained, self-propelled 
and have sufficient deck area for crew activities, storage tanks, pum p equipm ent, 
chemical d ispersant applicators and storage for chemicals and absorbent m aterials. 
They are usually of ra th e r  shallow d ra ft and can be used in conjunction w ith  o ther 
m ore sophisticated equipm ent. They can norm ally carry  from 500 to  1,000 feet 
of lightw eight containm ent boom in addition to  o ther capabilities.

F.  A B S O R B E N T S ,  S I N K I N G  A G E N T S ,
C H E M I C A L  A N D  B A C T E R I O L O G I C A L  A G E N T S  (41)

1 . A b s o r b e n t s  —  F o r heavy crude oils, one of th e  best m eans of rem oval 
is by using straw  as an  absorbent. I t  m ust be recognized, however, th a t  th e  
problem  of cleaning up the  oil-soaked straw  is oftentim es a difficult and tim e 
consum ing operation. This problem  was quite evident after th e  collision of the  
S tandard  Oil tankers ARIZONA STANDARD and OREGON STA N D A RD  near 
th e  Golden Gate Rridge in San Francisco on Ja n u a ry  18, 1971 (26) (22).

Saw dust is ano ther good absorbent as well as perlite, expanded verm iculite, 
styrofoam , hay, rope, tree  bark , pea t moss, pine bark , zinc s tea ra te  coated talc, 
kelp, tex tile  w astes, and polyurethane foam. P ractically  all of these m aterials 
are difficult to  apply in high wind conditions and are sometimes difficult to  recover 
in th e ir  entirely  if dispersed over a wide area. To control the ir application, they  
m ust generally be applied by spraying them  on to  th e  surface in a slurry m ix ture  
w ith w ater. T heir recovery on open w ater is often best effected on a large scale 
by the  use of purse seiners ou tfitted  w ith special nets.

R ecent experim ents indicate th a t  co tton  is a m uch b e tte r absorbent th a n  
straw . I t obviously would do less harm  to the  ecosystem  th a n  chemicals w here it 
cannot all be recovered after a spill. Furtherm ore, cotton, unlike straw , can be 
structu red  into a  flexible felt-like m a trix  allowing m axim um  accessibility of oil 
to  fiber surfaces. This belt-like m atrix , in  a continuous form, can rem ove oil 
from the w ater, have th e  oil squeezed free from it on a barge, and re tu rned  imme­
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diately to  the  w ater to  absorb more oil. Iii addition, disposal by burning or 
burying, as in the  case of oil-soaked straw , is no t necessary. These additional 
advantages of a cotton  absorbent as contrasted  to  straw  would, in all probability , 
offset its greater cost. A continuous conveyor belt type  system , for exam ple, 
could be m ounted on the  fron t of a barge and propelled slowly through th e  slick 
w ith  th e  oil being retrieved in a continuous process. An actual pilot pro ject of 
th is n a tu re  is now in operation for testing  various types of cotton  fibers a t  the  
Texas Research Center, Texas Technical U niversity, a t Lubbock, Texas (27).

2 . S i n k i n g  A g e n t s  — M aterials which have been used to  sink floating oil 
have generally been line grained, high density m inerals in a n a tu ra l or processed 
form. Some of these m aterials include sand, clay, fly ash and steara te-trea ted  
chalk.

The « sand-sink » m ethod for coping w ith oil spills is quite  effective. In 
th is  m ethod, th e  sand has been previously trea ted  to  m ake the  oil cling to  the 
individual grains. I t  is then  sprayed on the  oil, th e  sand adheres to  the  oil carrying 
it  to  the bottom  as i t  sinks. The ra tio  of sand to  oil needed to  effect sinking of 
th e  slick is abou t one to  one by weight (28).

There is still considerable controversy as to  w hether th e  effectiveness of th is 
system  m ay no t be offset by th e  bo ttom  dam age it  m ight cause.

3 . E m u l s i f i e r s  —  The dispersants and emulsifiers which are commer­
cially available can be generally classified as w ater-based or organic solvent 
based. As a general rule, th e  solvent based dispersants are effective, over a 
w ider range of conditions and petroleum  products. They tend , however, to 
exhibit greater toxicity  characteristics and have lower flash points, thus requiring 
greater care in handling. These agents generally require spray equipm ent of 
some ty p e  for application to  th e  surface.

I t is still som ew hat of an  open question as to  w hether the  emulsifiers and 
surfactan ts available do m ore harm  to the  ecology th a n  th e  oil itself.

4 . M i c r o o r g a n i s m s  —  Considerable research work is now being done 
by a num ber of laboratories on various types of m icroorganism s th a t  feed on 
crude oil (21). One of the  obvious goals of th is  effort is th e  developm ent of 
microorganism s suitable for use in cleaning up oil spills. The use of th is approach 
to  oil spill clean-up is being studied more w ith a view tow ard th e  cleaning up of 
th in  oil coatings on beaches after m ajor spills ra th e r th an  as a solution to  m ajor 
accidents on open w ater where the g reater p a r t of the  clean-up m ust be by other 
m eans.

The office of N aval Research a t  the  N aval Civil Engineering L aborato ry  a t 
P o rt H uenem e, California, is also conducting extensive research in a ttem p ts  to 
isolate th e  various types of bacteria  th a t  have an appetite  for oil (29).

5. J e l l i n g  and  P o l y m e r i z a t i o n  —  In these types of applications there 
is a physical change of sta te  of the  oil, typified by jelling or by polym erization or
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otherwise stabilizing the physical form of an oil spill. Petro-Form  Industries, Inc. 
of H ouston has developed a chemical which, when sprayed on the  oil, causes it 
to  solidify into a sponge-like m ass which can be m anually  picked up from the  
w ater as w ith norm al floating debris.

6 . S u r f a c e  A p p l i c a n t s  —  An interesting new concept for burning oil off 
th e  surface of w ater is the  small cellulated glass nodules called « Sea B eads » which 
have been developed a t P ittsb u rg  Corning Corporation (21). These are ligh t­
w eight and buoyan t nodules abou t one-quarter inch in diam eter which float on 
th e  surface along w ith the  oil. Their tex tu red  surface quickly becomes covered 
w ith oil as a resu lt of capillary action. The oil can th en  be ignited w ith an  ordinary  
blow to rd i or o ther incendiary device. They can be dropped from  planes or 
spread on the  surface by ships. They can be collected by m echanical means 
for re-use again or m erely left to  disintegrate on th e  shoreline.

The Shell Oil Company recently  in troduced a new surface active chemical 
agent to  aid in  th e  containm ent and clean-up of oil spills called « oil h erder ». 
I t  has been officially classified by th e  E nvironm ental P ro tec tion  Agency (EPA ) 
as a « surface collecting agent » in accordance w ith definitions outlined in the ir 
s tandards and criteria. The oil herder chemical is applied to  th e  periphery of 
th e  spill and tends to  herd it in to  a small area from  which it can be collected by 
conventional skim m ers or suction lines (30).

G. O T H E R  M E A N S  O F  L I M I T I N G  P O L L U T I O N

1. V es s e l  C o n s t r u c t io n  —  Several m ethods have been proposed to  elim inate 
ballast waste problem s from  tankers. One of these proposals is th e  building 
of more clean w ater ballast tan k s into new tankers so th a t  cargo tan k s are no t 
used for ballast purposes. The cost of such a scheme, however, would probably 
add about $1 billion to  tanker construction costs for the  1975-1980 period alone. 
Double hulls have also been proposed by some persons, while others feei th a t  an 
added risk for po ten tia l explosions is created by double walls.

2. A c c i d e n t  P re v en t i on  — Accident prevention is of param ount im portance 
and preventive m easures can bring results. For exam ple, one-half of all the  
w orld’s vessel collisions occur between Dover, England, and th e  E lbe River. 
Clearly, b e tte r navigational and traffic control could bring definite im provem ents 
to  such an area.

3 . S h o r e s i d e  W a s t e  R ec ep t i on  F a c i l i t i e s  — The use of holding tan k s on 
board vessels points ou t the  need for facilities a t  ports to accom m odate wastes.

Several ports are reported  to be em barking on program s of ty ing  the ir san itary  
sewer lines into city sewer system s thereby  elim inating any vessel discharge 
directly  into the  harbor w aters and also elim inating the need for holding tan k s 
or special trea tm en t p lan ts  on port property.
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B urns W aterw ay H arbor a t  Portage, Indiana, is probably th e  first U. S. port 
th a t  has provided specially bu ilt w aste trea tm en t facilities for ship and industrial 
wastes. The ac tivated  sludge secondary trea tm en t facility for th is  new po rt 
complex was com pleted in 1970 a t a cost of alm ost $700,000. I t  will be used 
to  tre a t  polluted w ater from ships bilges, ballast tan k s and ship’s san itary  dis­
charges and industria l wastes.

A nother m ajor shoreside w aste reception facility  which was recently com pleted 
is th a t  a t  the  Sem bawang Shipyard in  Singapore. This facility was installed as 
a resu lt of th a t  R epublic’s « Clean Seas A ct of 1971 ».

4 . L o a d - o n - t o p  P r o c e d u r e  — The load-on-top procedure is a m ethod 
of handling retained  washings in  oil tankers ra th e r  th a n  pum ping them  over­
board a t  sea. This procedure re ta ins th e  tan k  washings and/or demulsifiers on 
board and congregates it in one ta n k  where it  rem ains for th e  ballast voyage. A 
new load of crude is then  placed in  th a t  tan k  on top  of th e  tan k  washings.

The load-on-top system  for th e  larger tankers has b rought abou t a striking 
reduction  in  operational pollution. I t  was adopted in 1964 and is now used by 
about 80%  of the  w orld’s tan k er fleet (31). P rio r to  th a t  tim e, an average 
40,000 to n  tanker discharged abou t 83 tons of oil w ith each flushing of its tanks. 
W ith  th e  load-on-top-procedure th is  is reduced to  som ething on th e  order of 
th ree  tons.

5 . H a r b o r  F l u s h i n g  —  N um erous schemes have been proposed from tim e 
to  tim e for m echanical m eans of flushing harbors. A proposal for a  flushing 
scheme for th e  Southern San Francisco B ay  area was recently  pa ten ted  by  an 
Oakland, California, contractor. This system  is essentially a dike, gate and 
channel system  which provides for im ponding a t  high tide  and opening of 
gates to  discharge th e  w ater a t  low tide  providing a flushing action th rough the  
harbor (32).

6 . A er at i on  — One of the  more obvious solutions to  pollution problem s 
caused by a lack of dissolved oxygen in the  w ater is th e  m echanical aerator. 
One of th e  more successful recent efforts involving m echanical aeration  is th a t  
provided by the  Tham es Board Mills L td . on th e  Tham es in London which dis­
charges some 5 MOD of w ater used in its paperboard  m aking process (33). The 
P o r t  of London A uthority  is imposing m ore s tric t requirem ents on th e  am ount 
of suspended solids perm itted  in p lan t effluents along th e  Tham es which was 
th e  reason for th e  insta lla tion  of th is  aeration  device. This particu lar m achine 
has a capacity  of in troducing abou t five tons of oxygen per day into the  river 
w aters a t  th e  effluent outfall.

7. S h i p b o a r d  W a s t e  T r e a t m e n t  (34) —  There are basically four different 
ty p es of shipboard sewage and w aste trea tm en t schemes or devices which are 
either in use or are proposed for vessel use. These include the  following :

a) H olding tanks.
b) M acerator-chlorinators.
c) Incineration.
d) Aerobic digesters.
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Each of these system s has its  liabilities as well as its assets. The holding 
tanks, for exam ple, could occupy considerable space aboard  a vessel and require 
expensive on-board piping and pum p installation, regardless of w hether the  
tan k s contents are u ltim ately  dum ped a t  sea or pum ped ashore to  trea tm en t 
facilities. The m acerator-ch lorinator has m ost of the  same difficulties. Incin­
erators no t only con tribu te  to  air pollution, b u t th e  fuel costs to  operate them  
could become excessive. Aerobic digesters would create an additional problem  
of how to  dispose of th e  chemicals used in th e  digester. The overall problem , 
however, is com pounded by th e  proliferation of local, s ta te  and federal legislation 
which m ay m ake an  expensive shipboard trea tm en t insta lla tion  obsolete shortly  
after it  has been installed.

8. S h i p b o a r d  S o l id  W a s t e  C o m p a c t o r  — The recently developed H ydra 
Pack  Mark I I I  solid w aste com pactor has the  capability  of handling galley and all 
o ther shipboard solid w aste in a vessel carrying a crew of 40 men. I t  reduces 
the  w aste to  a 2 1/2 cu. ft. com pacted slug weighing abou t 50 pounds which can 
be p u t into a p lastic  bag for off-loading in port.

H.  P O R T  C L E A N - U P  O P E R A T I O N S  A N D  C O N T I N G E N C Y  P L A N S  (42)

Throughout th e  U nited S tates and m ost of th e  world, a dedicated effort is 
definitely being m ade to  control pollution on th e  w orld’s coastlines and  ports. 
I t  is indeed w orthy of note th a t  some of th e  sm aller ports have actually  tak en  the  
lead in  th is  field and are pointing th e  way for the ir larger counterparts.

I .  Oil  Sp i l l  O o - o p s  —  According to  a recent survey of the  Am erican P e tro ­
leum In s titu te  (A PI), there  were some 67 oil spill clean-up cooperatives operating 
in th e  coastal and inland w aterw ays of th e  U nited  S tates in 1971. There are 
22 additional co-ops in the  process of being organized. Of the  1971 to ta l, 
25 becam e operational in 1971 (35).

2 . P o r t  of  P o r t la n d  —  One of the  more active and  successful co-op groups 
is th e  Swan Island Safety Pollu tion Control Com m ittee of P ortland , Oregon. 
They have even developed th e ir own paten ted  pro to -type skim m er which is said 
to  be som ew hat more effective th a n  o ther types. I t  has the  capability  of skim ­
m ing 5,000 gallons per m inute and was developed to clean up m edium  to large 
spills. This group works closely and sometimes jo in tly  w ith th e  Oregon Oil 
Spill Cooperative which is m ade up of all m ajor oil companies in Oregon (36).

3 . P o r t s  of  S a n  F r a n c i s c o  and O a k la n d  —  San Francisco Bay now has
an  industry  sponsored organization know n as « Clean B ay Inc. » to  handle m ajor 
oil spills of the  m agnitude th a t  recently  occured there. This group is in the 
process of acquiring and assem bling th e  necessary equipm ent and expertise to 
handle a spill of up to 20,000 barrels w ithin a five or six day period. There are 
six such groups, such as « Clean B ay Inc., » on th e  W est Coast which now can 
cover an oil spill anyw here from Mexico to Canada (39). The Clean B ay Inc.
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group can m uster a force of 225 men w ith in  abou t 2 hours. They will also have 
a to ta l of 22 skimmers available plus o ther equipm ent. Their long range plans 
call for the  ability  to  handle a 100,000 bbl spill by 1974. They plan to  have two 
second generation ocean class skimmers of massive size and 1,000 feet of 7.5 foot 
high containm ent boom by th a t  tim e. The previous problem s related  to  the  
use of volunteer help for the  care of oil soaked birds and in jured  wild anim als 
would be taken  over in fu tu re  spills by the  Resources Agency of the  S ta te  of 
California. The Clean B ay Inc. group is supported prim arily  by th e  ten  m ajor 
oil companies w ith facilities in the  bay area.

4 . F r e m a n t l e  P o r t  A ut ho r i t y  The F rem antle  P o rt A uthority  of A ustra­
lia has recently  purchased a portable floating boom which can be transported  to 
alm ost any location in th e  perim eter of th e  harbor on its own specially designed 
trailer. This un it can be m oved quickly to  the  scene of a spill.

5 . P o r t  of B a l t i m o r e  —  The P o rt of B altim ore is beginning to  assemble 
quite an  array  of pollution control equipm ent which includes a recently donated 
K aiser Oela III  oil skimmer. In addition, the  po rt has three spill control vessels, 
about 3,000 feet of containm ent boom and a considerable supply of absorbent 
m aterials. The M aryland Petro leum  Association has donated a considerable 
p a rt of th is equipm ent to the  port.

6 . P or t  of B o s t o n  — The Boston H arbor Pollution Com m ittee sponsored 
by the  M assachusetts P o rt A uthorithy  has proven the  effectiveness of a voluntary  
association in organizing and coordinating th e  efforts of more th a n  two dozen 
organizations involved in ac tiv ity  aimed a t  pollution control in B oston H arbor. 
This com m ittee m eets m onthly and includes in  its m em bership cognizant federal, 
sta te , and m unicipal agencies as well as civic groups.

7. P o r t  of  M ob i le  - The P o rt of Mobile has recently com pleted plans for 
the  installation  of a san itary  sewage collection system  for shipboard wastes and 
hopes to  get construction of th is system  underw ay shortly  so th a t  it  can be in 
operation by 1973.

8 .  N orfo lk  P o r t  and  Indu str ia l  A ut ho r i t y  -  The H am pton  Roads 
M aritim e Association has prepared a contingency plan  of a cooperative nature  
for the  prevention, containm ent and cleanup of oil and hazardous m aterials for 
the  H am pton  Roads area. Their equipm ent includes vacuum  barges, skimmers, 
chemical agents, septic tanks, pum per truck , m echanical pick-up devices and 
several hundred feet of commercial booms. In addition, booms from  various 
o ther agencies, in the im m ediate v icinity  such as th e  U. S. N avy and Coast Guard 
are available. There are also th ree oil spill recovery vessels available to augm ent 
th e  pollution control equipm ent.

9 . P or t  of  Ho n g  Kon g  — The P ort of Hong K ong has taken  extensive m easu­
res to respond to  oil pollution and keeps approxim ately  10,000 gallons of emulsi­
fier available for im m ediate use a t  any tim e. These chemicals are stored a t  key 
locations th roughout the  harbor so th a t  th ey  can be brought to  any oil polluted
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spot in a m inim um  of tim e. In addition , they  have several hundred feet of 
boom available for rapid  deploym ent.

10. P o r t  of  T o l e d o  — The P o rt of Toledo could well serve as a model 
for m any sm aller ports to  follow, particu larly  in term s of contingency planning 
to handle spills. The Toledo H arbor Spill Com m ittee is m ade up of a good cross 
section of bo th  industry  and p o rt representatives. They hold periodic m eetings 
to  discuss such m atte rs  as boom replacem ent and disposition, hold oil spill drills, 
m ain tain  a com prehensive inventory of spill control equipm ent and keep an up 
to  date roster of available personnel. Many companies have purchased booms 
and related  equipm ent, dispersants, absorbents, small boats, pum ps and o ther 
tools which are available for spill emergencies. Each year since 1968 periodic 
drills, tra in ing  exercises and dem onstrations have been held and each tim e some­
th ing new is learned abou t safety and effectively containing and cleaning up spills.

11 . P o r t  of Los  A n g e l e s  —  The P o rt of Los Angeles has achieved signi­
ficant results in its pollution clean-up cam paigns prim arily  by stric ter enforce­
m ent and policing of pollution laws and regulations. In 1971, for exam ple, port 
personnel spent some 7,200 m an hours in  d irect regulatory  control plus abou t 
100 hours of air surveillance. There were some 321 investigations of possible 
pollution m ade which resulted in the  fding of 36 com plaints against polluters 
and 34 substan tia l fines for violations were paid (37).

To serve the various classes of vessels, the  P o rt of Los Angeles will, in the 
future, provide barges for receiving san itary  w aste discharges from vessels. In 
addition, the  p o rt will construct and install one or more shore facilities for receiving 
w astes from vessels for transfer to  th e  city sewer system .

There have been several ra th e r extensive environm ental studies m ade w ithin 
recent m onths related  to  the  p o r t’s environm ental and pollution problem s. One 
recent three volume study  by Engineering Science Inc. provided some ra th e r 
interesting concepts on ecosystem m anagem ent. One of these described as the  
E nvironm ental P aram eter Index (E P I) Concept, sets up in  m atrix  and tab u la r 
form mixes of stim ulan ts (phosphorus, nitrogen and dissolved oxygen, etc.) 
versus the  perm issible m ix of tox ican ts (lead, copper, pesticides, radioactive 
m aterial, etc.) th a t  could be perm itted  to  sustain  various levels of m arine life (38). 
This system  would require extensive m onitoring b u t i t  could provide early w arnings 
as to  when an ecosystem is in danger and indicate w hat steps should be tak en  to 
preserve it.

I G O A L S  A N D  R E C O M M E N D A T I O N S

I t is obvious from the  foregoing th a t  m any th ings are being done to  reduce 
pollution and to  clean up the  environm ent. Some specific suggestions and objec­
tives th a t  th e  au th o r feels would be beneficial include the following :
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1. The form ation of additional cooperatives for the  pooling of equipm ent and 
resources is highly recom m ended and these cooperative efforts should insofar 
as possible be extended to  include jo in t usage of shoreside tre a tm e n t and 
reten tion  facilities.

2 . Vessels should carry some ty p e  of identifying m arks, colors or flag signals 
as to  the  ty p e  of com m odity they  are carrying. This would apply p a rti­
cularly to  oil and chemical tankers.

3 . The use of superships should be confined to  a relatively few ports so th a t 
the  m axim um  am ount of clean-up equipm ent can be confined to  a relatively 
few locations.

4. P orts should develop a b e tte r  knowledge of the  physical properties of some 
of the  com m odities they  handle, such as th e ir  solubility in sea w ater, reaction 
on w ater contact, vo latab ility , toxic strength , decom position ra te  and other 
characteristics.

5 . Tlie « m ultidisciplinary approach » should be used in studying po rt environ­
m ental problem s in order to  view them  from a broad perspective view point 
as contrasted  to  a narrow  single problem  approach. Marine construction 
can no longer be looked a t as purely isolated engineering projects as has 
been the  case for so m any years.

6. E very harbor should im plem ent a d a ta  collection program  and provide 
m onitoring sta tions in order to  develop a com prehensive d a ta  base from 
which fu tu re  environm ental p lanning can be accomplished. This should 
include chemical, biological, geological, hydrological (currents, tida l m easure­
m ents, tem perature, salinity , tu rb id ity , etc.) data .

7. Shipping should be recognized as an  in ternational ac tiv ity  and all nations 
should join in the  control and m onitoring of the  tran sp o rt of substances 
th a t  can and do cause pollution in in ternational w aters. The in ternational 
conventions being proposed by IMCO and others should be adopted as quickly 
as possible.

8. In order to continue to  im prove the  m anagem ent and control of w ater pollu­
tion, additional research and developm ent is needed; however, it  is strongly 
recommended th a t  th is  research be directed to  solutions of real problems 
and no t merely to satisfy academ ic curiosity. There definitely needs to  be 
be tte r dissem ination of the  vast am ounts of research d a ta  already available. 
In all fairness to  th e  researchers, th ey  should be given b e tte r guidance on 
th e  inform ation and research needs of the  decision m akers.

9 . W ith the  larger and more powerful ships now coming into service, over- 
dredging to  minimize propeller tu rb id ity  should be considered.

10. Full tim e staff environm entalists are now a necessity for m ost ports and they 
should be provided w ith th e  proper level of m anagem ent support to  effectively 
deal w ith pollution and environm ental problem s on a sound and continuing 
basis.
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11. New and m ore effective techniques should be developed for detecting pollu­
tion  along coastlines and on th e  seas possibly utilizing earth  satellites 
and/or o ther sophisticated techniques.

12. Intensive general education  program s relative to  pollution, its causes and 
effects, should be carried ou t w ith in  the  shipping world in  order to  effectively 
obtain  cooperation and com pliance a t  all levels of industria l and m aritim e 
activ ity .

13. R ealistic standards for w ater quality  should be established so th a t  those to 
whom th e  requirem ents are directed can economically phase th e ir  compliance 
to  fit the ir financial capabilities insofar as it is p ractical to  do so. Penalties 
should be sufficiently realistic to  enforce compliance b u t no t be confiscatory. 
A distinction should always be m ade betw een penalties for accidental and 
in ten tional pollution.

14. More consideration should be given to  replacing th e  m ultip licity  of single 
purpose agencies w ith single m ulti-purpose regulatory  agencies. This would 
undoubtedly  help to  expedite the  present overly complex reviews and perm its 
procedures.

15. The com m unications gap which now exists betw een th e  academ ic world 
and th e  law m akers on the  one hand, and th e  p ractical decision m akers of the  
business com m unity on th e  o ther, m ust be corrected if the  fu rth er loss of 
valuable tim e in  im plem enting effective pollution control m easures is to  be 
avoided.

J .  S U M M A R Y  A N D  C O N C L U S I O N S

Perhaps the  g reatest tragedy  of th e  world pollution problem  and its develop­
m en t to  da te  has been th a t  the  leadership for its resolution has been lacking 
from th e  professions m ost directly affected. I t  is now tim e for those who m ust 
get the  job done and who have a practical and firsthand knowledge of the  economic, 
engineering, social and political considerations involved to  assume leadership 
roles in the  clean-up effort. There is some evidence th a t  a change in th is regard 
is now tak ing  place, b u t th is trend  should be accelerated before v ast sum s of 
m oney in the  nam e of anti-pollu tion  cam paigns are spent on im practical and 
uneconom ical academ ic ideas.

Disregarding th e  maze of conflicting laws and regulations w ith which we are 
now faced, the  au th o r can only conclude after having investigated  the  m any 
sources from which the m ateria l in th is paper was derived th a t  th e  world in general 
is m aking definite progress in anti-pollu tion  program s. It is w ithin the  realm  
of possibility to  pred ict th a t  by 1975 the necessary in ternational legal m achinery 
and hardw are will be available to  control pollution along th e  w orld’s coastlines 
and harbors as well as on the  high seas th roughou t the  world. To accomplish 
th is  goal, an  im pressive array  of anti-pollu tion  devices and chemical agents are 
being developed and m arketed  for pollution control. In  addition , a genuine
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effort is being m ade by those in responsible au tho rity  to understand  the  com­
plexities of pollution and environm ental problem s and to  a tte m p t to  sort ou t the  
academ ic vs. th e  practical realities of th e  issues raised by these problem s.

The cooperative organizations th a t  have been form ed and  which are in  the  
process of form ation on local, regional, na tional and in ternational levels would 
appear to be th e  only practical m eans of approaching th e  problem  and of m inim iz­
ing individual investm ents in  clean-up equipm ent. I t  is also probably  th e  m ost 
effective way to  m onitor and control the  sources of pollution. This cooperative 
effort, hopefully, will be extended to the  use of shoreside w aste re ten tion  and 
trea tm en t p lants in order to  minimize investm ents in facilities of th is  type  and to 
preven t needless duplication.

A g reat deal of basic research still needs to  be done on environm ental and 
pollution problem s bu t th e  necessary levels of research knowledge have already 
been accomplished and th e  results, if applied, could provide for th e  resolution 
of m ost of our pollution problem s. U nfortunately , m any ports are still lacking 
even basic inventory  inform ation on the ir m arine environm ents and ecosystems. 
This only leads to  lengthy delays in th e  fu tu re  w hen environm ental im pact s ta te ­
m ents and related reports are required to  im plem ent p o rt im provem ent program s. 
The tim e has come for every p o rt or agency w ith responsibility in environm ental 
problem s to  have full-tim e qualified employees to  handle th e  ever increasing 
complexities of th is  problem.

As a final rem ark, no one should a tte m p t to  mislead the public into believing 
th a t  pollution control system s can be installed or m ade available which will 
provide absolute guarantees and safeguards against pollution in all its forms. 
On the o ther hand, they  should counsel the  public th a t  it  m ust be accepted th a t 
some pollution and some destruction  of the  environm ent in the  developm ent 
and operation of commercial harbors cannot be avoided. Only in rare instances 
should th e  public expect a po rt au tho rity  to  m ain ta in  a commercial harbo r in 
the  same sta te  as it  was when m an first appeared on the scene. I t  is thu s the 
du ty  of those in au tho rity  and who are responsible for the  operations of harbors 
to set levels of w ater quality  th a t  are technically feasible and economically 
practical.
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R É S U M É

Ce document couvre essentiellem ent les points dominants de la pollution portuaire et côtière 
telle qu’elle existe actuellem ent à travers le monde; les moyens disponibles pour la contrôler; 
les actions entreprises par quelques-uns des ports dans le monde en matière de contrôle de la 
pollution et enfin les recommandations et conclusions de l’auteur sur les mesures complémen­
taires qui pourraient être prises pour contribuer à résoudre les problèmes de la pollution marine 
dans le monde.

L’auteur souligne que l’incident du Torrey Canyon, pétrolier qui coula le 18 mars 1967, a 
le plus fait pour susciter une prise de conscience internationale du problème. Cette catastrophe 
fut suivie d’une profusion de lois et de règlements dont une grande partie représente un double
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emploi entre les efforts de divers organismes dont la juridiction en la matière restait dans bien 
des cas sujette à caution.

L’assurance contre la pollution est un problème sérieux et coûteux et les plans d’auto­
assurance de TOVALOP et CRISTAL constituent une excellente solution au problème.

De nombreux dispositifs de détection très élaborés sont à présent en usage. On trouve aussi 
trente à quarante différentes sortes de « spill-booms » sur le marché. Deux très importants systèm es 
de nettoyage des marées noires, actuellem ent soumis à test, comprennent le « Seadragon » pour 
l’A .P.I. et « Adapts » pour les Services américains de la protection des côtes.

Tous deux conviennent à des opérations en mer agitée. De considérables travaux de recher­
che doivent encore être réalisés dans le domaine des produits absorbants, des agents immersifs, 
des agents chimiques et bactériologiques. On peut se demander si les produits émulseurs et les 
dissolvants actuellement disponibles ne nuisent pas davantage à l’environnement que le pétrole 
lui-même.

En ce qui concerne les résidus des navires, le procédé de chargement par le haut apporte 
une amélioration substantielle aux fuites émanant d’une cagaison pétrolière. Des coopératives 
contre les marées noires et la mise en commun d’un équipement de nettoyage deviennent à pré­
sent très répandues et cette forme de lutte contre la pollution est fortement recommandée par 
l’auteur. La mise en place d’installations de récupération et de traitem ent du genre coopérative, 
le long des côtes, présenterait également des avantages. Dans le document, un bref résumé est 
donné de ce que quelques-uns des ports dans le monde entreprennent comme efforts de net­
toyage.

L’auteur termine sur une note d’optimisme quant aux perspectives d’avenir, en déclarant 
qu’il est du domaine des probabilités que d’ici 1975 le dispositif international, juridique aussi 
bien que mécanique, sera en place pour contrôler la pollution le long des côtes et dans les ports 
à travers le monde.
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