
. . - 
U N I T E D  N A T I O N S  E N V I R O N M E N T  PROGRAMME 

Prepared 

Combating oil  pollution 

in the Kuwait Action Plan region 

UNEP Regional Seas Reports and Studies No. 44 

i n  c o - o p e r a t i o n  u i t h  

ROPME 

U N E P  1984 



PREFACE 

Ten years ago the Un i ted  Nations Conference on the Human Environment 
(Stockholm, 5-16 June 1972) adopted the  Act ion  P lan f o r  t h e  Human Environment, 
i n c l u d i n g  t h e  General P r i n c i p l e s  f o r  Assessment and Cont ro l  o f  Marine Po l l u t i on .  In  
the l i g h t  o f  the  r e s u l t s  o f  the  Stockholm Conference, t he  Un i ted  Nat ions General 
Assembly decided t o  e s t a b l i s h  the  Uni ted Nations Environment Proqramme (UNEP) t o  
''serve as a f o c a l  p o i n t  f o r  environmental a c t i o n  and co-ord inat ion  w i t h i n  the  Un i ted  
Nat ions "system" (General Assembly r e s o l u t i o n  ( X X V I  I ) o f  15 December 1972). The 
organ iza t ions  o f  the  Uni ted Nat ions system were i n v i t e d  " t o  adoot the  measures t h a t  
may be requ i red t o  undertake concerted and co-ordinated programmes w i t h  regard t o  
i n t e r n a t i o n a l  environmental problems", and the  " intergovernmental and 
non-governmental o rgan iza t ions  t h a t  have an i n t e r e s t  i n  the  f i e l d  of t he  
environment" were a lso  i n v i t e d  " t o  lend t h e i r  f u l l  suooort and c o l l a b o r a t i o n  t o  t h e  
Un i ted  Nations w i t h  a view t o  achievinq the  l a r g e s t  poss ib le  decree o f  co-operation 
and co-ordination". Subsequently, t he  Governing Counci l  o f  UNEP chose "Oceans" as 
one of t he  p r i o r i t y  areas i n  which i t  would focus e f f o r t s  t o  f u l f i l  i t s  c a t a l y t i c  
and co-ordinat ing ro le .  

The Regional Seas Programme was i n i t i a t e d  by UNEP i n  1974. Since then the  
Governing Counci l  o f  UNEP has repeatedly endorsed a reg iona l  approach t o  the  c o n t r o l  
of  marine p o l l u t i o n  and t h e  management o f  marine and coasta l  resources and has 
requested the development o f  reg iona l  a c t i o n  plans. 

The Regional Seas Programme a t  present inc ludes eleven regions Ã‘ and has over 
12U coasta l  States p a r t i c i p a t i n g  i n  i t .  It i s  conceived as an ac t ion-or ien ted 
programme having concern n o t  on l y  f o r  the consequences b u t  a l so  f o r  t he  causes o f  
environmental degradation and encompassing a comprehensive approach t o  combating 
environmental problems through the management o f  marine and coas ta l  areas. Each 
reg iona l  a c t i o n  p lan  i s  formulated according t o  the  needs o f  t he  reg ion  as oerceived 
by the Governments concerned. I t  i s  designed t o  l i n k  assessment o f  the  q u a l i t y  o f  
t he  marine environment and the causes of  i t s  d e t e r i o r a t i o n  w i t h  a c t i v i t i e s  fo r  t he  
management and development of  the  marine and coas ta l  environment. The a c t i o n  c lans  
promote the  p a r a l l e l  development of  reg iona l  l e g a l  agreements and o f  ac t ion-or ien ted 

2/ programme a c t i v i t i e s .  - 

During i t s  f o u r t h  session i n  1976 the  Governing Counci l  o f  UNEP aporoved the  
preparatory work f o r  convening a Regional Conference on the P ro tec t i on  o f  Marine and 
Coastal Environment o f  Bahrain, I ran ,  I raq ,  Kuwait, Oman, Qatar, Saudi Arabia and 
the  Uni ted Arab Emirates. Subsequently, on the  bas i s  o f  a f a c t - f i n d i n q  mission 
sponsored by UNEP and supported by severa l  Uni ted Nations agencies, a p re l im ina ry  
a c t i o n  p l a n  dea l i ng  w i t h  the s c i e n t i f i c  and socio-economic aspects f o r  p r o t e c t i o n  
and development o f  the marine environment o f  t he  reg ion  was prepared and reviewed by 
a s e r i e s  o f  t echn ica l  meetings o f  Government-nominated exoerts. I n  A o r i l  1978 a 

l/ Mediterranean Region, Kuwait Ac t ion  P lan Region, West and Cent ra l  A f r i can  - 
Region, Wider Caribbean Region, East Asian Seas Region, South-East P a c i f i c  
Region, South P a c i f i c  Reqion, Red Sea and Gu l f  o f  Aden Reqion, East A f r i c a n  
Reqion, South-West A t l a n t i c  Region and South Asian Reqion. 

2/ UNEP: Achievements and planned development o f  UNEP's Regional Seas Proqramme - 
and comparable programmes sponsored by o ther  bodies. UNEP Regional Seas Reports 
and Studies No. 1. UNEP, 1982. 



Regional Conference o f  P len ipotent iar ies was convened i n  Kuwait f o r  the ourpose o f  
reviewing, rev is ing  and adopting the act ion p lan and re la ted  lega l  instruments. The 
Conference, on 23 A p r i l  1978, adopted 

(a) the Action Plan f o r  the Protect ion and Development o f  the Marine 
Environment and the Coastal Areas o f  Bahrain, Iran, I r a q  

.lKUwait * Oman, Qatar, Saudi Arabia and the United Arab Emirates, - 
(b) the Kuwait ~ e g i o n a l  Convention f o r  Co-oper ion  on the Protect i on  2> o f  the Marine Environment from Pol lu t ion.  - 
(c)  the Protocol concerninq Regional Co-operation i n  Combatinq 

Po l l u t i on  by O i l  and other Harmful Substances i n  Cases o f  
4/ Emergency, - 

( d l  reso lu t ions on ( i )  i n te r im secretar iat ,  ( i i )  f i nanc ia l  
arrangements, ( i i i )  steps t o  be taken f o r  the establishment o f  

. the Marine Emergency Mutual A id  Centre, and ( i v )  co-ordination 
between the 

3Tgiona1 
marine meteorological and environmental 

programmes. - 
The Act ion Plan has subsequently become known as the Kuwait Action Plan. 

Paragraph 2G o f  the environmental management comoonent o f  the Action Plan 
ca l l ed  fo r :  

"Formulation o f  regional  contingency clans f o r  accidents 
invo lv ing  o i l  exploration, exp lo i ta t ion  and transoort, and 
strengthening the meteorological services con t r ibu t inq  t o  the 
development o f  contingency plans, and t o  t h e i r  execution i n  
co-ordination w i t h  ex i s t i ng  o r  fu ture marine regional  
meteorological programs." 

As a cont r ibut ion toward t h i s  end, IMO i n  co-operation w i th  the Regional 
Organization f o r  the Protect ion o f  the Marine Environment (ROPME) and UNEP. convened 
i n  Manama, Bahrain ( 6  - 10 December 198U) an in te rna t iona l  workshop on combatinq 
marine po l lu t ion .  I t  was attended by experts from Bahrain, I ran, Iraq, Kuwait, 
Oman, Qatar, Saudi Arabia and the United Arab Emirates. A t o t a l  of 23 caoers on 
various aspects o f  o i l  p o l l u t i o n  and combatinq o f  o i l  sp i l lages were presented. A 
repor t  of the workshop has been published by I M O  (KAP.WS/5/3). The repor t  contains 
a commentary on the workshop as we l l  as a b r i e f  review o f  each o f  the capers 
presented. I n  t h i s  document are reproduced i n  f u l l  the substantive technical  papers 
presented a t  the workshop. 

31 UNEP: Action Plan f o r  the protect ion o f  the marine environment and the coastal - 
areas o f  Bahrain, Iran, Iraq, Kuwait, Oman, Qatar, Saudi Arabia and the United 
Arab Emirates. UNEP Regional Seas Reports and Studies No. 35. UNEP 1983. 

4/ Kuwait Regional Convention f o r  Co-operation on the Protect ion o f  the Marine - 
Environment from Po l l u t i on  and Protocol concerninq Co-operation i n  Combatinq 
Po l l u t i on  by O i l  and Other Harmful Substances i n  Cases o f  Emerqency. UNEP 1983. 
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KUWAIT ACTION PLAN - OVERALL CONCEPT AND PROGRESS MADE 

by 
A.  Al-Zaidan 

Regional Organization for the Protect ion o f  the  Marine Environment, 
Safat ,  Kuwait 



Min is ters ,  d i s t i ngu ished  delegates and observers, l a d i e s  and gentlemen, i t  
g ives  me g rea t  pleasure t o  t a l k  t o  you on the Kuwait Ac t ion  Plan, i t s  concept and 
o v e r a l l  progress made. 

The Region r e f e r r e d  t o  i n  the  Kuwait Ac t ion  Plan i s  a land-locked body o f  
shal low sea-water, 1000 km long and 300 km wide, w i t h  coas t l i nes  on Bahrain, I ran,  
I raq ,  Kuwait, Oman, Qatar ,  Saudi Arabia, and the  Un i ted  Arab Emirates. I t  i s  
regarded as havinq one o f  the  most f r a g i l e  and endangered ecosystems i n  the wor ld  
and i s  deeply a f fec ted  by severe sources o f  p o l l u t i o n .  The r a p i d  i n d u s t r i a l i z a t i o n  
and urban iza t ion  o f  t he  States o f  the  Region have d r a s t i c a l l y  changed i t s  
socio-economic s t ruc tu re ,  and i t i s  q u i t e  c l e a r  t h a t  t he  extensive u t i l i z a t i o n  o f  
t he  coas ta l  areas f o r  var ious  development a c t i v i t i e s  has adversely a f fec ted  t h e  
marine environment, causing great  concern. 

The Governing Counci l  o f  the  Uni ted Nations Environment Programme, a t  i t s  t h i r d  
session he ld  i n  1975, recognized t h i s  as a concent ra t ion  area i n  which UNEP, i n  
c lose c o l l a b o r a t i o n  w i t h  o the r  re levan t  agencies o f  the Uni ted Nations system, would 
attempt t o  f u l f i l  i t s  c a t a l y t i c  r o l e  i n  a s s i s t i n g  States o f  the  Region t o  develop 
and implement, i n  a cons is tent  manner, an Act ion  P lan commonly agreed upon. 

The Kuwait Regional Convention f o r  Co-operation on the Pro tec t ion  o f  t he  Marine 
Environment from P o l l u t i o n ,  r e f e r r e d  t o  as the  KUWAIT ACTION PLAN, entered i n t o  
fo rce  on 30 June 1979 and was a r e s u l t  o f  ser ious  and hard e f f o r t s  recognized by t h e  
Governments concerned and the Uni ted Nations bodies, t o  make such i n t e r i m  
arrangements as might be requ i red u n t i l  t he  establ ishment o f  t he  Regional 
Organizat ion f o r  the P ro tec t i on  o f  t he  Marine Environment. Thus, t he  I n t e r i m  
Sec re ta r ia t  was o f f i c i a l l y  inaugurated i n  Kuwait on 7 J u l y  1980. 

The s t a f f  cons is ts  o f  an Act ing Co-ordinator, a marine s c i e n t i s t  (no t  ye t  
appointed), one economist, an admin i s t ra t i ve  o f f i c e r  and s e c r e t a r i a l  s ta f f .  P r i o r  
t o  t h e  opening o f  the  I n t e r i m  Sec re ta r ia t  o f f i c e  i n  Kuwait, t h e  programme had been 
formulated and administered a t  the  Regional Seas Programme A c t i v i t y  Centre (RS/PAC) 
o f  UNEP, i n  Geneva, under the  guidance o f  Dr. S. Keckes, D i rec to r ,  Dr. R. Helmer, 
Deputy D i rec to r ,  and M r .  Khanis Al-Nahdi (Saudi Arabia) Ac t ing  Co-ordinator , from 
whom I took over i n  June o f  t h i s  year. The RS/PAC continues t o  guide and i s  
a v a i l a b l e  fo r  consu l ta t i on  on a l l  programme mat ters  concerninq the Kuwait Ac t ion  
Plan. 

I n  November 1979, f o r t y - s i x  experts from the  e i g h t  KAP coun t r i es  met i n  Kuwait. 
They had before them the d r a f t  programme document s e t t i n g  f o r t h  the  environmental 
assessment and management a c t i v i t i e s  t o  be c a r r i e d  ou t  w i t h i n  the Act ion  Plan. The 
document described 17 s p e c i f i c  p r o j e c t s  which the  experts rev ised and amended, as 
they f e l t  necessary. They d i v ided  the p r o j e c t s  i n t o  thematic grouos and assigned 
them order o f  p r i o r i t y  so t h a t  work on c e r t a i n  o f  them cou ld  be s t a r t e d  immediately. 

The f i r s t  group o f  p ro jec ts ,  t o  generate i n fo rma t ion  f o r  use as a bas i s  f o r  
subsequent work, inc luded surveys o f  n a t i o n a l  c a p a b i l i t i e s  r e l a t e d  t o  the  Act ion  
P lan (such as t h e  s ta tus  o f  i n s t i t u t i o n s ,  manpower and equipment a v a i l a b l e  i n  the  
Region); t h e  s ta tus  o f  meteorological  s tud ies  r e l a t e d  t o  the  t ranspor t  and 
d i s t r i b u t i o n  o f  o i l ;  a survey o f  land-based sources o f  p o l l u t i o n  o f  t he  region, and 
the  organ iz ing  o f  a Workshop on marine p o l l u t i o n  from ships. 

The gather ing  o f  base l ine  informat ion c a l l e d  f o r  i n  these p r o j e c t s  was g r e a t l y  
f a c i l i t a t e d  by the  v i s i t  o f  an i n t e r - d i s c i p l i n a r y  mission t o  the  Region between 
March and J u l y  1980. The mission spent about a week i n  each o f  t he  e i g h t  countr ies,  
making d i r e c t  contac t  w i t h  the  var ious government agencies invo lved i n  environmental 
matters. This was considered t o  be the  most e f f i c i e n t  means o f  qa ther inq  the  
requ i red  informat ion.  



A working group o f  reg ional  experts met i n  Kuwait from 5-7 Ju ly  1980 t o  review 
the resu l t s  o f  the mission and t o  determine the operat ional  d e t a i l s  o f  a second 
qroup o f  projects.  This second group o f  ~ r o j e c t s  const i tu ted a selected f i e l d  
q iv ing  a comprehensive p i c t u re  o f  how ser ious p o l l u t i o n  i n  the Reqion i s  and What 
the e f f ec t s  are l i k e l y  t o  be. Included i n  t h i s  qroup are (1) baseline studies on 
the sources, t ransport  and d i s t r i b u t i o n  o f  o i l  and petroleum hydrocarbons - (2 )  
physical, chemical and b i o l og i ca l  oceanoqraphy as re la ted  t o  the transport, 
d i s t r i b u t i o n  and f a te  o f  o i l  as a po l l u t an t  - ( 3 )  assessment o f  the magnitude o f  
po l l u t an t s  a f f ec t i ng  human heal th  and marine ecosystems - (4) the o roduc t i v i t y  and 
d i s t r i b u t i o n  o f  plankton - (5) ecological  studies o f  i n t e r t i d a l  and sub t ida l  zones - 
and ( 6 )  assessment o f  geological  processes re la ted  t o  the f a te  and imoact o f  
po l lu tants .  The experts also considered the  f e a s i b i l i t y  of an oceanoqraphic cru ise 
around the Region t o  c o l l e c t  data. 

The remaining oro jects  l a rge l y  r e l a t e  t o  environmental management and include 
the assessment of the environmental impact of development a c t i v i t i e s  i n  the Reqion, 
the bu i ld ing  up of engineering capqb i l i t i e s  r e l a ted  t o  the environmental management, 
co-ordination o f  marine and land transport  and estab l ish ing o f  guidel ines f o r  
coastal  development. S t i l l  others deal w i th  the biology o f  commercially important 
species of marine orqanisms and assessement o f  t h e i r  stocks, management o f  l i v i n a  
resources, co-ordination o f  water management p o l i c i e s  and strengthening o f  pub l i c  
hea l th  services. 

Work on the l a t t e r  p ro jec ts  can only begin a f t e r  the f i r s t  annual review 
meeting o f  the States o f  the Region. This was scheduled t o  take place i n  Kuwait 
from 25-30 October o f  t h i s  year, but  due t o  the p reva i l i ng  circumstances i n  the 
Region, several o f  the KAP Region Governments requested a postponement o f  the 
meeting f o r  the t ime being. 

A t  the end o f  September I v i s i t e d  the countr ies o f  the KAP Reqion. 
Unfortunately, I was unable t o  v i s i t  e i the r  I r a n  o r  I r a q  due t o  the p reva i l i nq  
s i tua t ion ,  bu t  1 hope t o  v i s i t  these countr ies when condi t ions are more favourable. 
The purpose o f  my t r i p  was t o  hand over t o  the focal  po in ts  the working documents 
prepared f o r  the meeting, b r i e f  them on the preparatory work f o r  the meeting and 
what was expected from the government experts afterwards. My discussions were most 
f r u i t f u l ;  ce r t a i n  usefu l  po in ts  were noted f o r  considerat ion a t  the meeting and i t  
was c lear  t o  me tha t  there was a s i m i l a r i t y  o f  views between the pa r t i es  concerned 
and an ind ica t ion  o f  i d e n t i c a l  approaches i n  the implementation o f  the projects.  

The Regional Seas Proqrame A c t i v i t y  Centre, i n  Geneva, i n  co l laborat ion w i t h  
the United Nations Agencies concerned, i s  now preparing a p i l o t  programme f o r  
implementation i n  1981 and i t  i s  hoped tha t  t h i s  w i l l  soon be ready f o r  submission 
t o  the Governments o f  the Reqion, f o r  t h e i r  approval. Once t h i s  approval has been 
received, implementation o f  the programme w i l l  commence. 

One p ro jec t  remains outside the grouping I have j u s t  described, because i t  i s  
considered as an essent ia l  pa r t  o f  a l l  Act ion Plan a c t i v i t i e s .  This p ro jec t  c a l l s  
fo r  regular and systematic publ ic  awareness campaigns aimed a t  enhancing 
environmental awareness and understanding throughout the Region. Proposals and data 
f o r  such campaigns are under preparation. The campaigns w i l l  s t ress no t  only the 
importance o f  p ro tec t ion  o f  the marine environment and coastal  areas o f  the Reqion, 
but  the more novel idea tha t  t h i s  p ro tec t ion  can ac tua l l y  be an asset t o  
development. 

A meeting o f  experts was he ld  i n  Bahrain from 2-5 December 1979, on the 
establishment o f  the Marine Emergency Mutual Aid Centre (MEMAC), f o r  the Kuwait 
Act ion Plan Region. The Centre w i l l  be established i n  accordance w i t h  a reso lu t ion  



o f  the 1978 Kuwait Regional Conference o f  P l e n i p o t e n t i a r i e s  on the  P ro tec t i on  and 
Development o f  t he  Marine Environment and Coastal Areas, and the Pro toco l  concerninq 
Regional Co-operation i n  Combating P o l l u t i o n  by O i l  and o ther  Harmful Substances i n  
Cases o f  Emergency (a l so  adopted a t  the  1978 Conference). 

The meeting was h e l d  t o  review the  ob jec t i ves  and func t ions  o f  t he  Centre and 
determine how best  t o  e s t a b l i s h  the  Centre q u i c k l y  and e f f e c t i v e l y .  Recommendations 
o f  t he  meeting were t o  have been presented t o  the  f i r s t  meeting o f  the  Counci l  of  
t h e  Regional Organization f o r  t he  P ro tec t i on  o f  the  Marine Environment ( cons is t i ng  

fr 

o f  the con t rac t i ng  p a r t i e s  t o  the  Kuwait Convention) scheduled f o r  1980, b u t  which 
has n o t  y e t  been held. There was a consensus among the  experts t h a t  MEMAC should be 
a r e l a t i v e l y  autonomous operation, espec ia l l y  s ince i t s  purpose w i l l  be t o  deal  w i t h  q 

emergency s i t ua t i ons .  It was a l so  considered t h a t  the  D i r e c t o r  o f  MEMAC should have 
a f a i r l y  f r e e  hand i n  order t o  respond q u i c k l y  and e f f i c i e n t l y  t o  a g iven s i t u a t i o n ,  
s ince f l e x i b i l i t y  and independence are essen t ia l  i f  cent re  such as t h i s  i s  r e a l l y  
going t o  be e f f e c t i v e .  

Another theme which was cons is ten t l y  st ressed as being one o f  the  Centre 's  
major tasks, was the  t r a i n i n g  o f  personnel, bo th  w i t h i n  and outs ide  the  Region, t o  
dea l  w i t h  p o l l u t i o n  emergencies. 

# 

Fo l lowing the recent  unfor tunate  o i l  s p i l l  i n  the  Region, urgent  consu l ta t ions  
took p lace between the  I n t e r i m  Sec re ta r ia t  and the f o c a l  p o i n t s  o f  Bahrain, t h e  
Uni ted Arab Emirates, Qatar, Saudi Arabia and Oman. These resu l ted  i n  the  I n t e r i m  
Sec re ta r ia t  be ing requested, by  Bahrain, t o  convene an urgent  meeting i n  order t o  
d iscuss t h e  establ ishment o f  MEMAC. A f t e r  consu l t i ng  w i t h  RS/PAC and UNEP 
headquarters, I p a i d  a sho r t  v i s i t  t o  Bahrain i n  order t o  c l a r i f y  UNEP's r o l e  a t  
such a meeting. The Governments concerned c l e a r l y  i d e n t i f i e d  t h e  establ ishment and 
opera t ion  o f  MEMAC as a r e s p o n s i b i l i t y  o f  the  Regional Marine Environment Counci l  
and t h a t  o i l  p o l l u t i o n  p r o j e c t s  were c l e a r l y  a p r i o r i t y  task f o r  MEMAC. Further 
steps f o r  the  establ ishment o f  MEMAC should, there fore ,  be conceded by the  Counci l  
a t  i t s  f i r s t  meeting, t he  date o f  which has ye t  t o  be announced. 

I n  conclusion, I would l i k e  t o  express my deeo g r a t i t u d e  t o  those who have made 
t h i s  Workshop possib le,  espec ia l l y  t h e  Government o f  Bahrain, which has most k i n d l y  
provided the Workshop w i t h  exce l l en t  f a c i l i t i e s  t h a t  w i l l  su re l y  c o n t r i b u t e  t o  the 
Workshop's success. Our g r a t i t u d e  a l so  goes t o  a l l  the  p a r t i c i p a n t s  from 
Governments who have shown deep concern w i t h  o i l  p o l l u t i o n  problems i n  the  Reqion 
and whose co-operation and support have provided valuable pro fess iona l  and techn ica l  
i n p u t  t o  the  Workshop. I would a l so  l i k e  t o  congra tu la te  IMO, whose e f f o r t s  over 
t h e  past  year, i n  co-operation w i t h  UNEP, have resu l ted  i n  b r i n g i n g  about t h i s  
meeting . 

I look  forward t o  the continued co-operation o f  a l l  concerned and am conf ident  
t h a t  our u n i t e d  e f f o r t s  w i l l  g r e a t l y  c o n t r i b u t e  t o  the  q u a l i t y  o f  human l i f e  and 
a f f o r d  a rep r ieve  t o  t h e  environment o f  t he  Region. 
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ABSTRACT 

This paper es t imates  t h a t ,  during 1979, a t o t a l  of about 144,000 metric tonnes 
of o i l  pol lu ted  the  Kuwait Action Plan (KAP) Region and t h a t ,  during t h e  10 years  
from 1980 t o  1989, more than 1.5 mill ion metric tonnes w i l l  po l lu te  t h e  Region. 
These t o t a l s  include est imates f o r  o i l  pol lu t ion from the  following sources: 
na tu ra l  seeps; offshore exploration and production; t ranspor ta t ion losses ,  including 
terminal  operations and both accidenta l  and operational  discharges; coas ta l  
r e f i n e r i e s ;  atmospheric f a l l -ou t ;  coas ta l  municipal wastes and coas ta l  non-refinery 
i n d u s t r i a l  wastes; urban run-off; and r i v e r  run-off. Among these  sources, 
t ranspor ta t ion losses  contributed more than 58 per  cent  of  the  t o t a l  amount i n  1979, 
and offshore exploration and production contributed about 22 per cent .  According t o  
these  es t imates ,  o i l  pol lu t ion i n  the  KAP Region reoresented 3.1 per cent  of  t h e  
t o t a l  o i l  pol lu t ion i n  the  world, thereby contr ibut ing 47 times the  average 
estimated amount f o r  a marine environment of s imi la r  surface  area.  



INTRODUCTION 

The KAP Region is undergoing the  world's most rapid  economic development. The 
average investment per kilometre of c o a s t l i n e  i n  the  Reqion ranqes between $20 
mil l ion and $40 mil l ion (Neman, 1979). In terms of o i l  production, the  countr ies  
i n  the  Region accounted f o r  33.8 per  cent  of t h e  t o t a l  world o i l  production i n  1979, 
while consuninq only 2.4 per  cent  of the  t o t a l  o i l  consumed world-wide ( B r i t i s h  
Petroleum Co., 1980). The coun t r i e s  exported about 60 per  cent  of  a l l  the o i l  
t ransported by s h i p s  around the world, with about 100 s h i p s  passing through the  
S t r a i t  of Hormuz every day l a s t  year. With reqard t o  offshore  production, the  
Region has perhaps the  highest  r a t i o  of o i l  produced per producinq well of any a rea  
i n  the  world. 

Given the  l a r g e  volume of  o i l  produced and t ranspor ted  i n  the  KAP Region, t h i s  
paper i d e n t i f i e s  t h e  major sources of  o i l  po l lu t ion  i n  the  Region and es t imates  t h e  
amount of o i l  po l lu t ion  from each source. The paper a l s o  shows t h a t  the  magnitude 
of  o i l  pol lu t ion w i l l  continue t o  increase  i n  the  Region during the  next decade. In 
addi t ion,  it  focuses a t t e n t i o n  on the  need t o  e s t a b l i s h  a regional  s p i l l  da ta  base 
s o  a s  t o  develop base l ine  s t a t i s t i c s  f o r  f u t u r e  s tudies .  

INTERNATIONAL SUMMARY OF SPILL STATISTICS 

The amount of o i l  s p i l t  o r  burnt  i n  major inc iden t s  world-wide durinq 1979 
increased 56 per  cent  over the  corresponding amount l o s t  i n  1978, according t o  the  
O i l  S p i l l  In te l l igence  Report. In addi t ion,  t h e  amount of o i l  s p i l t  o r  burnt i n  
major tanker accidents  during 1979 increased 42 per  cent  over the  corresponding 
amount l o s t  i n  1978. Major incidents  were defined a s  those involving the  l o s s  t o  
s p i l l a g e  o r  f i r e  of  more than 20,000 gal lons  (300 ga l lons  = 1 metric tonne) of o i l .  

In 1979, more than 328 mil l ion ga l lons  of  o i l  were l o s t  i n  159 major incidents  
world-wide i n  which the  amount of o i l  s p i l t  o r  burnt  was known. A t o t a l  of 51 other 
major incidents  was recorded i n  which the  amount of  o i l  s p i l  t o r  burnt was not 
known. In the  t o t a l  of 210 inc iden t s  recorded i n  the  O i l  S p i l l  In te l l igence  Report 
during 1979, more than 250 people were k i l l e d  o r  reported missing, and over 50,000 
b i r d s  and 270,000 f i s h  were k i l l ed .  About 10 per  cent  of  the  incidents  involved the  
l o s s  of more than 1 mil l ion ga l lons  each, and those inc iden t s  contributed about 95 
per cen t  of t h e  t o t a l  amount l o s t  i n  1979. 

In 1978, about 210 mil l ion gal lons  of o i l  s p i l t  o r  burnt  i n  109 major incidents  
i n  which the  amount s p i l t  o r  burnt  was known. A t o t a l  of 32 other  major inc iden t s  
were recorded i n  which the  amount s p i l t  o r  burnt  was not  known. In the  141 major 
inc iden t s  recorded i n  t h e  O i l  S p i l l  In te l l igence  Report during 1978, a t  l e a s t  138 4. 

people were k i l l e d  o r  reported missing. 

About 73 per cen t  of  t h e  o i l  l o s t  t o  s p i l l a g e  and f i r e  i n  1979 occurred i n  the  * 
following f i v e  incidents:  1 )  the  blow-out of t h e  Ix toc  1 o i l  well  i n  the  Bahia de  
Campeche, Mexico, on 3 June, and the  subsequent s p i l l a g e  of more than 134 mil l ion 
ga l lons  from the  well  i n  1979. In t o t a l ,  t he  Ix toc  1 s p i l t  a t  l e a s t  140 mil l ion 
ga l lons  of o i l  before i t  was capped on 23 March 1980, 295 days a f t e r  the  i n i t i a l  
blow-out. The Ixtoc  1 l o s t  more than twice the record amount involved i n  the Amoco 
Cadiz incident ;  2)  the  rupture  of  a s to rage  tank i n  Forcados, Nigeria, on 6 July  and 
the  l o s s  of about 24 mil l ion gallons:  3 )  the  c o l l i s i o n  between the  tanker At lant ic  
Empress and the  tanker Aeqean Captain on 19 J u l y  north of Tobaqo i n  the  Caribbean 



Sea, and the loss of about 43 million gallons to spillage and fire; 4) the 
collision between the tanker Bumah Aqate and a freighter on 1 November off 
Galveston, Texas, and the loss of nearly 11 million gallons to spillage and fire 
during the following two months; and 5) the collision between the tanker 
Independents and a freighter on 15 November in the Bosporus Strait, and the loss of 
nearly 29 million gallons during the following six weeks. 

During 1979, almost 132 million gallons spilt or burnt in 38 tanker accidents 
in which the amount lost was known. A total of 17 other tanker spills were recorded 
in which the amount lost was not known. During 1978, however, about 93 million 
gallons spilt or burnt in 19 tanker accidents in which the amount lost was known. 
The loss from the Atlantic Empress contributed about 33 per cent of the total amount 
of oil spilt or burnt in tanker incidents in 1979. The 68 million gallons that 
spilt from the Amoco Cadiz in March 1978 contributed about 74 per cent of the amount 
spilt or burnt in tanker accidents that year. In 1979, about 127 million gallons 
were lost in 11 tanker incidents involving the loss of at least 1 million gallons, 
and those incidents accounted for 96 per cent of the oil spilt or burnt in tanker 
incidents that year. In 1978, about 91 million gallons were lost in 6 tanker 
incidents of greater than 1 million gallons, accounting for almost 98 per cent of 
the total amount spilt or burnt in tanker incidents that year. 

These statistics provide an accurate order of magnitude estimate for the amount 
of oil lost in major incidents world-wide during 1979. They do not include oil 
pollution from such sources as minor accidental spills, river run-off, operational 
discharges, and atmospheric fall-out. An analysis of the major spill incidents 
shows that significant pollution resulted from oil exploration, production, 
refining, and transportation activities. We expect that these spill statistics will 
increase in quality as countries world-wide begin to establish spill reporting 
systems and as the technology develops to detect and monitor spills. 

REVIEW OF STUDIES ON OIL POLLUTION STATISTICS 

The U.S. National Academy of Sciences (1975) and Beyer and Painter (1977) have 
published studies on the sources and amounts of oil in the marine environment. 
These studies have calculated estimates for the magnitude of oil pollution 
world-wide from the following sources: natural seeps; offshore exploration and 
production; transportation losses, including terminal operations and both accidental 
and operational discharges; coastal refineries; atmospheric fall-out; coastal 
municipal wastes and coastal non-refinery industrial wastes; urban run-off; and 
river run-off. 

National Academy of Sciences Study 

The National Academy of Sciences (NAS) report is an outgrowth of a workshop 
that the Ocean Affairs Board of the National Research Council-National Academy of 
Sciences organized in May 1973 to discuss the inputs, fates, and effects of 
petroleum in the marine environment. The workshop received support from the U.S. 
Environmental Protection Agency, the U.S. Coast Guard, the Office of Naval Research, 
the Rockefeller Foundation, and the American Chemical Society. The workshop 
investigated the sources and amounts of petroleum inputs into the marine 
environment, evaluated the methods for chemically analysing hydrocarbons, and 
examined the fates and effects of petroleum pollution. Sixty scientists and 
engineers from research institutions, govenwent agencies, and industrial 
organizations participated in the workshop. The NAS report emphasized the "paucity 



of firm data on petroleum i n  the  sea" and s t a t e d  t h a t ,  a s  a r e s u l t ,  "many of the  
conclusions a r e  based on judgment r a the r  than fact." The study s t r essed ,  however, 
t h e  " s ince r i ty  of  the  panels, t h e  overa l l  balance of the  workshop membership, and 
the  e f f o r t s  made t o  minimize the  uncer ta in t i e s  introduced by these  judgment 
factors." With these l imi ta t ions  i n  mind, we summarize below t h e  NAS es t imates  of 
o i l  pol lu t ion world-wide ( t a b l e  1 ) .  

TABLE 1 

NAS Estimated Inputs of Petroleum Hydrocarbons 

in the Marine Environment during the Early 1980s 

Source 

Natural Seeps 

Offshore Production 

Tanker Transport 

Non-tanker Accidents 

Coastal Refineries 

Atmospheric Fall-out 

Coastal Municipal Wastes S 
Coastal Non-refinery Wastes 

Urban Run-off 

River Run-off 

Amount per Annum 
Estimate in Tonnes 

600,000 

200,000 

Percent of Total 

13.1 

4.4 

15.3 

2.2 

0.4 

13.1 

9.9 

TOTAL 4,570,000 100.0 

The NAS repor t  estimated tha t ,  i n  the 1980s, approximately 4,570,000 metric 
tonnes of o i l  would en te r  the  world's oceans per year. Natural seeps on the  ocean 
f l o o r  would re lease  600,000 tonnes per year, o r  13.1 per cent  of the  t o t a l .  
According t o  the NAS, offshore d r i l l i n g  and production operations would contr ibute  
about 200,000 tonnes per year, o r  4.4 per cent  of the  t o t a l .  Of t h i s  amount, an 
estimated 30,000 tonnes per year would be l o s t  through minor s p i l l s  of l e s s  than 50 
b a r r e l s  and through discharges of o i l y  br ines  during normal d r i l l i n g  and producing 
operations,  and about 150,000 tonnes per year would be l o s t  during major accidents 
such a s  well  blow-outs and pipel ine  ruptures involving s p i l l s  of more than 50 
barre ls .  

Transportation-related re leases  would account f o r  about 800,000 tonnes per 
year, o r  approximately 17.5 per cent of the t o t a l  volume of marine o i l  pol lu t ion.  
This amount would include the  following: 1 )  200,000 tonnes released from tankers 
during normal operations,  such a s  tanker washings and dry docking; 2)  3,000 tonnes 
s p i l t  a t  terminals during ship-to-shore t r ans fe r s ;  3) 300,000 tonnes l o s t  during 
b i l g e  and bunkering operations;  4 )  200,000 tonnes s p i l t  during tanker accidents,  
including 50,000 tonnes l o s t  during a s ing le  ca tas t rophic  tanker incident ;  and 5)  
100,000 tonnes l o s t  during non-tanker accidents.  

The repor t  projected tha t  coas ta l  r e f i n e r i e s  would discharge about 20,000 
tonnes per year, o r  0.4 per cent  of the  t o t a l  marine o i l  pol lu t ion,  while coas ta l  
municipal wastes and coas ta l  non-refinery i n d u s t r i a l  wastes would contr ibute  an 
addi t ional  450,000 tonnes, o r  9.9 per cent  of the t o t a l .  The NAS a l s o  estimated 



tha t  o i l  s p i l l a g e  on s t r e e t s  and pavements and o the r  petroleum run-off i n t o  urban 
storm drainage systems would contr ibute  about 300,000 tonnes per year, o r  about 6.6 
per cent  of the  t o t a l  o i l  input i n t o  the marine environment. 

According t o  the  NAS repor t ,  t h e  remainder of the  o i l  i n  the oceans would come 
from atmospheric fa l l -out  and r i v e r  run-off. The report  projected tha t  the  
atmospheric fal l-out  would contr ibute  about 600,000 tonnes of o i l ,  o r  13.1 per cent  
of the  t o t a l ,  and r i v e r s  would carry  i n t o  the  oceans each year about 1,600,000 
tonnes of o i l ,  o r  35.0 per cent  of the  t o t a l .  

Beyer and Painter  Study 

A.H. Beyer and L.3. Painter ,  two Standard O i l  Co. of Cal i fornia  researchers,  
presented a paper e n t i t l e d  "Estimating the  Po ten t i a l  f o r  Future O i l  S p i l l s  from 
Tankers, Offshore Development, and Onshore Pipel inesw a t  the  1977 U.S. Conference on 
t h e  Prevention and Control of O i l  S p i l l s .  The paper summarized h i s t o r i c a l  s p i l l  
s t a t i s t i c s  and described techniques and equations f o r  est imating the  number and s i z e  
of s p i l l s  from tankers, of fshore  development f a c i l i t i e s ,  and cross-country 
pipelines.  

In the  paper 's  introduction,  Beyer and Painter  cautioned t h a t  the  paper d id  not 
attempt to  quantify the  reduction i n  fu ture  s p i l l a g e  t h a t  would probably r e s u l t  from 
"continuing improvements i n  technology, operating procedures, sa fe ty  methods, and 
environmental protect ion regulations." They c i t e d  a Western O i l  and Gas Association 
es t imate  t h a t  such improvements would reduce the  fu tu re  s p i l l  r a t e s  of offshore 
development operations and tankers by 25 t o  50 per cent. A s  a  r e s u l t ,  Beyer and 
Painter  concluded t h a t  t h e i r  techniques would provide worst-case est imates.  

Based on t h e i r  ana lys i s  of 522 tanker s p i l l s  occurring between 1969 and 1972, 
Beyer and Painter  derived the  following data  on tanker s p i l l s  within 80 kilometres 
of land: 1 )  the  average coas ta l  s p i l l  r a t e  is 87 tonnes per mi l l ion tonnes 
transported;  2 )  0.92 s p i l l  take place every 1,000 por t  c a l l s ;  and 3)  the  average 
s p i l l  s i z e  is 7,124 barre ls .  In addi t ion,  based on t h e i r  ana lys i s  of the  casual ty  
data ,  Beyer and Painter  made the  following conclusions about a l l  tanker s p i l l s :  1 )  
groundings, c o l l i s i o n s ,  and s t r u c t u r a l  f a i l u r e s  have been the  most frequent causes 
of tanker s p i l l s ;  2)  81 per cent  of tanker s p i l l s  occurred within 80 kilometres of 
land; and 3) the  average s p i l l  s i z e  a t  sea ,  where s t r u c t u r a l  f a i l u r e s  o f t en  r e s u l t  
i n  a t o t a l  cargo loss ,  was about th ree  times the  average s p i l l  s i z e  within 80 
kilometres of land. 

Beyer and Painter  a l s o  analysed s p i l l s  r e su l t ing  from well blow-outs, p ipe l ine  
accidents,  platform f i r e s ,  na tura l  phenomena, and platform overflows and 
malfunctions. Based on a study of 48 offshore development s p i l l s  involving more 
than 50 b a r r e l s  from 1966 t o  1975, they concluded t h a t  the  average s p i l l  r a t e  f o r  
offshore petroleum development a c t i v i t y  is 72 tonnes per mi l l ion tonnes of o i l  and 
condensate produced. According t o  Beyer and Painter ,  15 p ipe l ine  accidents  r e su l t ed  
i n  t h e  s p i l l a g e  of 200,861 ba r re l s ,  o r  an average of 13,391 b a r r e l s  per s p i l l .  A 
s i n g l e  p ipel ine  incident ,  however, accounted f o r  more than 160,000 b a r r e l s  l o s t .  
Two well  blow-outs r e su l t ed  i n  the  l o s s  of an estimated 77,500 ba r re l s ,  and the  
Santa Barbara, Cal i fornia  blow-out i n  1969 accounted f o r  75,000 b a r r e l s  of t h a t  
t o t a l .  



METHODOLOGY FOR SPILL ESTIMATES 

In calculating the amount of oil pollution entering the KAP Region on an annual 
basis, we have used data contained in the NAS report and the Beyer and Painter paper 
and have adapted the methodology developed by the Research Planning Institute (RPI) 
in Columbia, South Carolina, to make a similar estimate in 1977. We have also used 
data from the following sources: 1) British Petroleum Co., Offshore Magazine, and 
the U.S. Department of Energy for statistics on oil production, consumption, 
refining, and export in individual countries and on a regional and world-wide basis; 
2 )  the U.S. Census Bureau for world-wide population figures; and 3)  The Times Atlas 
of the World for geographical data. 

Terminology and Assumptions 

The term "KAP Region" or "Region" refers to the marine environment and the 
coastal areas of Bahrain, Iran, Iraq, Kuwait, Oman, Qatar, Saudi Arabia, and the 
United Arab Emirates, as defined in the "Final Act of the Kuwait Regional Conference 
of Plenipotentiaries on the Protection and Development of the Marine Environment and 
the Coastal Areas." Whenever possible, we attempted to compile oil statistics and 
population figures for individual countries in the Region and to base our 
projections on these figures. In some instances, however, the only precise 
information was available on a regional basis only. Consequently, we use the term 
"Middle East" to describe data for oil production, consumption, refinery 
throughputs, and exports from Israel, Jordan, Lebanon, the Syrian Arab Republic, and 
Yemen, in addition to the eight countries in the KAP Region. When we discuss 
offshore production for the Region, we have assumed that the production takes place 
entirely within the marine environment and the coastal areas of those countries. In 
the case of exports, almost 100 per cent of all oil exported from Middle East 
countries originates in the KAP Region, and we have considered the export figures 
for the Region to be equivalent to the export figures for the Middle East. 

In our calculations, we have reduced Middle East consumption and refinery 
capacity statistics to reflect actual levels in the KAP Region because we have 
assumed that oil consumption for individual nations is proportional to population 
and because several Middle East nations outside the Region have significant refinery 
throughputs. 

For consistency in our calculations, we have converted all final amounts into 
metric tonnes. When our original data sources have provided amounts in barrels, we 
have converted the barrels into tonnes, using average densities of 7.314 barrels per 
tonne For crude oil, and 7.392 barrels per tonne for all exports, including both 
crude oil and products. We have included spill estimates to the nearest tonne, in 
part to make our calculations easy for the reader to follow, and in part to maintain 
the precision of the various spill estimates. For example, if we rounded our 
estimates to the nearest 1,000 tonnes, we would reduce our estimate for pollution 
from coastal refineries by a factor of almost 35 per cent, and our estimate for 
atmospheric fall-out from 396 tonnes per year to zero. 

ESTIMATES FOR OIL POLLUTION 

Natural Seeps 

Wilson et al. (1974) subdivided the world's continental margins into regions of 
low, moderate, and high seepage potential and assigned the following average seepage 



r a t e s  t o  those regions respectively:  0.1, 3, and 100 b a r r e l s  per day per 1,000 
square miles ( 1  square mile = 2.59 square kilometres) .  Previous s t u d i e s  indicated 
t h a t  the  sea  a rea  of the  Region has a moderate seepage po ten t i a l  and covers a 
surface  area  of 92,278 square miles (Sverdup, e t  a l . ,  1942). Based on these  data ,  
t h e  amount of o i l  enter ing the Region each year from natura l  seeps would t o t a l  
101,044 b a r r e l s  per year: 

365 days X 3 b a r r e l s  X 92,278 square miles = 101,044 b a r r e l s  
year (day) (1,000 square miles)  year 

o r  13,815 tonnes per year: 

101 .044bar re l sX t o m e s  = 13.815 tonnes 
year 7.314 b a r r e l s  year 

Offshore Production 

RPI used the  following th ree  methods developed by t h e  NAS (19751, Beyer and 
Pa in te r  (19771, and Devanney and Stewart (1974) t o  es t imate  t h e  amount of o i l  
enter ing the  KAP Region from offshore platforms and pipel ines .  We have used a 
s imi la r  approach with updated s t a t i s t i c s .  

Method 1: The NAS estimated t h a t  t h e  average o i l  l o s s  from minor s p i l l s  
involving l e s s  than 50 b a r r e l s  and from briny discharges t o t a l s  between 8.6 tonnes 
per mi l l ion tonnes produced and 32 tonnes per mi l l ion tonnes produced. The NAS a l s o  
ca lcula ted  t h a t ,  f o r  s p i l l s  g rea te r  than 50 ba r re l s ,  the  t o t a l  o i l  l o s s  would amount 
t o  approximately 140 tonnes per mi l l ion tonnes produced. The s t a t i s t i c s  department 
of  Offshore Magazine estimated t h a t  the  t o t a l  1979 offshore production i n  the  KAP 
Region mounted t o  4,806,000 b a r r e l s  per day, o r  239,840,000 tonnes per year: 

4,806,000 b a r r e l s  239,840,000 tonnes 
produced X 365 days X tonnes - - produced 

day year 7.314 b a r r e l s  year 

Based on 1979 production f igures ,  we calcula ted  the  amount of o i l  enter ing the 
Region from the  followinq offshore production sources: 

a )  Briny discharges and s p i l l s  involving l e s s  than 50 barre ls :  

8.6 tonnes s p i l t  
Low value: mi l l ion tonnes 

produced 

32 tonnes s p i l t  
High value: mi l l ion tonnes 

produced 

b) S p i l l s  involving more than 50 

140 tonnes s p i l t  
mi l l ion  tonnes 

produced 

X 239.840 mil l ion = 2,063 tonnes 
tonnes produced s p i  1 t 

X 239.840 mil l ion = 7,675 tonnes 
tonnes produced s p i  1 t 

barre ls :  

X 239.840 mil l ion = 33,578 tonnes 
tonnes produced s p l i t  

Therefore, t h e  t o t a l  estimated s p i l l a g e  from offshore production a c t i v i t i e s  has  
an average value of 38,447 tonnes: 

Low value: 2,063 tonnes + 33,578 tonnes = 35,641 tonnes 



High value: 7,675 tonnes + 33,578 tonnes = 41,253 tonnes 

Average value: 35,641 tonnes + 41,253 tonnes = 38,447 tonnes 
2 

Method 2: Beyer and Painter  estimated t h a t  the  average s p i l l  r a t e  f o r  offshore  
development a c t i v i t i e s  is 72 tonnes s p i l t  f o r  every mil l ion tonnes produced. Usinq 
Beyer and Painter  methodology, we have deduced t h a t  the  amount s p i l t  i n  1979 from 
offshore a c t i v i t i e s  is approximately 17,268 tonnes: 

72 tonnes s p i l  t X 239.840 mil l ion = 17,268 tonnes s p i l t  
mi l l ion tonnes tonnes produced 

produced 

Method 3: Devanney and Stewart estimated t h a t  the amount of o i l  l o s t  from 
offshore  platforms is 60 tonnes per mi l l ion tonnes produced, and t h a t  the  s p i l l a g e  
from offshore p ipe l ines  averages 110 tonnes per mi l l ion tonnes produced. Usinq 
these  est imates with 1979 offshore production f igures ,  we have calcula ted  the  
following: 

a )  Losses from offshore platforms: 

60 tonnes s p i l t  X 239.840 mil l ion = 14,390 tonnes s p i l t  
mi l l ion tonnes tonnes produced 

produced 

b) Losses from offshore pipelines:  

110 tonnes s p i l t  X 239.840 mil l ion = 26,382 tonnes s p i l t  
mi l l ion tonnes tonnes produced 

produced 

The t o t a l  estimated s p i l l a g e  from platforms and p ipe l ines  is 40,772 tonnes: 

14,390 tonnes + 26,382 tonnes = 40,772 tonnes 

Since the  th ree  methods exh ib i t  a wide va r i a t ion  i n  the  estimated amount of  o i l  
s p i l t  i n t o  the  Region from offshore operations,  we bel ieve  t h a t  the  bes t  f i n a l  
es t imate  would be an average of the  value derived from the  th ree  methods, o r  32,162 
tonnes: 

38,447 tonnes + 17,268 tonnes + 40,772 tonnes = 32,162 tonnes 
(NAS) (Beyer and Painter)  (Devanney and Stewart) s p i l t  

3 

- 
Tanker Transportation 

During the  t ranspor ta t ion of  o i l  i n  tankers,  o i l  po l lu t ion  may r e s u l t  fro- 
e i t h e r  tanker accidents  o r  opera t ional  o i l  discharges. Based on tanker casual ty  * 
data  f o r  the  period of 1969 t o  1972, Beyer and Painter  used the  following va r iab les  
t o  es t imate  the  average amount of  o i l  s p i l t  from tanker accidents  within 80 
kilometres of shore: 1 )  volume of o i l  t ransported,  and 2)  number of  por t  c a l l s .  

As mentioned e a r l i e r ,  Beyer and Painter  ca lcula ted  t h a t  the  averaqe s p i l l a q e  
wi thin  80 kilometres of shore a s  a r e s u l t  of tanker accidents  would be  87 tonne8 per 
mi l l ion  tonnes transported.  We used the  following reasoning t o  c a l c u l a t e  a s p i l l  
es t imate  f o r  nearshore tanker accidents  i n  the  KAP Region alone: British Petroleum 



Co. (1980) estimated t h a t ,  during 1979, the  Middle East nat ions  exported 
approximately 1,009 mill ion tonnes of o i l .  In our est imates of s p i l l  inc idents ,  we 
have assumed tha t  almost a l l  of the o i l  exported from the Middle East nat ions  
or ig inated i n  the  KAP Region and t h a t  tankers transported a l l  of the  o i l  out  of the 
Region. I f  we assume t h a t  a l l  the nearshore o i l  pol lu t ion associated with tankers 
carrying o i l  from the KAP Region ac tua l ly  occurred i n  the  Region, the  t o t a l  o i l  
s p i l l a g e  from tanker c a s u a l t i e s  within 80 kilometres of the  shores i n  the  Region 
during 1979 would have t o t a l l e d  87,783 tonnes: 

* 

87 tonnes s p i l t  X 1,009 mill ion = 87,783 tonnes s p i l t  
mi l l ion tonnes tonnes exported 

e exported 

In ac tua l  f a c t ,  however, tankers  carrying o i l  from the Region pass within 80 
kilometres of the  shore a t  the  following point locations:  the  point of o r ig in ,  the  
point  of des t inat ion,  intermediate port  c a l l s ,  and the  nearshore por t ions  of 
shipping lanes. For our ca lcula t ions ,  we have assumed tha t  tankers carrying o i l  
from the  Region pass within 80 kilometres of the shore a t  the  following three  points  
during a voyage: 

1 )  during passage through the KAP Region from the point of 
o r ig in ;  

2)  a t  an intermediate port  c a l l  o r  while rounding a 
continent;  and 

3) while approaching the  point of destination.  

We have assumed tha t  nearshore c a s u a l t i e s  w i l l  have an equal d i s t r i b u t i o n  a t  
these th ree  locat ions  and tha t  one-third of the nearshore accidenta l  sp i l l age ,  
amounting t o  29,261 tonnes, w i l l  occur i n  the Region: 

87,783 tonnes = 29,261 tonnes 
3 

According t o  Beyer and Painter ,  world-wide casualty data f o r  the period 1969 t o  
1972 ind ica te  t h a t  the average s p i l l  r a t e  is 0.92 nearshore s p i l l  per 1,000 por t  
c a l l s  and t h a t  the  average s p i l l  s i z e  is 7,124 b a r r e l s  per s p i l l .  Although we have 
not located por t  c a l l  data i n  the  KAP Region f o r  1979, t h e  RPI study ind ica tes  
t h a t ,  i n  1976, tankers  made 10,114 por t  c a l l s  a t  Region por t s ,  accounting fo r  
expor ts  of 1,033 mill ion tonnes (BP, 1980) of crude o i l  and ref ined products i n  
1976. Assuming the same tanker population i n  the  Region during 1979 a s  during 1976, 
and assuming a proportional  decrease i n  tanker por t  c a l l s  f o r  t ranspor t ing the  1,009 
mil l ion tonnes (BP, 1980) exported from the Middle East during 1979, we have 
calcula ted  t h a t  tankers would have made approximately 9,879 por t  c a l l s  i n  the  Region 

* during 1979: 

1,009 mil l ion tonnes 10.114 por t  
exported (1979) X c a l l s  (1976) = 9,879 por t  c a l l s  (1979) 

Ã 1,033 mil l ion tonnes 
exported (1976 ) 

Using Beyer and Pa in te r ' s  por t  c a l l  est imate f o r  sp i l l age ,  a t o t a l  of 9,879 
por t  c a l l s  would correspond t o  a t o t a l  s p i l l a g e  of 8,759 tonnes: 

9,879 por t  7,124 
0.92 s p i l l s  X c a l l s  X b a r r e l s  X tonne = 8,759 tonnes 
1,000 por t  7.392 b a r r e l s  

c a l l s  



We believe that ,  compared to  the estimate based on port c a l l s ,  the estimate 
based on a s p i l l  r a t e  of 87 tonnes s p i l t  per million tonnes transported has greater 
accuracy because a s ingle  major incident w i l l  probably s p i l l  more o i l  than the 
en t i r e  port c a l l  estimate of 8,759 tonnes. For example, i n  1972, the col l is ion 
between the 120,300-DWT South Korean tanker Sea Star  and the tanker Horta Barbosa 
resulted i n  the sp i l lage  of more than 100,000 tonnes of o i l  in to  the Gulf of Oman. 
This incident accounted for  nearly 13 times the estimate for  average annual spi l lage 
based on the port c a l l  estimate. 

Tanker Cleaning and Bal l as t ing  

According to  the NAS, Load On Top (LOT) procedures could eliminate 90 per cent 
of the operational discharges associated with tanker cleaning and ballasting. 
Tankers using LOT procedures re ta in  cargo tank washings and o i ly  ba l las t  water on 
board t o  separate out the o i l  from the water for  incorporation in to  the next 
shipment. When tankers do not use LOT measures, they typically discharge about 0.35 
per cent of t he i r  carrying capacity during the i r  ba l l a s t  voyage. NAS estimated 
tha t ,  when tankers use LOT, the  procedure reduces the pollution by 90 per cent and 
tha t  therefore a typical discharge from such tankers would contain only 0.035 per 
cent of the tanker 's  cargo capacity. 

O i l  industry s t a t i s t i c s  indicate tha t ,  during the mid-19705, approximately 80 
per cent of a l l  tankers used LOT, with the remainder discharging the i r  tank washings 
and ba l las t  water d i rec t ly  i n to  the ocean. I f  w e  assume that  the same r a t i o  of LOT 
usage applies for  tankers t rans i t ing  the KAP Region, the 80 per cent of the tankers 
t ha t  use LOT would discharge a t o t a l  of 282,520 tonnes of o i l  while carrying o i l  
 fro^ the Region: 

1,009 million X (0.035 per cent loss) X (80 per cent) = 282,520 tonnes 
tonnes exported 

The 20 per cent of the tankers tha t  do not use LOT would discharge 706,300 
tonnes: 

1,009 million X (0.35 per cent loss)  X (20 per cent) = 706,300 tonnes 
t o m s  exported 

The t o t a l  o i l  loss  from tankers carrying o i l  from the KAP Region would amount 
t o  282,520 tonnes plus 706,300 tonnes, o r  988,820 tonnes. Since tankers carrying 
o i l  t o  North America, Europe, and Asia t ravel  about 5 t o  10 per cent of t h e i r  t o t a l  
voyage distances i n  the confines of the Region, only about 5 t o  10 per cent of the 
t o t a l  loss  would occur i n  the Region i f  the tankers dis t r ibuted t he i r  tank cleaning 
and bal las t ing a c t i v i t i e s  evenly along the i r  routes. Since tanker captains would 
probably be more l ike ly  t o  release ba l las t  water some distance from land, away from 
close scrutiny by national and international maritime authori t ies ,  w e  have estimated 
tha t  only about 5 per cent of the t o t a l  bal las t ing and tank cleaning discharges, 

& 

amounting t o  approximately 49,441 tonnes of o i l ,  takes place i n  the Region. 

Terminal Operations 
Â¥* 

According t o  Brumnage (19731, the average lose r a t e  a t  the Milford Haven, U.K. 
tanker t e m i n a l  was 1.1 tonne8 per million tonnes throughput during nine years of 
operation. For a similar port i n  Portland, Maine, the l o s s  r a t e  was about 2.2 
tonne8 per mill ion tonnes throughput. We applied these two a p i l l  rates to the KAP 
Region and used the  export t o t a l  of 1,009 million tonnes i n  1979 (BP, 1980) a s  the 
t e m i n a l  throughput. Our calculations indicate  an estimated range of between 1,110 



and 2,220 tonnes a s  t h e  t o t a l  o i l  l o s s  from terminals  i n  t h e  Reqion dur inq  1979: 

1.1 tonnes s p i l t  X 1,009 mi l l i on  tonnes throughput = 1,110 tonnes s p i l t  
m i l  l i o n  tonnes 

throughput 

2.2 tonnes  s p i l t  X 1,009 m i l l i o n  tonnes throughput = 2,220 tonnes  s p i l t  
m i l l i o n  tonnes 

throughput 

Since c o u n t r i e s  i n  t h e  KAP Reqion have somewhat less s t r i c t  environmental laws 

than does e i t h e r  t h e  U.S. o r  t h e  U.K., and s i n c e  h i s t o r i c a l  d a t a  i n d i c a t e  that 
ind iv idua l  terminal  s p i l l s  a s  l a r g e  a s  5,000 tonnes  have occurred i n  t h e  Reqion 
during t h e  pas t  decade, w e  have est imated t h a t  t h e  annual l o s s  from terminal  
ope ra t ions  is g r e a t e r  i n  t he  Reqion than a t  e i t h e r  Milford Haven o r  Port land.  If we 
assume a s p i l l a g e  r a t e  of  1.5 times t h e  average s p i l l a g e  r a t e  a t  Por t land ,  o r  3.3 
tonnes s p i l t  per  m i l l i o n  tonnes t ranspor ted ,  then our estimate f o r  t o t a l  o i l  
d ischarges  from terminals  i n  t h e  Region would be 3,330 tonnes: 

3.3 tonnes s p i l t  X 1,009 mi l l i on  tonnes throuqhput = 3,330 tonnes  s p i l t  
mi l l i on  tonnes 

throughput 

Total  Tanker-related Losses 

In summary, w e  c a l cu la t ed  t h a t  tanker- re la ted  l o s s e s  amounted t o  a t o t a l  o f  
82,032 tonnes: 

Tanker c a s u a l t i e s  29,261 tonnes 
Tanker c leaning  and b a l l a s t i n g  49,441 tonnes 
Terminal ope ra t ions  3,330 tonnes  

Total  : 82,032 tonnes 

Non-tanker Accident Losses 

The NAS es t imated  t h a t  non-tanker acc iden t s  c o n t r i b u t e  approximately 100,000 
tonnes  of  o i l  each year  i n t o  the  marine environment world-wide. We b e l i e v e  t h a t  a 
reasonable  e s t ima te  o f  t h e  o i l  l o s t  through non-tanker acc iden t s  i n  t h e  KAP Region 
may be based on t h e  t o t a l  l e v e l  of  i n d u s t r i a l  development i n  both  t h e  c o a s t a l  and 
non-coastal a r e a s  o f  t h e  c o u n t r i e s  i n  t h e  Reqion. We have f u r t h e r  assumed that the 
l e v e l  of i n d u s t r i a l  a c t i v i t y  may be  l inked d i r e c t l y  t o  t h e  l e v e l  o f  o i l  consumption 
i n  those  a r e a s  and t h a t  o i l  consumption may b e  r e l a t e d  d i r e c t l y  t o  t o t a l  population. 

According t o  the  U.S. Census Bureau, t h e  populat ion o f  t h e  c o u n t r i e s  i n  t h e  KAP 
Region was 59,941,000, o r  71.6 per  cen t  o f  t h e  Middle East  populat ion o f  83,714,000. 
I f  w e  assume t h a t  t he  KAP Region consumed o i l  a t  t h e  same r a t e  per  c a p i t a  a s  t h e  
e n t i r e  Middle Eas t ,  then t h e  KAP Region would have consumed 71.6 p e r  c e n t  o f  t h e  
74.8 mi l l i on  tonnes (BP, 1980) of o i l  consumed i n  t h e  Middle East  i n  1979, o r  53.56 
m i l l i o n  tonnes. 

I f  t he  na t ions  i n  the  Region consume 53.56 m i l l i o n  tonnes o f  t h e  es t imated  
3,119.6 mi l l i on  tonnes o f  o i l  consumed world-wide i n  1979 (BP, 1980), w e  e s t ima te  
t h a t  1,717 tonnes of  t h e  100.000 tonnes of  o i l  l o s t  world-wide from non-tanker 
acc iden t s  is s p i l t  i n  the  Region: 

53.56 mi l l i on  tonnes X 100.000 tonnes s p i l t  = 1,717 tonnes s p i l t  
3.119.6 millinn tnnnn- 



Coastal Refineries 

. The MAS reported t h a t  r e f i n e r i e s  using a gravi ty  separation/dissolved a i r  
f l o t a t i o n  system m y  reduce t h e  o i l  content of ref inery  discharges t o  about 20 p a r t s  
per million. According t o  RPI, r e f i n e r i e s  i n  the  Region had a t o t a l  throughput of 
66.2 mill ion tonnes, o r  57.56 per cent of the  t o t a l  1976 Middle East ref inery  
throughput of 115 mill ion tonne8 (BP, 1980). If  we assume the  same proportion of 
57.56 per cent f o r  1979, when the  t o t a l  Middle East ref inery  throughput reached 117 
mil l ion tonnes, r e f i n e r i e s  i n  t h e  Region would account f o r  67.35 mill ion tonnes 
throughput : 

57.56 per cent X 117 mill ion t o m e s  = 67.35 mill ion tonnes 

With a discharge r a t e  of 20 p a r t s  per mill ion,  a 67.35-million-tonne throughput 
would lead to a discharge of 1,347 tonnes: 

20 tonnes discharged X 67.35 mill ion tonnes s 1,347 tonnes discharged 
mill ion tonnea throughput 

throughput 

The MAS estimated tha t  o i l  pollution from atmospheric fal l-out w i l l  t o t a l  
600,000 tonnes i n  the  ea r ly  19808, the  same f igure  given fo r  1973 when world-wide 
o i l  consumption was only about 80 per cent of current  levels .  This est imate of no 
change was probably based on the  assumption t h a t  increasingly s t r i c t  hydrocarbon 
emission standards i n  indust r ia l ized countr ies  would balance out any increase i n  
pol lu t ion which might otherwise occur from increased petroleum consumption. Our 
est imates f o r  atmospheric fa l l -out  in  1979 and during the 1980s make a s imi la r  
assumption. The surface area of the  Region's marine environment t o t a l s  92,278 
square miles, o r  0.066 per cent of the  t o t a l  surface  area of the  world's oceans and 
lakes, which is 139,660,400 square miles. If  the  600,000 tonnes from atmospheric 
fa l l -out  were d i s t r ibu ted  equally over the  world's lakes and oceans, then pollution 
from atmospheric fal l-out over the sea area of the  Region would t o t a l  0.066 per cent 
of the  t o t a l ,  or about 396 tonnes per year. 

Coastal Municipal Wastes and Coastal Non-refinery Indust r ia l  Wastes 

The NAS study estimated tha t  coasta l  municipal wastes and coasta l  non- ref inery  
i n d u s t r i a l  wastes i n  the  U.S. contributed about 8 grams of petroleum i n t o  the  marine 
environment per day fo r  each person l iv ing  i n  the  coasta l  zone. To estimate the  o i l  
input from these wastes i n  the  KAP Region, we used the following reasoning: In 
1979, the  e n t i r e  U.S. population of about 226 mill ion consumed a t o t a l  of 862.0 
mill ion tonnes of o i l ,  o r  about 3.82 tonnes per person. The U.S. Census Bureau 
estimated t h a t  the  population of the Middle East was about 83,714,000 i n  1977. O i l  
consumption i n  the  Middle East during 1977 was 78.9 mill ion tonnes, or  an average of 
0.942 tonne per person, o r  24.65 per cent of t h e  3.82 tonnes per cap i ta  U.S. 
consumption i n  1979. I f  w e  assume tha t  the  discharge of municipal wastes and 
non-refinery indus t r i a l  wastes is d i r e c t l y  proportional t o  per cap i ta  consumption, 
and t h a t  the  population i n  t h e  coasta l  zone of the  KAP Region has the  same per 
cap i ta  o i l  consumption a s  the  population i n  both the  coasta l  and non-coastal zones 
of the  Middle East, then about 1.97 grams of o i l  would be discharged per capi ta  per 
day i n  the  coas ta l  zone o f  the  Region. 

According t o  RPI, t h e  t o t a l  population of the  coasta l  and t r ibu ta ry  a reas  i n  
t h e  KAP Region wee about 6.2 mill ion i n  1976, and the U.S. Census Bureau statistics 
indicated tha t  t h e  population of t h e  Region had increased a t  an average annual r a t e  



of about 3.3 per cent from 47,861,000 i n  1970 t o  59,941,000 i n  1977. I f  the  coasta l  
and t r ibu ta ry  population of 6.2 mill ion i n  1976 a l so  increased a t  t h i s  r a t e ,  i t  ' 

would have increased 10.1 per cent by 1979 t o  6.83 million: 

6.2 mill ion + (10.1 per cent x 6.2 mill ion) = 6.83 mill ion 

Assuming an average per cap i ta  discharge from coas ta l  municipal wastes and 
- coasta l  non-refinery wastes of 1.97 grams per cap i ta  per day, the  t o t a l  o i l  

pol lu t ion from coasta l  municipal wastes and non-refinery wastes i n  1979 would be 
4,911 tonnes : 

6.83 mill ion 
1.97 grams X 365 days X persons X tonnes = 4,911 tonnes 
person/da y mill ion grams 

Urban Run-off 

The NAS estimated tha t  the  o i l  pol lu t ion from urban run-off is approximately 50 
per cent of the  t o t a l  world-wide input of o i l  from coas ta l  municipal wastes and 
coas ta l  non-refinery wastes i n t o  the  marine environment. Assuming tha t  t h i s  
proportion holds fo r  the KAP Region, urban run-off would account f o r  approximately 
2,456 tonnes of o i l  pol lu t ion i n  the  Region during 1979: 

50 per cent X 4,911 tonnes = 2,456 tonnes 

River Run-off 

The NAS calcula ted t h a t ,  i n  t h e  U.S. i n  1970, the  t o t a l  amount of o i l  
discharged i n t o  the  marine environment through r i v e r  run-off was 530,000 tonnes. In 
1970, the  U.S. consumed a t o t a l  of 694.6 mill ion tonnes (BP, 19001, and based on 
t h i s  amount, we calcula ted t h a t  the  o i l  discharge r a t e  from r i v e r  run-off was 763.0 
tonnes of o i l  discharged per mill ion tonnes of o i l  consumed: 

530,000 tonnes discharged = 763.0 tonnes discharged 
694.6 mill ion tonnes consumed mill ion tonnes consumed 

Since the KAP Region has a primarily a r i d  cl imate with few major r i v e r s  t o  
carry  o i l  pol lu t ion run-off, we have assumed tha t  only the  a r e a ' s  coas ta l  and 
t r ibu ta ry  population of about 6.83 mill ion contr ibute  a s i g n i f i c a n t  amount of o i l  
pol lu t ion through r i v e r  run-off i n t o  the  Region. I f  we assume, a s  above, t h a t  t h e  
per cap i ta  o i l  consumption for  the  population i n  the  coas ta l  zone is 0.942 tonne per 
year, and that the  discharge r a t e  of o i l  i n t o  r i v e r s  is 763.0 tonnes discharged per 
mill ion tonnes consumed, then the  t o t a l  discharge i n t o  the  Region during 1979 was 
4,909 tonnes: 

0.942 tonne consumed X 6.83 mill ion X 763.0 tonnes discharged = 4,909 tonnes 
person persons mill ion tonnes consumed discharged 

SUMMARY OF SPILL ESTIMATES 

Table 2 summarizes the  est imates tha t  we derived i n  the  e a r l i e r  sect ions  f o r  
each major source of o i l  pol lu t ion in  the KAP Region. According t o  our est imates,  
approximately 144,000 tonnes of o i l  s p i l t  in to  the  marine environment of the  KAP 
Region during 1979. This amount represents about 3.1 per cent of the  MAS estimate 



TABLE 2 

Total Estimate of Oil Pollution in the 

Kuwait Action Plan Region During 1979 

Source Estimate in Tonnes 

Natural Seeps.. 13,815 

Offshore Production 

Tanker Transport 

Non-tanker Accidents 

Coastal Refineries 1,347 

Atmospheric Fall-out 396 

Coastal Municipal Wastes & 4,911 
Coastal Non-refinery Wastes 

Urban Run-off 2,456 

River Run-off 4,909 

TOTAL 143,745 

Percent of Total 

9.6 

22.4 

of 4,570,000 tonnes discussed earlier. A conparison of the MAS world-wide oil 
pollution statistics in table 1 with the KAP Region estimates in table 2 offers the 
following insights: 

Whereas the oil pollution statistics for the world show that 15.4 per cent 
of the total comes from tanker transport and 4.4 per cent from offshore 
production, the estimates for the Region show that 57.1 per cent of the 
total cones from tanker transport and 22.4 per cent from offshore 
production. This high percentage of pollution from tanker transport and 
offshore operations in the Region is consistent with the high 
concentration of oil production and transportation activities in the 
Region. 

The oil pollution statistics for the Region show that 3.4 per cent of the 
total cones from coaatal municipal wastes and coaatal non-refinery wastes 
and 1.7 per cent from urban run-off, whereas the estimates for the world 
show that 9.8 per cent of the total cornea from coaatal wastes and 6.6 per 

Â¥ 
cent from urban run-off. This difference reflects the relatively low 
population density and low per capita oil consumption in the Region 
compared with the nations of Western Europe and North Awrica. 

Â 

Although the KAP Region comprises only 0.064 per cent of the surface area 
of the world's marine environment, our estimate8 indicate that it 
contributes 3.1 per cent of the world's marine oil pollution, which is 47 
times the average estimated a~ount for a w i n e  environment of similar 
surface Tea.  



TEN-YEAR PROJECTION OF OIL POLLUT ION 

On the  b a s i s  of our es t imates  f o r  1979, we have estimated the volume of o i l  
po l lu t ion  i n  the  KAP Region during the 10 years from 1980 t o  1989. In der iv ing t h i s  
volume, we have made the  following assumptions: 

The surface  area  and geologic s e t t i n g  of the  KAP Region w i l l  remain 
constant  so  t h a t  o i l  pol lu t ion from na tu ra l  seeps and from atmospheric 
fa l l -out  w i l l  a l s o  remain constant;  

Offshore production w i l l  increase a t  an annual r a t e  of 1.7 per cent  per 
year, a s  i t  did  from 1978, with 4,727,000 b a r r e l s  produced per day, t o  
1979, with 4,806,000 b a r r e l s  produced per day. The associa ted  o i l  
po l lu t ion  from offshore production w i l l  a l s o  increase a t  the annual r a t e  
of 1.7 per cent;  

The volume of Middle East o i l  exports  w i l l  increase  a t  a 0.3 per cent  
annual r a t e ,  a s  it  did  during the  five-year period from 1974 t o  1979. The 
o i l  s p i l l  r a t e s  f o r  tanker c a s u a l t i e s ,  tanker cleaning and ba l l a s t inq ,  and 
terminal opera t ions  w i l l  a l so  increase  a t  the  r a t e  of 0.3 per  cent  per 
year; 

Middle East o i l  consumption w i l l  increase a t  a r a t e  of 2.2 per cent  per 
year, a s  i t  did between 1974 and 1979. The o i l  s p i l l  r a t e s  f o r  non-tanker 
losses  w i l l  a l s o  increase a t  the  annual r a t e  of  2.2 per  cent ;  

The population i n  the  KAP Region w i l l  increase  a t  a 3.3 per cent  annual 
r a t e ,  a s  i t  did  between 1970 and 1977. The l o s s  r a t e s  associated with 
urban run-off, r i v e r  run-off, and coas ta l  municipal wastes and coas ta l  
non-refinery wastes w i l l  a l s o  increase  a t  the  r a t e  of 3.3 per cent  per 
year; 

The coas ta l  ref inery  throughput w i l l  increase  a t  the  7.8 per  cent  annual 
r a t e  t h a t  ref inery  capacity increased during the  five-year period between 
1974 and 1979. The o i l  pol lu t ion associated with c o a s t a l  r e f i n e r i e s  w i l l  
increase  a t  the  same ra te .  

is important t o  note t h a t  our ca lcu la t ions  d i d  not include any normalization 
f a c t o r  f o r  pol lu t ion t h a t  might r e s u l t  from natura l  d i s a s t e r s ,  sabotage, o r  war 
during the 10-year period. In addi t ion,  our project ions  d id  not assume any changes 
i n  the  amount of o i l  production, consumption, and exportat ion i n  the  Region a s  a 
r e s u l t  of na tu ra l  d i s a s t e r s ,  sabotage, war, s t r i k e s ,  o r  embargos. Nor d id  we assume 
any changes a s  a r e s u l t  of improved technology, s a f e t y  measures, and environmental 
protect ion l e g i s l a t i o n .  

A s  an example of  the  types of unforeseen changes not  accounted f o r  i n  our 
project ion,  o i l  production i n  Iran dropped over 40 per cent  from 260.4 mi l l ion 
tonnes i n  1978 t o  155.6 mil l ion tonnes a f t e r  the  Revolution i n  1979, and with t h e  
outbreak of war between I ran  and I raq  t h i s  year, o i l  production f igures  f o r  both 
coun t r i e s  a r e  l i k e l y  t o  show a subs tan t i a l  decrease during 1980. In addi t ion,  
war-related o i l  pol lu t ion i n  Iran and I raq  w i l l  probably t o t a l  many thousands of  
t onnes . 

With these  l i m i t a t i o n s  i n  mind, we prepared t a b l e  3 f o r  es t imates  of o i l  
po l lu t ion  i n  the  KAP Region during the  10-year period from 1980 t o  1989. 





HISTORICAL MAJOR OIL SPILLS IN THE REGION 

Although we e s t i m a t e d  t h a t  approx imate ly  144,000 t o n n e s  o f  o i l  p o l l u t i o n  
e n t e r e d  t h e  KAP Reqion d u r i n g  1979 and t h a t  more t h a n  1 ,500,000 t o n n e s  w i l l  e n t e r  
t h e  Reqion d u r i n g  t h e  1980s,  w e  c o u l d  n o t  compare o u r  e s t i m a t e s  w i t h  ha rd  d a t a  f o r  

t h e  Region, due t o  t h e  l a c k  o f  a s i n q l e  comprehensive s o u r c e  o f  h i s t o r i c a l  s p i l l  - 
d a t a  f o r  t h e  Region. I n  an e f f o r t  t o  f i l l  t h i s  i n f o r m a t i o n  qap ,  we compiled a l ist 
o f  major  a c c i d e n t a l  s p i l l s  t h a t  o c c u r r e d  i n  t h e  Reqion d u r i n q  t h e  p e r i o d  between 
1966 and October 1980. 

* 
I n  d e v e l o p i n g  t h e  list, we conducted a l i t e r a t u r e  s e a r c h  o f  p e r i o d i c a l s  and 

books on mar ine  p o l l u t i o n  and u s e d  d a t a  f i l e s  from t h e  fo l lowinq :  t h e  O i l  S p i l l  
I n t e l l i g e n c e  Repor t ,  t h e  Marine P o l l u t i o n  B u l l e t i n ,  t h e  C e n t r e  f o r  Short-Lived 
Phenomena, t h e  Canadian Environmental  P r o t e c t i o n  S e r v i c e ,  t h e  U.S. Environmental 
P r o t e c t i o n  Agency, t h e  I n s t i t u t  F r a n c a i s  du P e t r o l e ,  t h e  Bahrain  M i n i s t r y  o f  H e a l t h ,  
and t h e  U n i v e r s i t y  of  Petroleum and M i n e r a l s  i n  Dhahran, Saudi  Arabia .  We a l s o  
developed d a t a  s h e e t s  r e q u e s t i n g  s p i l l  i n c i d e n t  i n f o r m a t i o n  and d i s t r i b u t e d  t h e s e  
s h e e t s  t o  r e s e a r c h  c e n t r e s ,  o i l  companies,  and qovernment a q e n c i e s  i n  t h e  Reqion. 

Our list c o n t a i n s  d a t a  on about  30 i n d i v i d u a l  s p i l l s  and,  a s  such ,  r e p r e s e n t s  a 
f i r s t  e f f o r t  a t  compi l ing  a d a t a  b a s e  f o r  t h e  Reqion. A s  an i n d i c a t i o n  o f  t h e  
p r e l i m i n a r y  n a t u r e  o f  o u r  l ist ,  t a n k e r s  r e p o r t i n g  t o  t h e  Japan Oceanoqraphic Data 
C e n t r e  i n  Tokyo, Japan ,  s i g h t e d  139 s l i c k s  d u r i n q  1978 and 273 s l i c k s  d u r i n q  1979 i n  
t h e  Region and its approaches ,  w h i l e  f o r  t h e  same two-year p e r i o d ,  o u r  t a b l e  
c o n t a i n e d  i n f o r m a t i o n  on o n l y  1 2  major i n c i d e n t s .  

Althouqh o u r  l is t  h a s  l i m i t e d  u s e f u l n e s s  q i v e n  i ts  p r e l i m i n a r y  n a t u r e ,  i t  
n e v e r t h e l e s s  i l l u s t r a t e s  t h a t  s i n g l e  major s p i l l s  may have  a major  impact on t h e  
t o t a l  o i l  s p i l l a g e  pe r  y e r  i n  t h e  Reqion. For  example, t h e  Lavan I s l a n d  w e l l  
blow-out i n  1971 and t h e  r e c e n t  Hasbah 6 w e l l  blow-out i n  October 1980 each  
invo lved  t h e  s p i l l a q e  o f  a n  e s t i m a t e d  14,000 t o n n e s  o f  o i l  i n t o  t h e  Reqion, and t h a t  
amount r e p r e s e n t s  abou t  o n e - t h i r d  o f  o u r  e s t i m a t e  f o r  t h e  t o t a l  y e a r l y  s p i l l a q e  from 
a l l  o f f s h o r e  o p e r a t i o n s .  The 1972 t a n k e r  c o l l i s i o n  o f  t h e  Sea S t a r  and t h e  Horta  
Barbosa r e s u l t e d  i n  t h e  l o s s  o f  more t h a n  100,000 t o n n e s  o f  c r u d e  o i l  i n t o  t h e  Gulf 
o f  Oman. That amount was a lmos t  f o u r  times more t h a n  t h e  29,000 t o n n e s  p r e d i c t e d  
f o r  annual  s p i l l a g e  from t a n k e r  c a s u a l t i e s  i n  t h e  Reqion. 

T h i s  d i s c u s s i o n  i l l u s t r a t e s  t h e  need f o r  ha rd  d a t a  t o  t e s t  s p i l l  e s t i m a t e s  and 
t o  de te rmine  t h e  r e a l  magni tude o f  o i l  p o l l u t i o n  i n  t h e  Reqion. An 
i n c i d e n t - r e p o r t i n g  network f o r  t h e  Region would a l l o w  r e s e a r c h e r s  t o  conf i rm o r  
r e v i s e  t h e i r  e s t i m a t e s ,  t o  p i n p o i n t  a r e a s  o f  g r e a t e s t  r i s k s ,  and t o  deve lop  
e f f e c t i v e  s p i l l  con t inqency  p l a n s  and p o l l u t i o n  c o n t r o l  l e g i s l a t i o n .  

RECENT MAJOR SPILLS IN THE REGION 

Between August and December 1980, two major  s p i l l s  i n  t h e  KAP Reqion r e c e i v e d  
i n t e r n a t i o n a l  a t t e n t i o n .  These s p i l l s  have  i m p l i c a t i o n s  a s  c a s e  s t u d i e s  f o r  
r e s e a r c h e r s ,  p o l i c y  makers ,  and r e s p o n s e  teams w i t h i n  t h e  Reqion. They i l l u s t r a t e  
t h e  need f o r  t e c h n i q u e s  t o  moni to r  and t r a c k  s p i l l s ,  schemes t o  compensate damaqe 

v i c t i m s ,  con t inqency  p l a n s  t o  e n s u r e  a r a p i d  response ,  and s c i e n t i f i c  programmes t o  
a s s e s s  and moni to r  env i ronmenta l  impacts .  



HISTORIC MAJOR OIL SPILLS I N  THE KUWAIT ACTION PLAN REGION 

DATE SOURCE LOCATION TOMWE6 SPILLED TYPE W OIL CAUSE 

24*59'M, 51Â°37' 
Urn Safid,  Qatar 

(26*48'N, 49*54'E) 
TBrflt Bay, Saudi Arabia 

(26*50'N, 53'20'B) 
Lavan Island, Iran 

26*418M, 50Â°11' 
Ras Tannffrah, Saudi Arabia 

Qatar crude exploiion c 
f i r e  

0 Jun 66 

0 Apr 70 

2 Dec 71 

1972 

2 Aug 72 

2 Nov 72 

3 Dec 72 

3 May 74 

Brit ish Crown 
Brit ish - 28,598 DWT 

pipeline Arabian crude 

offmhore platform blowout 

Arabian l igh t  
crude 

terminal 

diem1 6 
Lubricating 

Constantinoe 
16,210 DWT 

25*16'M, 55'18'E 
near Dubai, United Arab 
Emirates 

26*38'N, 50'10'E 
near Rae TannUrah, 
Saudi Arabia 

undetermined 

Sea Star 
South Korean - 
120,300 DUT 

24*53'H, 57"Sl'B 
Gulf of Oman 

Arabian cmde 

Horta Barboea 
14,900 DWT 

24*53'N, 57"5l'E 
Gulf of Oman 

accidental 
discharge 

Isoneria 
68,065 DWT 

29*04'N, 4S009'E 
near Mini '  a1 AhmadX, 
Kuwait 



DATE SOURCE LOCATION TONNES SPILLED TYPE OF OIL CAUSE 

3 May 74 

Jun 74 

J u l  74 

31 O c t  74 

31 Oct 78 

2 Nov 78 

30 Mar 79 
t o  
May 79 

8 J u l  79 

Tosa Maru 
72,658 DWT 

terminal 

o i l  f i e l d  

B r i t i s h  Comet 
36,908 DWT 

p ipe l ine  , 
National I ran ian  
O i l  Co. 

Pobeda Oktyabrya 
U.S.S.R. - 16,279 DWT 

Pythia 
Greek - 17,365 DWT 

Well No. 34 
Arabian American 
O i l  Co. 

p ipe l ine  
National I ran ian  
O i l  Co. 

2g002'N, 48O09'E 
near MinZ a 1  Ahmadi, 
Kuwait 

28'44'N, 48'28'E 
MinZ Sa'iid, Saudi 
Arabia 

2a032'N, 48O59'E 
Khafji  f i e l d  

30Â°26'N 4g005'E 
near Bandar-e ShZhpGr, 
I ran  

30Â°20'N 48O15'E 
AbZid~n, I r an  

(2905S1N, 48'26'E) 
Sha t t  al 'Arab River 

(2g055'N, 48'26'E) 
Sha t t  al'Arab River 

(27'22'N, 4g035'E) 
Abii'Ali I s land  

30Â°34'N 4g010'E 
Aghadir o i l  f i e l d  
Khuzestsn, I ran  

(205) 

5,000 

1,000 

160 

undetermined 

undetermined 

undetermined 

undetermined 

66 

crude 

crude 

crude 

f u e l  

heavy crude 

undetermined 

undetermined 

crude 

crude 

accidental  
discharge 

undetermined 

undetermined 

c o l l i s i o n  

p ipe l ine  crack 

c o l l i s i o n  

c o l l i s i o n  

f i r e  & gas 
re lease  

explosion S 
f i r e  
a l leged 
sabotage 



DATE SOURCE LOCAT I O N  TONNES SPILLED TYPE OF OIL CAUSE 

10 J u l  79 

15 J u l  79 

24 J u l  79 

28 J u l  79 

22 Auq 79 

26 Aug 79 

27 Aug 79 

3 Dec 79 

p i p e l i n e  
N a t i o n a l  I r a n i a n  
O i l  Co. 

(30Â°20'N 4801S1E) 
n e a r  A b ~ d ~ n ,  I r a n  

submarine p i p e l i n e  26'41'N, 50Â°11' 
R a s  Tanniirah, 
Saud i  Arabia  

C h a s t i n e  Maersk 
Danish - 14,169 DWT 

(2g020'N, 480001E) 
Kuwait, Kuwait 

A 1  Soreya  
B r i t i s h  - 1,016 DWT 

24O28'N, 5402S1E ' 
Abu Dhabi,  Uni ted  
A r a b  Emi ra t e s  

r e f i n e r y  
Arabian  American 
O i l  Co. 

260411N, SOOl l 'E  
Ras TannUrah, 
Saud i  Arabia  

P a t i a n n a  
o r e f b u l k / o i l  c a r r i e r  
L i b e r i a n  - 47,519 DWT 

250211N, 550101E 
Dubai Roads 

Cher ry  Duke 
S ingapore  - 
29,299 DWT 

2S002'N, 53O10'E 
D ~ S  I s l a n d  

Energy Determinat ion  
L i b e r i a n  - 321,186 DWT 

26'36'N, 56'23'E 
S t r a i t  o f  Hormuz 

undetermined 

Ill 

(150) 

undetermined 

undetermined 

undetermined 

undetermined 

undetermined 

c rude  

undetermined 

undetermined 

undetermined 

undetermined 

c rude  

undetermined 

undetermined 

exp los ion  & 

f i r e  
0 sabo tage  

punc tu re  by 
s h i p  anchor  

c o l l i s i o n  

f i r e  

exp los ion  
2 dead  & 

6 i n j u r e d  

e x p l o s i o n  & 

f i r e  

exp los ion  
0 s i n k i n g  

5 mis s ing  

e x p l o s i o n  & 

f i r e  
0 s i n k i n g  



DATE SOURCE LOCATION 

- - - - - - 

TONNES SPILLED TYPE OF OIL CAUSE 

Aug 80 

6 Auq 80 

3 Sep 80 

3 Sep 8 0  
& 

fo l lowing  

2 Oct 80 

Gremona 
Spanish  - 92,345 DWT 

unknown 

o i l  s t o r a g e  t a n k s  
and r e f i n e r y  

o i l  f a c i l i t i e s  

Hasbah 6 w e l l  
Arabian American 
O i l  Co. 

(26O12'N, 50Â°38'E 
Bahra in  

(26'06'N, 50Â°30'E 
w e s t  c o a s t  o f  Bahrain 

30Â°20'N 48'15'E 
Ab~di in ,  I r a n  

30Â°30'N 47'50'E 
B a s r a ,  Iraq 

2g027'N, 48'41'E 
Khor-al-Arnaya, I r a q  

2g055'N, 48'26'E 
A 1  FZw, I r a q  

(27050tN, 4g040'E) 
Hasbah f i e l d  , 
Saud i  Arabia  

1 ,000  bunker o i l  open v a l v e  

up  t o  2,750 undetermined undetermined 

undetermined undetermined exp los ion  & 

f i r e  
s abo tage  

undetermined v a r i o u s  e x p l o s i o n  & 

f i r e  

up t o  14,000 c rude  blow-out 
a 19 dead 

Uote: For  s p i l l  i n fo rma t ion  g iven  a s  ' unde te rmined , '  d a t a  was n o t  a v a i l a b l e .  



In  l a t e  August, a 25-square-kilometre o i l  s l i c k  impacted t h e  no r th  and west 
coas t  of Bahrain. The o i l  was washed ashore along 65 k i lomet res  o f  c o a s t l i n e ,  
inc luding  s e v e r a l  amenity beaches, and caused s e r i o u s  damage t o  f i s h i n g  t r a p s ,  n e t s ,  
and t a c k l e ,  a s  wel l  a s  f i s h i n g  boats .  A t  t h e  peak of t h e  clean-up, a t o t a l  o f  800 
workers were involved i n  t h e  recovery of t h e  s p i l l e d  o i l  and t h e  r e s t o r a t i o n  of  t h e  
beaches t h e r e .  By e a r l y  October, t h e  crews had cleaned up t h e  most severe ly  
a f f e c t e d  reg ions ,  and t h e  work fo rce  had been reduced i n  s i z e  t o  about 300 people. 
Severa l  r e p o r t s  i n d i c a t e  t h a t  t h e  o i l  s p i l t  from a loading  terminal  i n  Saudi Arabia. 
I f  t h e  terminal  was indeed the  s p i l l  source ,  r ap id  n o t i f i c a t i o n  of  p o l l u t i o n  - 
a u t h o r i t i e s  might have r e s u l t e d  i n  t he  containment of  t h e  s p i l t  o i l  near  t h e  
terminal  i n  Saudi Arabian waters  and prevented its eventua l  movement onto  t h e  
Bahrain coas t .  - 

In t h e  second major i n c i d e n t ,  t h e  Hasbah 6 wel l  blew out  about 100 k i lomet res  
o f f  t h e  Saudi Arabian coas t  and s p i l t  between 5,000 and 10,000 b a r r e l s  of  heavy 
crude o i l  per  day dur ing  t h e  per iod  from its i n i t i a l  blow-out on 2 October u n t i l  its 
f i n a l  capping on 10 October. The wel l ,  owned by t h e  Arabian American O i l  Co. 
(ARAMCO) of Dhahran, Saudi Arabia, s p i l t  o i l  f o r  approximately 200 hours  and l o s t  up 
t o  80,000 b a r r e l s  of o i l .  A t  its maximum, t h e  Hasbah 6 s l i c k  covered a t  l e a s t  
25,000 square  k i lomet res ,  and on-scene observers  s a i d  t h a t  t h e  s u r f a c e  a r ea  o f  t h e  
s l i c k  was t he  second l a r g e s t  i n  h i s t o r y .  During t h e  i n i t i a l  blow-out, 19 r i g  
workers were k i l l e d  when hydrogen su lphide  fumes were r e l ea sed  along with o i l  and 
n a t u r a l  gas.  The o the r  crew members were evacuated s a f e l y  from t h e  jack-up d r i l l i n g  
r i g ,  owned and operated by Reading & Bates o f  Tulsa, Oklahoma. 

The Hasbah 6 s p i l l  was a major transboundary p o l l u t i o n  inc iden t ,  involv ing  
clean-up crews i n  Saudi Arabia, Bahrain, Q a t a r ,  I r a n ,  and t h e  United Arab Emirates. 
North-westerly winds c a r r i e d  t h e  o i l  from t h e  Hasbah 6 wel l  t o  t h e  e a s t  and south 
i n t o  I r an i an  waters  and towards Bahrain and Q a t a r .  I n i t i a l l y ,  ARAMCO concent ra ted  
i ts  clean-up e f f o r t s ,  involving both mechanical equipment and chemical techniques,  
on the  leading  edge of t h e  s l i c k  t o  prevent  t h e  o i l  from washing ashore  along t h e  
Bahrain coas t .  

A s  of 20 October, t h e  s l i c k  was about 40 k i lomet res  o f f  Bahrain and about 20 
k i lomet res  o f f  Q a t a r .  Large amounts of o i l  had passed from Saudi Arabian waters  
i n t o  I r an i an  waters .  During t h e  l a s t  week of  October, t a r  b a l l s  from t h e  Hasbah 6 
s p i l l  washed ashore along up t o  100 k i lomet res  of t h e  nor thern  Q a t a r  c o a s t ,  and t h e  
s l i c k  continued t o  move i n  a south-eas te r ly  d i r e c t i o n  towards t h e  United Arab 
Emirates. A s  t h e  s l i c k  moved away from t h e  c o a s t  of  Saudi Arabia and Bahrain, 
ARAMCO reduced its response l e v e l ,  a l though i t  remained ready t o  provide a s s i s t a n c e  
and advice  on reques t .  Tar b a l l s  t o t a l i n g  about 100 b a r r e l s  i n  volume a l s o  began t o  
be washed ashore along 12 k i lomet res  of t h e  Bahrain c o a s t ,  and clean-up crews used 
heavy equipment and manual techniques t o  remove t h e  o i l  t he re .  

The s l i c k  posed major problems f o r  t h e  i s l a n d s  between Q a t a r  and t h e  United 
Arab Emirates a s  a r e s u l t  o f  p o s s i b l e  contamination of  t h e  water i n t a k e s  f o r  t h e  
power p l a n t s  and d e s a l i n a t i o n  p l a n t s  t he re .  During e a r l y  November, t a r  b a l l s  and - 
sheen continued t o  be washed ashore along t h e  c o a s t s  o f  Bahrain and Q a t a r  and t o  
t h r ea t en  t h e  coas t  of  t h e  United Arab Emirates. According t o  r e p o r t s ,  t h e  o i l  
contaminated more than 300 k i lomet res  of  t h e  Q a t a r  c o a s t l i n e ,  inc luding  about 75 

% 

ki lometres  of  amenity beaches. I r an  a l s o  repor ted  l a r g e  amounts of  o i l  i n  its 
t e r r i t o r i a l  waters  and along t h e  sho re s  of  Lavan Is land.  

The Hasbah 6 i nc iden t  focused a t t e n t i o n  on t h e  need f o r  m u l t i l a t e r a l  and 
b i l a t e r a l  t r e a t i e s  t o  enable  a na t ion  i n  t h e  KAP Region t o  respond quickly  t o  a 
major p o l l u t i o n  i n c i d e n t ,  whether an o i l  s p i l l  o r  a chemical contaminat ion,  t h a t  
t akes  p lace  ou t s ide  its borders ,  but due t o  environmental cond i t i ons ,  such a s  winds 



and water c u r r e n t s ,  even tua l ly  a f f e c t s  its own t e r r i t o r i e s .  From t h e  f i r s t  day of  
t h e  blow-out, t h e  Hasbah 6 s p i l l  had t h e  p o t e n t i a l  f o r  p o l l u t i n g  t h e  waters  o f  t h e  
United Arab Emirates, more than 500 k i lometres  t o  t h e  south-east.  Ocean c h a r t s  
i nd ica t ed  t h a t  t he  wind and water c u r r e n t s  would c a r r y  t h e  o i l  eastwards and 
southwards towards the  United Arab Emirates and t h a t ,  a s  a r e s u l t ,  t h e  s p i l l  
presented a r e a l  p o l l u t i o n  t h r e a t  t o  a l a r g e  a rea  o f  t h e  KAP Region. 

The Ix toc  1 inc iden t  i n  t h e  Bahia de  Campeche, Mexico, provides another  example 
of transboundary po l lu t ion .  Following t h e  Ix toc  1 blow-out, t h e  most e f f e c t i v e  
response f o r  t h e  U.S. would have been t o  c o l l e c t  t h e  f r e s h l y  s p i l l e d  o i l  a t  t h e  wel l  
site,  r a t h e r  than t o  at tempt t o  recover t h e  weathered o i l  a s  i t  en te red  U.S. 
t e r r i t o r i a l  waters .  In f a c t ,  t h e  e f f o r t s  t o  recover t h e  weathered o i l  were l a r g e l y  
i n e f f e c t i v e .  A t  t h e  time, t h e  U.S. and Mexico had not  f i n a l i z e d  a b i l a t e r a l  
contingency p lan ,  and a s  a r e s u l t ,  t h e  l e g a l  mechanism d id  not e x i s t  t o  enable  t h e  
U.S. t o  mount a clean-up e f f o r t  a t  t h e  w e l l  site. 

The U.S. and Mexico had begun d i scuss ions  on t h e  b i l a t e r a l  contingency plan i n  
1977, completed a d r a f t  o f  t h e  p lan  t h e  fol lowing year ,  and f i n a l l y  s igned t h e  p lan  
i n t o  e f f e c t  i n  Ju ly  1980. The contingency p lan  contained t h e  fol lowing objec t ives :  
1) t o  develop a system f o r  r epor t ing  s p i l l s  t h a t  could have an impact on both Mexico 
and the  U.S.; 2 )  t o  develop a j o i n t  programme f o r  conta in ing  such s p i l l s ;  and 3 )  t o  
provide t h e  equipment, e x p e r t i s e ,  and o t h e r  resources  f o r  c l ean ing  up s p i l l s  and 
minimizing t h e i r  impact. According t o  t h e  plan,  t h e  e n t i r e  c o s t  o f  t h e  s p i l l  
response would be covered by t h e  country i n  which t h e  s p i l l  occurs  o r ,  f o r  o u t e r  
con t inen ta l  s h e l f  s p i l l s ,  by t h e  country with j u r i s d i c t i o n  over t h e  a c t i v i t y  
respons ib le  f o r  t h e  s p i l l .  The p lan  d id  not ,  however, provide a mechanism f o r  
reso lv ing  l i a b i l i t y  ques t ions  o r  damage compensation claims. 

In add i t i on  t o  t he  problem of transboundary po l lu t ion ,  t h e  Haabah 6 inc iden t  
focused a t t e n t i o n  on t h e  need t o  understand t h e  f a t e  and behaviour o f  s p i l l e d  o i l  i n  
t h e  Region i n  order  t o  a s s e s s  f u t u r e  environmental impacts and develop new response 
s t r a t e g i e s .  The d i s p e r s a n t s  t h a t  were sprayed on t h e  s l i c k  had l imi t ed  success 
i n i t i a l l y ,  s i n c e  t h e  weathering of  t h e  s p i l t  o i l  reduced t h e  a b i l i t y  o f  t h e  
d i s p e r s a n t s  t o  pene t r a t e  t h e  s l i c k .  In add i t i on ,  t h e  calm weather reduced t h e  
amount of  n a t u r a l  mixing energy a v a i l a b l e  t o  he lp  d i s p e r s e  t h e  o i l .  ARAWO could 
not  mount a major d i spe r san t  spraying  opera t ion  i n  t h e  Region due t o  t h e  lack  of  
a v i a t i o n  gaso l ine  f o r  use i n  DC-6 p lanes  equipped with dispersant-spraying 
equipment. In t he  fu tu re ,  t o  f l y  ex tens ive  dispersant-spraying missions i n  t h e  
Region, a u t h o r i t i e s  w i l l  need t o  s t o c k p i l e  a v i a t i o n  gaso l ine  f o r  t h e  DC-6 p lanes  o r  
equip a turbine-powered a i r c r a f t  with dispersant-spraying equipment. 

The primary clean-up problems involved i n  t h e  Hasbah 6 inc iden t  r e s u l t e d  from 
the  c h a r a c t e r i s t i c s  of  t h e  s l i c k .  The t a r  b a l l s  had a n e u t r a l  buoyancy, making them 
sometimes d i f f i c u l t  t o  conta in  with booms. This  c h a r a c t e r i s t i c  increased  tfte 
problem of p ro t ec t ing  t h e  water i n t a k e s  a t  power p l a n t s  and d e s a l i n a t i o n  p l a n t s  
along the  a f f e c t e d  coas t s .  In some a reas ,  t h e  o i l  had a l s o  become too  viscous f o r  
an e f f e c t i v e  open-ocean recovery, and c e r t a i n  skimmer? were unable t o  recover t h e  
o i l .  

When the  Hasbah 6 blow-out took p lace ,  t h e  a f f e c t e d  c o u n t r i e s  requested 
a s s i s t a n c e  and equipment from sources  a s  f a r  away a s  Anchorage, Alaska, and London, 
U.K. ARAMCO considered t h e  use o f  DC-6 p lanes  from B r i t i s h  Columbia, Canada, and 
cont rac ted  with %it-Tak Anti-Pollution Services  o f  Rotterdam, Netherlands, t o  
a i r l i f t  equipment and personnel t o  t h e  s p i l l  a rea .  Bahrain, t h e  United Arab 
Emirates, and Q a t a r  used equipment from B r i t i s h  Petroleum Co., end Abu Dhabi 
r e t a ined  t h e  s e r v i c e s  o f  a clean-up c o n t r a c t o r  i n  Anchorage, Alaska, t o  provide 
support  and advice. Given t h a t  t h e  KAP Region is t h e  l a r g e s t  o i l  producing and 



exporting area  i n  the  world, inc iden t s  such a s  t h e  Hasbah 6 blow-out provide an 
impetus f o r  the coun t r i e s  within the  Region t o  develop t h e i r  own capab i l i ty  t o  deal  
with major s p i l l  incidents.  

COSTS OF OIL POLLUTION 

For the  purposes of t h i s  repor t ,  we have divided o i l  pol lu t ion expenditures 
i n t o  t h e  following th ree  categories:  1 )  c o s t s  associa ted  with prevention, research,  
and clean-up of s p i l l s ;  2 )  c o s t s  associa ted  with the  d i r e c t  l o s s e s  o r  damaqes 
resu l t ing  from a s p i l l ;  and 3 )  c o s t s  i n d i r e c t l y  associated with s p i l l s .  

P reven t ion ,  Research, and Clean-up Costs 

Expenditures associated with s p i l l  prevention include the c o s t s  of developing 
and implementing s p i l l  contingency plans  and t r a in ing  programmes, the  c o s t s  of 
purchasing and maintaining sa fe ty  and monitoring equipment, and the c o s t s  associa ted  
with employing sa fe ty  and monitoring crews. The purchase and maintenance c o s t s  of 
po l lu t ion  response equipment may be considered a s  e i t h e r  prevention o r  d i r e c t  
clean-up cos t s .  

Research and development c o s t s  include the  equipment and personnel c o s t s  t h a t  
both government aqencies and p r iva te  organizat ions  expend t o  develop containment, 
monitoring, and clean-up devices, and t o  study s p i l l  h p n o t s .  t 

Direct  clean-up and treatment c o s t s  include expenses associated with deployinq 
equipment a s  well a s  the  s a l a r i e s  and other  expenses incurred i n  the maintenance of 
adminis t ra t ive  personnel, clean-up crews, and technical  consultants.  Clean-up c o s t s  
a l s o  include the  expenses associated with disposing of o r  reprocessing recovered 
o i l ,  less t h e  revenue f o r  the  recycled products. 

D i r e c t  Damage Costs 

The d i r e c t  c o s t s  r e su l t ing  from a s p i l l  include: 1 )  the l o s s  of ca tch  o r  
production from commercial f i s h e r i e s  o r  aquaculture opera t ions  damaqed by a s p i l l ;  
2)  the  l o s s  of  revenue from the petroleum products burnt, weathered, o r  otherwise 
l o s t  i n  a s p i l l ;  3) the  permanent o r  temporary l o s s e s  of  employment i n  f i sh ing  
indus t r i e s ,  r e t a i l  and hote l  businesses, and o the r  i n d u s t r i e s  af fec ted by the  s p i l l ;  
4)  the  damage t o  p r iva te  and public property, including f i sh ing  gear, sh ips ,  docks, 
beaches, and r e a l  es ta te :  5) the  permanent and temporary reductions i n  r en t  r e c e i p t s  
and s a l e  p r i c e s  of  houses, hote l s ,  and o the r  r e a l  e s t a t e  i n  a r e a s  a f fec ted  by a 
s p i l l ;  6 )  t h e  expense necessary t o  replace  a water supply system o r  const ruct  
add i t iona l  water treatment f a c i l i t i e s ;  and 7) environrental  resource daÃ§aqes 

Ind i rec t  Costs 

Ind i rec t  expenses associa ted  with s p i l l s  include: 1 )  t h e  c o s t s  of s p i l l  
l i a b i l i t y  insurance and product l o s s  coverage f o r  vessels, p ipel ines ,  of fshore  
p l a t f o r s ,  and shore f a c i l i t i e s ;  2) t h e  co i~ iun ica t ions  c o s t s  and personnel expenses 
associa ted  with documenting and repor t inq s p i l l s :  3) the f i n e s  and other  pena l t i e s  
levied on s p i l l e r s  f o r  v i o l a t i n g  regula t ions  r e l a t i n g  t o  pol lu t ion con t ro l ,  s p i  11 
report ing,  and clean-up procedures; 4 )  the  l ega l  cos t s ,  such a s  the f i l i n g  of l ega l  
claims and t h e  s a l a r i e s  f o r  government and industry l e g a l  personnel; and 5 )  
government and industry contr ibut ions  t o  loca l ,  regional ,  na t ional ,  and 
in te rna t iona l  s p i l l  funds. 



His to r i ca l  Examples of O i l  S p i l l  Damages 

The amount of damaqe and clean-up expense resu l t ing  from a major s p i l l  depends 
primarily on the  s p i l l  locat ion,  s i z e ,  type of  o i l ,  and time of year. Often, s p i l l  
locat ion is t h e  most c r i t i c a l  var iable ,  a s  severa l  s p i l l s  t o t a l l i n q  more than 
100,000 tonnes have resu l t ed  i n  minimal damaqe claims and minimal lonq-term 
environmental impacts. A notable example of a l a r g e  s p i l l  with minimal - enviromental  impact was the  c o l l i s i o n  of the  210,257-DWT Liberian tanker Aegean 
Captain and the 292,666-DWT Greek tanker At lant ic  Empress on 19 July  1979, about 32 
kilometres north of Tobaqo i n  the  Caribbean Sea. In the  explosion and f i r e s  t h a t  
followed the c o l l i s i o n ,  the  two tankers  l o s t  a t o t a l  of more than 140,000 tonnes of 

* Arabian and Venzuelan crude o i l .  In s p i t e  of t h i s  massive s p i l l a q e ,  and the  
proximity of the  s p i l l  t o  Tobaqo, t h e  environmental condi t ions  combined t o  d isperse  
the  o i l  before i t  could reach any Caribbean i s l and  shore o r  major f i sh inq  qround. 

In con t ras t  t o  the  c o l l i s i o n  between the  Aegean Captain and the At lant ic  
Empress, many r e l a t i v e l y  small s p i l l s  i n  pa r t i cu la r ly  s e n s i t i v e  a reas  have resu l t ed  
i n  extensive environmental damage and major clean-up expenditures. The s p i l l a q e  of 
only 0.01 tonne of o i l  from the  vessel  Okeanos near Brofjorden, Sweden, on 7 June 
1977 required clean-up expenditure of 47,132 Swedish krona, and a s p i l l  of 105 
tonnes from the  117,609-DWT Japanese tanker Ryu-yo-Maru i n  Yokkaichi, Japan, on 8 
November 1978 required clean-up expenditures of  99.3 mi l l ion yen and compensation t o  
fishermen t o t a l i n g  1,031 mil l ion yen. 

The l a r g e s t  s p i l l  damages have accompanied a l a r q e  s p i l l  i n  a s e n s i t i v e  
environment. The grounding and eventual breakup of t h e  224,914-DWT Liberian tanker 
Amoco Cadiz o f f  P o r t s a l l ,  France, r e su l t ed  i n  the  s p i l l a q e  of 223,000 tonnes, o r  67 
mil l ion gal lons ,  of o i l  off  the Br i t tany coast  and caused extensive damage t o  the 
f i sh ing  grounds and amenity beaches there .  One est imate placed the  c o s t s  associa ted  
with the  Arooco Cadiz incident  a t  270 mil l ion d o l l a r s ,  based on a cos t  of 4 d o l l a r s  
per gal lon of  o i l  sp i l l ed .  This t o t a l  cos t  may represent  a conservative est imate 
s ince ,  durinq 1978 and 1979, many p a r t i e s  f i l e d  damage s u i t s  t o t a l l i n q  over 3.1 
b i l l i o n  d o l l a r s  i n  U.S. cour ts .  A s  of l a t e  1980, France had spent 416 mil l ion 
f rancs  on the  clean-up operation alone and another 45 mil l ion f rancs  i n  damaqe 
compensation t o  fishermen and oystermen. Since environmental damages have pe r s i s t ed  
i n  some loca t ions  along the  Br i t tany coas t  almost th ree  years a f t e r  the  s p i l l ,  
extensive l o s s e s  t o  f i s h e r i e s  and the  tourism industry may continue f o r  many years. 

The Ixtoc  1 may become the  most expensive o i l  s p i l l  i n  h i s to ry  a s  well a s  the  
l a rges t .  A t  world p r i ces  i n  December 1980, the  140 mil l ion gal lons  of Ix toc  1 o i l  
would cos t  a t  l e a s t  100 mil l ion do l l a r s .  The damage s u i t s  pending i n  U.S. cour t s  
a s  of December 1980 t o t a l e d  more than 365 mil l ion do l l a r s .  The l o s s  of the  d r i l l i n q  
platform amomted t o  21 mil l ion d o l l a r s ,  and the clean-up i n  U.S. waters had cos t  
the  U.S. Government more than 8.5 mi l l ion d o l l a r s  a s  of December 1980. Pet roleos  
Mexicanos, the  owner of the  Ix toc  1 well ,  s a i d  t h a t  i t  spent about 134 mil l ion 

rn d o l l a r s  on the  e n t i r e  Ixtoc 1 s p i l l  response and t h a t  25 per cent  of its c o s t s  

involved environmental protection measures, including dispersant  spraying, o i l  
recovery, and beach clean-up. Based on these es t imates ,  the  Ixtoc 1 may cos t  a 

A 
t o t a l  of more than 628 mil l ion do l l a r s .  

CONCLUSION 

We have i d e n t i f i e d  the  major sources of o i l  po l lu t ion  i n  the  KAP Reqion and 
have estimated the  volume of o i l  t h a t  is l i k e l y  t o  s p i l l  from each source i n  1980. 



Me have a l so  m d e  a 10-year projection for  the  ~ o u n t  of o i l  tha t  w i l l  enter  the KAP 
Region during the next 10 years. We have found a major discrepancy between our 
projected e e t i i a t e a  and the avai lable  spill data. This discrepancy w i l l  probably 
decrease with imprw-ts i n  both the technology fo r  wn i to r inq  o i l  s p i l l s  and the 
1-1 aptem fo r  enforcing s p i l l  reports, and a l so  with improveients i n  the model 
f o r  ~ t i m t i n q  o i l  pollution for  the Reqion. 

Our eatimotes do~ona t r a t e  the need fo r  asaesainq the maqnitude of o i l  pollution * 

around the KAP Region and f o r  developing baseline s tudies  t o  ident i fy  trends i n  o i l  
pollution and t o  pinpoint areas  and a c t i v i t i e s  of high r isk.  An act ive s p i l l  
incident reporting system would enable Governients t o  acc i iu la te  information on 
s p i l l  incidents, t o  ident i fy  a c t i v i t i e s  t ha t  require regulations, t o  pinpoint areas  a 

of  high spill frequency, and t o  develop campensation schemes for s p i l l  damages. 

If  our estimates portray accurately the magnitude of o i l  pollution i n  the 
Region i n  1979 and during the next 10 years, then these estimates Jus t i fy  the 
develqment of t ra in ing  p r o q r a ~ e s  within the Region fo r  spill response personnel. 
These estimates a lao  j u s t i fy  the formation of contingency plans t o  ensure adequate 
equiprent and qual i f ied peraonnel t o  deal with o i l  pollution emergencies, and the 
creat ion of a regional network of monitoring progreaws t o  detect and monitor o i l  
a p i l l s  and t o  not i fy  au thor i t i es  about the locat ion and movement of s p i l l s .  

These estimates carry an important message for  the Reqion, and we hope tha t  
au thor i t i es  i n  the Region regard t h i s  paper not a s  an academic exercise i n  future 
forecasting but ra ther  a s  a bas i s  for  action t o  reduce the amount of current and 
future  o i l  pollution i n  the Reqion. 
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ABSTRACT 

The phys i ca l  environment, marine b i o t a  and f i s h e r i e s  o f  the  inner  p a r t  o f  t he  
Kuwait Act ion Plan (KAP) Region are discussed, together w i t h  the l oca t i on ,  opera t ion  
and p o l l u t i o n  record o f  o i l - r e l a t e d  i ndus t r y  there.  The f l o r a  and fauna are 
r e s t r i c t e d ,  b u t  r i c h e r  than prev ious ly  reported.  Some f i s h e r i e s  are dec l in ing ,  
although o thers  have no t  ye t  been f u l l y  developed. The inner  sea area o f  the  Region 
i s  subjected t o  s t r e s s f u l  environmental extremes and a lso  s u f f e r s  from chronic o i l  
p o l l u t i o n ,  waste discharges and mechanical d isturbance by l a n d f i l l ,  dredginq, etc.  
The present  and poss ib le  f u t u r e  e f f e c t s  o f  these are  considered i n  comparison w i t h  Â¥t 

the  s i t u a t i o n  i n  a r c t i c  and temperate seas. Most b i o t a  appear t o  be ho ld ing  t h e i r  
own b u t  c e r t a i n  species and biotopes are a t  r i s k .  Offshore operat ions and coasta l  
development a re  incompat ib le w i t h  the  e f f i c i e n t  e x p l o i t a t i o n  o f  some l i v i n g  marine tf 

resources . 



PHYSICAL ENVIRONMENT OF THE REGION 

The Kuwait Ac t ion  Plan (KAP) Reqion comprises the  sea area between the Arabian 

Peninsula and I ran,  the  Gu l f  o f  Oman and a s t r i p  o f  the  Arabian Sea border inq  the  
south-east coast of  Oman. This review concentrates on the  i nne r  o f  t he  two areas, 
which possesses a much more demanding n a t u r a l  environment and i s  a l so  more a t  r i s k  
from p o l l u t i o n  by o i l  and o ther  substances hazardous t o  marine l i f e .  

Th is  almost e n t i r e l y  enclosed sea i s  predominantly a very shal low one, w i t h  a 
bottom s lop ing gen t l y  from the low and indented c o a s t l i n e  o f  Arabia on the western 
shore t o  an elongated basin a t t a i n i n q  maximum depths o f  80-lOOm close t o  the  more 
l i n e a r  and mountainous I r a n i a n  coast t o  the  east ( f i g u r e  I ) .  Ly inq i n  an a r i d  
sub- t rop ica l  reqion, the  sea area loses more water by evaporat ion than i t  receives 
i n  drainaqe from surrounding lands, so s a l i n i t i e s  a re  abnormally high: values reach 
38.5 - 41 p a r t s  per thousand qeneral ly ,  may a t t a i n  70 p a r t s  per  thousand a t  the head 
o f  i n l e t s  such as the  Gul f  o f  Salwah (between Saudi Arabia and Qatar )  and e a s i l y  
exceed 100 i n  shallow lagoons. Lowered s a l i n i t i e s  a re  encountered on ly  i n  the 
immediate v i c i n i t y  o f  the few smal l  r i v e r s  fed by p r e c i p i t a t i o n  i n  the Zaqros 
Mountains and discharqinq across the  I r a n i a n  coast, and up Shatt-a].-Arab, the j o i n t  
Tigris-Euphrates-Karun estuary which forms the very head o f  the  sea area o f  t h e  
Region. 

The main body o f  water i s  w e l l  mixed f o r  most o f  the  year althouqh, a t  the  
mouth, there  i s  a dense, h i q h - s a l i n i t y  f l o w  outwards along the bottom o f  the  S t r a i t  
o f  Hormuz which i s  balanced by a surface i n f l u x  o f  I nd ian  Ocean water passinq along 
the east coast. This g ives  r i s e  t o  a weak counter-clockwise c i r c u l a t i o n .  The t i d e s  
have a range o f  0.5m i n  the mid-region, increas ing t o  about 3m towards bo th  the  head 
and the mouth. Along much o f  the  western coast, t h i s  i s  enouqh t o  uncover an 
expanse o f  sand and mud o f t e n  several  k i l omet res  wide a t  low water; extensive 
sabkhas ( s a l t - f l a t s )  may p e r i o d i c a l l y  become f looded a t  h i g h  water. However, t i d a l  
cu r ren ts  a re  s t ronq on ly  i n  coas ta l  channels where b i - d i r e c t i o n a l  movements a re  
concentrated. The wind i s  t he re fo re  an important  fac tor :  i t  blows predominantly 
from the n o r t h  and most s t rong ly  from the north-west, as the shamal. A l l  down the 
western coast i n  the inner  p a r t  o f  the  sea area, which t rends NW-SE, the  headlands 
demonstrate t h i s  w i t h  an extended sandspi t  which curves i n  the  downwind d i rec t i on .  
The fe tch  i s  thus qreates t  i n  the south-east, where bottom sediments are  o f  coarse 
sand as a r e s u l t  of  g reater  wave-energy: elsewhere, espec ia l l y  i n  deeper water, they 
a re  of f i n e  sand o r  mud. Sediments o f  t e r r e s t r i a l  o r i g i n  are  con t r i bu ted  e i t h e r  by 
streams along the eastern shore o r  by the  wind; those brought down by  the  g rea t  
r i v e r s  a t  the head of the  Region a r e  most ly  trapped in  the extensive marshes there, 
a l though a submarine d e l t a  has spread out  across much o f  i t s  upper end. The waters 
o f  the  inner  sea area a re  more t u r b i d  than i n  the Red Sea o r  Ind ian  Ocean qeneral ly ,  
w i t h  a euphotic zone about 20-30m deep - which nevertheless inc ludes a l a r q e  area o f  
t h e  bottom along the western side. 

A i r  temperatures range seasonally from over 50Â° t o  near zero and, because 
there  are  no g rea t  depths t o  b u f f e r  against  such changes, t he  water r e f l e c t s  these 
f l u c t u a t i o n s  q u i t e  c lose ly .  Surface waters, espec ia l l y  near the  coast, may reach 
35OC i n  the summer and f a l l  t o  10Â° du r inq  w in te r  storms: the  range i n  shal low 
lagoons o r  on t i d a l  f l a t s  i s ,  o f  course, even greater .  





THE MARINE BIOTA 

The high sa l i n i t y ,  generally high but a l so  f luctuat ing temperatures, other less 
important envirorawntal conditions and the encloaed nature of the sea area a l l  
contribute towards r e s t r i c t i ng  the variety of plants  and animal8 which can survive 
there. Some early accounts give the impression tha t  the d ivers i ty  of many groups is 
very low, but fur ther  s tudies  have ahown t ha t  the marine biota  of the Region i a ,  i n  
s p i t e  of these factors ,  qu i te  rich. Mohammed (1971) was able t o  describe 79 
species of polychaete worms, 29 of Mhich Mere new records for  the reqion and 3 
species new t o  science, froa Kuwait; Biqqs (1973) l i s t ed  from the Trucial Coast 
(United Arab Emirates) 198 species of mollusc, including many new records. To the 
216 species of f i s h  recorded by Blqvad and Loppethin (1944). Erdttan (1950) was able  
t o  add another 30 during a few months spent around D a m m a r  (Saudi Arabia), while a 
report by the State  o f  Kuwait (Anon., 1974a) l a t e r  concluded that  the Region has 
about 330 species of f ish.  A recent publication (Basson, Burchard, Hardy and Price, 
1977) Ã r̂fiic contains the essence of many years' work along the en t i r e  Saudi Arabian 
coast bordering the Region, and offshore, demonstrated tha t  most habi ta ts  do indeed 
exhibit  considerable divers i ty  ( tab le  1 ) .  From sub l i t t o r a l  sof t  bottoms alone they 
collected more than 167 different  species of polychaete, 125 species of gastropod 
mollusc and 73 different  bivalves, over 39 different  amphipod crustaceans and 66 
species of decapods (shrimps, crabs, etc.) 

Table 1. Diversity of Species i n  Par t icular  Habitats along the 
Western Coast of the K t Action Plan Region 

Rocky shores 131+ 
In t e r t i da l  rocks 314+ 
Subl i t toral  rocks 194+ 

Coral reefs  543+ 
Ar t i f i c i a l  s t ructures  178+ 

is very largely desert ,  nutr ient  
system only via Shatt-81-Arab or ,  periodically,  through the St of Hormuz; but 
i n t e r t i da l  micro-algae, sea-grass beds i n  the shallows and, t o  a l l e r  extent,  
mangroves and other halophytes around sheltered bays apparently a contribution 
suf f ic ien t  t o  permit re la t ive ly  high productivity. The plankton has not yet been 



exhaustively s tudied,  but seems t o  be most d iverse  i n  the  lower pa r t  of the  Region, 
which receives  a small contr ibut ion from the  main Indian Ocean stock: i n  the  
shallower inner waters, c e r t a i n  components a r e  missing but,  i n  productive bays and 
lagoons, d e n s i t i e s  may be qu i t e  high. The zooplankton conta ins  a high proportion of  
the  larvae  of benthic inver tebra tes .  Amongst these,  numerous spec ies  of crab and 
smaller  crustaceans a r e  important a s  a d u l t s  i n  scavenging d e t r i t u s  and turning over 
surface  sediments - a function a l s o  c a r r i e d  out  by polychaete worms. I n t e r t i d a l  
f l a t s  may support huge numbers of t i n y  gastropod s n a i l s ,  while rocks a t  low water 
can become heavily encrusted with b ivalves  and tubewoms. 

w 
Reef-building c o r a l s  do not occur i n  the  northern p a r t  of t h e  Region, but form 

numerous r e e f s  i n  the  shallow waters t o  the  south-west, towards the  S t r a i t  and 
around the  Gulf of Oman, together with broad f r inges  around the  offshore  islands.  
Again, recent workers have been ab le  t o  expand the  es t imates  of  d i v e r s i t y  previously 
reported: Kinsman (1964) compared records of 15  genera f o r  the  Region with a t o t a l  
of over 80 f o r  the Indo-Pacific recjion a s  a whole, whereas Baaaon e t  a l .  (1977) 
l i s t e d  43 spec ies  of s c l e r a c t i n i a n s  (stony cora l s )  i n  28 genera, together with 2 
spec ies  of s o f t  co ra l ,  from r e e f s  o f f  t h e  Saudi coas t  alone. This might be  compared 
with t h e  30 o r  so spec ies  recorded f o r  the  northern end of t h e  Red Sea which, 
although a t  t h e  extreme edge of  t h e i r  geographical range, o f f e r s  more s t a b l e  
environmental conditions. 

Mention has already been made of  the  contr ibut ion of  blue-green a lgae  t o  the  
productivity of  t h e  Region: extensive  mats of  these  micro-orqanisms, occurrinq on 
she l t e red  i n t e r t i d a l  f l a t s ,  have much the  same importance a s  salt-marsh vegetat ion 
i n  temperate seas. Mangroves, which o f f e r  a valuable coas ta l  hab i t a t  i n  t rop ica l  
regions elsewhere, a r e  poorly developed i n  the  a rea  and occur only patchi ly  along 
the  southern and western shorel ine  - perhaps p a r t l y  because of in tens ive  human use 
i n  the  past .  The densest  s tands  occur along each s i d e  of the  S t r a i t  of  Honnuz. 
Smaller halophytes a r e  widespread i n  bays and creeks,  covering the  i n t e r t i d a l  f l a t s  
above the l eve l  of algae o r  mangroves and merging with reedbeds i n  the  few 
l o c a l i t i e s  ( a s  sround Tarut Bay, Saudi Arabia) where the re  is a freshwater seepage. 
J u s t  below tidemarks, sea-grass beds a r e  probably a source of  n u t r i e n t s  even more 
important than the  blue-green algae; they s t a b i l i z e  l a r g e  a reas  of s o f t  sediments 
amd a l so  provide support o r  s h e l t e r  t o  many spec ies  ranging from protozoans t o  
r e p t i l e s .  

The KAP Region conta ins  a va r i e ty  of r a r e  o r  threatened ve r tebra tes  a s  well a s  
these  more commonplace p lan t s  and animals. Green t u r t l e s  a r e  amongst the best-known 
of these,  feeding on sea-grass beds and breeding on c e r t a i n  of t h e  offshore  i s lands;  
four o the r s  ( t h e  hawksbill,  leatherback,  loggerhead, and Ridley's  t u r t l e )  a r e  a l s o  
known t o  use the  Region. Sea-snakes - perhaps for tunate ly  - seem t o  be l e s s  
frequently seen, although a t  l e a s t  s i x  spec ies  a r e  recorded. Dugongs have been 
reported but a r e  thought t o  be very r a r e  now, maybe because of the  s c a r c i t y  of  dense 

Â mangroves which were t h e i r  favoured habi ta t .  Several species  of porpoise, dolphin 
and killer-whale occur i n  the region, and a number of  the  l a rge r  whales regular ly  
v i s i t  it. The wide va r i e ty  of b i r d s  reported from the  Region includes both 
typ ica l ly  marine species  such a s  cormorants, sea-duck, g u l l s  o r  t e r n s  and those 

# associated more with the  water ' s  edge, l i k e  the  herons, e g r e t s ,  waders and 

kingfishers.  Ospreys and k i t e s  a l s o  feed along the  coast .  The offshore  i s l a n d s  a r e  
important breeding sites f o r  th ree  species  of  t e r n  a s  well a s  f o r  the  t u r t l e s ,  and 
provide a rest ing-place f o r  many o the r  b i r d s  on the  spr ing o r  autumn migrations 
ac ross  the  Region. 



FISHERIES 

Tradi t ional  methods u t i l i z i n g  n e t s  and l i n e s  from the  shore o r  small boats  
have, of course, been followed f o r  centur ies .  In shallow water - a s  i n  Tarut Bay - 
f ixed t r a p s  o r  fish-weirs may a l s o  be used. About 135 spec ies  of f i s h  found i n  the  
Region a r e  regarded a s  e d i b l e  (Anon., 1974a). Their commercial exp lo i t a t ion  began 
i n  the  l a t e  1950s o r  e a r l y  1960s, during which period landings doubled t o  about 
40,000 tonnes, the  major por t ion being divided between I ran  and Iraq;  a proportion 
of  t h e  f i s h  landed were probably caught ou t s ide  the  Region i t s e l f .  The f i she ry  f o r  
pelagic  species  (sardines ,  mackerel, tuna and barracuda) l i e s  mainly i n  the  
south-east and is exploi ted  by I ran  t o  supply a cannery a t  Bandar Abbas; trawling 
f o r  deroersal (bottom-living) species  such a s  bream, jack, snapper, grouper o r  
var ious  f l a t f i s h  can be ca r r i ed  out wherever the  sea-bed is f l a t  and f a i r l y  shallow. 
Estimates of po ten t i a l  y ie ld  range from 200,000 t o  600,000 tonnes per year (var ious  
sources  quoted by Crisp,  1976) - i .e. from around f i v e  t o  ten times the  present  
catch. 

There is a l s o  a commercial t rawl f i she ry  f o r  penaeid shrimps, described i n  
d e t a i l  f o r  Saudi waters by Pr ice  and Jones (1975) and Pr ice  (19791, which beqan 
during the  same period. Data a r e  hard t o  analyse,  a s  t h e r e  a r e  severa l  stocks,  each 
exploi ted  by more than one f i sh ing  f l e e t .  In  the  e a r l y  1960s, landings amounted t o  
about 2,000 tonnes per year which, a s  the  f i sh ing  e f f o r t  was increased, rose  t o  a 
peak of some 16,000 tonnes during 1967-68, taken by about 125 vessels;  by 1970, a 
l a r g e r  f l e e t  o f  200 o r  so t rawlers  could manage only a s l i g h t l y  smaller  j o i n t  ca tch  
of 15,000 tonnes. This was not  commercially f e a s i b l e  s ince ,  a s  Enomoto (1971) 
pointed out ,  one trawler needs an annual ca tch  of a t  l e a s t  100 tonnes t o  be 
p ro f i t ab le .  A s  the  ca tch continued t o  decl ine ,  boats  were l a i d  up. During the  
e a r l y  t o  mid-1970s, t o t a l  annual landings f luctuated around 10,000 tonnes and, more 
recent ly ,  a r e  reported a s  being disappointingly low. The major s tocks  appear t o  be 
one o r  more i n  the  north,  f i shed by I ran ,  Kuwait and Saudi Arabia; a southern one, 
f i shed by Saudi Arabia, Bahrain and Qatar ;  and a f u r t h e r  f i she ry  around the  S t r a i t  
of  HOITOUZ, exp lo i t ing  a d i f f e r e n t  spec ies  of  shrimp. P r ice  (1979) estimated the 
maximum sus ta inab le  y ie ld  of the  two i n  which Saudi Arabia p a r t i c i p a t e s  a s  around 
2,500 tonnes each per year, r a t i o n a l l y  managed. Kuwait d ra f t ed  requla t ions  f o r  
commercial t rawling i n  such a way t h a t  her a r t i s a n a l  f i she ry  was protected and, 
f u r t h e r  south,  i t  appears t h a t  l o c a l  f i s h e r i e s  have not declined a s  dramatically a s  
t h e  i n d u s t r i a l  ones. 

P r i ce  and Jones (1975) l i s t e d  e ight  spec ies  of "prime" f i s h  and 36 spec ies  of 
"trash" f i s h  taken by a commercial shrimp-trawler durinq the  1974-7s season. Even 
though the  n e t s  a r e  operated so a s  t o  take a s  few a s  poss ible ,  f i n - f i s h  o f t en  amount 
t o  one-third of t h e  ca tch  and sometimes exceed the  weight of  shrimps, s o  t h a t  a 
t rawler  may t ake  a s  much a s  500 tonnes of f i s h  per year, most of  which a r e  dumped 
back i n t o  the  water. I t  would thus  seem more e f f i c i e n t  t o  operate these  t r awle r s  
f o r  a combined shrimp and f in-f ishery ,  e spec ia l ly  i f  a fish-meal industry could be "f 

es tabl ished t o  u t i l i z e  the  spec ies  unsui table  f o r  human food. Various inves t iqa to r s  
have suggested means of  improving the  shrimp f i s h e r y  i t s e l f ,  ranging from protect ion 
of t h e  na tu ra l  breeding-grounds, through t h e  e a r l y  re lease  of a r t i f i c i a l l y - r e a r e d  * 
young t o  boost "wild" stocks,  t o  a Japanese-style c u l t u r e  of mature shrimp i n  tanks. 
A r t i f i c i a l  c u l t u r e  could a l s o  be used t o  f o r  the  b a s i s  o f  new o r  renewed 
exp lo i t a t ion  of  t u r t l e s  and bivalves. A t  present ,  very few t u r t l e s  are taken i n  the  
Region, although it may be  the  only breeding a rea  f o r  those caught o f f  the  coas t  of  
Pakistan. Greater  damage may be done by t h e  haphazard searching f o r  eggs described 
by Basson e t  a l .  (1977).  Tur t l e  farming, a s  c a r r i e d  out  ( f o r  example) i n  the  
Caribbean, involves c o l l e c t i n g  eggs and rear ing t h e  t u r t l e s  t o  commercial size i n  
c a p t i v i t y ,  with t h e  opt ion of  r e l eas ing  a proportion o f  young t u r t l e s  i n  order  t o  



mainta in  w i l d  stocks. There used t o  be a f l o u r i s h i n g  f i s h e r y  f o r  pearl-oysters, 
mainly from Kuwait and the Emirates, i n  the southern p a r t  o f  t he  Reqion; t h i s  
dec l ined w i t h  the  advent o f  c u l t u r e d  pear ls ,  b u t  cond i t i ons  would s t i l l  seem t o  be 
s u i t a b l e  f o r  the farming o f  oys te rs  and o ther  b i v a l v e s  f o r  food. 

THE OIL INDUSTRY 

The a c t i v i t y  f o r  which the  KAP Reqion i s  bes t  known throughout t h e  modern wor ld  
i s  the product ion and export  o f  petroleum. The e x t r a c t i o n  o f  o i l  i n  commercial 
q u a n t i t i e s  began over s i x t y  years ago; product ion  has grown a t  an increas ing pace 
dur ing  more recent  years ( t a b l e  2) and the search f o r  new f i e l d s  cont inues today. 
Although the smaller, more heav i l y  e x p l o i t e d  stocks may l a s t  f o r  l e s s  than another 
twenty years, some f i e l d s  seem good f o r  almost a f u r t h e r  century i f  c a r e f u l l y  
managed. 

Table 2. Average O i l  Product ion mn bbl/day 
and Year F i r s t  Exported 

Inner  Region 
I r a q  (1927)* 
Kuwait (1946) 
Saudi Arabia (1938) 
Bahrain (1934) 
I r a n  (1913)** 

Outer Region 
Qatar  (1949) .03 .17 .36 .44 
Abu Dhabi (1962) 0 0 - 1.4 
Dubai (1969) 0 0 - .25 

G u l f  o f  Oman 
Sharjah (1974) 
Oman (1967) 

* Some by p i p l i n e  t o  Mediterranean por ts .  
** Recently some t o  outer  Region. 

The vast  m a j o r i t y  o f  t h i s  o i l  i s  c a r r i e d  from load ing te rmina ls  throughout the  
l e n g t h  o f  the  Region, predominantly a long i t s  western and southern coasts, through 
the S t r a i t  o f  Hormuz ( f i g u r e  11). A v a r i a b l e  bu t  p o t e n t i a l l y  l a r q e  p ropor t i on  o f  
I r a q ' s  product ion  can be piped t o  the eastern  Mediterranean, w h i l e  a l i n e  now be ing 
constructed across Saudi Arabia w i l l ,  i n  a year o r  two, c a r r y  a smal ler  p ropor t i on  
o f  her output  t o  Yanbu on the Red Sea. About 5 per  cent  o f  Saudi product ion was 
p iped t o  the Mediterranean when TAPline was s t i l l  i n  use. Fami l i a r  o v e r a l l  
s t a t i s t i c s  a re  t h a t  about one- th i rd  o f  t h e  wor ld ' s  o i l  i s  produced around the sea 
area o f  the  Reqion, which c a r r i e s  nea r l y  two- th i rds  o f  a l l  o i l  exports: between 20 
and 100 tankers may pass through the  S t r a i t  i n  t h i s  t rade du r ing  a s i n g l e  day t o  a 
wide range of des t i na t i ons  ( t a b l e  3). I n  a d d i t i o n  t o  the usua l  scat te red sources o f  
more d e t a i l e d  s t a t i s t i c s ,  u s e f u l  data on p o r t  f a c i l i t i e s  and shipping movements have 
been summarized i n  two economic s tud ies  (Anon., 1977, 1979) and a recent  handbook 
(Gimson, 1980). 



Figure 1 1 :  Carriage of oil through the Region 



Table 3. Destination of Seaborne Middle East Crude O i l  
and Products, 1977 (mn tonnes) 

Westbound (mostly by the  Cape of Good Hope) 
Western Europe (northern) 
North America (eas tern)  
Caribbean 
South America (eas tern)  
Africa (south and e a s t )  
Africa (west) 
Sub-total 

(mostly by the  Red Sea and Suez) 

Western Europe (southern) 
USSR, Eastern Europe 
Africa (north) 
Sub-total 

Westbound Sub-total 

Eastbound 
Indian Sub-continent 
South-East Asia 
Australasia 
Japan 
North America (western) 
South America (western) 
Sub-total 

Total 

From: H. P. Drewry 
(Anon., 1979) 

2 57 
Ill 

4 7 
37 
2 7 
6 

Many of the  o i l f i e l d s  l i e  well offshore,  together with most of  the  terminals a t  
which the  l a rge r  tankers load, while most of the  recent o r  planned o i l - r e la ted  
i n d u s t r i a l  developments a r e  located along the coas t l ine .  I t  has been estimated t h a t  
investment may reach 40 mil l ion US d o l l a r s  per kilometre along the  southern and 
western shores (Anon., 1976; Neuman, 1979) while a f i g u r e  of 20 mil l ion was, a t  t h a t  
time, projected f o r  the  Iranian coas t .  Trends i n  such investment suggest a slow but 
steady growth i n  production, r e f in ing  capacity and export ,  a s l i g h t l y  g rea te r  
increase  i n  oil-based f e r t i l i z e r  manufacture and a considerable increase i n  
petrochemical production (McLachlan and Ghorban, 1979). Thus every a c t i v i t y ,  from 
exploratory d r i l l i n g  t o  by-product manufacture, may have a growing e f f e c t  on t h e  
marine environment. 

OIL POLLUTION 

Information on o i l  s p i l l a g e  i n  t h i s  area ,  published up t o  the  time of writ ing,  
is sparse and c l e a r l y  g ives  only a very patchy view of the  f u l l  s i tua t ion .  During 
the  pas t  f i f t e e n  years, the  major reported incident was the  l o s s  of  near ly  150,000 
tonnes from a tanker i n  the Gulf of Oman: wi thin  the  inner p a r t  of the  Region, four  



s p i l l a g e s  have been made pub l ic ,  each amounting t o  several  thousand tonnes arid 
a r i s i n g  from inc iden ts  i n v o l v i n g  a tankship, an onshore p ipe l i ne ,  an o f f sho re  w e l l  
and a load ing terminal .  Two more o f  around 50-500 tonnes a l so  occurred a t  load inq 
terminals.  Two ser ious  i nc iden ts  w i t h i n  the  past  few months have n o t  yet  been f u l l y  
reported, no r  has the  inc idence o f  p o l l u t i o n  r e s u l t i n g  from damage caused by recent  
h o s t i l i t i e s  i n  the  n o r t h  o f  t he  Reqion. Unpublished repo r t s  from tanker operators 
and insu re rs  i nc lude  25 f u r t h e r  s p i l l a q e s  o f  over 100 b a r r e l s  (sometimes very 
considerably more) dur ing  the l a s t  e i g h t  years. Reports o f  smal ler  s p i l l a g e s  
average about 100 per  year b u t  have been d e c l i n i n g  recent ly ,  from 138 i n  1974 t o  50 
i n  1979. A quar ter  o f  these occurred i n  the  n o r t h  o f  t he  Reqion, 70 per cent  down 
the west coast and the remaining 5 pe r  cent  along the outer  par t ,  from Qa ta r  t o  
Oman. Oostdam and A n d e r l i n i  (1978; quoted by Oostdam, 1980) qave data f o r  Kuwait 
alone, showing 109 s p i l l s  du r ing  the p e r i o d  1965-76 t o t a l l i n g  220 tonnes (which i s  
l e s s  than 0.0002 per cent  o f  the amount o f  crude shipped) and averaqinq one per 24 
s h i p  movements. Beyer and Pa in ter  (1977) est imated tha t ,  world-wide, one nearshore 
tanker s p i l l a g e  might be expected per 1,000 vessel po r t - ca l l s ,  but  t h e i r  
c a l c u l a t i o n s  appear t o  exclude smal l  i nc iden ts  ( t h e  average s p i l l  was o f  nea r l y  1000 
tonnes). They found t h a t  the t o t a l  volume s p i l t  by tank-shipping was 0.0087 per  
cent  of the amount car r ied ;  i n  o f f sho re  operation, t h e  p ropor t i on  was 0.0072 pe r  

6 cent  of production. Taking 1,000 x 10 tonnes as an approximate est imate of the 
amount o f  crude o i l  shipped annual ly  through the  S t r a i t  o f  Honnuz (see t a b l e  3 and 
f i g u r e  111, the  f i r s t  o f  these percentages suggests an average annual t o t a l  s p i l l a g e  
of  nea r l y  9,000 tonnes from tanker opera t ion  alone. I t  i s  l e s s  easy t o  est imate 
s p i l l a g e  from of fshore  and onshore f i x e d  s t ruc tures .  

Oostdam (1980) made c a l c u l a t i o n s  on the  bas i s  o f  r e p o r t s  from shippinq t o  the 
Japanese Oceanographic Data Centre du r ing  1978. More s l i c k s  were seen i n  the Gulf 
o f  Oman and S t r a i t  o f  Honnuz than i n  the i nne r  p a r t  o f  the  Region. He estimated 
t h a t  the  standing stock o f  s p i l t  o i l  i s  about 160 m i l l i o n  tonnes and, a t  a residence 
t ime o f  one year, t h a t  t h i s  f i q u r e  must a l so  represent the annual input .  This 
auqqests t h a t  the Kuwait Ac t ion  Plan Region rece ives  15-20 per  cent  o f  the  wor ld 
t o t a l  o f  marine o i l  sp i l l age .  

IMPACT ON MARINE RESOURCES 

Despi te the somewhat unexpected r ichness o f  marine l i f e  i n  the Region, i t  i s  a 
very demanding environment t o  which many o f  i t s  i n h a b i t a n t s  have t o  make spec ia l  
adaptations. For example, over most o f  t h e i r  range, ree f -bu i l d ing  c o r a l s  f l o u r i s h  
best  i n  temperatures o f  25-29OC and s a l i n i t i e s  o f  34-36 p a r t s  per thousand, 
normal ly  r e q u i r i n g  these parameters t o  remain f a i r l y  stable;  cond i t i ons  i n  the 
southern p a r t  o f  the  Reqion are  so f a r  from opt imal  t h a t  Kinsman found i t  worth 
w h i l e  t o  pub l i sh  a paper (1964) p l a c i n g  on record  the  to le rance by l o c a l  c o r a l s  o f  
l i m i t s  beyond the p rev ious l y  recognized maxima. Jones, P r i c e  and Huqhes ( 1978) 
found t h a t  no macroscopical p l a n t s  and few species o f  animals cou ld  su rv i ve  i n  
lagoons along the southern Saudi coast, a l though f i s h  o f  e d i b l e  s i z e  were cauqht 
the re  and cond i t i ons  seemed s u i t a b l e  f o r  r e a r i n g  shrimp larvae.  I n  t h i s ,  as i n  
o the r  spec ia l  environments, the  b i o t a  make up f o r  low d i v e r s i t y  by  a great  abundance 

of  t he  few t o l e r a n t  species; bu t  there  i s  always the  danqer t h a t  such an ecosystem 
may be unable t o  adapt t o  changed circumstances. The r e s u l t s  of  human in ter ference,  
superimposed upon demanding n a t u r a l  condi t ions,  may l e a d  t o  ser ious  disturbances o f  
t he  e q u i l i b r i u m  which a l e s s  st ressed system cou ld  more r e a d i l y  absorb. 

O f  course, i t  i s  r a r e l y  easy t o  i s o l a t e  t h e  causes o f  undesirably extreme o r  
r a p i d  changes i n  a complex system. The d e c l i n e  o f  t he  shrimp f i she ry ,  f o r  example, 



h a s  apparently been brought about by a combination of such f a c t o r s  a s  overfishinq,  
perhaps loca l ly  t o  the extent  t h a t  an inadequate breedinq-stock remains; a reduction 
i n  the inf lux of n u t r i e n t s  following recent r e s t r i c t i o n s  on freshwater flow down the  
g rea t  r ive r s ;  excessive a l g a l  growth and lowered oxygen l e v e l s  i n  enclosed bays; an 
increase i n  po l lu t ion  l e v e l s  i n  some of these  i n l e t s ;  and the  growing p rac t i ce  of 
i n f i l l i n g  such bays, creeks and lagoons with rubbish and s p o i l  t o  extend coas ta l  
a reas  under i n d u s t r i a l  development. With a l l  of these  f a c t o r s  t o  consider,  i t  is 
d i f f i c u l t  t o  est imate the  s p e c i f i c  influence of present  o r  f u t u r e  o i l  pollution.  
The s u s c e p t i b i l i t y  of d i f f e r e n t  groups of p lan t s  o r  animals - sometimes even of 
c lose ly  re la ted  species  - t o  a given adverse influence is a s  widely var ied  a s  t h e i r  
importance i n  a p a r t i c u l a r  ecosystem, s o  t h a t  the consequences of any spec i f i ed  
a c t i v i t y  which might a f f e c t  the  marine environment cannot readi ly  be characterized 
simply as acceptable o r  unacceptable. The biotope handbook, f requent ly  re fe r red  t o  
i n  t h i s  review (Basson et a l . ,  19771, is one by-product of a major e f f o r t  by t h e  
Arabian American O i l  Company (ARAMCO) t o  charac te r i ze  the  number, extent  and 
importance of def inable  marine h a b i t a t s  o r  communities i n  the  western p a r t  of t h e  
Region so t h a t  the  impact of t h e i r  continuing o r  extended operations and poss ible  
new developments can be assessed i n  terms of its o v e r a l l  importance t o  the  ecology 
of the region; used widely, such a concept is much t o  be applauded. 

The biological  e f f e c t s  of reported s p i l l s  have been considered i n  d e t a i l  i n  
only one case,  a p ipe l ine  rupture  a t  the  northern end of Tarut Bay (Spooner, 
l97Oa.b). Mor ta l i t i e s  amongst the  p lan t s  and animals of  the  shore were low enough 
t o  permit f a i r l y  rapid  recovery, and, although l o c a l  f i s h e r i e s  were temporarily 
disrupted,  the  approximate synchrony of t h i s  s p i l l a g e  with the  decl ine  i n  shrimp 
landings is c l e a r l y  coincidenta l .  However, r e l a t i v e l y  infrequent heavy s p i l l a g e s  
c o n s t i t u t e  only one of the  poss ible  impacts of the  o i l  industry.  Offshore 
exploration may r e s u l t  i n  disturbance,  f o r  example of t u r t l e s  and seabirds  
attempting t o  breed on the  i s l ands ,  o r  marine mammals following migration rou tes  
between the  ree f s ;  d r i l l i n g  c e r t a i n l y  produces a plume of sediment, occasionally 
contaminated with t o x i c  cons t i tuen t s  of "mud". Corals a r e  pa r t i cu la r ly  in to le ran t  
of such an increase  i n  t u r b i d i t y  which is, t o  a l e s s e r  extent ,  unfavourable t o  most 
sedentary benthic organisms. Eff luents  from production o r  separa t ion plant  may be 
hot ,  containinq e i t h e r  suspended o i l  o r  harmful substances i n  solut ion.  Ref iner ies  
and petrochemical p lan t s  discharge l a rge r  volumes of e f f l u e n t  i n t o  coas ta l  waters,  
inev i t ab ly  containing o i l  i n  q u a n t i t i e s  which a r e  qu i t e  l a r q e  when one considers . 
what is  contributed t o  the  l o c a l  environment over a period of time. Spooner (1970a) 
noted t h a t  the  balance between algae and grazing inver tebra tes  on i n t e r t i d a l  f l a t s  
near a r e f ine ry  e f f l u e n t  channel had become t i l t e d  i n  favour of the  algae, 
presumably over a long period, i n  the  same way a s  had occurred elsewhere a s  a r e s u l t  
of the  o i l - s p i l l  which she was inves t igat ing.  The e f f l u e n t  was (and continued t o  be 
- see  Wennink and Nelson-Smith, 1977) noticeably o i l y .  The operation of tank-ships 
and loading terminals g ives  r i s e  t o  many small discharges of o i l ,  o i l y  water o r  
tank-sludge which may o f ten  be unavoidable, i n  p rac t i ca l  terms. The o i l y  component 
may t r a v e l  a s  a surface  s l i c k ,  become incorporated with sediment p a r t i c l e s  o r  
d e t r i t u s  i n  midwater o r  rapidly s ink  t o  the  bottom but - unless  i t  is degraded by 
physicochemical o r  b iological  agencies f i r s t  - i t  w i l l  eventually end up a s  a 
t a r b a l l  on a beach, perhaps many miles from the  neares t  shipping-lane o r  o i l  
i n s t a l l a t i o n .  Such depos i t s  have now been reported from sea-coasts a l l  around the 

* 
world and a r e  abundant i n  the  Region, sometimes forming a reas  resembling a t a r red  
foot-path along shor t  s t r e t c h e s  of the  upper shore and encrustinq up t o  one-half of 
t h e  periphery of c e r t a i n  offshore i s lands .  

The biological  damage caused by po l lu t ing  o i l  depends not only on the  s i z e  and 
duration of the  s p i l l a g e  but a l s o  on the  nature  of the  o i l  and the  type of organisms 
most exposed t o  it. Numerous books and papers provide more de ta i l ed  information 
( s e e  e.g. Nelson-Smith, 1972-3, 1975; Cowell, 1976; Wolfe, 1977; Anon., l98Oa). In 



b r i e f ,  f resh  crude o r  l i g h t  products tend t o  penetrate w e l l  and have tox i c ,  i n t e r n a l  
e f fec ts ;  weathered crude o r  heavy products tend t o  smother and have mechanical, 
ex te rna l  e f fec ts .  The smal lest  marine organisms o f t e n  become p h y s i c a l l y  trapped i n  
s t reaks  o r  g lobules o f  o i l ,  a l though l a r g e r  mobi le animals may be ab le  t o  escape 
completely i n t o  c lean water. Even sedentary forms which cannot avo id  contact  w i t h  
i t  a re  n o t  r e a d i l y  "wetted" by moderate q u a n t i t i e s  o f  o i l ,  because o f  t h e i r  s l imy 
mucous o r  mucilaqinous coating. They a re  more o f t e n  damaged by the  i nges t i on  of  
contaminated food, by t o x i c  components leach ing i n t o  the water o r  by i n d i r e c t  
e f f e c t s  upon gas exchange, thermal absorpt ion o r  l i g h t  pene t ra t i on  i n  shal low s t i l l  
waters. E s s e n t i a l l y  t e r r e s t r i a l  organisms such as b i rds ,  fur-bear ing marine mammals 
and mar i t ime higher p l a n t s  un fo r tuna te l y  have an outer  cover ing which, a l though 
water-repel lent ,  i s  r e a d i l y  "wetted" by o i l  and may be s t r u c t u r a l l y  d is rupted by i t s  
penetrat ion.  They may there fore  be se r ious l y  a f f e c t e d  by contac t  w i t h  q u i t e  smal l  
quan t i t i es :  an o i l e d  l e a f  i n v a r i a b l y  d ies  and many b i r d s  have perished, a t  l e a s t  i n  
co lder  seas, as the r e s u l t  o f  on l y  moderately-sized splashes i n  vulnerable areas of  
t h e i r  plumage. 

The operat ions which cou ld  r e a d i l y  g i v e  r i s e  t o  p o l l u t i o n  most ly  take p lace i n  
the n o r t h  o r  down the western and southern shores o f  t he  sea area o f  t he  Reqion 
( w i t h  the except ion o f  tanker accidents a t  sea, which a re  poss ib le  anywhere b u t  most 
l i k e l y  when approaching the S t r a i t  o f  Hormuz); water movements then tend t o  
concentrate d r i f t i n g  o i l  i n t o  the she l te red i n l e t s  i n  the south-west, p a r t i c u l a r l y  
a long the Saudi coast l ine ,  i n  the  Gu l f  o f  Salwah and towards the  eastern end o f  the  
coast o f  Abu Dhabi. I t  seems probable t h a t  p o l l u t i o n  would the re fo re  c l e a r  r a p i d l y  
from waters o f f  the eastern I r a n i a n  c o a s t l i n e  and t h i s  tendency, together w i t h  t h e i r  
q reater  depth, should he lp  t o  p r o t e c t  the  pe lag ic  f i s h e r y  whose greates t  p o t e n t i a l  
l i e s  there, together w i t h  a t  l e a s t  a p ropor t i on  o f  the  Region's t u r t l e s  and o ther  
threatened species i n h a b i t i n g  i s l a n d  nature reserves along t h a t  coast. I n  the 
extensive shallows on the opposite s ide  o f  t he  sea area, where most o i l  would 
gather, chemical and m ic rob io loq i ca l  deqradation should a t  l e a s t  proceed s w i f t l y ,  
shortening the du ra t i on  o f  an impact which might otherwise be much more severe. 
There i s  some evidence t h a t  a moderate l e v e l  o f  p o l l u t i o n  might even b e n e f i t  the  
blue-green alqae which make an important  c o n t r i b u t i o n  t o  primary p r o d u c t i v i t y  
l o c a l l y ;  bu t  i t s  i n f l uence  on macroscopic l i f e  cannot be o ther  than unfavourable. 
The f i s h e r i e s  bo th  f o r  shrimp and demersal f i n - f i s h  a re  l i k e l y  t o  s u f f e r  from a 
widespread s p i l l  no t  on ly  i n  d i r e c t  e f f e c t s  on a d u l t  animals, toqether w i t h  the  
f o u l i n g  o f  gear (espec ia l l y  f i x e d  t raps  and weirs)  bu t  a l so  from damage t o  stocks o f  
t h e i r  la rvae and food organisms. The p o s s i b i l i t y  o f  developinq a f i s h e r y  the re  f o r  
b i va l ves  might w e l l  s u f f e r  from the f a c t  t h a t  these f i l t e r - f e e d e r s  pass l a r q e  
volumes o f  water through t h e i r  bodies, e x t r a c t i n g  suspended matter  i n c l u d i n g  
o i l - d r o p l e t s  as p o t e n t i a l  food. They a re  thus very l i a b l e  t o  acquire an unpleasant 
t a s t e  i n  c h r o n i c a l l y  p o l l u t e d  areas o r  a f t e r  an o i l - s p i l l .  Such t a i n t i n g  can occur 
a t  concentrat ions w e l l  below those which se r ious l y  endanqer the h e a l t h  o f  t he  
mol luscs and some months i n  c lean water may be needed before  i t  i s  completely 
discharged; the problem can a l so  a f f e c t  o ther  f i she r ies .  " O f f "  t as tes  are  more 
e a s i l y  detec tab le  i n  frozen, canned o r  f resh  products than i n  those preserved 
t r a d i t i o n a l l y  by s a l t i n g  o r  drying; customers a re  l e s s  prepared t o  accept them i n  
h igh-qua l i ty  products and the more health-conscious ones tend t o  associate 
hydrocarbon contamination w i t h  cancer-r isk. Corals, sea-grass beds, i n t e r t i d a l  
invertebrates,  marsh vegeta t ion  and mangroves - each making a s i q n i f i c a n t  and 

s p e c i f i c  c o n t r i b u t i o n  t o  f i s h e r i e s  and the s t a b i l i t y  o f  the  environment as w e l l  as 
being o f  value i n  t h e i r  own r i g h t  - are a l l  most a t  r i s k  i n  t h i s  p a r t  o f  the  Reqion. 

I t  might be noted, i n  passing, t h a t  n o t  a l l  a c t i v i t i e s  o f  the  o i l  i ndus t r y  a re  
a c t u a l l y  o r  p o t e n t i a l l y  unfavourable t o  o ther  marine resources. As i n  o ther  shal low 
seas where the bottom i s  most ly  s o f t ,  the  s o l i d  s t ruc tu res  b u i l t  f o r  o f fshore  

operat ions r a p i d l y  become colonized by a lgae and sedentary animals, which, i n  turn,  



a t t r a c t  smal l  f i s h  and t h e i r  predators. This i s  e c o l o q i c a l l y  b e n e f i c i a l ,  a l thouqh 
i t s  i n f l uence  on the success o f  commercial f i s h e r i e s  may be small .  More general ly .  
t he  a c t i v i t i e s  o f  t r a w l  fishermen and o f f sho re  o i l  operators are  incompatible; one 
ser ious  cons t ra in t  on the development o f  a more wide-ranginq demersal f i s h e r y  i s  the  
damage which most types o f  t r a w l i n g  gear cou ld  i n f l i c t  on sub-sea p i p e l i n e s  (Anon., 
1980b) and which i t s e l f  might become a s i g n i f i c a n t  p o t e n t i a l  cause o f  p o l l u t i o n .  
Indeed, i nd i sc r im ina te  t r a w l i n g  can a l so  damage o ther  n a t u r a l  resources o f  the 
sea-bottom, such as sea-grass beds (see Basson e t  al., 1977). 

PREFERRED CLEAN-UP METHODS 

Much w i l l  be s a i d  dur ing  t h i s  Workshop about the  techn ica l  and l o q i s t i c  aspects 
o f  o i l - s p i l l  clean-up, which have al ready been discussed, f o r  the  Saudi coast, by 
Wennink and Nelson-Smith (1977); here, a few comments on eco loq ica l  aspects may be 
h e l p f u l  . 

It i s  f a i r l y  obvious t h a t  b i o l o g i s t s ,  l i k e  a l l  o thers  involved, would p re fe r  
r a p i d  containment and mechanical recovery t o  the uncont ro l led  spread o f  a s l i c k  and 
the necessi ty  t o  add fur ther  chemicals i n  the form o f  dispersants, however 
innocuous. Unfortunately, t h i s  i s  r a r e l y  a t t a i n a b l e  i n  prac t ice .  Bearinq i n  mind 
the unusual ly  l a r g e  p ropor t i on  o f  shal low water i n  the Reoion, we would on ly  ask 
t h a t  d ispersants are  used as f a r  from shore, and in  as deep water, as possib le.  
Even now, l i t t l e  i s  known about the impact o f  d ispersants and chemical ly-dispersed 
o i l  on t r o p i c a l  ecosystems (see Nelson-Smith, 1980a) but  a c o r a l  r e e f  would 
c e r t a i n l y  appear t o  be espec ia l l y  suscept ib le  t o  damaqe by f i n e  suspended d rop le ts  
o f  o i l  i n  h i g h  concentrat ions; many o f  the lagoons and bays are  poor ly  flushed; and 
beaches a r e  predominantly o f  s o f t  sediments o r  porous rock over which the  use o f  
most d ispersants on ly  serves t o  f a c i l i t a t e  the penet ra t ion  o f  o i l .  Whi ls t  many 
mechanical methods o f  recovery s t i l l  leave much tb be desired, i n  some she l te red 
shal low i n l e t s  w i t h  reasonable access from land t h i s  would appear t o  o f f e r  the  best 
poss ib le  chance o f  success. When us inq such methods, i t  should be remembered tha t  
some cons t i t uen ts  o f  crude o i l  have a r e l a t i v e l y  h igh  s o l u b i l i t y  i n  water a t  t y p i c a l  
temperatures i n  the Region and t h a t  t h i s  may become the most t o x i c  f rac t i on .  Not 
on l y  should s p i l t  o i l  spreading over shal low water i n  s e n s i t i v e  areas be d e a l t  w i t h  
as r a p i d l y  as possib le,  bu t  care  should a lso  be taken i n  d ischarqinq mechanical ly 
separated water which, through prolonged contact ,  may have acquired much o f  the  
t o x i c i t y  of the  recovered o i l .  

Amongst the  few widely publ ished accounts o f  o i l - s p i l l s  i n  the  KAP Reqion, the  
on ly  one t o  mention clean-up methods was again t h a t  by Spooner (1970a.b). Much o i l  
was trapped by causeways and j e t t i e s ;  as access i s  good, i t  was poss ib le  t o  remove 
t h i s  mechanical ly by  skimmers and suct ion  hoses. Dispersant was used on s l i c k s  t o  
prevent t h e i r  escape from the bay, bu t  no t  i n  very shal low water where i t  was 
thought t h a t  the necessary a g i t a t i o n  would on ly  have mixed o i l  d rop le ts  i n t o  bottom 
deposits. She commented t h a t  o i l  which covered and p a r t l y  soaked i n t o  i n t e r t i d a l  
rocks was r a p i d l y  removed by qraz inq gastropods, as on rocky shores elsewhere both  
i n  the t r o p i c s  and temperate zones. Excessive a p p l i c a t i o n  o f  d ispersant  would a lso  
have i n t e r f e r e d  w i t h  t h i s  form o f  n a t u r a l  clean-up. 

The waters around i s lands  support inq important  b i r d  co lon ies  c o n s t i t u t e  an area 
where p r i o r i t y  should be g iven t o  any reasonable treatment which w i l l  remove o i l  
from the surface; conversely, stands o f  manqroves and o ther  halophytes o r  coasta l  
marshes are  regions where doing noth ing i s  p re fe rab le  t o  any treatment a t  present 
known. The e f f e c t  o f  d ispersants o r  dispersed o i l  on sea-grass beds has n o t  ye t  



been recorded fo r  pub l i ca t i on ;  such an i n v e s t i q a t i o n  would provide a valuable bas i s  
f o r  decis ions on how t o  deal w i t h  s l i c k s  en te r ing  the many i n l e t s  whose bottom i s  
dominated by t h a t  biotope. As w i t h  a l l  human a c t i v i t i e s ,  t he re  i s  a need f o r  
compromise between the i d e a l l y  des i rab le  and the p r a c t i c a l l y  a t ta inab le ;  such a 
compromise i s  best  achieved by knowledge o f  a t  l e a s t  the  main f a c t o r s  involved, and 
p r i o r  agreement between a l l  i n te res ted  p a r t i e s  as t o  what must be done and who p lays  
which pa r t  i n  i t .  A good basis f o r  the  f i r s t  requirement i s  a scheme s i m i l a r  t o  
ARAMCO's ca tegor i za t i on  o f  coasta l  biotopes, r e f e r r e d  t o  above. Such s tud ies  a t  
l e a s t  make i t  possib le,  when dec id inq on a c t i o n  which cou ld  do eco loq ica l  damaqe, t o  
concentrate t h a t  r i s k  i n t o  an area where such damage would matter  l eas t ,  o r  where 
recovery should be most rapid.  The second requirement i s  met, a t  l e a s t  a t  a 
techn ica l  l e v e l ,  by the d e t a i l e d  working o f  such organ iza t ions  as GAOCMAO ( the  Gul f  
Area O i l  Companies Mutual Aid Orqanisation) and now the Kuwait Ac t ion  Plan: i t  i s  
i fnportant  to  s t ress  the need t o  incorpora te  eco loq i ca l  advice i n  the e a r l i e s t  staqes 
o f  such planninq. 

COMPARISON WITH A R C T I C  AND TEMPERATE WATERS 

Some important fundamental p o i n t s  come t o  l i g h t  as a r e s u l t  o f  makinq 
comparisons between sea areas i n  which widely d i f f e r i n g  cond i t ions  p r e v a i l  (see e.9. 
Johannes and Betzer, 1975). A non-qaseous, s l i g h t l y  so lub le  substance such as crude 
o i l  reaches h igher  concentrat ions i n  t r o p i c a l  than i n  colder waters. Since t h e i r  
metabol ic ra tes  w i l l  a lso be hiqher, warm-water orqanisms should experience a 
qreater  uptake o f  such p o l l u t a n t s  which, a t  a g iven concentrat ion, ouqht anyway t o  
be more tox i c .  On the o ther  hand, s p i l t  o i l  loses i t s  more v o l a t i l e  components 
(which i n c l t ~ d e  those which a re  both  more t o x i c  and more r e a d i l y  a v a i l a b l e  t o  marine 
b i o t a )  t o  a greater  extent  and a t  a f a s t e r  r a t e  a t  h iqher temperatures, w h i l s t  the 
physico-chemical and m ic rob io log i ca l  degradation o f  what remains proceeds more 
r a p i d l y .  Once w i t h i n  an orqanism, those substances which can be detoxicated o r  
excreted w i l l  a lso  become harmless t h a t  much quicker. What miqht n u l l i f y  the  
obvious conclusion t h a t  these e f f e c t s  tend t o  compensate f o r  each o ther  i s  the  f a c t  
tha t ,  i n  shal low t r o p i c a l  o r  sub t rop i ca l  waters, no t  on l y  do the b i o t a  have a smal l  
ranqe o f  to lerance o f  environmental var iab les ;  they a re  a l so  o f t e n  l i v i n q  very near 
t o  t h e i r  upper l i m i t  even under normal condi t ions.  Beinq the re fo re  already 
p h y s i o l o q i c a l l y  stressed, they may n o t  have a margin even f o r  l i m i t e d  a d d i t i o n a l  
burdens. I n  the shal lower p a r t s  o f  the  sea area (where s p i l t  o i l  i s  most l i k e l y  t o  
c o l l e c t ) ,  occasional s p e l l s  of  abnormally low temperature must add considerably t o  
n a t u r a l  stresses. Apart from t h i s ,  seasonal changes a re  minor and, a l thouqh most o f  
t he  p l a n t s  and animals go through an annual cycle,  t he re  i s  no r e a d i l y  i d e n t i f i a b l e  
pe r iod  when a p o l l u t i o n  i n c i d e n t  would genera l ly  be markedly more o r  l e s s  serious. 

The A r c t i c  experiences cond i t i ons  which, i n  many ways, appear t o  reach extremes 
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i n  the opposite d i r e c t i o n  t o  those i n  the Region. Temperatures (and sometimes 
s a l i n i t i e s  too)  are low, wh i l e  most b i o t a  show g rea t  seasonal f l u c t u a t i o n s  mainly 
c o n t r o l l e d  by a very shor t  pe r iod  o f  h i g h  phytoplankton p r o d u c t i v i t y  i n  the l a t e  
sp r ing  o r  e a r l y  summer. The temperature o f  the  water i t s e l f  does n o t  f a l l  below 
f reezinq-point  (about - 2 O C )  and, i n  any case, low temperatures a re  seldom as 
s t r e s s f u l ,  f o r  animals which are  adapted t o  them, as h i g h  ones: t y p i c a l  a r c t i c  
sea-temperatures are  usua l l y  many degrees below the  upper to lerance l i m i t .  I t miqht 
appear, a t  f i r s t  s igh t ,  t h a t  a subs tan t i a l  o i l - s p i l l  around the t ime o f  the  p lankton 
peak would be much more ser ious  than dur ing  any o ther  per iod,  b u t  the s i t u a t i o n  i s  
complicated by the  presence o f  ice,  i t s  movements and i t s  c y c l e  o f  m e l t i n q  and 
freezing. Under many circumstances, o i l  s p i l t  a t  o the r  t imes o f  year cou ld  be 



trapped beneath seasonal ice-cover and then released during t h a t  period v i r t u a l l y  
unchanged. Some methods cannot work and o t h e r s  r equ i re  the  development of  spec ia l  
ma te r i a l s  o r  equipment. The subject  has recent ly  been reviewed by t h i s  author 
(Nelson-Smith, 1980b). 

Temperate waters such a s  those  around north-western Europe enjoy, t o  a c e r t a i n  
extent ,  the  bes t  f ea tu res  of  both global  extremes. Most h a b i t a t s  support a mixture 
of  cold-water and warm-water forms, favoured by condi t ions  a t  opposite ends of t h e  
seasonal range so t h a t ,  although a period can be defined during which a l a r g e  
s p i l l a g e  would be most damaging, a c e r t a i n  number of  organisms a r e  a t  t h e i r  most 
t o l e r a n t  a t  almost any time of year. Many a r e  f a i r l y  cosmopolitan i n  t h e i r  
d i s t r i b u t i o n ,  o f fe r ing  a g rea te r  po ten t i a l  f o r  recovery o r  recolonization than 
e x i s t s  i n  regions ( l i k e  t h e  Arctic and enclosed t r o p i c a l  waters) where endemic 
spec ies  make up a r e l a t i v e l y  high proportion of  the  t o t a l .  Normally, temperatures 
do not approach the  limits of to lerance ,  although o the r  environmental va r i ab les  may 
s t r e s s  c e r t a i n  s e n s i t i v e  species.  In favourable condit ions,  s p i l t  o i l  is degraded 
f a i r l y  rapidly;  a wide range of clean-up methods is ava i l ab le ,  althouqh many a r e  not  
necessar i ly  very e f f e c t i v e  and sore can be ecological ly  damaging. 

Super f i c i a l ly ,  i t  would appear t h a t  the marine b io ta  of t h e  Kuwait Action Plan 
Region a r e  surviving q u i t e  well  a high incidence o f  low-level o i l  po l lu t ion  and the  
e f f e c t s  of numerous, i f  i l l - repor ted ,  l a rge r  sp i l l ages .  However, we a r e  still 
ignorant about many aspec t s  of  t r o p i c a l  and subtropical  marine ecology, p a r t i c u l a r l y  
the  e f f e c t s  of  human interference:  such a conclusion may merely be a r e s u l t  of t h i s  
ignorance. I t  is espec ia l ly  worth not ing t h a t  most ava i l ab le  methods f o r  
containing,  co l l ec t ing ,  d ispers ing o r  de f l ec t ing  s p i l t  o i l  were developed i n  the  
temperate zone. Toxicity t e s t i n q  leading t o  recommendations f o r  world-wide use is 
normally ca r r i ed  out  i n  l abora to r i e s  the re ,  using the  common spec ies  of  t h a t  zone 
under typ ica l  condit ions of temperature, s a l i n i t y ,  etc., and most observations of  
t h e  ecological  e f f e c t s  both of  s p i l t  o i l  and clean-up treatments have been made 
around its shores. I t  should not be assumed t h a t  such methods o r  data ,  even when 
they o r i g i n a t e  from the  most r e l i a b l e  sources,  a r e  automatically appl icable  t o  o the r  
regions: a s  has  been noted above, some a r e  already known not t o  be so. The 
development of spec ia l  techniques f o r  a r c t i c  condit ions,  toqether with the  
acqu i s i t ion  of  re levant  b iological  data ,  is already proceeding apace i n  North 
America; t r o p i c a l  and subtropical  waters seem generally t o  be much more neglected i n  
t h i s  respect .  There would appear t o  be a s t rong case  f o r  considerable expansion of 
s c i e n t i f i c  inves t igat ion of the marine environment i n  the  Region, both fundamental 
and applied t o  problems such a s  o i l  po l lu t ion  and the  r a t i o n a l i z a t i o n  of  f i s h e r i e s .  
This could probably be  handled by t h e  marine sc ience  c e n t r e s  already e x i s t i n g  o r  now 
being es tabl ished there ,  although t h e r e  may be room f o r  a f u r t h e r  such i n s t i t u t i o n  
near the  mouth of  t h e  sea  a rea  of  t h e  Region. 
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ABSTRACT 

This paper takes t h e  form o f  a r e p o r t  prepared under the  tefms o f  t h e  IMO/FAO 
Advisory Miss ion t o  Bahrain, which took p lace wh i l e  clean-up opera t ions  were i n  
progress. Conclusions are  a r r i v e d  a t  concerning the  b i o l o g i c a l  impact o f  t h e  s p i l l  
and the e f f e c t  o f  t he  s p i l l  on f i she r ies ;  t h e  f i r s t  be ing  main ly t h e  m o r t a l i t y  of 
marine l i f e  as a r e s u l t  o f  smothering o f  organisms by r e s i d u a l  o i l  i n  t he  
i n t e r - t i d a l  zone and the  e f f e c t  due t o  the  d e s t r u c t i o n  o f  t he  f i s h i n g  equipment and 
the  prevent ion  o f  f i s h i n g  dur ing  the  acute phase o f  the  s p i l l .  The r e p o r t  l i s t s  t h e  
recommendations t o  the Bahrain Government concerning r e s t r i c t i o n s  on t h e  use o f  
d ispersants  i n  shal low water and the need t o  avoid removal and replacement o f  o i l  
contaminated sediments unless such o i l  was l i k e l y  t o  recontaminate sec t ions  o f  t h e  
beach reserved f o r  r e c r e a t i o n a l  use o f  f i s h i n g - r e l a t e d  a c t i v i t i e s .  



BACKGROUND 

A r e l a t i v e l y  l a r g e  o i l  s p i l l  contaminated the coast o f  Bahrain dur inq  the l a s t  
week o f  August and the f i r s t  two weeks o f  September 1980. The o i l  reachinq the 
coast  contaminated almost the e n t i r e  n o r t h  and west coast. 

A t  the request o f  the  Government o f  Bahrain, I M O  and FAD orqanized the present 

study w i t h  the purpose o f  assessing the impact o f  the o i l  s p i l l .  The terms o f  
reference f o r  the miss ion were t o  evaluate the b i o l o g i c a l  damaqe caused by the s p i l l  
and the clean-up operat ions and p a r t i c u l a r l y  t o  assess the  damaqe t o  f i she r ies .  

PHYSICAL AND BIOLOGICAL FEATURES OF THE AREA AFFECTED BY THE OIL SPILL 

The sea area o f  the Kuwait Act ion Plan (KAP) Reqion and the Gul f  o f  Bahrain 
surrounding Bahrain i n  the n o r t h  and west a re  character ized hy extremely shal low 
waters. The depth f i g u r e s  i n  these areas are  normal ly  l e s s  than 10 metres and are  
i n  l a rge  areas between 0 and 2 metres. These shallows, cons is t i nq  o f  sand, rubble, 
rock and c o r a l  reefs,  form a b a r r i e r  t o  t i d a l  water movements and wind-driven wave 
act ion.  The t i d a l  water ampli tude on the north-west coast o f  Bahrain i s  about 1.8m. 
The p r e v a i l i n g  wind d i r e c t i o n  i s  souther ly  but ,  except i n  January-February, the 
winds are  weak, normal ly  below 5 m/sec. 

The weak winds dur ing  spr ing,  summer and autumn, i n  combination w i t h  the 
r e l a t i v e l y  low t i d a l  water ampli tude and the extensive shal low areas surroundinq the 
Bahrain is land,  r e s u l t  i n  poor water exchange and r e l a t i v e l y  stagnant cond i t ions  
c lose  t o  the coast. 

S a l i n i t i e s  a re  h igh  i n  the region, ranging between 35  and 50 / o o  s. The 
temperature of the  nearshore waters ranqes between 17' and 53' C. 

The c o a s t l i n e  o f  Bahrain i n  the n o r t h  and west i s  open and the beaches are  
genera l ly  composed o f  sand. I n  some areas mixed sand and rock beaches o r  rock 
beaches a r e  found. 

The biotopes i n  the shal low s u b t i d a l  areas cons is t  o f  c o r a l  reefs;  e i t h e r  
p la t fo rm reefs i n  shal low water o r  f r i n g i n g  r e e f s  a long the shorel ine,  and rocky 
bottoms, grass beds and sand bottoms. 

The c o r a l  ree fs  i n  the Bahrain area cons is t  o f  a few, up t o  about f i f t y ,  
species o f  cora ls .  Usual ly  t he  d i v e r s i t y  i s  low c lose t o  land due t o  sub- opt imal  
phys i ca l  condi t ions.  Associated w i t h  the  c o r a l  r e e f s  a re  a number o f  f i s h ,  
crustaceans, polychaetes and molluscs. General ly, however, the  d i v e r s i t y  o f  
associated species i s  lower than on r e e f s  i n  most o ther  t r o p i c a l  regions. 

The rock bottoms around Bahrain are  o f t e n  covered w i t h  a l q a l  growth. Most o f  
these are  small ,  f i lamentous, red  o r  brown algae. Various c o r a l s  a lso  occur on the 
rock bottoms and there i s  continuous compet i t ion  f o r  space between c o r a l s  and alqae 
on t h i s  type o f  substrate. F ish,  crustaceans, polychaetes and molluscs are  o ther  
dominating organism groups on these bottoms. 

Sand bottoms o r  mixed sand, rock  and c o r a l  bottoms cover l a r q e  areas o f  the  
shal low s u b t i d a l  zone n o r t h  and west o f  Bahrain. Except f o r  the qrass beds the  sand 
bottoms a re  i nhab i ted  by few p l a n t s  o r  alqae. However, a v a r i e t y  o f  burrowing 

animals (crustaceans. nnl vr-ha~toci onri m n l l  nnn- Â¥; Â¥-k - 



Sand bottoms covered with sea-grass beds a r e  common i n  Bahrainian waters. The 
dominating genera a r e  Halodule and Halophila. The g rass  beds a r e  extremely 
productive ecosystems and the  p lan t s  form the  b a s i s  f o r  many of the  food webs i n  
t h i s  sea  area.  I t  is a l s o  an important nursery and attachment s i t e  f o r  severa l  
spec ies  of d i r e c t  economic importance such a s  shrimp, pea r l  oys ter  and severa l  
f i shes .  

BEHAVIOUR AND FATE OF THE O I L  

The o i l  t r a v e l l i n g  from the north and north-west, driven by cur ren t s  and winds, 
a r r ived  a t  the  coas t  of Bahrain on 25 August, 1980. From t h a t  day and f o r  the  
following two t o  th ree  weeks most p a r t s  of the  north and west coas t s  were af fected 
by the  o i l  s p i l l .  

During the  acute phase of the  s p i l l  it was estimated t h a t  a t  l e a s t  20,000 
b a r r e l s  o r  about 3,300 tonnes of  o i l  had accumulated on the  Bahrain coas t s  o r  was 
still f l o a t i n g  offshore. (Estimation made by BAPCO clean-up personnel). General1 y 
i t  can be assumed t h a t  a crude o i l  from the  area ,  released t o  the surface  of the  
sea ,  w i l l  lose  about SO per cent  of its volume due t o  evaporation during the f i r s t  
week. 

The o i l  was transported with each r i s i n q  t i d e  towards the  shorel ine .  This 
caused contamination of the  beaches up t o  the highest t i d a l  mark. 

When the  o i l  a r r ived a t  the coas t  i t  had low v i scos i ty  and was s t icky.  
According t o  BAPCO clean-up personnel the  o i l  looked surpr is ingly  f resh  and 
unweathered. 

The o i l  deposited on the beaches adhered t o  driftwood, rubbish, a lgae  and 
p l a n t s  a s  well a s  t o  stones,  rocks and sand. A considerable proportion of t h e  o i l  
could be removed by simply removing deposi ts  of sea-grass on the  beaches, a s  these  
acted a s  absorbing material .  

The o i l  on sand beaches quickly penetrated i n t o  the  sand. About one month 
a f t e r  the s p i l l ,  the  sand was found t o  be contaminated down t o  a depth o f  a t  l e a s t  
0.3 metres. 

A t  low t i d e ,  o i l  trapped i n  the sand leaked out again, causing recontamination 
of already cleaned beaches. During the  l a t t e r  pa r t  of September t h i s  was probably 
the  main reason f o r  the contaminatin of beaches which had once been cleaned. The 
magnitude of t h i s  recontamination appeared t o  cause subs tan t i a l  problems i n  severa l  

Ã 
places. Due t o  the poor water exchange caused by the  weak winds and the r e l a t i v e l y  
low t i d a l  water amplitude, i n  combination with the  shallow waters around Bahrain, 
t h e  problems caused by the  contaminated beach-sediments w i l l  probably remain f o r  
severa l  months. 

4 

The o i l  t h a t  reached the splash zone, a s  a surface  f i lm o r  p a r t l y  emulsif ied,  
adhered t o  o r  incorporated sand p a r t i c l e s ,  d e t r i t u s ,  e t c .  This, i n  combination with 
wave act ion,  caused p a r t s  of the  o i l  t o  sink a s  d rop le t s  surrounded by o r  
incorporated i n  sand, d e t r i t u s ,  e t c .  This o i l  accumulated i n  l a y e r s  on the sea  
f l o o r  immediately offshore. The o i l  mixture, p a r t i c u l a r l y  i f  the  d e t r i t u s  content  
was high and the sand content low, appeared a s  a very f i n e ,  l i g h t ,  brownish f lock on 
the  sea  f l o o r  accumulated i n  ribbons p a r a l l e l  t o  the shoreline.  



long-term e f f e c t s  on the f i s h  populat ions. No more than i s o l a t e d  cases o f  t a i n t i n g  
o f  f i s h  have been reported. 

F i sh ing  i n  the a f fec ted  areas i s  mainly c a r r i e d  out us ing b a r r i e r  traps, w i r e  
t raps  and g i l l  nets. Dur ing the  acute phase o f  t he  s p i l l ,  considerable numbers of  
these types o f  f i s h i n q  gear were h e a v i l y  smeared w i t h  o i l .  The o i l ,  s t i c k i n g  t o  
nets, w i res  and ropes, caused the t raps  t o  col lapse.  Furthermore, i t  was o f t e n  
impossib le t o  remove the o i l  w i thout  des t roy ing the  equipment. 

Dur ing the pe r iod  when l a r g e r  s l i c k s  o f  o i l  were f l o a t i n q  on the sea, the  o i l  
prevented f i s h i n q  e f f o r t s  i n  the area. This pe r iod  l a s t e d  about th ree weeks. 

A t  present i t  seems t h a t  the major e f f e c t  on f i s h e r i e s  was caused by the 
des t ruc t i on  o f  equipment and the l o s s  o f  ca tch  du r ing  the acute phase of  t he  s p i l l .  
A t o t a l  f i g u r e  o f  225,000 d ina rs  (about 240,000 pounds s t e r l i n g )  has been ca l cu la ted  
as the  l i k e l y  f i g u r e  f o r  these losses t o  f i s h e r i e s .  This est imate has taken i n t o  
account the lower value f o r  o lde r  equipment. 

Add i t i ona l  losses t o  f i s h e r i e s  have been caused by the  o i l  smeared on boats, 
c logg ing water-cool ing systems i n  engines, etc. 

Some a d d i t i o n a l  losses may have been incu r red  by res i s tance  among the p u b l i c  t o  
the  consunption o f  f i s h .  This appears, however, n o t  t o  have caused major problems 
as the  p r i c e s  o f  f i s h  on the market have repo r ted l y  n o t  dropped du r ing  the pe r iod  
a f t e r  t he  s p i l l .  

SUMMARY 

Behaviour o f  the  o i l  

Under the  p r e v a i l i n g  environmental cond i t i ons  i n  the  Region i t  can be expected 
t h a t  the crude o i l  released on the surface o f  t he  sea l o s t  about 50 pe r  cent  o f  i t s  
volume due t o  evaporation du r ing  the f i r s t  week. 

The o i l  a r r i v i n g  a t  the  coast o f  Bahrain was deposited i n  the  upper t i d a l  zone. 
I n  several  areas along the coast the  o i l  has penetrated down t o  a depth o f  a t  l e a s t  
0.5 m i n  the sand. I n s i g n i f i c a n t  amounts appear t o  have penetrated t o  the bottom i n  
the lower t i d a l  zone o r  i n  s u b t i d a l  areas down t o  5 metres depth. 

The o i l  accumulated i n  the sand on the beaches i s  r e l a t i v e l y  unaf fec ted by 
degradat ion processes. Some o f  i t  leaks  out  du r ing  low t i d e .  It seems l i k e l y  t h a t  
the  process w i l l  cont inue f o r  several  months, causing some a d d i t i o n a l  p o l l u t i o n .  

Ã 

The f l o a t i n q  o i l  s l i c k s  i n  the splash zone adhere t o  and incorpora te  sand and 
d e t r i t u s  so t h a t  the dens i t y  increases and the o i l  sinks. Th is  m ix tu re  o f  
emu ls i f i ed  o i l  together w i t h  d e t r i t u s ,  e tc .  appears as a very f i n e ,  l iqht, brownish, 
sur face f l o c k  on the  sea f l o o r  o f f  the  beach, accumulated i n  r ibbons p a r a l l e l  t o  the  , 

. 
shorel ine.  

d 

The o i l  on the beaches t h a t  has stuck t o  hard subst ra tes  l i k e  stones, rocks, 
e tc .  has formed a hard surface, which, a t  the  end o f  September, i s  no longer s t i c k y  
and does n o t  cause recontamination. 



Bio log ica l  e f f e c t s  

Almost 100 p e r  c e n t  o f  t h e  popula t ions  o f  beach-l ivinq c r a b s  (mainly qhost  
c r abs )  and beach f l e a s  o r  sandhoppers (amphipods) alonq t h e  no r th  and west c o a s t s  
have been k i l l e d  by t h e  o i l  s p i l l  and t h e  clean-up. This  e f f e c t  is p a r t i c u l a r l y  
obvious on t h e  s t r e t c h e s  o f  t h e  beach where t h e  clean-up ope ra t ions  have involved 
removal of contaminated sand. 

Â No s i g n i f i c a n t  m o r t a l i t y  among the  fauna and f l o r a  i n  t h e  lower s e c t i o n s  o f  t h e  
l i t t o r a l  and s u b l i t t o r a l  zones o r  on t h e  cora l / sand  r ee f  a t  Fasht  a 1  Jar im appears  
t o  have occur red. 

r 
S e s s i l e  and semisessile organisms l i k e  ba rnac l e s  and mussels  on rocks,  s t o n e s  

and jetties e t c . ,  t h a t  have been covered with o i l ,  have died.  

According t o  r e p o r t s ,  between s e v e r a l  hundred and one thousand b i r d s ,  mainly 
cormorants have been k i l l e d  by t h e  s p i l l .  The Bahra in i  popula t ions  of cormorant 
c o n s i s t  of two spec ies :  t h e  common cormoiant (Phalocrocorax carbo) and t h e  Socotra  
cormorant (P. n iq roqu la r i s )  . 

Impact on f i s h e r i e s  

During t h e  a c u t e  phase of  t h e  s p i l l ,  obse rva t ions  of  dead f i s h  were repor ted .  
Thus, dead jacks ,  g roupers  and sa rd ine - l i ke  f i s h e s  have been observed, al though no 
massive m o r t a l i t y  has  been reported.  A t  t h e  end of September no observa t ions  o f  
dead o r  dying f i s h  t h a t  could be r e l a t e d  t o  t h e  o i l  s p i l l  could be made. 

In  some a r e a s  t h e  f i s h  ca t ches  had dropped a f t e r  t h e  s p i l l  according t o  some 
fishermen, al though o t h e r s  claimed t h a t  t h e r e  had been no e f f e c t  on ca tches .  

The b a s i c  impact of  t h e  o i l  on f i s h e r i e s  i n  t h e  Bahrain a r e a  appears  t o  be due 
to:  

( i )  Des t ruc t ion  o f  f i s h i n g  gear .  B a r r i e r  and wire  t r a p s  and g i l l  n e t s  t h a t  
became smeared with o i l  were i n  most c a s e s  destroyed and had t o  be  renewed; 

( i i )  Loss of  ca tch .  During the  per iod  when t h e  o i l  was f l o a t i n g  on t h e  
s u r f a c e  i t  prevented f i s h i n g  i n  t h e  a r ea ;  

( i i i )  Contamination o f  o t h e r  equipment. Boats,  engines  (water- cool inq  
systems),  ropes,  e t c .  were smeared with o i l  and had t o  be cleaned before  use. 

A t o t a l  f i g u r e  o f  225,000 d i n a r s  has  been c a l c u l a t e d  a s  t h e  l i k e l y  f i q u r e  f o r  
equipment destroyed and c a t c h  l o s t .  

CONCLUSIONS 

d 

The observa t ions  on t h e  b i o l o g i c a l  impact of  t h e  s p i l l  i n d i c a t e  t h a t  t h e  damaqe 
was mainly caused by t h e  phys ica l  e f f e c t  of  t h e  o i l  ( i . e .  s t i c k i n e s s )  r a t h e r  than 
chemical t o x i c i t y .  

The obse rva t ions  on t h e  impact o f  t h e  s p i l l  on f i s h e r i e s  i n d i c a t e  t h a t  t h e  
major damage was due t o  t h e  d e s t r u c t i o n  of  equipment and t h e  prevention o f  f i s h i n g  
dur ing  t h e  acu t e  phase o f  t h e  s p i l l .  This  damage appears  t o  have been s u b s t a n t i a l .  



The clean-up operations on the beaches involvinq removal of contaminated 
sediments aqqravate the bioloqical damaqe caused by the spill. 

No obvious bioloqical damaae has been observed so far in the shallow areas 
where sprayinq of dispersants took place. The technique was, however, not effective 
due to poor water exchanqe in the shallow water. 

RECOMMENDATIONS 

Except on recreational beaches, no clean-up operations should be carried out 
involvinq the removal of contaminated sediments. 

Clean-up operations on other beaches should be restricted to the removal of oil 
that is likely to cause recontamination. 

Uil spill dispersants should not be used extensively on the beaches and in 
shallow water areas. 

The gathering of statistical data reqardinq catches should continue, as this 
may reveal lonq-term effects on fish populations. 

Samples of fish and filterinq orqanisms should be analysed for oil 
contamination of tissues. Samples should, in particular, be collected from the 
areas where sprayinq with dispersants was carried out. 

In order to assess the effects of the recent oil spills on the coral reef 
community a follow-up study is required. This invest 
condition of the ecosystem in qeneral. Particular attent 
balance between coral polyps and the benthic alqae. 
growth on secreted mucus should also be carried out. The 
hydrocarbons on filtrating organisms should be analysed. 
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ABSTRACT 

Offshore exploration for  o i l  and its subsequent exploi ta t ion has become a 
world-wide industry,  although r e s t r i c t e d  almost e n t i r e l y  t o  cont inenta l  she l f  waters 
and inland seas.  I t  continues t o  expand a t  a considerable r a t e  i n  response t o  
ever-increasing world energy needs. 

The biological  impacts of such exploration and exploi ta t ion a r e  of growing 
concern a s  t h e  marine environment gains  recognit ion a s  a long-term resource. This 
presenta t ion ou t l ines  the  sources of b iological  impacts from offshore developments 
and summarizes ex i s t ing  knowledge of o i l f i e l d  e f f e c t s .  In addi t ion,  the  f a t e  and 
e f f e c t s  of crude o i l  i n  the  sea and the f a c t o r s  which influence crude o i l  t o x i c i t y  
a r e  discussed, with pa r t i cu la r  reference t o  t r o p i c a l  ecosystems. 

I t  is possible t o  exploi t  offshore resources without the  u l t imate  des t ruct ion 
of large  sec t ions  of  the  marine environment, but t h i s  requires  ca re fu l  pre-planning, 
notably i n  terms of  a b e t t e r  understanding of marine ecosystems and the  way they 
function,  and the  appl ica t ion of t h i s  knowledge t o  e a r l y  design s t ages  t o  minimize 
impacts. Some approaches t o  the  measurement of  impacts offshore  a r e  explained i n  
t h i s  context. In addi t ion,  the re  a r e  urgent needs f o r  olanninq of resoonses t o  o i l  
s p i l l s  and f o r  fu r the r  re levant  research,  e spec ia l ly  i n  t r o o i c a l  ecosystems. 



INTRODUCTION 

The exploration for  o i l  i n  offshore areas and its subsequent exploitation has 
become a world-uide industry, mainly i n  response t o  ever-increasing world energy 
needs. This developent  has largely been res t r ic ted  t o  continental shelf waters 

r and inland seas, although it may i n  future  spread t o  deeper waters. 
? 

In conjunction with o i l  and other indus t r ia l  developments has come 
recognition of the biosphere a s  our only long-term resource. This pr inciple  
ha8 recently been highlighted by the publication of a 'World Conservation 
Strategy' by the  International Union for  the Conservation of Nature 
(IUCN), the United Nations Environment Programme (UMEP) and the World Wildlife 
Fund (W). The s t ra tegy basical ly  involves three concepts: the 
understanding of the functioning of ecosystems, the use of t h i s  information 
t o  minimize damage by man, and careful  management of the environment t o  maximize its 
usefulness t o  man. There is l i t t l e  doubt tha t  we are  a long way from 
real iz ing these objectives, but our present understanding does allow us t o  identify 
many sens i t ive  and valuable ecosysteas, which include t ropical  and subtropical 
marine systems. The sea area of t he  Kuwait Action Plan (KAP) Region, subtropical 
and almost completely landlocked, is the la rges t  offshore o i l  development 
area i n  the  world. There is l i t t l e  potent ia l  f o r  unlimited dispersion and di lut ion 
of pol lutants  on a par with t ha t  of the open oceans and a s  such the sea 
area of the  KAP Region deserves special  a t tent ion i n  terms of o i l  and the marine 

Offshore o i l f i e ld s ,  which e i t he r  comprise s ing le  platforms or large 
c lu s t e r s  of  p le t foms,  s torage f a c i l i t i e s ,  loading systems and pipelines,  can 
jus t i f iab ly  be &maidered as fixed-point sources of pollution. Pollution can a r i s e  
acutely. For exmple, a s  a large s p i l l  from a pipeline break o r  well blow-out, 
o r  chronically f r w  continuous or  intermit tent  operational discharges. This paper 
i den t i f i e s  types of discharge f r w  offshore o i l f i e l d s  and discusses the cmponents 
of the  u r i n e  env i ro ren t  which they may affect .  In the context of the KAP region 
it is Inportant t o  rea l ize  t ha t  no offshore development is fur ther  than 150 
kf loaetraa froc the  shoreline, and the probabili ty of acute pollution incidents 
affect ing the  coast is high. Coastal ecosystems a re  therefore considered in  
the  context of inpaeta of offshore developments, and i n  t a m s  of o i l - sp i l l  response 
planning and long-ten monitoring. 

Before looking i n  d e t a i l  a t  sources of pollution from o i l f i e l d  developments, 
it is useful t o  consider the  offshore and coastal  marine environment i n  very 
general t ams .  

THE OFFSHORE MARINE ENVIRONMENT 
4 

The offshore marine e n v i r o n i ~ n t  can be divided into three main zones - the  sea 
surface, the  water colum and the  seabed. Each of these zones has its complement of 
animals and plants  functioning a s  a dynamic system, with interact ions both between t 

organimm end between organitma and t h e i r  environment. There a r e  no hard and f a s t  
boundaries between the three zones and they in te rac t  freely.  The complexity of the 
interact ions between o r g a n i s ~ s  i n  the marine ecosystem is well established but many 
a r e  poorly known. A grossly simplified web of the  feeding relationships between the 
main organism of the offshore ecosystem is given i n  f igure I .  I t  is convenient i n  
cof t ruc t ing  t h i s  t o  divide the organism which l i e  i n  t h i s  system in to  s ix  main 
groupings* 
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The plankton. Animals and p lan t s  d r i f t i n g  i n  t h e  surface  waters, many of which 
a r e  microscopic. Of these organisms, phytoplankton ( p l a n t s ) ,  which a r e  primarily 
u n i c e l l u l a r ,  form the  primary producers. In temperata waters the  phytoplankton grow 
seasonally,  t h e  highest  productivity occurring i n  spr ing and autumn, with va r i ab le  
product iv i ty  i n  summer and lowest product iv i ty  i n  winter. There is a cycle  '67 
nut r i en t  a v a i l a b i l i t y  and u t i l i z a t i o n ,  and n u t r i e n t s  can become ava i l ab le  i n  
considerable q u a n t i t i e s  following mixing of the  water column during the  period of 
equinoct ia l  gales.  The sudden a v a i l a b i l i t y  during turnover of n u t r i e n t s  may r e s u l t  
i n  'blooms' of algae which can colour the  surface  waters. In t rop ica l  and 
subtropical  marine systems seasonal va r i a t ion  is much l e s s  marked, but c y c l i c  uptake 
and re lease  of n u t r i e n t s  can occur seasonally,  o r  during natura l  recycling by growth 
of organisms and nu t r i en t  depletion followed by death and decomposition of organisms 
and nu t r i en t  re lease .  

Many of the  animals of the  plankton (zooplankton) a r e  herbivores, using the 
phytoplanktonic blooms a s  a food source. In turn ,  o the r s  of the  zooplankton a r e  
carnivores,  feeding on the  herbivores and each other.  Mong with t h e  permanent 
mambers of t h e  plankton (holoplankton) , many marine organisms have planktonic l a r v a l  
s t ages  (meroplankton) which a l so  take advantage of the high phytoplanktonic 
product iv i ty  of the  surface  waters. 

The nekton. Large mobile organisms capable of t r a v e l l i n g  independently of 
water movements. These comprise the  pelagic f i s h ,  mammals, cephalopods (squids) and 
other  ca tegor ies  of powerful swimming inver tebra tes  (e.g. prawns). These organisms 
may be dependent on the  plankton, each other ,  o r  on seabed orqaniams f o r  t h e i r  
foods . 

The epibenthos. Those organisms t h a t  l i v e  on the  seabed, some of which ray  be 
very a c t i v e  (e.g. f i s h )  , others  of which may be slow-moving (e.g. gastropods, 
a s t e r o i d s ) ,  whilst o the r s  may be s t a t i c  (e.g. mussels, bryozoans). These organisms 
nay feed on the  ' r a i n '  of plankton t o  the  seabed, on organic mater ia l  i n  o r  on the  
sediments, o r  on each other .  

Benthic infauna. The organisms l i v i n g  buried i n  the  seabed, many of which a r e  
sedentary tube dwellers,  o r  r e l a t i v e l y  slow-moving burrowars. Like t h e  epibenthos 
they may f i l t e r - f e e d  from the  water above the  seabed, deposit-feed on sediments, o r  
ac t ive ly  prey on other  organisms. Many exh ib i t  mul t ip le  feeding pa t t e rns  o r  may 
vary t h e i r  feeding h a b i t s  according t o  hab i t a t  type o r  t h e  phase of t h e i r  l i f e  
cycle. 

An important subdivision of t h e  benthos is the  meiofauna, t h a t  p a r t  of the 
fauna less than 0.5 am i n  s i z e .  

Seabirds. Those spec ies  of b i r d  which spend the  majori ty of t h e i r  l i v e s  on and 
feeding i n  t h e  sea  surface  (0.9. auks, gannets). 

Decomposers. Mainly marine bac te r i a  and protozoans which recycle  t h e  nu t r i en t  
ma te r i a l s  by decomposing dead organic renaina. 

In each of  these  s i x  d iv i s ions  the  organisms vary i n  t h e i r  s u s c e p t i b i l i t y  ' t o  
o i l  o r  o the r  po l lu tan t s ,  some being c o r e  s e n s i t i v e  (e.g. f i s h  egg8 and la rvae ,  
Kuhnhold e t  a l . ,  19781, o t h e r s  more resistant (rocky shore q m t m p o d s  w c h  . a s  
Monodonta l i n e a t a ,  Crapp, 1971). I t  is evident t h a t  major po l lu t ion  dmage t o  one 
o r  more of t h e  components of the s impl i f ied  food web i l l u s t r a t e d  i n  f i g u r e  I could 
have repercussions throughout t h e  system. 



NEARSHORE AND COASTAL MARINE ENVIRONMENTS 

Most of t h e  groupings of organisms o u t l i n e d  above occur i n  nearshore  waters  o r  
onshore, and they i n t e r a c t  f r e e l y  wi th  o f f s h o r e  systems. However, i n  nearshore  
a r e a s  water is shallow, and may be very shal low a t  t h e  i n t e r f a c e  betwasn land  and 
sea .  This  r e s u l t s  i n  some s p e c i a l i z e d  s e t s  of  environmental cond i t i ons  r e l a t e d  
mainly t o  t i d a l  o r  seasonal  f l u c t u a t i o n s  i n  water l e v e l  and consequently i n  some 
s p e c i a l i z e d  c o m u n i t y  types ,  many of  which a r e  important  a s  nursery  a r e a s  o r  i n  
marine food-chains. O f  p a r t i c u l a r  re levance  t o  t h e  Region a r e  nearshore  a r e a s  of  
c o r a l ,  c o a s t a l  lagoons, sea-grass  beds  and mangrove swamps. 

Major d i f f e r e n c e s  become obvious when comparing onshore and nsarshore  systems 
wi th  t hose  o f f sho re  i n  t h e  con tex t  o f  p o l l u t i o n ,  and t h i s  j u s t i f i e s  t h e i r  s e p a r a t s  
cons ide ra t i on  here.  The d i f f e r e n c e s  a r i s e  mainly a s  a  r e s u l t  of two f ac to r s :  
f i r s t l y ,  t h e  shal lowness of nearshore wa te r s  r e s u l t s  i n  l im i t ed  d i spe r s ion  
c a p a b i l i t y  f o r  p o l l u t a n t s ,  and secondly,  a t  t h e  i n t e r f a c e  between s e a  and land  
(Which may o r  may not  be s u b j e c t  t o  seasonal  o r  t i d a l  f l u c t u a t i o n ) ,  f l o a t i n g  
p o l l u t a n t s  l i k e  o i l  can c o l l e c t  i n  l a r g e  amounts where they may be d i f f i c u l t  t o  
c l e a n  up and may cause  ex t ens ive  b i o l o g i c a l  damige. 

I t  is no t  t h e  purpose he re  t o  cons ider  i n  d e t a i l  t h e  impacts of  o i l  i n  t he se  
systems, a s  t h i s  w i l l  be d e a l t  wi th  by o t h e r  speakers  a t  t h i s  meeting, but  i t  is our 
i n t e n t i o n  t o  summarize sources  and impacts of  o f f s h o r e  p o l l u t i o n  and f a c t o r s  which 
a f f e c t  t o x i c i t y  of  s p i l l e d  o i l .  

OFFSHORE OILFIELD DISCHARGES 

The presence o f  a  p la t form o r  o t h e r  s t r u c t u r e  e i t h e r  p i l e d  i n t o  o r  r e s t i n g  on 
t h e  seabed has  a  number o f  immediate phys ica l  e f f e c t s  on t h e  marine environment, 
followed l a t e r  by a  v a r i e t y  of  e f f e c t s  a s  a  r e s u l t  o f  d i scharges  dur ing  
cons t ruc t ion ,  d r i l l i n g  and subsequent ope ra t ion  and o i l  production. 

The p o s s i b l e  sou rces  of t h e  impact of  p la t forms on t h e  o f f sho re  environment can  
b e  i d e n t i f i e d  i n  n ine  s e c t i o n s  a s  fo l lows  (Dicks, 198'3; She l ton  and Nichol l s ,  1974): 

The phys ica l  presence o f  s t r u c t u r e s  and p ipe l ines ;  
D r i l l i n g ;  
Cooling water; 
Produced water; 
Deck drainage;  
Dcesfcic wastes; 
Well, p i p e l i n e  and s t o r a g e  f a c i l i t i e s  - co r ros ion  p r o t e c t i o n  chemicals; 
Shipping a c t i v i t i e s ;  
Wellhead blow-outs and o t h e r  l a r g e  s p i l l s :  

and w i l l  be  d e a l t  wi th  s epa ra t e ly .  

The phys i ca l  presence of  s t r u c t u r e s  and p i p e l i n e s  

Placement of a s t e e l  j a c k e t ,  conc re t e  s t o r a g e  s t r u c t u r e  o r  platform on t h e  
seabed r e s u l t s  i n  e i t h e r  s eve re  l o c a l  d i s tu rbance  o f  t h e  sediments ,  o r  i n  t h e  l a t t e r  
ca se s ,  o b l i t e r a t i o n  o f  an a r e a  of  t h e  seabed. The d i s tu rbed  sediments then r e s e t t l e  
around t h e  s t r u c t u r e  and may cause environmental changes. I t  is w e l l  e s t a b l i s h e d  



tha t  seaf loor  communities are u l t imate ly  related t o  sediment composition (Jones ,  
1950; Thorson, 1956; Thorson, 1971; G14marec, 1975). These changes may  ith her be 
s u b t l e ,  short-l ived and localized ( t h e  sediments subsequently being recolonized or 
the  animals present re-establishing t h e i r  burrows), or they may be longer-lived as a 
resu l t  o f  permanent washinq-out o f  f i n e  sediments from an area and resett lement by 
new species as a consequence o f  sediment changes. The laying and trenching o f  
p ipel ines  r e s u l t s  i n  similar sediment red i s t r ibu t ion  and can there fore  induce 
changes i n  the  seabed fauna. I t  i s  t o  be expected tha t  such changes would be 
localized t o  wi th in  a few metres o f  t h e  s t ruc ture ,  except perhaps where t h e  v e l o c i t y  
o f  currents i s  natural ly  great or increased by the  presence o f  t h e  s tructure .  

The presance o f  the  platform may also  loca l l y  modify current patterns and water 
movements, thus  modifying local microhabitats ,  and o f  course i s  a large ,  a r t i f i c i a l ,  
hard substrate available for colonizat ion.  This  ' a r t i f i c i a l  r e e f  rapidly colonizes  
with a var ie ty  o f  foul ing organisms (Wolfson e t  a l . ,  1979) whose larvae s e t t l e  from 
t h e  plankton. These organisms then a t t r a c t  shoals o f  f i s h  t o  feed.  In the  Gulf o f  
Mexico t h i s  sor t  o f  r e e f  e f f e c t  has been regarded by local sport  fishermen as a 
d i s t i n c t  environmental improvement (G.U.R.C.,  1974). The accretion o f  detached 
fouling organisms on the  seabed around the  base o f  a platform has been shown t o  
produce an increase i n  d i v e r s i t y  o f  communities around a platform i n  Southern 
Cal i forn ia  (Wolfson e t  a l . ,  1979). 

A l l  such localized physical changes, toqs ther  with t h e  ingress o f  foul ing 
species and those species feeding on them, serve t o  modify t h e  environment and a l t e r  
t h e  feeding rs la t ionships  o f  the  area. 

The ' a r t i f i c i a l  r e e f  e f f e c t  i s  not l imi ted  t o  the  s tructure  i t s e l f ,  or t o  
unburied pipelines.  Whatever a c t i v i t y  occurs,  e spec ia l l y  during construct ion,  
pieces o f  equipment, lengths  o f  chain,  wire hawser or ropes, anchors, pieces o f  
s t e e l  or pipe and so on,  w i l l  i nev i tab ly  be l o s t  t o  the  seabed. These are 
part icular ly  d i f f i c u l t  t o  reclaim from r e l a t i v e l y  deep water and i f  l e f t  w i l l  form 
small ' a r t i f i c i a l  r e e f s '  ~ i t h  t h e i r  own localized e f e c t s .  Thus t h e  physical impact 
o f  the  developments o f f s h o r e  can be more or l e s s  widespread through an o i l f i e l d  and 
 ill depend upon the  degree o f  a c t i v i t y  i n  the  f i e l d .  

Fouling growths can be a considerable nuisance as they present a number o f  
problems t o  platform design and maintenance. During design a s a f e t y  factor  i s  b u i l t  
i n  t o  allow f o r  increased loading o f  t h e  s tructure  by marine growths, but a f t e r  
construction the  presence o f  the  growth great ly  hampers underwater inspect ion work 
and maintenance. Where v i t a l  work needs t o  be carried o u t ,  where welded jo in t s  have 
t o  be inspected,  or when general inspection needs t o  be undertaken, t h e  growth must 
be cleaned away mechanically, an expensive and lengthy diving operation. There i s  
curren t l y ,  t h e r e f o r e ,  a growing i n t e r e s t  i n  t h e  importance o f  marine foul ing growths 
and t h e i r  control  (Freeman, 1977). 

Dri l l ing  

Subsequent t o  the  i n i t i a l  placement and construct ion,  d r i l l i n g  commences, and 
anything up t o  f i f t y  we l l s  may be dr i l l ed  from a s ing le  platform. Discharges t o  the  
sea during d r i l l i n g  comprise t h e  rock c u t t i n g s  from the  well and that  proportion o f  
t h e  d r i l l i n g  mud which remains adhering t o  these  cu t t ings .  Although washing 
procedures are carried out t o  separate t h e  muds from the  c u t t i n g s ,  some o f  t h e  
d r i l l i n g  mud i s  inev i tab ly  l o s t  or discharged overboard. 

Dri l l ing  muds are a complicated and variable mixture o f  agents allowing 
adjustment o f  v i s c o s i t y ,  dens i t y ,  and lubricat ing properties ( f o r  the  d r i l l  s t r ing  
and b i t )  and perform t h e  important funct ion o f  transporting away rock c u t t i n g s  and 



d r i l l  wastes. Knowledqe of the tox ic i ty  of cuds is limited, but is summarized in  a 
recent Sypoai tn  Proceedings (Lake Buena Vista, Florida, 1980). Some used cuds have 
been shorn t o  be toxic  t o  co ra l s  (Thompson and Bright, 1977). 

The cut t ings and d r i l l i n g  l i d  s o l i d s  w i l l  physically change the sealed 

- enviroment over an area downcurrent of the platform by smothering the fauna or  
changing the  sediment p a r t i c l e  s i z e  dis t r ibut ion.  This may r e su l t  i n  changes i n  the 
fauna and f l o r a  of t he  seabed, the  extent of which w i l l  depend upon the  nuaber of 
Â¥ell d r i l l ed ,  the speed with which they a r e  d r i l l ed ,  and the current regime of the 

f l  area. In general, neither rock cu t t ings  nor water-based d r i l l i n g  muds have been 
shown t o  produce major detrimental change around offshore p l a t fo rm,  but i t  should 
be s t ressed tha t  few biological data are  available. 

Cooling water, 

Sea-water is i n  sore cases used t o  cool machinery during o i l  production and i a  
n o f e l l y  returned d i rec t ly  t o  the sea. Thermal e f f ec t s  have been noted around 
various land-based discharges but l i t t l e  is known of the e f f ec t s  of platform 
discharges. Themd  e f f e c t s  a r e  qui te  possible i n  the plankton and on fouling 
growths, par t icular ly  near the  sea surface. 

Produced water 

During o i l  production, water contaninatad by o i l  a r i s e s  from two main aourcea: 
water i n  t he  f o n r t l o n  produced with the  o i l ,  and displacement water from o i l  
atorage f a c i l i t i e s .  i 

Crude o i l  and gas i n  the reservoir  a r e  usually found i n  association with s a l t  
water o r  a s a l i n i t y  sore t w o  t o  four t i m e s  t ha t  found i n  the sea. Inevitably sore  
o f  t h i a  water w i l l  be produced with the  o i l ,  t he  fount increasing a s  the  reservoir 
b- depleted of o i l .  Noons e t  a l .  (1975) ci tw aome laboratory and f i e l d  atudies 
which  ' dmons t ra te  tha t  produced water is of a low order of toxici ty ,  and the impact 
w i l l  ultimately depend upon the degree o f  treatment and the  dispersion i n  the 
sea-waters around the structure.  Primary e f fec t s  of the water a re  re la ted t o  o i l  
content ( teated t o  50 ppr o r  less before discharge i n  the North Sea), s a l i n i t y  
(usually 25 t o  80 '/oo), temperature, t r ace  elements and the  t o t a l  produced volume. 
Displacerent water from storage f a c i l i t i e s  is a l so  t reated t o  50 ppm separable o i l  
o r  l a m .  In addition t o  t h i s ,  both streams can be expected t o  contain soluble o i l s .  
The majority of the o i l  i n  the eff luent  is i n  the form of small droplets,  and i n  
t h i Ã  form the  o i l  is cost readi ly  widely dispersed and moat rapidly biodegraded 
(Hums ,  1976). 

These o i l s  i n  produced water may have d i rec t  toxic  e f fec t s ,  o r  r a in  t o  the 
seabed attached t o  pa r t i c l e s  and become incorporated i n  the seabed sadiments, where 
the i m d i a t e  and longer-tern e f f ec t s  w i l l  depend ultimately on the  type and amounts 
of hydrocarbon arr iving and the  r a t e  a t  which it degrades. Degradation is 
considerably slowed or Â¥toppe hen o i l  is trapped i n  anaerobic s ed imn t s   anbo born, 
19?78 N8yO # 81.. 19'78) 

Deck drainage 

Rain f a l l i n g  on the  platform decks ult imately reaches t he  sea via the deck 
drainage ayatec. In cer ta in  areas  t h i a  water can pick up sp i l l ed  pol lutants  ( fo r  
exmaple, d r i l l i n g  Â¥ud o r  cheaicals, crude or  lubricat ing o i l s )  o r  emulsified 'o i l&'  
f r aa  the c loming  of machinery. In those areas  where such sp i l lage  is possible, the 
strews should be segregated and t reated t o  the sane standard of separable 
hvdrocarbons a s  the produced water eff luents ,  although some dissolved chemicals and 



dissolved and emulsified o i l s  reach t h e  sea  from t h i s  source. The e f f e c t s  of these  
a r e  l i k e l y  t o  be s imi la r  t o  those of produced water and would not be separable  from 
them. 

Domestic wastss 

During the e a r l y  d r i l l i n g  and const ruct ion phases, t h e  manning of a platform is 
a t  its maximum, and t h i s  means t h a t  peak amounts of  both sewage and garbage a r e  
disposed of.  The f o u n t s  decrease t o  a steady r a t e  during the  l a t e r  production 
phase Mhen numbers of personnel a r e  reduced t o  a c o r e  o r  l e s s  constant  operating 
level .  

Food waste and a c e r t a i n  amount of grease a r e  normally macerated and discharged 
t o  the  sea ,  and s o l i d  matter ,  f o r  example t i n s ,  b o t t l e s  and the  majori ty of the  
grease, nay a l s o  end up i n  the  sea  o r  may be co l l ec ted  and returned t o  the  shore. 
'Grey' water from showers, baths,  wash handbasins and laundering is of ten  discharged 
untreated t o  the sea  with its content  of soap and detergents.  

Domestic sewage from platforms i n  the  North Sea normally undergoes primary 
ac t iva ted  sludge/aeration treatment,  t h e  supernatant  being discharged t o  the  sea. 
A t  i n t e r v a l s  of two o r  th ree  months t h e  build-up of sludge i n  these  u n i t s  cay be 
discharged t o  the  sea. 

The impact which such e f f l u e n t s  have offshore  is unlikely t o  be s imi la r  t o  t h e  
occasionally d i sas t rous  e f f e c t s  of organic enrichment manifest i n  a confined 
freshwater enviroment  o r  even an estuary.  The s c a l e  of the  problem is very 
d i f f s r e n t  from t h a t  on land where sewage from huge conurbations may paas t o  one 
receiving r i v e r  o r  es tuary  - offshore approximately 109 t o  300 con on a platform 
during peak nanning and u u a l l y  cont inual ly  replacad water body. A l i k e l y  
b iological  impact could be nu t r i en t  enhancement of the  waters i o ~ ~ d i a t w l y  around the 
o u t f a l l ,  s t imulat ing g rea te r  foul ing growth on t h e  s t r u c t u r e ,  and of addi t ion of 
nu t r i en t  t o  the  plankton, thus  s t imulat ing planktonic growth a t  acme point  
downcurrent of the  platform. Under normal condi t ions  of water mixing such growth 
s t imulat ion is unlikely t o  place a s i g n i f i c a n t  oxygen demnd on tfy uator  column and 
r e s u l t  i n  l o c a l  deoxygenation. 

Well, p ipe l ine  and s torage f a c i l i t i e s  - corrosion p ro tec t ion  chemicals 

A t  so re  s t ages  of p ipe l ine  const ruct ion and well co-plet ion the  , s t r u c t u r e ,  
pipework and o i l  s torage tanks a r e  not  i n  contact  with crude o i l ,  but contain 
sea-xater. For example, p ipe l ines  a f t e r  const ruct ion,  but before f i l l i n g  with 
crude, may be s t a b i l i z e d  and pressure-taated. Treated ma-water nay ba puwd i n t o  
o i l  r e se rvo i r s  t o  maintain production pressure,  and is of ten  used offshore  as the 
water phase of o i l  s torage f a c i l i t i e s  which r e l y  on displacerent  of water by o i l .  
Under these  c m d i t i o n e  oxidat ive  o r  o the r  corroaive a t t a c k  of s t d u q r k  occur8 
unless  the  water is t rea ted.  P r e v m t a t i v e  cheaical  treatment nomally take8 the 
form of addi t ion of an oxygen scavenger, f o r  example aodiun au lph i t e ,  t o  prevent 
oxidat ive  a t t ack  of s t e e l  o r  oxidat ive  b a c t e r i a l  growth and a coat ing type of 
corrosion i n h i b i t o r  (e.g. amines o r  organic sulphur compounds) Ã§hic adaorbs on t o  
t h e  s t e e l  surfaces  ( t o  minimize corros ive  a t t ack  by s a l t s ) .  In addi t ion a b iocide  
is added t o  prevent the  growth of anaerobic bacter ia ,  and i n  p a r t i c u l a r  t h e  
sulphate-reducing bac te r i a  which produce t$S fro- the  abundant aulphat* i n  sea-water 
and which cause rapid  de te r io ra t ion  of steel. 

Spent t r e a t i n g  c h a r i c a l s  a r e  usually discharged to the aea,  b u t -  little 
information is ava i l ab le  on tox ic i ty .  Biological  a f f e c t s  ray r e s u l t  f r o n  direct 
t o x i c i t y  t o  the  plankton and benthos i n  a loca l i zed  area around the  d i spe r sa l  point ,  



the  outer  l i m i t  of the  area  being determined by t h e  r a t e  of d i l u t i o n  t o  a non-toxic 
l eve l .  Impact could be expected t o b e  reduced by care fu l  s e l e c t i o n  of  t h e  types  of  
chemicals used, e a r f u l  control  of volumes used and the  se lec t ion  of o p t i n m  
condit ions f o r  d i spe r sa l  during discharge. 

Discharge of such chemicals is normally in te rmi t t en t ,  most p ipe l ines  receiving 
treatment only once i n  t h e i r  l ives .  O i l  s to rage  tanks f i l l e d  in te rmi t t en t ly  with 
displacement water may present  d i f f e r e n t  problems. Where the  displacement water 
(discharged during o i l  production) tu rns  over regular ly ,  i t  is unl ikely  t o  s u f f e r  an 
oxygen depletion and subsequent HnS production. Under o ther  condi t ions  where 
turnover is reduced o r  s tops  ( f o r  example during low production, where production 
equals export, o r  during shutdown), watar may s tagnate  and require  treatment. Such 
discharge of chemicals may be occasional o r  bacome regular  and c o n s t i t u t e  a chronic 
po l lu t ion  problem. 

Shipping a c t i v i t i e s  

Large nuinbers of supply vesse l s ,  working boats,  standby vessels ,  barges and o i l  
tankers  pass through o r  spend time i n  offshore  o i l f i e l d s  during t h e i r  l i v e s .  Each 
s h i p  contr ibutes  garbage, sewage and hydrocarbon po l lu tan t s  t o  the  da te r  column and 
may a l s o  cause disturbance of the  seabed by repeated anchoring a c t i v i t i e s ,  r e s u l t i n g  
i n  r ed i s t r ibu t ion  of sediment's with accompanying local ized environmental change. 

Wellhead blow-outs and other  l a r g e  s p i l l s  

Major s p i l l a g e  o f  o i l  r e su l t ing  from blow-outs or  o ther  sources fo r tuna te ly  
occurs infrequently,  but can produce o i l  s p i l l s  of considerable s i z e  over a period 
of time. For example, the  Ekofisk Bravo blow-out i n  the  North Sea s p i l l e d  some 
15-22,000 tonnes of  crude o i l  over seven and a hal f  days (Grah l -~ ie l sen ,  19791, 
whi ls t  t h e  Ixtoc 1 blow-out i n  t h e  Gulf of Mexico which s t a r t e d  on 3 June 1979 was 
estimated t o  be s p i l l i n g  i n i t i a l l y  between 10 and 30,009 b a r r e l s  of o i l  a dqy which 
subsequently decreased t o  around 2,000 b a r r e l s  a day (051Q, 1979; Bourne, 1979) and 
was eventually stopped i n  ea r ly  19W. 

The same processes which a c t  on o i l  s p i l l e d  from sh ips  a l so ,  of course, apply 
t o  blow-outs, and the  t o t a l  b io logical  impact w i l l  depend on many fac to r s ,  but ,  a s  
f o r  s p i l l s ,  mainly on the  type of o i l ,  t he  r a t e  of s p i l l a g e ,  weathering r a t e ,  r a t e  
of spread, the  degree of na tu ra l  o r  chemical dispersion and the type of receiving 
environment af fected.  

Even i n  r e l a t i v e l y  deep watar f r e sh  o i l  from a blow-out can reach the  seabed, 
f o r  example i n  Ekofisk (Johnson a t  a l . ,  1978) and t h e  Bay of Campeche (Morson, 1979) 
where the  processes of adsorption t o  p a r t i c u l a t e s  a s  well a s  emuls i f ica t ion were 
thought t o  be involved. f 

DISCUSSION: THE BIOLOGICAL IMPACTS OF OILFIELDS AND OIL SPILLS 

I t  is c l e a r  t h a t  the  b io log ica l  e f f e c t s  of o f f shors  developments a r e  many and 
var ied ,  and t h a t  o i l  is only one contr ibutor .  Physical disturbance,  ' a r t i f i c i a l  
r e e f  e f f e c t s ,  sewage, garbage hydrocarbons and o the r  toxicants  w i l l  a l l  make 
contr ibut ions  of varying magnitude which a r e  e i t h e r  synerg i s t i c  o r  antagonis t ic  
towards the  f i n a l  impact. The sources and receiving environments discussed above 
a r e  summarized diagrammatically i n  f igure  11. 





I t  is a l so  c lear  that  the impact of pol lutants  o r  disturbance is not l imited t o  
any one sect ion of the offshore, onshore o r  nearahore environments. O i l  may remain 
a t  o r  near the  water surface, accumulate onshore or  may sink by various means t o  the  
seabed. Dissolved o i l ,  dispersed o i l  o r  suspended droplets,  chemicals, sewage and 
garbage may enter the water colum a t  any water m a s s  by a thenaocline. Rock 
cuttings,  d r i l l i ng  muds, garbage, sewage so l ids ,  absorbed or  emulsified o i l  nay sink 
o r  be carr ied t o  the seabed and be variously reworked o r  redis t r ibuted by o i l f i e l d  
ac t i v i t i e s ,  storms or currents,  o r  the organisms thorselves,  a l l  of which w i l l  
ultimately determine the f i n a l  impact. 

I t  is thus of limited value t o  attempt t o  assess o r  predict  the  impacts o f  
offshore o i l f i e l d s  by estimating the amount of o i l  entering the sea from t h i s  
source. Several estimates of o i l  inputs from offshore sources have been made, 0.9. 
Shelton and Nichols (1974). Grossling (IS%), Wardley-Smith (1976) and Clark and 
MacLeod (1977). The summary tab le  from Clark and MacLeod is s m a r i z e d  here ( t ab l e  
1) .  A s  a percentage o f  t o t a l  o i l  inputs t o  the world's oceans, offshore inputs 
(excluding natural seeps) have been estimated t o  be between 0.3 per cent and 3 per 
cent.  Of t h i s  offshore input, Shelton and Nichols estimate tha t  sore 0.4 per cent 
occurs i n  the KAP Region. Taking the US National Acadony of Sciences prediction for  
1989 of c. 2,000,000 tonnes of o i l  l o s t  t o  the sea from offshore operations, i t  is 
l ike ly  tha t  c. 8,000 tonnes of o i l  w i l l  enter the  waters of the Region i n  1930. In 
r ea l  terms it  is impossible t o  r e l a t e  t h i s  f igure  t o  the a b i l i t y  of organisms o r  
systoms t o  cope. 

Table 1. Sources of petroleum hydrocarbons i n  the marine enviroment. 
(After d a r k  and MacLeod, 1977.) 

Estimated input of o i l  per year (metric tormes) 
-- - - 

Prediction by 
Estimate by Nat. Academy Nat. Academy of 

Wardley-Smith ( 1971) of Sciences Sciences f o r  1983 

Land-bassd discharges 
Refineries 300,000 200,030 20,000 
Waste o i l s ,  runoff & sewage 500,000 2,500,000 2,WO,000 

Marine operations 
Tankers using LOT* 100,900 
Tankers not using LOT* 600,000 
Drydocking - 
Bilge discharges 50,000 

Marine accidents 200,000 

Offshore production 150,003 80,000 200,000 

Natural seeps - 600,000 600,000 

Atmospheric f all-out - 600,000 600,000 

TOTALS 1,900,000 6,110,000 ~,470,000 

LOT = Load on Top - a procedure for  reducing discharge of o i l  tank washings t o  the 
sea. 



The f a t e  of o i l  i n  t h e  s aa  - t ha  r o l e  of biodegradat ion 

I t  has  long been e s t a b l i s h e d  t h a t  t h e  marine environment can cope with c e r t a i n  
amounts of biodegradable m a t e r i a l  such a s  o i l  (Koons and Monaghan, 1976) without 
undue harm o r  economic consequence. In  t h e  c a s e  of hydrocdrbons t h e  i iar ine 
environment shows many adap ta t i ons  f o r  dea l ing  with them, f o r  hydrocarbons occur 
n a t u r a l l y  i n  both animal and p l a n t  c e l l s .  Although ~ i i n e r a l  (p s t rogen ic )  
hydrocarbons d i f f e r  from n a t u r a l  (b iogenic)  hydrocarbons i n  many ways (Clark and 
Brown, 1977). s i m i l a r  b i o l o g i c a l  mechanisms may be involved i n  t h s i r  uptake and 
degradat ion.  However, a p a r t i c u l a r l y  important d i f f e r e n c e  is  t h a t  much h igher  
p ropor t i ons  of  low molecular weight homologous s e r i e s  of  a lkanes  and aromatics  occur  
i n  mineral  o i l s .  Many of t he se  a r e  t o x i c ,  p a r t l y  a s  a r e s u l t  of water s o l u b i l i t y ,  
and p a r t l y  a s  a r e s u l t  of t h e  ease  with which they pene t r a t e  c a l l s  (Clark  and Brown, 
1977; Baker, 1979), and many a r e  no t  r e a d i l y  biodegradable.  There is a l s o  d d i r e c t  

I c o r r e l a t i o n  between s o l u b i l i t y  and t o x i c i t y  of many hydrocarbons, bu t  o t h e r  f a c t o r s  
a l s o  i n f luence  t o x i c i t y  such a s  degree of  d i s p e r s i o n ,  degree of weathering, t h e  
presence of photo-oxidation products ,  temperature and organisms' s u s c e p t i b i l i t y  
(Baker, 1979; Dicks and Baker, 1979). 

The primary mechanism by which hydrocarbons a r e  degraded i n  t he  s ea  t akes  t he  
form of b a c t e r i a l  a t t a c k  (Hughes, 1976). Many s p e c i e s  of b a c t z r i a  a r e  capable  of 
metabolizing both b ioqenic  and pe t roqenic  hydrocarbons ranging from t h e  low 
molecular weight a lkanes  and aromat ics  t o  high molecular weight components. In 
a d d i t i o n  t o  primary degrada t ion ,  some i n v e r t e b r a t e s  and v e r t e b r a t e s  have been shown 
t o  possess  mechanisms f o r  dea l ing  with a range of  hydrocarbons. Varanasi and Malins 
(1977) summarize numerous examples: f o r  example, t h e  o y s t e r ,  Crassos t rea  v i r q i n i c a ,  
a f t e r  t ak ing  up 312 ppm of d ispersed  No.2 Fuel  O i l  fol lowing e igh t  hours '  "xposure 
was a b l e  t o  s lowly depura te  t o  1.5 ppm of r e s i d u e s  a f t e r  55  days; t h e  mussel, 
Myti lus  c a l i f o r n i a n u s ,  h a s  been shown capable  of  depura t ing  99 pe r  cen t  of  mineral  
o i l  contaminat ion i n  four  days; and t h e  clam, Ranqia cunea ta ,  capable  of  per  c e n t  
depura t ion  of No.2 Fuel  O i l  i n  between 10 and 56 days. 

The mechanisms of depura t ion  have been and a r e  t h e  s u b j e c t  of numerous s t u d i e s ,  
and have been shown t o  range from simple r e l e a s e  o r  f l u sh ing  back t o  t h e  water 
column t o  enzymatic degradat ion.  A wide range  of marine organisms have been shown 
t o  possess  t h e  'mixed func t ion  oxidase '  system by which such degradat ion is thought 
t o  t ake  p l ace  (Varanasi  and Malins, 1977). Some examples a r e  t h e  elasmobranch, 
e r inacea ,  t h e  clam, Mya a r e n a r i a ,  and a v a r i e t y  of p lanktonic  organisms. Although 
t h e  range o f  organisms posassing t h e  enzymatic system f o r  hydrocarbon breakdown is 
l a r g e ,  i t  has  no t  been demonstrated conclus ive ly  t h a t  a l l  mineral  hydrocarbons can 
be  metabolized,  nor  has  t h e  r e l a t i v e  importance of  metabolic  o r  non-metabolic 
depura t ion  been determined. 

I n  some a r e a s  o f  t h e  world, n a t u r a l  seeps  of  o i l  have occurred a t  low l e v e l s  
f o r  many hundreds of  y e a r s  (Koons and Monaghan, 19761, and t h e  l o c a l  ecosystems 
cope, without  apparent  change i n  macrofaunal community s t r u c t u r e ,  even h a r e  
sediments  a r e  heav i ly  po l lu t ed  (Straughan, 1977). Whether such adap ta t i on  is a 
r e s u l t  of short- term s e l e c t i o n  of  r e s i s t a n t  i n d i v i d u a l s  o r  a r e s u l t  of g e n e t i c  
change is no t  known. I n  s p i t e  of such evidence i t  is  important  no t  t o  become 
complacent about t h e  a b i l i t y  of t h e  s e a  t o  cope. I t  has been c l e a r l y  demonstrated 
t h a t  i n  some h a b i t a t s  degrada t ion  r a t e s  a r e  very low indeed. At las  e t  a l .  (1979) 
r e p o r t  t h a t  microbia l  breakdown of o i l  t rapped under a r c t i c  i c e  is almost 
n e g l i g i b l e .  Sanborn (1977) and Mayo -1. (1978) have shown t h a t  once o i l  is 
t rapped  i n  anaerobic marine sediments  it degrades only s lowly.  

. 
The a b i l i t y  of  n a t u r a l  systems t o  cope with o i l ,  d icussed  above and sometimes 

r e f e r r e d  t o  a s  ' r e c e i v i n g  c a p a c i t y ' ,  u n d e r l i e s  B r i t i s h  l e g i s l a t i o n  on s e t t i n g  of 



discharge concentrat ions offshore  (Read and Blackman, 1990). However, i n  no case  is 
the  r e a l  ' receiving capacity '  of any marine environment precise ly  known, and most 
discharge concentrat iona a r e  s e t  e i t h e r  on the  b a s i s  of laboratory t o x i c i t y  t e s t  
r e s u l t s  o r  by ext rapola t ion from one s i t e  h e r e  e f f e c t s  a r e  apparently acceptable, 
t o  another. Where it is obviously good sense t o  u t i l i z e  such ' receiving capaci ty ' ,  
these  a r e  not r e l i a b l e  c r i t e r i a  on which t o  base decisions. Although the  f a t e s  of 
many hydrocarbons i n  the  marina environment a r e  known, our knowledge is f a r  from 
complete, and continued research i n t o  the  f a t e  and e f f e c t s  of hydrocarbons is 
essen t i a l .  This is par t i cu la r ly  s o  f o r  thosa compounds which may not degrade o r  
degrade only slowly. 

Off shore impacts 

The re lease  of  o i l  o r  o the r  po l lu tan t s  i n t o  the  sea  can occur e i t h e r  a t  o r  
below the  water surface.  In the  case  of o i l  on the  water surface ,  concentrat ions of 
water-soluble elements o r  dispersed d rop le t s  a r e  l i k e l y  t o  be g rea tes t  near the  
oil/wa t e r  in te r face .  Published information on o i l  concentrat ions under surface  
s l i c k s  or  f i lms  is, however, very l imi ted .  Measurements t h a t  a r e  ava i l ab le  ( f o r  
example, Law, 1 9 7 3 ~  Grahl-Nielsen, 1979; Cormack and Nichols, 1977) provide 
information on the  metre o r  s o  below t h e  su r face  ra the r  than on the  i n t e r f a c e  area. 
Reported concentrat ions a r e  thus  unl ikely  t o  be the  maximum t o  which planktonic 
organisms could be exposed. The range of t h e  case  of the  fkof i sk  blow-out, where 
considerable amounts of crude o i l  and emulsions remained on the  sea  surface,  water 
column l e v e l s  were low but detectable ,  being l e s s  than 1 ppm level  (Buckley and 
Humphrey, 1979) up t o  50 ppm (Connack and Nichols, 1977). 

Oil-in-water concentrat ions i n  the  1 ppm o r  sub-ppm range have r a r e l y  been 
shown t o  induce morta l i ty  i n  adul t  marine organisms, but l a rvae  and eggs a r e  much 
more suscep t ib le  ( ~ u h r h o l d ,  1972; Kuhnhold e t  a l . ,  l W 8 ) ,  and these  juveni le  s t ages  
of course form an important p a r t  of t h e  su r face  plankton. I n  addi t ion t o  morta l i ty ,  
t h e  induction of metabolic o r  behavioural change by sub le tha l  concentrat ions of o i l  
cannot be ignored, a s  they can r e s u l t  i n  considerable change i n  ecosystems. A good 
example is t h a t  of  the  detachment response of the  common European limpet, P a t e l l a  
vulqata (Dicks, 1973). O i l  a c t s  a s  an i r r i t a n t  t o  the  foo t  of the  l impet,  causing 
i t  t o  detach from the  rock surface.  

Detachment subsequently r e s u l t s  i n  morta l i ty  from predation. This then has 
f u r t h e r  repercussions f o r  the  rocky shore  ecosystem a s  the  l impets a r e  no longer 
ab le  t o  graze away a lga l  spores. The shore then becomes dominated by algae,  i n  tu rn  
producing fu r the r  change. Hy land and Schneider ( 1976) provide an excel lent  summary 
of suble thal  e f f e c t s  i n  response t o  o i l  t h a t  have been reported i n  t h e  l i t e r a t u r e .  
Such e f f e c t s  range from resp i ra to ry  s t imulat ion o r  inh ib i t ion ,  growth inh ib i t ion ,  t o  
the  a l t e r a t i o n  of s o c i a l  o r  sexual behaviour o r  t h e  induction of disease.  

Although it is evident t h a t  t h e  immediate impact of o i l  is l i k e l y  t o  be on t h e  
water column inhabi tants ,  i t  is p a r t i c u l a r l y  d i f f i c u l t  t o  a s sess  such impacts. The 
background of na tu ra l  seasonal va r i a t ion  i n  these  systems, which can be l a r g e  
(Hardy, 1956; Eraser,  1971; Raymont, 19631, t h e  mobil i ty of water masses, t h e  
patchiness i n  s p a t i a l  and temporal d i s t r i b u t i o n  of  organisms and d i f f i c u l t i e s  with 
quan t i t a t ive  sampling make the  . iden t i f i ca t ion  o r  i s o l a t i o n  of po l lu t ion  e f f e c t s  from 
natura l  va r i a t ion  very d i f f i c u l t .  Of p a r t i c u l a r  concern is t h e  f a c t  t h a t  na tu ra l  
morta l i ty  i n  the  plankton is high. Pol lu t ion s t r e s s ,  which might increase  
morta l i ty ,  could r e s u l t  i n  t ipping the  balance towards a steady decl ine  f o r  some 
species.  Such t r ends  could e a s i l y  go undetected u n t i l  too l a t e .  We a r e  thus i n  the 
f r u s t r a t i n g  posi t ion a t  present  of recognizing the  problem whilst  being unable t o  
p red ic t  or  measure the  impact of o i l  pol lu t ion on these  ' f ron t - l ine '  receivers .  



In t h e  case  of the  nekton, t h e  mobility of these  organisms makes them 
p a r t i c u l a r l y  d i f f i c u l t  t o  sample quan t i t a t ive ly .  Like t h e  plankton, t h e i r  s p a t i a l  
and temporal d i s t r i b u t i o n  is var iab le ,  and, once again, pollution-induced va r ia t ion  
is almost impossible t o  i s o l a t e  from natura l  va r i a t ion .  Matters a r e  f u r t h e r  
complicated by poss ible  e f f e c t s  of overfishinq,  about which l i t t l e  is known. Like 
the  f i s h  and plankton, marine and maritime b i rd  populations a r e  var iable ,  hard t o  
quantify,  mobile and pa r t i cu la r ly  a t  r i s k  from o i l  f l o a t i n g  on the  sea  surface.  
Croxall  (1975). Cranp -1. (1974). Bourne (1977) and the  RSP9 (1979) sunmarim the  
e f f e c t s  on b i r d s  and the problems of quan t i t a t ive ly  sampling them. 

I t  is c l e a r  t h a t  t h e  above-considered groups of plankton, nekton and b i r d s  B 

would be d i f f i c u l t  t o  use a s  r e l i a b l e  and s e n s i t i v e  monitors of the impact of 
offshore  pol lu t ion,  i n  s p i t e  of t h e i r  undoubted s u s c e p t i b i l i t y  and biological  o r  
economic importance. 

In some cases  the  benthic  macrofauna can provide o r  has provided useful  
ind ica to r s  of po l lu t ion  impact on the  general  b iological  heal th  of an area  (Sharp 
a 1  1979; 4ddy e t  al . ,  1978). Natural va r i a t ion  i n  benthic communities has long - * *  . 
been 3s tabl ished and can be high (Buchanan e t  a l . ,  1978; Rees e t  a l . ,  1977; Parker,  
1975) but i t  i a  important t h a t  benthos can be sampled quan t i t a t ive ly  and r e l i a b l y ,  
and information is slowly becming ava i l ab le  on the  impact of offshore operatons on 
benthic  conmunities. I t  has already been es tabl ished here and elsewhere (Addy of 
a l . ,  1978) t h a t  t h e  t o t a l  impact of offshore  opera t ions  r e s u l t s  from f a r  more than 
j u s t  o i l  pol lu t ion,  and the  macrobenthos has proved useful  a s  an ind ica to r  of area 
of impact. Ef fec t s  s o  f a r  reported vary from no detectable  impact (Hartley,  1979) 
t o  a c h a r  zone of e f f 3 c t  (Addy e t  a l . ,  1978) a t t r i b u t a b l e  t o  severa l  f a c t o r s  i n  
addi t ion t o  o i l .  During the  Ekofisk blow-out s o r e  o i l  was reported t o  have become 
incorporated i n t o  saabed s d i m W t s  (John-n e t  a l . ,  1979) a t  s i t e s  t m  miles o r  more 
from Platform Bravo, with reported concentra t ions  ranging from 8 p p  t o  less than 1 
ppn. Such concantrat ions a r e  unlikely t o  produce s i g n i f i c a n t  changes i n  benthic 
mficrofatnal cofmmities. Addy e t  a l .  (197g) repor t  higher hydrocarbon l e v e l s  i n  
sediments c lose  t o  the  s t r u c t u r e s  i n  t h e  Ekofisk Fie ld  (10 t o  l O T  ppm range) and 
thÃ‘ cor re la ted  well with a zone of  b iological  e f f e c t .  The authors were unable t o  
d i s t ingu i sh  e f f e c t s  s o l e l y  a t t r i b u t a b l e  t o  the  blow-out. 

I t  is hoped t h a t  i n  the near f u t u r e  more information w i l l  become ava i l ab le  on 
t h e  blow-outs i n  the  Bay of Cacpeche ( Ix toc  1 )  and t h e  Niger d e l t a ,  f o r  b iological  
s t u d i e s  a r e  i n  progress i n  these  areas.  

In sunnary, s t u d i e s  ca r r i ed  out  up t o  the  present  have shown t h a t  opera t ional  
impacts of offshore  o i l f i e l d a  have been e i t h e r  d i f f i c u l t  o r  impossible t o  de tec t ,  o r  
have taken t h e  form of local ized cornunity change i n  the  immediate v i c i n i t y  of 
platforms and s torage tanks. Likewise t h e  impacts of blow-outs i n  deep water 
offshore  have been hard t o  de tec t .  I t  l a  l i k e l y ,  therefore ,  t h a t  offshore  o i l f i e l d s  
do not represent  a s i g n i f i c a n t  environmental t h r e a t ,  a conclusion a l s o  reachad by 
Read and Blackaan (1980). In s p i t e  of t h i s ,  complacency should be r e s i s t e d  and 
b io log ica l  su rve i l l ance  of offshore  a c t i v i t i e s  maintained f o r  the  present ,  a t  l e a s t  
u n t i l  da ta  a r e  ava i l ab le  over a longer period of  offshore  production ( c .  10-15 

<r 
years) .  

Shores and nearshore shallow waters 

In con t ras t  t o  the offshore  environment, t h e r e  is a daunting volume of s t u d i e s  
def in ing biological  impacts o f  s p i l l s  i n  nearahore waters and on the  shore. Ef fec t s  
range f r a n  severe b iological  damage t o  ac tua l  growth s t imulat ion of some i n t e r t i d a l  
p lants .  Host of these s tud ies ,  however, concern temperate o r  cold regions of t h e  
world, and t r o p i c a l  ocosyatona have received r e l a t i v e l y  l i t t l e  a t t en t ion .  I t  is 



worth considering b r i e f l y  t h e  spec ia l  problems of coas ta l  environments i n  the  KAP 
Region following a major sp i l l age .  

In the  Region l a rge  a reas  of shallow t r o p i c a l  seas  with a reas  of co ra l ,  coas ta l  
reef-bound lagoons, sea-grass beds, i n t e r t i d a l  sand and mud and mangrove swamps a r e  

po ten t i a l ly  a t  r i s k  from s p i l l e d  o i l .  Although r e l a t i v e l y  l i t t l e  is known of t h e  
bas ic  functioning of these  ecosystems, t h e  s e n s i t i v i t y  t o  o i l  pol lu t ion of co ra l  
r e e f s  (Loyn and Rinkevich, 1900; Ray, 1999) and of mangroves (Baker e t  a l . ,  1980) is 
# e l l  es tabl ished.  The economic value of shallow t r o p i c a l  seas  and mangroves is a l s o  
well es tabl ished i n  terms of production of f i s h ,  s h e l l f i s h ,  seaweed products and 
mangrove products, although r e l i a b l e  s t a t i s t i c s  a r e  d i f f i c u l t  t o  obta in  and much 
subsistence f i sh ing  goes unreported. 

Much of t h e  volume of l i t e r a t u r e  on s p i l l  e f f e c t s  i n  temperate waters is not 
r ead i ly  appl icable  t o  t rop ica l  systems because of the  l a r g e  number of ways i n  which 
shallow t r o p i c a l  marine ecosystams d i f f e r  from t h e i r  tamperate counterparts .  
Quoting Baker ( i n  press):  

T o r  example, some mangrove swamps, t r o p i c a l  sea  -grass beds and 
cora l  r e e f s  have higher gross  primary p roduc t iv i t i e s  (estimated a t  
29,000 I(ca1 m-2 yr-l o r  more) than o the r  marine o r  t e r r e s t r i a l  
c o m m i t  ' a s  (e.9. grasslands and pas tures  estimated a t  $,5CJfl Kcfl t m 2  yr- , boreal  coniferous f o r e s t s  3,000 Kcal m- Yr- 9 

fuel-subsidized (mechanized) a r i c u l t u r e  12,000 Kcal m-* yr- , and 
There may, however, be very the open ocean 1,000 Kcal m-2 yr- ) 

l i t t l e  net  community productivity because nearly a l l  the  g ross  
primary product iv i ty  is diss ipated through the  resp i ra t ion  of the  
producing p lan t s  themselves p lus  t h a t  of complex webs of consumers. 
Odun (1971), the  source of the  above f igures ,  describe such 
systems a s  steady s t a t e  r a the r  than growth ecosystems; they tend t o  
have a high d ive r s i ty  of species  with complex in ter - re la t ionships .  
Sanders (1953) c a l l s  them biological ly  accomroodated communities, 
developing the  idea t h a t  more o r  l e s s  constant  physical  condit ions 
over long periods of time lead t o  complex communities of l a r g e  
numbers of specia l ized species.  Speculation about t h e  res i s t ance  t o  
pol lu t ion and disturbance of such communities f a l l s  i n t o  two main 
categor ies ,  ( a )  t h a t  they w i l l  be l e s s  t o l e r a n t  of po l lu t ion  than more 
physically control led  communities (such a s  those of temperate 
e s tua r i es )  because the  component spec ies  have narrower physio-logical 
to lerances ,  o r  (b) t h a t  t h e i r  high d i v e r s i t y  confers  ' s t a b i l i t y '  
through some s o r t  of buffering e f f e c t .  The ava i l ab le  da ta  do not ,  
however, f i t  any general  pattern.  The a f f e c t s  of pol lu t ion o r  
disturbance upon any p a r t i c u l a r  community must sure ly  depend upon a 
wide range of f a c t o r s  not a l l  of which a r e  r e l a t e d  t o  d ive r s i ty .  
However, i t  should not be assumed t h a t  a l l  t rop ica l  
communities a r e  b iological ly  accommodated and of high d ive r s i ty .  
Perhaps, f o r  example, t h e  shallow s e a s  near t h e  Niger d e l t a  a r e  so  
variably and sometimes heavily flooded with low-salinity 
sediment-rich water coining doiÃ§ the  Niger t h a t  t h e  benthic communities 
of offshore  Nigerian o i l f i e l d s  a r e  physically control led .  I f  so ,  
these  communities should be ab le  t o  cope reasonably well with a t  
l e a s t  the  physical disturbance aspec t s  of o i l f i e l d  a c t i v i t y  ...'I 

Other f a c t o r s  may a l s o  vary; t h e r e  is unlikely t o  be an overa l l  f lushing with 
f r e s h  water i n  the  sea  area  of the  Region from r i v e r  input o r  r a i n f a l l  such a s  is 
found i n ,  f o r  example, the  Bal t ic .  Evaporative l o s s e s  probably prevent such 
turnover and hence the  sea area  of the  Region could be considered an almost-closed 



system. However, i n  warmer temperaturas  i t  i s  l i k e l y  t h a t  b iodegrada t ion  occurs  a t  
a g r e a t e r  r a t e  than  i n  temperate waters ,  and t h a t  t h e  p o t e n t i a l  f o r  accumulation of 
t o x i c  f r a c t i o n s  o f  o i l  is thus  reduced. Quoting Baker again:  

'I.. .General izing,  i t  may be predic ted  t h a t  acu t e ,  l o c a l  e f f e c t s  of 
p o l l u t a n t s  w i l l  be more s eve re  i n  t h e  t r o p i c s ,  bu t  t h a t  accumulation 
of many p o l l u t a n t s  ( i nc lud ing  petroleum hydrocarbons and many 
c o n s t i t u e n t s  of r e f i n e r y  e f f l u e n t s )  is l e s s  l i k e l y  t o  be a problem. 
I f ,  however, t h e  acu t e  l o c a l  e f f e c t  o f  a p a r t i c u l a r  p o l l u t a n t  happens 
t o  be  t h e  d e s t r u c t i o n  o r  d i s r u p t i o n  of a complex b i o l o g i c a l l y  
accommodated community, recovery may t aka  a long time f o r  i nhe ren t  
b i o l o g i c a l  reasons,  r ega rd l e s s  of  how long t h e  p o l l u t i o n  p e r s i s t s  ...I1 

For example, recovery of damaged mangrove systems has been es t imated  t o  t ake  
about t h i r t y  yea r s  (Chapman, 1977) o r  more. 

Having e s t a b l i s h e d  t h e  complexity and economic importance of t r o p i c a l  and 
s u b t r o p i c a l  marine ecosystems and i n  some cases  s e n s i t i v i t y  t o  o i l ,  i t  is important  
t o  cons ider  t h e  problems o f  des ign  of b i o l o g i c a l  survey programmes i n  r e l a t i o n  t o  
new developments, monitoring,  p o s t - o i l s p i l l  responses  and damage assessment. 

ENVIRONMENTAL IMPACT ASSESSMENT, BIOLOGICAL SURVEYS AND MONITORING 

The needs f o r  environmental impact assessments ,  p o s t - s p i l l  surveys ,  damage 
assessment and long-term monitoring schemes a r e  i nc reas ing  world-wide, n o t  l e a s t  i n  
t h e  KAP Region. Such s t u d i e s  may be t r e a t e d  a s  i s o l a t e d  o r  ' one -o f f  even t s  by 
ind iv idua l  companies, but i n  f a c t  they form a continuum which s t a r t s  a t  t h e  po in t  
where t h e  ques t ions  " I f  a resource  is developed a t  t h i s  po in t  w i l l  major 
environmental damage r e su l t ? "  and "Given t h a t  development w i l l  go ahead, how can 
environmental impact be  minimized?" a r e  posed. Following t h i s  i t  may be  asked "How 
can impacts  be  monitored over  a per iod  of time?" o r  "What damage has  r e s u l t e d  from 
S p i l l  X?". More o f t e n  than not  t h e  e a r l i e r  ques t ions  have never been posed, and t h e  
continuum is en te red  a t  t h e  po in t  def ined  by t h e  l a s t  ques t ion .  Notwithstanding 
t h i s ,  such simple quas t ions  g i v e  b i o l o g i s t s  t h e  s t a r t i n g  poin t  f o r  de f in ing  
o b j e c t i v e s  f o r  b i o l o g i c a l  s t u d i e s ,  and t h e i r  responses must be t a i l o r e d  t o  al low 
t h e s e  ques t ions  t o  be answered a s  p r e c i s e l y  a s  pos s ib l e .  In  some c a s e s  t h i s  may 
r e q u i r e  expensive mu l t i -d i s c ip l ina ry  s t u d i e s  where p a r t i c u l a r l y  complex systems 
occur,  o r  may involve  t h e  c a r e f u l  s e l e c t i o n  of known ' i n d i c a t o r  spec i e s '  o r  
s e n s i t i v e  systems f o r  s tudy and c o r r e l a t i o n  with p o l l u t a n t  concent ra t ion .  A very 
s imple  flow c h a r t  o f  a s e r i e s  o f  p o s s i b l e  i n t e r a c t i o n s  between b i o l o g i s t s  and t h e  
o i l  i ndus t ry  is given i n  f i g u r e  111. 

Three very important  p o i n t s  a r i s e  from t h e  flow c h a r t .  F i r s t l y ,  ' one-of f 
f i e l d  surveys ( d e s c r i p t i v e  o r  o therwise)  do not  n e c e s s a r i l y  i d e n t i f y  a l l  important  
envi rorwenta l  f a c t o r s .  For  example, many sandy i n t e r t i d a l  a r e a s  of t h e  KAP Region 
a r e  poor i n  fauna and, a s  a r e s u l t  o f  b r i e f  d e s c r i p t i v e  survey,  might r ece ive  a low 
p r i o r i t y  r a t i n g  i n  te rms  o f  p r o t e c t i o n  from s p i l l e d  o i l  o r  its clean-up. However, 
some of t h e s e  sandy beaches a t  c e r t a i n  t imes  of  t h e  year  a r e  used by t u r t l e s  f o r  
egg-laying, and t h e s e  animals  a r e  considered by t h e  IUCN t o  have a h igh  p r i o r i t y  f o r  
conserva t ion .  They must t h e r e f o r e  be inc luded  i n  spill response p l ans ,  and t h e  
p r i o r i t y  a sc r ibed  t o  t he se  beaches dur ing  t h e  t u r t l e  breeding  season would be very 
high.  A s h o r t  d e s c r i p t i v e  survey would i n  most c a s e s  not  be  a b l e  t o  i d e n t i f y  good 
t u r t l e  beaches, and he re  t h e  i n v e s t i g a t i o n  of  l i t e r a t u r e  and l o c a l  knowledge assumes 
g r e a t e r  importance. I n  gene ra l  terms i t  is o f t e n  t h e  c a s e  t h a t  l o c a t i o n s  f o r  r a r e  
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o r  andmqmad Â¥pooie oannet be deduced from habi ta t  descriptions o r  habi ta t  m a p s .  
Secondly, little ie known of the icpacfca of mmy pol lutants  i n  t ropical  s y s t ~ s ,  and 
the uwfulness  of  laboratory o r  f i e l d  exparimantal work t o  answer specif ic  questions 
should not be overlooked. Thirdly, the value of preparation for  an unforeseen event 
b Ã § o o ~  clear. Owe ui accident ham happened (e.g. a large o i l  s p i l l ) ,  there is 
l i t t l e  tlme t o  e a t  up the careful ly  thought-out response plans necessary t o  cope 
with clean-up and minimize biological dmage. Theao nust  be prepared i n  advance, 
and ahould be constantly reviewed i n  the l i gh t  of new information gained during 
f i e l d  aurvay, from l i t e r a tu re  maarchas and local  knowledge, and froa experimental 
work* In t e rns  of being prepared for  s p i l l s  it is never possible t o  survey whole 
coastal  areas i n  advance because s p i l l s  a re  unpredictable i n  a l l  respects. I t  is, 
however, possible and useful t o  investigate s p i l l  e f f ec t s  experimentally by 
establishing f i e l d  p lo t s  i n  representatives of the r a i n  c o ~ u n i t y  types and o i l ing  
then* Data fron such experiments a r e  valuable i n  predicting s p i l l  impacts and form 
a useful co~plewent t o  descriptive habi ta t  mapping exercises. Quoting from Baker 
again: 

". . . O i  1 s p i l l  impact assessmen t i n  previous1 y unsurveyed areas 
presents considerable problms i n  select ion of reference or 'control '  
s i t e s  and interpretat ion of data. For sore types of investigation, 
f i e l d  exporimant8 provide an a l te rna t ive  approach which l a  
par t icular ly  useful i n  the t rop ics  a s  choice of experimental s i t e s  fo r  
convenience can eliminate the  transport  and accommodation problems of 
surveys i n  renote areas. The experimental applications of o i l s  and 
d iaparsmts  a r e  feas ib le  i n  any t rop ica l  country and provide an 
opportunity for  properly controlled, quant i ta t ive biological work of 
academic, applied and educational valuen. 

Two very br ief  example8 of currant work p r o q r m e s  may i l l u s t r a t e  the 
interact ions which can take place between industry, Governments and biologis ts  and 
possible types of responses. The f i r s t ,  a pro-developnmt study in  the Red Sea, 
i l l u s t r a t e s  one May i n  which the  f i r s t  par t  of the flow chart  may function i n  
practice,  whilst the  second, a response t o  a wellhead blow-out i n  Nigeria, 
i l l i r t r a t a a  a poet-oi lspi l l  reap-. 

Rod Sea. In reaponee t o  an o i l  company r e w e a t  fo r  recommendations fo r  
environrental s tudies  i n  conjunction with a new offshore o i l f i e l d  and onshore marine 
terminal developnant i n  the  Northern Red Sea, a preliminary s i t e  v i s i t  was made. 
During t h i s  v i s i t  it becane c lear  that  the main concerns were 1 )  tha t  the  area was 
already l igh t ly  oil-polluted from exis t ing o i l  a c t i v i t i e s  and t h i s  and any exis t ing 
impacts needed t o  be defined, 2) tha t  an extensive coral  reef and shallow lagoon 
system was present a t  the site, and 3 )  that  a long-term biological monitoring 
requirement was intended. Also, during the v i s i t ,  d e t a i l s  of the  development i n  
ta rns  of ins ta l la t ion  type, locating pipeline ou t l e t s ,  possible discharges, e tc .  
were provided t o  a i d  survey planning, and a very simple habi ta t  description was 
prepared. The philosophy behind the selected biological s tud ies  was a s  follows. 

Although potent ia l ly  a vast n u a h  of sanplea would be required t o  describe a 
nearshore marine environment comprehensively, the sarpl ing programme was res t r ic ted  
t o  those ooÃ‘uni t ie  o r  ecosystems which were Â¥oa l ike ly  t o  be sens i t ive  t o  
disturbance and pollution, o r  have proved useful i n  othar areas f o r  the assessment 
of the impact of platforms and o i l  terminals. These were primarily the sub l i t t o r a l  
urine benthic canmmitiee (i .e.  orgmiams of t he  coral  reefs ,  seabed sediments, 
underwater rock reefs  and the cawun i t i e s  of the ehore zone). 

Field eaupling was deaiqned t o  allow a s  a minirun the detection and delineation 
of re la t ive ly  g row e n v i m e n t a l  changes re la ted to the developant ,  taking in to  



account na tu ra l  background environmental var ia t ion.  A t  se lected s i t e s ,  quan t i t a t ive  
sampling was employed t o  allow t h e  detect ion of more s u b t l e  environmental changes 
and t o  c o r r e l a t e  such changes with i n d u s t r i a l  ac t iv i ty .  A t  those se lected sites it 
was cost -effect ive  t o  oversample in  the  f i e l d ,  subsequently analysing only a 
s u f f i c i e n t  number of samples t o  achieve the  required s e n s i t i v i t y  f o r  detect ing 
biological  change. This approach ensured t h a t  adequate samples were avai lable  f o r  
analys is ,  but t h a t  cos t ly  laboratory analyses were kept t o  a mini-. 

The sampling programne was so designed t h a t  expansion o r  reduction i n  the  scope 
of work was poss ible  t o  s u i t  e i t h e r  changing monitoring raquirarents  o r  t o  allow 
adjustment t o  c a t e r  f o r  any observed impacts. 

* 

Of par t i cu la r  importance was the  need f o r  t h e  environmental surveys t o  provide 
data of use i n  decision-making processes within the  o i l  oonpaniea, and i n  p a r t i c u l a t  
i n  planning of optimum locat ion of a f f luen t  discharge mites, the preparation of 
monitoring programmes and the  preparation of o i l - s p i l l  contingency plans. Thew 
requirements were taken i n t o  account i n  the  f i e l d  and laboratory progrance design. 

The object ives  of the  s t u d i e s  were defined a s  f o l l o w s  

1. To descr ibe  by f i e l d  survey t h e  main biological  cornuni t ies  and hab i ta t  
types  f o r  the  o i l f i e l d  area and the  adjacent shorelines;  

2. To e s t a b l i s h  and sample from care fu l ly  designed quan t i t a t ive  biological  
sampling points  around t h e  locat ion of o i l  production p l a t f o f  and the  
marine t e r a i n a l s ,  a s  the  f i r s t  s t age  of a long-term monitoring p rogr iÃ‘e  

3. To sample a t  the  monitoring s i t e s  and o thers  a s  necessary f o r  ex i s t ing  
l e v e l s  of pol lu t ion,  and par t i cu la r ly  f o r  hydrocarbons i n  order t o  
dis t inguish t h e i r  mineral o r  biogenic or igins .  

The work was c a r r i s d  out i n  the  following broad categor ies t  

1. A desk study of s c i e n t i f i c  l i t e r a t u r e  and biological  col loct iono ra lÃ§vÃ§ 
t o  the  area,  together with discussion with those people who had specials! 
knowledge of t h e  area  and its envirofnental  problaeg 

2. 4 f i e l d  survey of t h e  shores and offshore  3r~vlrormÃ ên of  the- &em, 
concentrating on s y s t e m t i c  aurvey of 

i )  the  shore caummities,  

i i )  t h e  f r inging cora l  reef co~unitim, 

iii) t h e  co~unities of tho  shallow aeabed (water depth 1- than 20 
met-) p Â 

iv)  t h e  mabed coi~unitias of deeper watetm, 

Â 
v) the  seabed c a d i ~ n t s  t o  a a a w  t h e i r  e x i s t i n g  eont~ lnat lon  by 

pol lutants ,  p a r t i c u l a r l y  o i l ,  and i n  addit ion,  

v i )  a d e s e r i p t i v  murvey of f i s h e r i e s ,  water colon o r q a n i ~ a d  Ã‘rli 

birds.  

Quantitative w l e s  and those f o r  polluth* Iwd  a-a were 
preserved and s tored as aapropr ia ta  end returned t m  the Iwboretery iÃ§ t b  
UK f o r  de ta i l ed  analysis.  



* 

The 

The l abo ra to ry  a n a l y s i s  of  q u a n t i t a t i v e  samples, bo th  b i o l o g i c a l  and 
chemical; 

The a n a l y s i s  and i n t e r p r e t a t i o n  of  t h e  survey f ind ings .  This  would 
inc lude  3 f u l l  environmental d e s c r i p t i o n ,  t h e  i d e n t i f i c a t i o n  of  a r e a s  o r  
s p e c i e s  which might be  p a r t i c u l a r l y  vu lne rab l e  t o  t h e  i n f luence  of t h e  
developments, and a s e r i e s  o f  recommendations r e l a t e d  t o  a d d i t i o n a l  work 
which might b e  necessary.  The r e p o r t  would inc lude  a s  much i n f o m a t i o n  a s  
p o s s i b l e  r e l evan t  t o  t h e  p repa ra t ion  of  o i l - s p i l l  contingency p l ans ,  t h e  
d e t a i l e d  des ign  of  f u t u r e  monitoring prograimes and t h e  l o c a t i o n  of 
a f f l u e n t  d i scharge  p o i n t s  t o  minimize t h e i r  b i o l o g i c a l  e f f e c t s .  

type  of  sampling, observa t ion  and record ing  techniques va r i ed  with 
cond i t i ons  and p a r t i c u l a r l y  wi th  substratum type a t  each s i t e .  P a t t e r n s  o f  sampling 
were suggested i n  advance bu t  were modified i n  t h e  f i e l d  i n  t h e  l i g h t  o f  e x i s t i n g  
condi t ions .  The range of  sampling methods employed included scuba and snorke l  
d iv ing ,  dredging,  t rawl ing ,  grabbing and co r ing  from a survey v e s s e l ,  and t h e  use of 
photography, both onshore and underwater a s  appropr ia te .  

The f i r s t  f i n d i n g s  of  t h e  survey work have been passed back t o  t h e  company a s  a  
s e r i e s  of recommendations t o  minimize b i o l o g i c a l  impacts.  These inc lude ,  f o r  
example, t h e  usa of  e x i s t i n g  n a t u r a l  breaks on c o r a l  r e e f s  f o r  p i p e l i n e  and j e t t y  
r o u t e s  r a t h e r  than cons t ruc t ion  of new ones, and t h e  c u l v e r t i n g  of s o l i d  j e t t i e s  t o  
iaaintain c u r r e n t  f l o w  i n  c o a s t a l  lagoons. 

Post-wellhead blow-out s t u d i e s  i n  Nigeria .  This  example is taken d i r e c t l y  from 
Baksr : 

"The Funiwa 5 o f f sho re  w e l l  went ou t  of  c o n t r o l  on 17  January 1980, 
and o i l  cont inued t o  escape u n t i l  1 February when t h e  Â¥del  blocked up 
n a t u r a l l y .  The main movement of o i l  s l i c k s  was i n l and  t o  t h e  Niger 
d e l t a ,  p r imar i ly  between t h e  Fishtown and Sangana e s t u a r i e s ,  and i n  
t he  mangrove swamps behind t h e  o u t e r  c o a s t a l  sand r i dges .  

"Following pre l iminary  eco log ica l  surveys ,  a d e t a i l e d  s tudy  programme 
has been agreed and is being j o i n t l y  supported by t h e  Federal  Minis t ry  
of Housing and Environment, t h e  Nigerian National  Petroleum 
Corporat ion,  and Texas Overseas (Niger ia )  Petroleum Company. The 
programme is a co-operat ive one, involv ing  b i o l o g i s t s  and chemists  
mainly from Nigeria  bu t  a l s o  from t h e  UK. Th3 work inc ludes  
i n v e s t i g a t i o n  of mangrove recovery r a t e s  a t  marked s i t e s ,  a  seabed 
survey, and f i e l d  experiments t o  s tudy  o i l  and d i s p e r s a n t  e f f e c t s  i n  
mangroves.. .'I 

Â 

A t  t h a  p re sen t  t ime much o f  t h e  e x p e r t i s e  r e l a t e d  t o  b i o l o g i c a l  s t u d i e s  i n  t h e  
context  of  o i l f i e l d  a c t i v i t i e s  l i e s  i n  t h e  western world. There is an 
understandable and j u s t i f i a b l e  d e s i r e  on t h e  p a r t  of t r o p i c a l  o i l -producing  

w c o u n t r i e s  t o  involve  l o c a l  s c i e n t i s t s  wherever p o s s i b l e  when it comes t o  o i l - r e l a t e d  
work, and o i l  companies used t o  h i r i n g  whom they want may f i n d  t h i s  f r u s t r a t i n g .  
Looked a t  i n  a  c o n s t r u c t i v e  way, i t  is p o s s i b l e  t o  use e x p a t r i a t e  exper ience  t o  
complement l o c a l  s c i a n t i s t s '  f i r s t -hand  knowledge of t h e i r  l o c a l  ecosystems. This  
approach must s u r e l y  encourage harmonious industry/Goverment/biologist r e l a t i o n s  t o  
t h e  long-term b e n e f i t  o f  a l l .  The need f o r  pre-planning i n  t he  con tex t  of  a l l  
o i l f i e l d  development cannot be ove r s t r e s sed ,  p a r t i c u l a r l y  i n  terms o f  responses  t o  
major d i s a s t e r s ,  and involves  ex t ens ive  d ia logue  between a l l  concerned. 



A t  the  moment almost a l l  long-term s t u d i e s  i n  offshore  f i e l d s  a r e  conducted on 
behalf of and financed by o i l  companies i n  order t o  m e e t  a q u i t e  s p e c i f i c  aim, 
namely t o  determine whether r e l a t i v e l y  large-scale  b iological  changes a r e  being 
caused by t h e i r  operations,  and how t h e  s i t u a t i o n  changes with time. 

Most of the  above-noted s t u d i e s  have concentrated on macrobenthos, and although 
i t  is obviously unsat is fac tory  t h a t  the  e f f e c t s  of offshore  po l lu t ion  on l a rge  
s e c t i o n s  of the  marine f l o r a  and fauna remain unknown, the  present  omission of these  
s e c t o r s  can be explained by t h e  d i f f i c u l t i e s  associa ted  with sampling them, o r  lack 
of de ta i l ed  knowledge of t h e i r  na tu ra l  va r i a t ion  and function i n  combination with 
t h e  r e l a t i v e l y  simple aims of ex i s t ing  s tud ies .  Continued research is v i t a l  i f  we 
a r e  t o  improve our understanding of the  e f f e c t s  of po l lu t ion  i n  the  environment. In 
addi t ion t o  the  research needs f o r  pol lu t ion-re la ted  s t u d i e s ,  the  underlying need 
f o r  research i n t o  ecosystem function,  n a t u r a l  va r i a t ion  and taxonomy must be 
f u l f i l l e d ,  f o r  such information is of immense value i n  accurate measurement and 
i n t e r p r e t a t i o n  of b iological  change and the  a t t r i b u t i o n  of cause t o  e f f e c t .  
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TRAINING IN OIL NELL BLOW-OUT PREVENTION 

AND THE ROLE OF SIMULATORS 
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ABSTRACT 

The paper contains a b r i e f  descr ip t ion o f  the causes o f  a blow-out and the equipment 
normally i n  use t o  prevent thee. The problems d r i l l e r s  have t o  face i n  the ear l y  
detect ion o f  impending blow-outs are discussed and the need f o r  t r a i n i n g  i s  
established. 6asic w11 con t ro l  t r a i n i ng  i s  described w i t h  general reference t o  
s t h u l a t o r s  and the p a r t  t ha t  they can p lay i n  representing a va r i e t y  o f  dangerous 
and d i f f i c u l t  s i tua t ions  under classroom condit ions. B r i e f  reference i s  made t o  
unsafe condit ions other than those encountered while d r i l l i n g ,  f o r  example, dur ing 
remedial work known aa "workover" and emphasis i s  placed on the need f o r  manaqement 
mot ivat ion and e n v i r o m n t .  
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BLOW -OUT 

To a l l  of us ,  whether we a r e  d i r e c t l y  i n  the  business of producing o i l ,  o r  
whether we a r e  associated more ind i rec t ly ,  it is an emotive word. A t  b a s t  i t  
implies the  l o s s  of a valuiibla and increasingly r a r e  a s s e t  - f o s s i l i z e d  energy. A t  
worst it can r e s u l t  i n  Loss of l i f e .  Between these  tÃ§ we have the  probable r i s k  of 
se r ious  enviromental  pol lu t ion and a c o s t  of  mi l l ions  - i n  whatever currency. 

What is a Blow-out? In  the  e a r l y  days of d r i l l i n g  f o r  o i l ,  a gusher - when o i l  
flowed out  of control  from a well - was a sign of success. After the  well was 
capped and the  f1o.t @as  di rocted i n t o  pipe8 on the  surface  t o  a depressurizing 
system, it meant a f a r  g rea te r  than average production r a t e .  In those e a r l y  daya 
wal ls  wore shdllow i n  depth and the majori ty had t o  ba equipped with punps t o  br ing 
the  o i l  t o  tha surface.  Dr i l l ing  was c a r r i e d  ou t  by a method c a l l e d  Cable Tooling 
which involved the  r a i s i n g  and dropping of a heavy chisel- typo b i t .  There uas 
nothing t o  s top  the  inf lux of f l u i d  o r  gas i n t o  the  well. 

The development of modern ro ta ry  d r i l l n g  has enabled us  t o  d r i l l  deeper, f a s t e r  
and more sa fe ly ,  s i n c e  a s t a e l  pipe connects the  b i t  t o  the  surface  and a f l u i d  is 
pumped down ins ide  the pipe and back up tha  annulua between the pipe and the  s i d e s  
of the  hole. I t  was soon real ized t h a t  t h i s  f l u i d  exerted a hydros ta t i c  pressure on 
the  bottom of the  hole and t h a t ,  by adding a weighting agent, higher pressure than 
t h a t  con t ro l l ab le  by a column of  water could be contained i n  the  well. 

But we still continua t o  experience blow-outs. Today they a r e  not a aiw> of 
success, but  of f a i l u r e  - f a i l u r e  t o  do the  job properly. 

A blow-out occurs,  q u i t e  simply, 'when t h e  hydrosta t ic  head of th3 f l u i d  i n  t h e  
Â¥oi (usual ly  c a l l e d  "the mud") becomes l e s s  than th3 formation pressure,  a d  t h e  
d r i l l e r  f a l l s  t o  recognize the consequent indicat ions .  

I t  may wall not be the  d r i l l e r ' s  f a u l t  t h a t  these  ind ica t ions  a r e  present ,  ( 3  

hazard is always present  on axploratory we l l s  o r  wi ldcats  when pressure may not be 
known), but  he doss have a number of resources ava i l ab le  t o  halp  him overcome the  
s i t u a t i o n .  

F i r s t l y ,  modern d r i l l i n g  r i g s  a r e  squipped with blow-out preventera which a r e  
f i t t e d  t o  the top  of t h e  casing cemented i n  the  well.  These blow-out prevanters,  o r  
BOP s t a c k s  a s  they a r e  commonly known, cons i s t  of a s e r i e s  of rant-type devices which 
can be closed,  by hydraulic pressure,  e i t h e r  around the  d r i l l  pipe o r  across an open 
hole. On tha  top of the  ram-typa preventers is a "bagn-typg o r  annular preventer,  
which, when closed,  p3rmits the  movement of the d r i l l  pipe through it, o r  w i l l  
e f f e c t  t o t a l  c losure  on an open hole. 

Secondly t h e  d r i l l e r  has i n  the  hole a column of d r i l l i n g  mud. This r ay  not ,  f i  

a t  any one time, have the proper c h a r a c t e r i s t i c s  t o  cope with an inf lux of formation 
f l u i d  o r  gas, but provides him with t h s  bas ic  too l  with which he can regain control .  

Thirdly, the  d r i l l e r  has under h i s  control  a complex system of valves which Ã 

enable mud, under control led  pressure from the  well ,  t o  be passed through the  
degasser and other  processes t o  the suct ion tanks f o r  subsequent re-c i rcula t ion.  
This valve system is known a s  t h 3  Choke Manifold. 

Using a combination O F  the  BOPS, Choke Manifold and pumps the  d r i l l e r  can 
sa fe ly  pump down the  d r i l l  pipe t o  the well a mud of the  cor rec t  weight t o  control  
t h e  inf lux and thus prevent a blow-out. 



The procedure j u s t  descr ibed  would appear t o  be a  r e l a t i v e l y  s imple mat te r .  In 
o t h e r  words ( a )  recognize t h e r e  is a problem, i n  t h a t  t h e r a  is i "kick"; (b )  c l o s e  
i n  t h e  f e l l  with t h e  BOPS and ( c )  add weighting m a t e r i a l  t o  t h e  mud and pump it t o  
t h e  well .  I t  is a simple mat te r  i f  - and t h e  i f  must be emphasized - t h e  d r i l l e r  
ha s  received proper  t r a i n i n g .  

D r i l l i n g  is no t  an e3sy job. I t  e n t a i l s  us ing  a complex and sxpensive p i ece  of 
machinery continuously t o  its b e s t  advantage, working with a  teaii  of men, who, 
f r equen t ly  undsr d i f f i c u l t  cond i t i ons ,  a r e  handling toavy and awkward equipment, t o  
open up a p o t e n t i a l l y  dangerous s i t u a t i o n  perhaps two o r  thre.3 mi l a s  below t h e  man 
i n  con t ro l .  4s one d r i l l e r  once s a i d  when asked how he w 3 3  g e t t i n g  on with 
recovering some l o s t  d r i l l  p ipe  i n  a  12,5IQ f o o t  wall :  " I t ' s  a  good job bu t  I ' d  
l i k e  t o  be c l o s e r  t o  my work". 

With o f f s h o r e  r i g  h i r e  day r a t e s  i n  excass  of 35,001 i n  some a r e a s ,  t h e  owner 
of a  well wants i t  d r i l l e d  a s  f a s t  a s  p o s s i b l e  - but  ha wants i t  d r i l l e d  proper ly  
and s a f e l y .  The d r i l l e r  is, o r  should be, aware of t h i s ,  but  t h e r e  must always be a 
tendency t o  emphasize speed of opera t ions .  Time is money and many d r i l l e r s  regard 
time not  spent  making a new ho le  a s  time wasted. This ,  under soi>z circumst3nces,  is 
laudable ,  bu t  occas iona l ly  i t  can b? a  ca se  of 'more h a s t e  l e s s  spsdd l .  

I  have at tempted t o  demonstrate t h a t  t h e  d r i l l e r  has  much on h i s  mind. 
Uppermost must be an awareness of t h e  p o t e n t i a l  d i s a s t e r  i f  he f a i l s  t o  recognize 
t h a t  h i s  wel l  is  i n  a  "kick" s i t u a t i o n .  Having recognized t h i s ,  ha must have t h e  
proper  background t o  be a b l e  t o  dea l  with t h e  s i t u a t i o n  competently. 

The need f o r  t r a i n i n g  of d r i l l e r s  and superv isory  personnel  i n  kick c o n t r o l  has 
been demonstrated. How s s r i o u a l y  is such t r a i n i n g  taken and how is it  c a r r i e d  out? 

The answer is  t h a t  a  major i ty  of d r i l l i n g  companies t ake  i t  very s e r i o u s l y  
indeed and adopt a  thoroughly r e spons ib l e  a t t i t u d e  i n  t h a t  they w i l l  f r equen t ly  
expect  t h e i r  employees t o  exceed t h e  requirements ,  where t hase  e x i s t ,  of t h e  
r egu la to ry  a u t h o r i t i e s  of t hose  c o u n t r i e s  i n  which they i r e  opera t ing .  Natura l ly  
t h e r e  a r e  except ions ,  but  f o r t u n a t l e y  t h e s e  a r e  by no means a s  numerous a s  they were 
even a few yea r s  ago. 

Governments of c o u n t r i e s  i n  which o i l  o r  ga s  has  been found, o r  is l i k e l y  t o  be 
discovered,  a i t h e r  on o r  o f f sho re ,  a r e  viawing with i nc reas ing  concern t h e  
d i s a s t r o u s  r e s u l t s  which can fol low a blow-out, and many have taken o r  a r e  t ak ing  
a c t i o n  t o  ensure  t h a t  d r i l l i n g  crews a r e  competent. 

Such r egu la to ry  a c t i o n  v a r i e s  from country t o  count ry ,  from requ i r ing  s p e c i f i c  
cou r se s  of t r a i n i n g  i n  Government-approved schoo l s  where a  c e r t i f i c a t e  is i s sued  on 
succes s fu l  completion of a  t e s t ,  t o  merely r e q u i r i n g  t h a t  d r i l l e r s  and superv isory  
personnel  can demonstrate t o  a  pre-determined s t anda rd  an adequate knowledge of  k ick  
con t ro l .  

Tra in ing  provided v a r i e s  i n  d e t a i l ,  s i n c e  t h e r e  a r e  d i f f e r e n t  methods of  k i ck  
c o n t r o l  and d i f f e r e n t  approaches t o  be adopted i n  c a r r y i n g  out  t h e s e  methods. The 
aim, however, o f  a l l  t r a i n i n g  is, a s  we have seen ,  t o  enable  t h e  d r i l l e r  t o  
recognize t h e  k i ck  and t o  t ake  such a c t i o n  a s  is necessary t o  o b t a i n  con t ro l .  

Tha f i r s t  element - recogni t ion  of  a  k ick  - r e q u i r e s  only t h a t  t h e  d r i l l e r  and 
h i s  crew, a s  well a s  t h e  r i g  s i t e  geo log i s t  o r  mud logger ,  a r e  taught  t o  remember 
t h a t  s i x  f a c t o r s  only  a r e  i n d i c a t i v e .  

Good t r a i n i n g  w i l l  r e q u i r e  t h e  explana t ion  of why these  f a c t o r s  a r e  danger 



s i g n s ,  because men w i l l  always remember and r e a c t  t o  something they  understand more 
r e a d i l y  than  something learned  par ro t - fash ion .  

The second element - making t h e  wel l  temporari ly s a f e  - involves  s h u t t i n g  i t  i n  
and preparing f o r  t h e  k i l l  procedure by racord ing  s p e c i f i c  da ta .  

The procedure f o r  c l o s i n g  i n  a  well v a r i e s  s l i g h t l y  according t o  d i f f e r i n g  
company p o l i c i e s ,  but  one commonly accepted procedure is 1. To p ick  up t h e  b i t  o f f  
bottom t o  a  po in t  where t h e  p ipe  rams w i l l  no t  c l o s e  on a  t o o l  j o i n t .  2. S top  t h a  
pump. 3. Open t h e  choke l i n e .  4. Close t h e  annular  preventer .  5. Close t h e  
choke. 6. Close t h e  p ipe  rams and open t h e  annular  preventer .  The amount t h e  wel l  
has  flowed back is then  recorded, and record ings  a r e  made of t h e  p re s su re s  i n  t h e  
d r i l l  p ipe  and on t h e  annulus a f t e r  they have s t a b i l i z e d .  

The above c lo s ing - in  procedure is e s s e n t i a l l y  mechanical and i t  is t h e  normal 
p r a c t i c e  of  d r i l l i n g  companies t o  r e q u i r e  t h a t  such d r i l l s ,  a s  well a s  r o u t i n e  
t e s t i n g  of  t h e  BOP equipment, a r e  c a r r i e d  out  on t h e  r i g  r e g u l a r l y ,  both t o  ensure  
t h a t  crews a r e  f u l l y  aware of t h e  sequence of o p e r a t i o n s  and t h a t  t h e  equipment is 
ope ra t ing  s a t i s f a c t o r i l y .  

The teaching  of t h e  c lo s ing - in  procedure is, however, an  i n t e g r a l  p a r t  o f  t h e  
s y l l a b u s  of any school  teaching  p re s su re  c o n t r o l .  

Apart from t h e  recognizable  i n d i c a t i o n s  o f  a  k ick  and t h e  phys ica l  r e q u i r m e n t s  
f o r  c l o s i n g  i n  t h e  we l l ,  t o d a y ' s  d r i l l e r s ,  un l ike  t h e i r  e a r l y  predecessors  (who, 
whi le  i n  many c a s e s  f i r s t - c l a s s  men, were o f t e n  i l l i t e r a t e )  need t o  be  numerate. 

There a r e  c e r t a i n  b a s i c  p r i n c i p l e s  and procedures i n  k ick  c o n t r o l  h i c h  r e q u i r e  
t h e  use  o f  well e s t a b l i s h e d  simple a r i t h m e t i c  formulae. A number o f  systems have 
been evolved t o  e l imina t e  t h e  need t o  memorize t h e s e  formulae and t h e  major i ty  of  
r i g s  nowadays have a t  l e a s t  pocket c a l c u l a t o r s  a s  almost s t anda rd  equipment. 
However, an a b i l i t y  t o  understand t h e  a r i t h m e t i c  involved is still e s s e n t i a l  f o r  t h e  
d r i l l e r .  

Following t h e  c lo s ing - in  phase o f  k i ck  c o n t r o l ,  t h e  d r i l l i n g  crew can then  
begin t h e  k i l l i n g  opera t ion .  This  can be  done i n  a  v a r i e t y  of ways, t h e  t h r e e  most 
common being known 3s t h e  d r i l l e r ' s  method, t h e  wai t  and weight method and t h e  
concurren t  method. However, t h e  "a r t "  of  k ick  c o n t r o l  is cont inuous ly  developing 
and a  v a r i e t y  of o t h e r  techniques  a r e  now a v a i l a b l e  which may be  more s u i t a b l e  f o r  
t h e  p a r t i c u l a r  cond i t i ons  obta in ing .  

The t h r e e  methods mentioned above a r e ,  however, t h e  b e s t  known and i t  would be  
app rop r i a t e  t o  summarize t h e  d i f f e r ences .  The d r i l l e r ' s  method is t h e  s imp le s t  i n  
t h a t  only t h r e e  c a l c u l a t i o n s  a r e  r equ i r ed  - t h e  weight of  t h e  k i l l  mud requi red ,  t h e  
capac i ty  of t h e  d r i l l  p ipe  i n  t h e  we l l ,  and t h e  capac i ty  of  t h e  annulus. I n  t h e  
wait  and weight method a d d i t i o n a l  c a l c u l a t i o n s  a r e  needed s i n c e  i t  i s  necessary t o  
know t h e  pump s t r o k e s  requi red  t o  f i l l  t h e  d r i l l  p ipe  and f o r  t h e  subsequent 
reduct ion  i n  c i r c u l a t i n g  p re s su re  a s  t h e  p ipe  is f i l l e d .  The concurren t  method has  
t h e  a d d i t i o n a l  complicat ion of  pos s ib ly  two o r  more mud weights  being p re sen t  i n  t h e  
d r i l l  p ipe  a t  t h e  same time. 

So we have a r r i v e d  a t  t h e  nucleus of  a  t r a i n i n g  s y l l a b u s  - but  only  a  nucleus.  
We a r e  p r imar i l y  concerned with t h e  t r a i n i n g  r equ i r ed  f o r  t h e  prevent ion  of a 
blow-out and w e  have d e a l t  s o  f a r  on ly  wi th  a ca se  of  a  s imple kick. Many volumes 
have, however, been w r i t t e n ,  dea l ing  with t h e  more complex problems t h a t  can a r i s e .  

Apart from experienced,  competent and c r e d i b l e  l e c t u r e r s ,  t r a i n i n g  over t h e  
l a s t  twenty y e a r s  o r  s o  has been enhanced by t h e  development o f  s imu la to r s .  S ince  



the  pressure  s i t u a t i o n  i n  a well a t  any time can 
i t  follows t h a t  v a r i a t i o n s  i n  the  pressure 
mini-canputer. Other parameters can a l s o  be 
pumped, the  diameter of t h e  hole,  the  time taken 
e tc .  

be expressed i n  mathematical 
regime can be re fe r red  

applied such a s  t h e  quant i ty  
f o r  a p a r t i c u l a r  event t o  

terms, 
t o  a 
of mud 
occur, 

Early models were somewhat l imi ted  i n  appl ica t ion but the  p r inc ip le  of the  more 
sophis t ica ted  models ava i l ab le  today is e s s e n t i a l l y  the  same. Both analog and 
d i g i t a l  systems a r e  used by d i f f e r e n t  manufacturers, t h e  preference f o r  one o r  t h e  
o the r  depending on the  u s e r ' s  requirements. For example, a simple analog simulator 
may be qu i t e  adequate t o  introduce a d r i l l e r  t o  kick con t ro l ,  but a sen io r  d r i l l e r ,  
company representa t ive  o r  d r i l l i n g  supervisor may requ i re  a l a rqe r ,  more 
sophis t ica ted  instrument with an input of a wider range of va r i ab le  parameters. 

These s imulators  have a va r i e ty  of con t ro l s ,  operated by the  t r a inee ,  
comparable t o  those on the  de r r i ck  f loor .  In  sore models these  con t ro l s  a r e  i n  
miniature,  i n  some ful l -scale .  The t r a i n e e  can read off  a va r i e ty  of opera t ional  
data  and t ake  appropriate ac t ion  a s  necessary. The con t ro l  panel is connected t o  a 
programming panel operated by t h e  i n s t r u c t o r  who can e i t h e r  pre-programme a 
p a r t i c u l a r  s i t u a t i o n  f o r  t h e  t r a i n e e  t o  r e a c t  to ,  o r ,  i n  some models, i n j e c t  
add i t iona l  complications st random. 

Hodern s imulators  a r e  now designed t o  reproduce not only kick control  
s i t u a t i o n s  but  a l s o  a f u l l  range of parameters comparable with those a d r i l l e r  may 
encounter. These l a rge r  models may, therefore ,  be used f o r  t r a in ing  d r i l l e r s  t o  
d r i l l  more e f f i c i e n t l y  a s  well a s  i n s t r u c t i n g  them i n  the  more l imi ted ,  but 
nevertheless v i t a l l y  important, operation of kick control .  

The question can be asked - is it not more s 3 t i s f a c t o r y  t o  t r a i n  a d r i l l i n g  
crew iln blow-out prevention on a r e a l  well  d r i l l e d  s p e c i f i c a l l y  f o r  t r a i n i n g  
purposes 7 This has been done, with high-pressure i n e r t  gas being in jec ted  a t  ths 
bottom of t h e  hole. No doubt the re  is still a p lace  f o r  t h i s  mode of t r a i n i n g  under 
c e r t a i n  circunstances,  but the re  a r e  disadvantages both of cos t  and the  time taken 
t o  perform c e r t a i n  phases of t h e  operation. The modern simulators,  once t h e  t r a inee  
has i n i t i a t e d  c e r t a i n  ac t ions ,  can be speeded up t o  complete the  pa r t i cu la r  phase i n  
up t o  one t en th  of  t h e  t i n e  it would ac tua l ly  take. 

Me have, s o  f a r ,  discussed t r a i n i n g  f o r  blow-out prevention with p a r t i c u l a r  
reference t o  d r i l l i n g  new wells. Mention has  been made of the  increased hazard of 
d r i l l i n g  exploratory wells when formation pressures  cannot be accurately predicted.  
D r i l l i n g  of appraisa l  und development wells ,  once a new f i e l d  has been discovered, 
should present  a reduced hazard s ince  pressure da ta  a r e  avai lable ,  and d r i l l i n g  
programes can be designed t o  t ake  i n t o  account known pressures.  

Nevertheless, the  hazard is always present  and t r a i n i n g  of crews involved i n  
d w e l q m m t  d r i l l i n g  is no lm important. 

There is ye t  another phase of  opera t ions  when a blow-out can occur and 
statistics suggest that t h i s  phase can be more important than t h a t  of d r i l l i n g  new 
wella. A t  some time i n  t h e  l i f e  of near ly  a l l  producing wells some form of remedial 
work w i l l  be required. Equipment "down holen may need t o  be replaced, the re  may be 
a necess i ty  t o  c lean ou t  sand which has entered the  well bore, pe r fo ra t ions  i n  t h e  
production casing may have becore plugged, encroaching gas o r  water may have t o  be 
c-td of f  

The operation t o  deal  with a l l  these  s i t u a t i o n s ,  of which but a few examples 
have been given, is known a s  a Workover, and f requent ly  requ i res  the  removal of t h e  



Production Wellhead t o  ga in  access  t o  t h e  wel l  before  r ep l ac ing  i t  wi th  t h e  d r i l l i n g  
BOP s t ack .  Although t h e  well  w i l l  have bean k i l l e d  be fo re  s t a r t i n g  t h i s  ope ra t ion  
i t  still p r e s e n t s  a  p o t e n t i a l l y  dangerous cond i t i on  un le s s  c a r r i e d  o u t  by competent 
pzrsonnel .  

Workover ope ra t ions  subsequently a r e  s i m i l a r  i n  many ways t o  those  c a r r i e d  out  
i n  t h e  d r i l l i n g  and completion of a  wel l  f o r  product ion except  t h a t  t h e  wel l  is 
p o t e n t i a l l y  l i v e  a t  a l l  t imes. I t  is  t h e r e f o r e  p a r t i c u l a r l y  important  t h a t  d r i l l i n g  
crews involved i n  workover ope ra t ions  a r e  propar ly  t r a i n e d  i n  b a s i c  p re s su re  c o n t r o l  
procedure and i n  thd nore  s p e c i a l i z e d  a s p e c t s  of  workovers, and t h a t ,  a s  i n  a l l  
p r e s su re  c o n t r o l  t r a i n i n g ,  i n i t i a l  exposure is followed up by r e g u l a r  r e f r e s h e r  
cour s e s .  

Curren t ly  a v a i l a b l e  s i rnula tors  can provide . i s s i s t anca  i n  t r a i n i n g  crews i n  
workover ope ra t ions  i n  add i t i on  t o  d r i l l i n g  problems. The advantages a r e  obvious i n  
t h a t ,  aga in ,  p o t e n t i a l l y  dangerous s i t u a t i o n s  can be reproduced under classroom 
condi t ions ,  with t r a i n e e s  ca r ry ing  out  e x e r c i s e s  wi th  very c l o s e  f a c s i n i l i e s  of 
r e a l - l i f e  equipment. 

We have d iscussed  a t  some l eng th  t h e  causes  of  k i cks  and blow-outs and w e  have 
seen t h e  need f o r  t r a i n i n g  and given some idea  of what is involved. 

However, one element is s o  f a r  lacking.  This  is Management involvement and 
motivat ion.  Training programmes must have t h e  f u l l  suppor t  o f  Management t o  make 
them e f f e c t i v e ,  and by Management support  we mean something more than l i p  s e rv i ca .  

Time has t o  be made a v a i l a b l e  t o  enable  men t o  r ece ive  t r a i n i n g  i n  blow-out 
prevent ion  and t o  a t t s n d  r a f r e s h e r  cou r se s  on a  r egu la r  bas i s .  

Th i s  involves  Management i n  organiz ing  app rop r i a t e  work schedules  and, i n  
add i t i on ,  making such budgetary p rov i s ion  a s  may ba appropr ia te .  Management must 
a l s o  be involved i n  ensur ing  t h a t  a  proper  mental a t t i t u d e  t o  t r a i n i n g  is p reva l en t  
i n  t h e i r  companies. Training should not  be  regarded a s  a pa id  hol iday  away from t h e  
r i g  f l o o r ,  o r  a  process  through which men have t o  go t o  s a t i s f y  a  r egu la to ry  
a u t h o r i t y ' s  requirements. Properly c a r r i e d  out  by competent i n s t r u c t o r s  us ing  t h e  
b e s t  t r a i n i n g  a i d s ,  i t  should not  on ly  form an e s s e n t i a l  p a r t  o f  an employee's 
c a r e e r  programme but  w i l l  unquest ionably make a major con t r ibu t ion  towards 
prevent ing  a  d i s a s t e r  i n  terms of  p o l l u t i o n ,  and may wel l  save  l i v e s .  
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ABSTRACT 

Recent a t t e n t i o n  has been focused on the  need t o  c o n t r o l  discharges from 
o f f sho re  i n s t a l l a t i o n s .  The caper examines t h e  operat ions and a c t i v i t i e s  t h a t  g i ve  
r i s e  t o  such discharges and describes some o f  t he  c h a r a c t e r i s t i c s  o f  the  var ious 
streams t h a t  can r e q u i r e  treatment. Mention i s  made o f  the  var ious  types o f  
equipment and opera t ing  procedures t h a t  have been o r  are  be ing developed t o  reduce 
t h e i r  o i l  content  t o  a minimum. Estimates are  given, based on industry-wide surveys 
o f  the  performance l e v e l s  t h a t  can be expected from w e l l  run  equipment f o r  t he  
removal o f  p a r t i c u l a t e  o i l .  Such surveys have provided the bas i s  f o r  the  c o n t r o l s  
t h a t  have been int roduced by the  US and UK a u t h o r i t i e s .  These c o n t r o l s  a re  
discussed, as are  those developed by agreement between the var ious  States o f  N-W 
Europe, w i t h i n  the  framework o f  the  P a r i s  Convention. An example i s  g iven o f  t he  
concent ra t ion  i n  the  sea near an i n s t a l l a t i o n  an t i c ipa ted  t o  r e s u l t  from such 
c o n t r o l l e d  discharges. 



PLATFORM OPERATIONS GIVING RISE TO DISCHARGES 

Crude o i l ,  when produced a t  t h e  well-head, is  qene ra l ly  accompanied by qas  
( o f t e n  d i s so lved )  and produced water ( o f t e n  formation water which n a t u r a l l y  
co-existed wi th  t h e  o i l  i n  t he  r e s e r v o i r ) .  A t  t h e  product ion platform t h e  qas  and 
water  a r e  s epa ra t ed  from t h e  o i l  i n  succes s ive  s t a q e s  ( s e e  t y p i c a l  flow scheme i n  
f i g u r e  I ) .  Dehydration of  t h e  wet g a s  provides  dry  gas ,  which can be handled i n  
va r ious  ways dependent on its f i n a l  d e s t i n a t i o n  (qas- tanker ,  p i p e l i n e ,  
r e - in j ec t ion )  . 

Separa t ion  of t h e  co-produced water  from t h e  c rude  o i l  (dehydra t ion)  provides  
t h e  main s tream of ' d ry '  o i l  which can be piped t o  l a r g e  tanks  a t  t h e  platform base,  
o r  i n t o  a s e p a r a t e  s t o r a g e  f a c i l i t y  f o r  r e t e n t i o n ,  p r i o r  t o  beinq t r anspo r t ed  
ashore. The lonq res idence  time i n  t hese  s t o r a g e  t anks  permi ts  t h e  s epa ra t ion  of  
f u r t h e r  water from t h e  o i l  by g r a v i t y  s epa ra t ion .  On most i n s t a l l a t i o n s  t h e r e  is no 
such bu f f e r  s t o r a g e  and t h e  o i l  is re layed  s t r a i g h t  from t h e  dehydrat ion s t a g e  by 
t anke r  o r  p i p e l i n e  t o  shore.  

Although t h e  ope ra t ions  descr ibed  above usua l ly  qene ra t e  t h e  p r i n c i p a l  flows o f  
o i l y  water from i n s t a l l a t i o n s ,  o t h e r s  can o r i q i n a t e  from dra inaqe  from t h e  
product ion o r  d r i l l i n q  a r e a s ,  from d r i l l i n q  mud and c u t t i n q s  processinq equipment 
and from t a n k e r s  (should non-seqreqated o r  permanent b a l l a s t  t anke r s  not  be used f o r  
r e l ay ing  t h e  o i l  t o  shore) .  Since t h e  d i f f e r e n t  s t reams vary i n  na tu re ,  volume and 
t h e i r  amenabil i ty  t o  t rea tment ,  i t  is proposed t o  d i s c u s s  each i n  t u rn .  

Gas dehydra t ion  

This  is usua l ly  performed us ing  a d e s s i c a n t  ( o f t e n  e thy l ene  q l y c o l ) .  
The rea f t e r  t h e  water  is bo i l ed  o f f  t h e  q lyco l  and vented t o  atmosphere. In c a s e s  
where water  is removed from t h e  qas  by cool ing ,  t h e  water ob ta ined  is usua l ly  f ed  
wi th  t h e  produced-water s t ream f o r  f u r t h e r  t rea tment .  Gas processinq usua l ly  
g e n e r a t e s  only smal l  volumes o f  o i l y  water ,  t h i s  water  beinq normally contaminated 
by l i g h t  r a t h e r  than p e r s i s t e n t  o i l s .  

Produced water  

This  is t h e  water  t h a t  is co-produced wi th  t h e  o i l .  I t  l a r q e l y  o r i q i n a t e s  from 
t h e  r e s e r v o i r  and has  co-existed with t h e  o i l  i n  t h e  r e s e r v o i r  f o r  m i l l i o n s  o f  
years .  During its passage from t h e  r e s e r v o i r  i t  is subjec ted  t o  h igh  shea r  
c o n d i t i o n s  which can r e s u l t  i n  t h e  formation o f  emulsions t h a t  a r e  d i f f i c u l t  t o  
break. I t s  prolonged con tac t  wi th  o i l  and q a s  under p re s su re  a l s o  f r equen t ly  
r e s u l t s  i n  t h e r e  being app rec i ab l e  q u a n t i t i e s  o f  hydrocarbons and o t h e r  organic  
compounds i n  so lu t ion .  The volumes o f  product ion water t o  be t r e a t e d  a r e  u sua l ly  
sma l l  dur ing  t h e  i n i t i a l  l i f e  of  an o i l f i e l d ,  bu t  i nc rease  p rog re s s ive ly  a s  t h e  
f i e l d  is dep le t ed  and water invades t h e  rock formation o f  t h e  n a t u r a l  r e se rvo i r .  

In c a s e s  where water i n j e c t i o n  has  been app l i ed  t o  main ta in  r e s e r v o i r  pressure ,  
such i n j e c t i o n  water  may a l s o  be  subsequently co-produced wi th  t h e  o i l .  The o i l  
con ten t  of produced water  a f t e r  primary s e p a r a t i o n  is usua l ly  i n  t h e  range 100-1,000 
ppm. These waters  a r e  t hus  r a r e l y  q r o s s l y  contaminated wi th  o i l ,  bu t  what t h e r e  is 
can  be d i f f i c u l t  to  remove. 

Displacement water  

This  water  is sea-water contaminated with produced water and o i l  which has  
accumulated dur ing  t h e  loading  c y c l e  o f  a s t o r a g e  f a c i l i t y .  Such s t o r a g e  t anks  hold  
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produced o i l  on top  of  sea-water.  The c o n t a c t  between t h e  o i l  and water is 
t r a n s i e n t  and s o  t he  displacement water is usua l ly  only  s l i q h t l y  contaminated with 
o i l .  However, wax and p a r t i c u l a t e  s t a b i l i z e d  emulsions can accumulate a t  o i l /wa te r  
i n t e r f a c e  i n  t h e  c e l l s  and on occasion appear with t h e  displacement  water.  There is 
a l s o  t h e  p o s s i b i l i t y  t h a t  t h e  c e l l s  could be o v e r - f i l l e d  and nea t  o i l  could flow 
i n t o  t h e  displacement  water  t rea tment  system. Level c o n t r o l  i n  t h e  s t o r a q e  c e l l s  is 
probably much more important  than e f f l u e n t  t rea tment  i n  minimizinq o i l  r e l e a s e s  from 
t h e s e  s t o r a q e  systems. 

Drainage water 

Modern o i l  product ion p la t forms inva r i ab ly  have a number o f  s e p a r a t e  d ra inaqe  
systems. Three o f  t h e  main ones a r e :  

( i )  high-pressure c lo sed  d r a i n s  
( i i )  l ow-p re s she  c lo sed  d r a i n s  

( i i i )  open d r a i n s .  
\ 

Any c o l l e c t e d  f l u i d s  from t h e  f i r s t  two, a s  might be  implied from t h e i r  names, 
a r e  pumped s t r a i g h t  back t o  t he  s epa ra t ion  t r a i n .  The c lo sed  d r a i n s  cover  a l l  p a r t s  
o f  t h e  platform t h a t  would normally be  o i l y  i n  every-day o p e r a t i o n s  ( f i r e  r i s k  
cons ide ra t i ons  d i c t a t e  t h a t  such a r e a s  must be  enc losed) .  The open d r a i n s  cover  t h e  
o t h e r  p a r t s  of  t h e  p l ~ t f o n n ,  which a r e  n o t  u sua l ly  but  can on occasion be  
contaminated by o i l .  he  dra inaqe  water may r e s u l t  from run-off i f  s e a  sp ray ,  r a i n  \ 
o r  c leans ing  water washes some o i l y  m a t e r i a l  from equipment o r  decks. This  platform 
dra inage  system is usua l ly  s e p a r a t e  and d i f f e r e n t  from t h e  systems t h a t  t r e a t  
produced o r  displacement water because of  t h e  i nhe ren t  i ncompa t ib i l i t y  i n  volume 
flow, chemical cunpos i t i  n and c o r r o s i v i t y  between t h e  two streams.  

Platform dra in ing*  a r e  by t h e i r  na tu re  f l u c t u a t i n q  flows both i n  terms o f  
I 

volume and o i l  conten t .  The f a c i l i t y  f o r  t r e a t i n g  such f lows needs t o  be capable  of  
handling l a r g e  f lows,  f a i r l y  t o l e r a n t  t o  t h e  presence of  d e t e r q e n t s  (when t h e s e  a r e  
used t o  wash down decks) ye t  capable  of  r e t a i n i n q  t h e  occas iona l  l a r q e  s l u q s  o f  o i l  
which may be  washed down. The requirements  f o r  an e f f e c t i v e  d ra inaqe  system a r e  
very d i f f e r e n t  t o  those  f o r  product ion water t rea tment ,  where t h e  stream t o  be 
t r e a t e d  is usua l ly  f a i r l y  c o n s i s t e n t  i n  c h a r a c t e r  and flow r a t e ,  and is f r e e  from 
ext raneous  s u r f a c t a n t s .  I t  is usua l  f o r  t he se  and o t h e r  reasons  f o r  t h e r e  t o  be 
s e p a r a t e  t reatment  f a c i l i t i e s  f o r  t h e  open-drain f l u i d s .  

D r i l l i n g  mud and d r i l l  c u t t i n g s  

These muds a r e  used i n  t h e  d r i l l i n q  of deep w e l l s  t o  l u b r i c a t e  t h e  b i t ,  
t r a n s p o r t  t h e  c u t t i n q s  t o  t h e  s u r f a c e  and s t a b i l i z e  t h e  s i d e s  o f  t h e  hole .  The 
q u a l i t y  of t he se  muds d e t e r i o r a t e s  i n  use and from time t o  time they have t o  b e  
d iscarded .  Much r e sea rch  has  been done on t h e  environmental impact o f  such 
d i acha rqes  and i t  is no t  proposed t o  review those  f i n d i n q s  i n  t h i s  paper ,  s u f f i c e  t o  
say  t h a t  a t  most l o c a t i o n s  where s t u d i e s  have been made t h e  impacts have been found 
t o  be h ighly  l oca l i zed .  

However, a t r e a t i s e  on o i l y  water  d i s cha rges  from o f f s h o r e  o i l  a c t i v i t i e s  would 
no t  be complete without mention of t hose  a s soc i a t ed  wi th  mud and c u t t i n q s  d i sposa l .  
There a r e  two main types  o f  mud i n  use: 

( i)  water-based muds 
( i i )  i n v e r t  emulsion muds where t h e  s o l i d s  a r e  d i spe r sed  

i n  a roughly 30:70 water  i n  d i e s e l  emulsion. 



The former a r e  usua l l y  f r e e  o f  hydrocarbons b u t  can on occasion con ta in  up t o  
6 pe r  cent  by weiqht d i e s e l  i n  the mud. This i s  added t o  improve the l u b r i c a t i o n  
p r o p e r t i e s  o f  t h e  mud. The d i e s e l  i s  present  i n  such muds i n  a very  f i n e l y  
d ispersed state.  There a re  no known p r a c t i c a b l e  ways o f  removinq i t  once i t  i s  
added and, consequently, such muds a r e  u s u a l l y  e i t h e r  discharqed unt reated from the 
p l a t f o r m  o r  barged elsewhere f o r  d isposal ,  i f  the  p la t fo rm i s  i n  a p a r t i c u l a r y  
environmental ly  s e n s i t i v e  area ( t h e  c o n t r o l  o f  such discharges i s  one aspect of  
c o n t r o l s  on d r i l l i n g  muds and t h e i r  d isposa l  which w i l l  n o t  be considered fu r the r  
here). 

The d isposa l  o f  t he  i n v e r t  emulsion muds presents l e s s  i n t r a c t a b l e  problems. 
They can e i t h e r  be bu rn t  o r  shipped ashore f o r  re-processinq. There i s  no need f o r  
such muds t o  be discharqed t o  the sea. However, t he  c u t t i n q s  from w e l l s  d r i l l e d  
w i t h  i n v e r t  emulsion muds can be contaminated by d i e s e l  t o  the ex tent  o f  15-20 per  
cent  by weight. The c lean ing of  such c u t t i n g s  presents d i f f i c u l t i e s  which have on ly  
r e c e n t l y  been looked a t  ser ious ly .  A t y p i c a l  4,000m deep o f f sho re  w e l l  miqht  y i e l d  
1,000 tonnes o f  c u t t i n g s  i n  t o t o  and up t o  10 tonnes per hour du r ing  peak d r i l l i n g  
r a t e s  ( t h e  treatment and d isposa l  o f  such c u t t i n q s  can present severe problems which 
have ye t  t o  be f u l l y  solved). 

Tanker b a l l a s t  

The d i r e c t  discharge o f  non-seqreqated tanker b a l l a s t  t o  the sea a t  p la t fo rms 
i s  e f f e c t i v e l y  p r o h i b i t e d  i n  most areas by  the  1969 amendments t o  the  1954 
Convention on O i l  P o l l u t i o n  o f  the  Sea. I t  i s  t e c h n i c a l l y  possib le,  hu t  r a r e l y  
allowed, f o r  such b a l l a s t  waters from load ing tankers t o  be pumped t o  the p la t fo rm 
f o r  treatment and disposal .  B a l l a s t  waters have i n  most cases been pumped i n t o  the  
tanker a t  the crude unloading te rm ina l  and may the re fo re  vary considerably i n  
s a l i n i t y  from t h a t  o f  sea t o  near f resh  water. Dur inq the voyaqe they w i l l  take up 
some o f  t he  o i l  r e ta ined  i n  the tanks. As t h i s  o i l  has weathered considerably 
du r ing  many weeks, most v o l a t i l e  components w i l l  have disappeared. Any o i l  i n  the 
b a l l a s t  water w i l l  probably be i n  d r o p l e t  form. The treatment o f  most o f  such 
waters on a p la t fo rm miqht t he re fo re  present fewer problems than those posed by some 
product ion  waters. However, i n  the  l a t t e r  staqes o f  de-ba l las t ing  a tanker, t he  o i l  
content  o f  the  water can be up t o  the  1 per  cent  l e v e l .  While i t  i s  r e l a t i v e l y  easy 
t o  cope w i t h  such s lugs  a t  onshore treatment f a c i l i t i e s ,  they would be d i f f i c u l t  t o  
t r e a t  a t  the  i n e v i t a b l y  compact, s h o r t  residence-time, o f f sho re  f a c i l i t i e s .  I t  i s  
l a r g e l y  f o r  t h i s  reason t h a t  most i ndus t r y  procedures and government r e ~ u l a t i o n s  do 
n o t  permit  discharqes o f  b a l l a s t  v i a  o f f sho re  i n s t a l l a t i o n s .  

TREATMENT TECHNOLOGY FOR OIL/WATER SEPARATION 

The separat ion o f  o i l  from water i s  f a c i l i t a t e d  by the  one be inq l a m e l y  
immisc ib le  w i t h  t he  other,  and the  d i f f e r e n c e  i n  dens i t y  between the two. Most 
components o f  crude o i l  a re  i n s o l u b l e  i n  water and most crudes have a lower s p e c i f i c  
g r a v i t y  (i.e. they a r e  l i g h t e r )  than water. O i l  i n  water d ispers ions w i l l  usua l ly ,  
g i ven  time, separate spontaneously i n t o  two phases. The r a t e  o f  separa t ion  f o r  an 
o i l  d rop le t  o f  rad ius  Â¥ r i s i n q  through a l i q u i d  o f  v i s c o s i t y  f\ o f  under 
laminar f l ow  cond i t i ons  i s  qoverned by the  fo l l ow inq  equat ion der ived 
from Stokes Law: 



i t y  v = %- t e rmina l  ve loc  

where Of = g r a v i t a t i o n a l  cons t an t  
6 = dens i ty  o f  o i l  i n  d r o p l e t  
f = dens i ty  o f  continuous l i q u i d  

Thus t h e  r i s e  r a t e  is p ropor t i ona l  t o  t h e  d i f f e r e n c e  i n  dens i ty  between t h e  two 
phases and t o  t h e  square  of t h e  d r o p l e t  r ad ius .  S ince  nothinq much can be done t o  
a l t e r  t h e  dens i ty  and/or v i s c o s i t y  o f  t h e  two phases,  t h e  only parameters  t h a t  t h e  
s e p a r a t i o n  system desiqner  o r  ope ra to r  can e x p l o i t  a r e  d r o p l e t  s i z e ,  res idence  time 
and r i s e  d i s t a n c e  necessary t o  e f f e c t  a  s epa ra t ion .  Coalescence and f l o c c u l a t i o n  
can be used t o  enhance e f f e c t i v e  d r o p l e t  s i z e .  In o rde r  t o  minimize d r o p l e t  
breakdown it  i s  important  t o  s e l e c t  and des iqn  t h e  va lves ,  pumps and pipework used, 
s o  a s  t o  reduce shea r  i n t e n s i t i e s  upstream of  t h e  s e p a r a t o r s .  There is a l s o ,  a s  
w i l l  be seen below i n  t h e  d e s c r i p t i o n s  of  t h e  va r ious  t y p e s  of s e p a r a t o r ,  
cons ide rab l e  scope i n  minimizinq t h e  r i s e  d i s t a n c e  necessary  f o r  s epa ra t ion .  

Simple g r a v i t y  s e p a r a t i o n  

The s imples t  form of o i l y  water s epa ra to r  is provided by tanks  and sumps, 
f i t t e d  with we i r s  o r  o t h e r  skimming devices  with which o i l  accumulatinq a t  t h e  t o p  
can be p e r i o d i c a l l y  o r  continuously removed. Examples o f  t h e  use of  t h i s  technique 
on o f f sho re  i n s t a l l a t i o n s  a r e  t h e  larqe-diameter  c a i s s o n s  with o u t l e t s  wel l  below 
s e a  l e v e l .  These can provide adequately lonq res idence  t ime f o r  f a i r l y  coa r se  o i l  
d r o p l e t s  t o  r i s e  t o  the  t op  and be removed. They a r e  s u i t a b l e  f o r  t h e  t rea tment  o f  
open-drain waters  s i n c e  they can cope with very v a r i a b l e  o i l  con ten t s  i n  t h e i r  feed.  
For good ope ra t ion  they r e q u i r e  a  good o i l /wa te r  i n t e r f a c e  d e t e c t i o n  system to 
i n i t i a t e  accumulated o i l  removal, a  powerful pump n o t  prone t o  jamminq by t h e  
i n e v i t a b l e  d e b r i s ,  t o  remove t h e  o i l ,  and a  lonq enouqh res idence  time f o r  t h e  
f l u i d s  i n  t h e  sump. The l a t t e r  can be achieved p a r t l y  by adequate s i z i n g ,  bu t  a l s o  
by l i m i t i n g  t h e  types of  flows reaching the  sump. S ince  t h e  sump w i l l  probably no t  
remove o i l  d r o p l e t s  f i n e r  than 50-100p i n  diameter  i t  i s  counter-product ive t o  use 
i t  f o r  s t reams where any r e s i d u a l  o i l  (due t o  p r i o r  t reatment  o r  o t h e r  reasons)  is 
a l r eady  well below t h i s  s i z e .  

Another example of t h e  use of s imple g r a v i t y  s e p a r a t i o n  on p la t forms is t h e  
skimmer tanks placed j u s t  upstream of t h e  f l o t a t i o n  o r  p a r a l l e l  p l a t e  i n t e r c e p t o r s .  
These s e rve  t o  c a t c h  occas iona l  s l u q s  of  o i l  r e l ea sed  dur ing  process  u p s e t s  f u r t h e r  
upstream. They w i l l  no t  remove d r o p l e t s  f i n e r  than about l O D p  i n  diameter ,  bu t  
they should prevent  hiqh o i l  loadinqs  on t h e  downstreamm f l o t a t i o n  and/or p a r a l l e l  
p l a t e  i n t e r c e p t o r  u n i t s ,  t h e  performance of  which can o therwise  be a f f e c t e d  f o r  days 
a f te rwards .  

A widely used v a r i a n t  o f  t h e  s imple tank s e p a r a t o r  is  t h e  ho r i zon ta l  g r a v i t y  o r  
API s epa ra to r .  This  is widely used onshore but  still occas iona l ly  o f f sho re .  The 
o i l  i n  water d i s p e r s i o n  is introduced a t  one end of  t h e  v e s s e l ,  and a t  t h e  oppos i t e  
end t h e  coalesced phases a r e  removed - t h e  l i g h t e r  o i l  f r a c t i o n  beinq removed from 
t h e  top  by a  mechanical skimmer with t h e  heavier  water  f r a c t i o n  beinq removed from 
t h e  bottom. This  is shown d i aq rama t i ca l ly  i n  f i g u r e  11. 
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Figure 11: Layout of  Typical APT Separator 

API separa to r s  a r e  so designed t h a t  any o i l  globule with a r a t e  of  r i s e  g rea te r  
o r  equal t o  the  overflow r a t e ,  which is defined a s  the  throuqhput per un i t  e f f e c t i v e  
su r face  area ,  w i l l  be removed from the  system. Residence times of  the  order of 30 
minutes i n  a conventional API separa tor  r e s u l t  i n  the  removal of d rop le t s  coarser  
than 1 5 0 ~ .  These systems a r e  qenera l ly  long and wide but r e l a t i v e l y  shallow. They 
the re fo re  require  a considerable amount of space - a commodity r a r e l y  ava i l ab le  
offshore.  

P a r a l l e l  p l a t e  in te rcep to r s  

These were developed both t o  reduce space requirements and t o  improve 
separa t ion eff ic iency.  Basically the  improvements have been achieved by reducinq 
the  d is tance  through which the  d rop le t s  have t o  r i s e  t o  e f f e c t  a separation and by 
ensuring a laminar r a the r  than a turbulent  flow regime. The use of mul t ip le  p l a t e s  
g ives  a l a r q e  increase  i n  surface  area  ava i l ab le  f o r  separa t ion and therefore  
produces a compact i n s t a l l a t i o n .  The p l a t e s  i n  these  separa tors  a r e  arranqed 
p a r a l l e l  t o  each o the r  and incl ined a t  an angle of 45' t o  the horizontal .  A 
representa t ion of a c ross  sec t ion  of one is shown i n  f iqure  111. 

Longitudinal P la tes  a t  4 5 O  angle-Channels f o r  upward flow of  o i l  

Channels f o r  downward flow of  sediment 



Rising o i l  globules coalesce on the under-side of the  p l a t e s ,  s l i d e  uo the  
p l a t e  and then rise through o i l  flow channels t o  the  surface  where the o i l  is 
removed with a skimmer. 

A var ian t  of the  above is the corrugated p l a t e  in te rcep to r  (CPI) shown i n  
f igure  IV. In these the  o i l  d rop le t s  r i s e  up the  under-side of the  corruqations and 
any sedimented s o l i d s  f a l l  back alonq the  troughs i n  the  top s i d e  t o  c o l l e c t  i n  a 
sludge compartment a t  the  bottom. This type of u n i t  is usually s ized so a s  t o  
remove a l l  d rop le t s  coarser than 60p i n  diameter. 

A fu r the r  va r i an t  spec ia l ly  developed f o r  offshore  use is the  CJB Pressure 
Separator. In order t o  maximize o i l  capture a t  a aiven residence time the  p l a t e  
packs a r e  mounted i n  a pressure vessel .  The advantage of operatinq a t  elevated 
pressures  is t h a t  i t  should avoid some of the  drople t  breakdown e f f e c t s  caused by 
shear i n  the pressure reduction s tages .  Addit ionally,  use of c ross  flow 
conf igurat ions  permits a much l a rge r  quant i ty  of separa t inq surface  t o  be 
incorporated i n t o  a given s i z e  of vessel  than is poss ible  with the  more usual type 
of pack and flow pat tern .  The desiqn residence time is about f i v e  minutes. A 
s impl i f i ed  flow-out i l l u s t r a t i n q  the use of such a separa tor  is shown i n  f i q u r e  V. 

In gas  f l o t a t i o n  u n i t s  gas  bubbles a r e  dispersed i n  the  body of t h e  
contaminated water. A s  t he  bubbles rise through t h e  l i q u i d  they adhere t o  the  
hydrophobic o i l  d rop le t s  with which they come i n  contact  and rise t o  the  top  t o  form 
an o i l y  f r o t h  which can be skimmed of f .  There a r e  two major types of qas  f l o t a t i o n  
systems: 

( i )  dispersed a i r  f l o t a t i o n  i n  which a i r  o r  qas  bubbles a r e  
entrained i n  the  l i q u i d  using induced flow i i p e l l o r s ,  
o r  a r e  pumped i n  by a compressor through a aparger,  and 

( i i )  dissolved a i r  f l o t a t i o n  i n  which gas  is dissolved i n  the  
waste stream under pressure,  comes ou t  of  so lu t ion  when 
the  pressure  is released and forms gas  bubbles, which 
again rise t o  the surface  with adhering o i l  drople ts .  

The dissolved a i r  system y ie lds  f i n e  bubbles and is probably capable of  
removing f ine r  o i l  d rop le t s  than is poss ible  with the  dispersed system, p a r t i c u l a r l y  
when c e r t a i n  chemicals a r e  used which form a f l o e  blanket. However, the  former 
normally requires  a residence time of  about 30 minutes f o r  e f f i c i e n t  separa t ion,  s o  
the  o ther  type, the  dispersed a i r  f l o t a t i o n  u n i t ,  which only requ i res  a five-minute 
residence time, has found f a r  wider appl ica t ion offshore. A diagram of a typ ica l  
u n i t  is shown i n  f igure  VI (a)  and (b) .  These systems can be used with e i t h e r  a i r  
o r  natura l  gas. When they a r e  opera t ing well they can achieve over 90 per cent  o i l  
removal, with an in f luen t  containing i n  excess of 150 ppm. 

However, i t  is usually necessary t o  add a few p a r t s  per mi l l ion of a s u i t a b l e  
f locculant  t o  aggregate the  o i l  d rop le t s  and so enhance t h e i r  chance of  encountering A 

a gas  bubble. Similar ly ,  i f  the re  is any tendency f o r  emulsions t o  form i n  t h e  
streams from par t i cu la r  wells ,  i t  is usually a l s o  necessary t o  add emulsion breakers  
a t  the well head and t o  modify t h e  l e v e l  of such add i t ions  when the  flows fro- 

Ã 

d i f f e r e n t  wel ls  a r e  a l t e r e d  f o r  any reason. Final ly ,  good l eve l  control  a t  the  
water/froth i n t e r f a c e  and regular maintainance of the  f r o t h  remwinq paddles is 
required t o  ensure e f f i c i e n t  o i l y  f r o t h  removal, end thus t o  maintain good 
separa t ion conditions. 
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Figure V: Simplified production flow-sheet illustrating 
CJB pressure separator 
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Figure Vl: Gas flotation 
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Coalescers 

I n  these systems the coalescence o f  t he  f i n e l y  dispersed o i l  emulsion d r o p l e t s  

i s  promoted by passing the e f f l u e n t  stream throuqh an o l e o p h i l i c  medium, c o n s i s t i n q  
o f  e i t h e r  f i n e  granular  o r  f i b r o u s  mater ia l .  A schematic diagram o f  the  process i s  

shown i n  f i g u r e  VII .  Separators based on t h i s  p r i n c i p l e  have found wide a p p l i c a t i o n  
i n  ships, bu t  problems w i t h  p luqqinq o f  coalescer packs, and the consequent need t o  

change f i l t e r  u n i t s  f requent ly ,  have so f a r  prevented t h e i r  wide use a t  o f f sho re  o i l  
i n s t a l l a t i o n s .  

When these u n i t s  operate w e l l  they can y i e l d  e f f l u e n t s  con ta in inq  on ly  a few 
p a r t s  per m i l l i o n  o f  o i l .  They a re  probably capable o f  removing f i n e r  o i l  d r o p l e t s  
than a l l  those processes discussed h i t h e r t o ,  w i t h  the  poss ib le  except ion o f  
d isso lved gas f l o t a t i o n  opera t ing  i n  the r i s i n g  ' f loe-b lanket '  mode. 

Much a t t e n t i o n  has r e c e n t l y  been d i r e c t e d  t o  t h i s  p luqq inq problem by separator  
manufacturers and operators. One outcome o f  such e f f o r t s  has been the development 
o f  coalescers bo th  f o r  dewatering crude as w e l l  as removinq o i l  from the aqueous 
phase. A s i m p l i f i e d  d i a q r m  showing u n i t s  o f  bo th  such types i n  opera t ion  toqether 
i s  shown i n  f i g u r e  V I I I .  The de-qassed o i l /wa te r  m ix tu re  from the gas separat ion 
t r a i n  i s  f ed  i n i t i a l l y  t o  an automat ica l ly  se l f - c lean ing  p r e - f i l t e r  t o  remove d r y  
ent ra ined so l i ds .  

The p r e - f i l t e r e d  feed stock i s  then passed t o  the  primary separator  vessel  
where bu lk  water removal i s  achieved. The water removed i n  the pr imary separator  
passes t o  the o i l y  water separator vessel where r e s i d u a l  o i l  i s  removed. The 
s u b s t a n t i a l l y  o i l - f r e e  water can be discharqed wi thout  f u r t h e r  treatment. I t  i s  
claimed t h a t  a u n i t  has operated f o r  some t ime i n  the  Middle East y i e l d i n q  an 
e f f l u e n t  conta in ing l e s s  than 1 5  ppm o i l .  The UK manufacturers. P lenty  Metro1 
L imi ted,  exp la in  t h a t  the h i g h  performance o f  t h i s  new system i s  due t o  the use o f  a 
new type o f  coalescing element f o r  separat inq water from heavy o i l s .  

One method o f  d isposing o f  o i l y  water on a p la t fo rm i s  t o  on l y  p a r t i a l l y  t r e a t  
i t  and r e - i n j e c t  i t  i n t o  the format ion from which t h e  o i l  has been produced o f  some 
o ther  aqu i fe r .  This i s  sometimes possib le,  bu t  usua l l y  expensive. 

Comparative e f fec t iveness o f  d i f f e r e n t  treatment systems 

Re l i ab le  data i n  t h i s  area are  sparce. There are  a considerable number o f  
r e p o r t s  on the  performance o f  i n d i v i d u a l  separators opera t inq  a t  p a r t i c u l a r  
locat ions .  However, s ince there  i s  r a r e l y  any accompanyinq i n fo rma t ion  on the 
d r o p l e t  s i ze  d i s t r i b u t i o n  o f  t h e  i n f l u e n t s  associated w i t h  such p lants ,  i t  i s  
d i f f i c u l t  t o  asce r ta in  whether a r e p o r t  o f  a h i q h  q u a l i t y  e f f l u e n t  can be a t t r i b u t e d  
t o  the good design o r  good opera t ion  o f  t h e  separator involved, o r  the  fac t ,  say, 
t h a t  the i n f l u e n t  was r e l a t i v e l y  f r e e  o f  -20 p drop le ts .  

That havinq been said, there  i s  some value i n  l ook ing  a t  the  r e s u l t s  o f  the  
surveys t h a t  have been made. The most thorough was probably t h a t  c a r r i e d  out  f o r  

the  US Environmental P ro tec t i on  Aqency (EPA) by Brown and Root p r i o r  t o  1974. The 
ob jec t  o f  t h a t  study was t o  i d e n t i f y  what was achievable w i t h  produced water us inq 
Best P rac t i cab le  Cont ro l  Technoloqy Cur rent ly  Ava i lab le  (BPCTCA). A summary o f  
these f indinqs,  t h a t  from a more recent  one performed by t h e  E & P Forum and recent  
data from North Sea i n s t a l l a t i o n s ,  a r e  g iven i n  t a b l e  1. 
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The wide range i n  the  qua l i ty  of t h e  e f f l u e n t s  obtained is probably t h e  most 
s t r i k i n g  fea tu re  of t a b l e  1. I t  seems l i k e l y  t h a t  poor operation must be the  cause 
o f  some of the  high f iqures  obtained. 

QUANTITIES OF OIL RELEASED I N  TREATED EFFLUENTS FROM A TYPICAL 
OFFSHORE INSTALLATION 

The q u a n t i t i e s  w i l l  of course vary throuqhout the  l i f e  of a f i e l d  a s  the  water 
content  of the  f l u i d s  produced from the wel ls  increases.  However, one can ge t  some 
idea of the  order of maqnitude of the o i l  inpu t s  involved from the  followina 
example. 

Platform A - Production 100,000 Barrels/day 

Averaqe Effluent Quanti ty of o i l  
Quanti ty cone. ppm released per year 

Barrels/day O i  1 Tomes 

Produced water 50,000 40 
Displacement water 150,000 10  
Drainage water 

Total o i l  released per year: 205.2 

*Finding from an API study probably based on much smaller  platforms 
than Platform A. 

THE SETTING OF ENVIRONMENTAL DISCHARGE STANDARDS 

The object  i n  con t ro l l inq  these discharges and s e t t i n g  standards is primarily 
t o  protect  the  environment. There a r e  two qeneral  approaches t o  t h i s  problem. One 
is t o  apply a qeneral l i m i t  based, f o r  ins tance ,  on beat p rac t i cab le  technoloqy 
cur ren t ly  avai lable ,  i r r e spec t ive  of  the  ac tua l  locat ion of the  platform. The other  
is t o  t a i l o r  the  discharqe standard t o  what the loca l  environment is thouqht capable 
of acceptinq without s i g n i f i c a n t  harm. 

I f  one chooses the  second approch the re  is a good case  f o r  adoptinq more 
l e n i e n t  l i m i t s  i n ,  f o r  example, hiqh s e a s  loca t ions  where allowance can be made f o r  
high-intensity mixinq and hiqh volume dispers ion,  those where the re  a r e  few spec ies  
s e n s i t i v e  t o  o i l  o r  where, because of ambient temperature o r  o the r  reasons, any o i l  
discharged is l i k e l y  t o  be rapidly  deqraded. 

I t  is generally recognized t h a t  ac tua l  standard l e v e l s  have had t o  be s e t  i n  
s i t u a t i o n s  where environmental information t o  assess  whether a spec i f i ed  e f f l u e n t  
content  would harm the  environment is not yet  avai lable .  Nevertheless i t  seems 
des i rab le  i n  the  long run t h a t  t h i s  should be the  approach t o  s e t t i n q  standards. 

For a standard f o r  a pa r t i cu la r  i n s t a l l a t i o n  t o  have any meaning i t  should 
speci fy  a l i m i t  t o  be achieved, a samplinq posi t ion a t  which t h i s  l i m i t  should be 
achieved, and an ana ly t i ca l  and c a l i b r a t i o n  technique which forms the  bas i s  of the  
l i m i t .  



Table 1: Produced dater treatment system performance 

- p~ - 

E&P Forum Review I North Sea I n s t a l l a t i o n s  Brown and Root Study 

Mean eff luent  
o i l  core 

achieved by 
best 75$ 

of u n i t s  
studied 

PPM 

Minimum droplet  
sizesepeu-ator should 
be capable of removin~ 
under good operating 
conditions and design 
throughput 

P 

Range of mean 
eff luent  cones 
obtained with 
individual  

separat  or8 
PPM 

Effluent 
o i l  cone 
achieved 
8 of 

Range of mean 
effluent concs ob- 
t ained with 
individual  eeparar- 
t o r s  - monthly 

p p ~  averages 

No of 
Unite 
etudy 

Average of 
mean 

effluent o i l  
concs 4 

PFM 

PROCESS 
TYPE 

time 

pm I 
Units 

studied 

Simple 
Gravity 

separation 
(mainly on- 
shore) 

Plate in- 21 
t a'ceptors 

Flotat ion 
eyetems I 
- - 

Fibrous media 
coalescers I 
Loose media 
coalescere I 

^Operating mainly on displacement water 



Standard s e t t i n g  i s  l a r g e l y  a matter  f o r  n a t i o n a l  Governments. However, t h e i r  
freedom o f  a c t i o n  i s  p a r t i a l l y  l i m i t e d  by i n t e r n a t i o n a l  convention requirements. 

MARPOL 1973 

The requirements o f  t h i s  Convention on o i l  p l a t f o r m  discharqes was unclear 
u n t i l  about a year aqo. On the one hand, i t  i s  s ta ted  i n  A r t i c l e  2 ( 3 ) ( b ) ( i i )  of 
t h a t  Convention, t h a t  discharqes a r i s i n g  from the e x p l o r a t i o n  and e x p l o i t a t i o n  and 
associated o f f sho re  processinq o f  sea-bed minera l  resources, a re  n o t  covered by i t ,  
and, on the other,  r e g u l a t i o n  21 o f  annex 1 t o  t h a t  Convention, s ta ted  t h a t  f i x e d  
and f l o a t i n g  d r i l l i n g  r i g s  should comply w i t h  c e r t a i n  requirements app l i cab le  t o  
sh ips  o f  400 and over 400 tons and be equipped as f a r  as p r a c t i c a b l e  w i t h  equipment 
s p e c i f i e d  i n  regu la t i ons  16 and 17 o f  t h a t  same annex. 

In  order t o  reso lve  t h i s  problem, the  Marine Environment P ro tec t i on  Committee 
i n v i t e d  the E & P Forum t o  submit a paper suggesting an i n t e r p r e t a t i o n  f o r  them t o  
consider. This they d i d  i n  June 1979 and the f o l l o w i n q  are  some e x t r a c t s  from the 
minutes o f  t h a t  meeting (MEPCC XIA ): 

"5.4.2. Based on in fo rma t ion  contained i n  the E & P Forum paper, t he  
Committee agreed t h a t  o f  the  th ree categor ies  o f  discharqes associated 
w i t h  the  opera t ion  o f  f i x e d  o f f -shore  product ion  plat forms, i.e. 
p la t fo rm drainage, product ion  water discharge and displacement water 
discharqe, on l y  p la t fo rm drainaqe water would be sub jec t  i n t e r  a l i a  t o  
the 1973 MARPOL Convention. I t  was Further aqreed t o  i nc lude  t h i s  
i n te rp re ts -  t i on ,  together w i t h  appropr ia te  diagrams showing d i f f e r e n t  
sources o f  e f f l u e n t s  t o  be discharged, i n  a composite document 
cover ing i n t e r p r e t a t i o n  o f  the  1973 MARPOL Convention as modi f ied  by 
the  1978 Protocol. .  ." 

(The appropr iate diagram r e f e r r e d  t o  i s  shown in  t h i s  paper as f i q u r e  I ) .  

"5.4.3. With respect  t o  the requ la t i ons  o f  p roduct ion  and 
displacement waters, the  Committee noted t h a t  these would normal ly  
come under the  l e g a l  regimes o f  t he  n a t i o n  exe rc i s ing  
c o n t r o l  over the t e r r i t o r y  on which the  p la t fo rm i s  opera t ing  and 
would thus normal ly  be incorporated i n t o  any l i c e n s i n g  procedure. 
However, the  Committee was a l so  a w a r e o f  t he  f a c t  t h a t  such 
r e g u l a t i o n  i s  the  sub jec t  o f  m u l t i l a t e r a l  l e q a l  regimes such 
as the  1974 P a r i s  Convention. .. . 
"5.4.4. The Committee endorsed the suggestion by t h e  E & P Forum t h a t  
governments should promote reg iona l  agreement f o r  common standards - 
where appropriate, f o r  discharqe c r i t e r i a  o f  p l a t f o r m  ef f luenta."  

I n  p r a c t i c e  t h i s  means t h a t  the  discharqe l i m i t  imposed by MARPOL 73 on 
4 drainage water i s  a 100 ppm maximum outs ide the  desiqnated MARPOL spec ia l  areas and 

the  12-mile coas ta l  zone, and a 15 ppm maximum w i t h i n  those zones o r  areas. 

Shel f  S ta te  and Regional Sea c o n t r o l s  - some examples. 

It i s  c l e a r  t h a t  by f a r  the  major p a r t  o f  t h e  discharges from these 
i n s t a l l a t i o n s  a re  n o t  subject  t o  l i m i t s  f i x e d  under a g l o b a l  convention, b u t  a r e  



mat ters  f o r  the  s h e l f  States working i n d i v i d u a l l y  o r  toqether through req iona l  sea 
conventions. That having been s ta ted  the re  i s ,  as can be seen from t a b l e  2, a f a i r  
degree o f  u n i f o r m i t y  i n  the l i m i t s  t h a t  have been set .  

I t  i s  probably t r u e  t h a t  a l l  the  standards a r e  based on the Brown and Foot 
study r e f e r r e d  t o  i n  t a b l e  1. 

A 

This  l e d  the US a u t h o r i t i e s  t o  base t h e i r  standards on the  known performance o f  
w e l l  operated f l o t a t i o n  systems. Their 72/48 standard requ i res  operators t o  keep 
the  o i l  content  o f  t h e i r  discharges below a d a i l y  maximum o f  72 mq/1 determined by 
t a k i n g  four  grab samples i n  any 24 hour period, analys inq them separately and a 

averaging the r e s u l t s .  The monthly average, which must be l e s s  than 48 mq/ l , i s  
determined by ob ta in ing  a s e t  o f  four  grab samples as  described above on a weekly 
bas i s  - four  se ts  a month and averaqinq the  r e s u l t s .  

I n  a d d i t i o n  t o  the above c o n t r o l s  which r e l a t e  t o  produced water discharqes the  
US a u t h o r i t i e s  a l so  imposed a 'no v i s i b l e  o i l '  l i m i t  on discharged deck drainage, 
d r i l l i n g  muds, d r i l l  c u t t i n g s  and w e l l  treatment f l u i d s .  

The one example where aqreement on discharge c o n t r o l s  has been reached on a 
reg iona l  seas b a s i s  i s  i n  the  1974 P a r i s  Convention (PARCOM) (Convention f o r  the  
P r o t e c t i o n  o f  marine p o l l u t i o n  from land based sources). This convention covers the  
East A t l a n t i c  from Por tuqa l  t o  Norway, excluding the  B a l t i c .  

Their  p r o v i s i o n a l  t a rqe t  standard der ives  from a proposal  from France and the 
UK, adopted by the  Convention, t h a t  a l l  new p la t fo rms  should be equipped w i t h  the  
best  p rac t i cab le  means f o r  separat ing o i l  from discharqed water, and t h a t  these 
means a re  corrugated p l a t e  i n t e r c e p t o r s  o r  gas f l o t a t i o n  un i t s ,  o r  o ther  equipment 
capable o f  reducing the average o i l  content  o f  a discharqe t o  w i t h i n  the ranqe o f  
30-50 ppm. I t  there fore  adopted a p r o v i s i o n a l  t a rqe t  standard o f  40 ppm. However, 
t h e i r  acceptance o f  t h i s  proposal  was wi thout  p re jud i ce  t o  t h e i r  view t h a t  the  
c o n t r o l  o f  marine p o l l u t i o n  by crude o i l  by environmental q u a l i t y  ob jec t i ves  was 
pre ferab le .  

I t  was subsequently agreed that :  

( i )  the  p r o v i s i o n a l  t a rqe t  standard was a 
mean content  based on i n  excess o f  16 
i n  a month; 

( i i )  the standard was based on a p a r t i c u l a r  
i n f r a - r e d  a n a l y t i c a l  method. 

monthly a r i t hmet i c  
qrab samples taken 

so lvent  ex t rac t i on /  

The UK, as  one o f  t he  s igna to r ies  t o  t h a t  Convention, has accepted the 
p r o v i s i o n a l  t a rqe t  standard o f  40 ppm as a p r a c t i c a l  equipment performance standard . 
f o r  o f f sho re  p lat forms. A l l  such i n s t a l l a t i o n s  on the  UK s h e l f  which make 
discharges o f  e i t h e r  product ion  o r  displacement water are  f i t t e d  w i t h  equipment 
envisaged by PARCOM. A l l  apar t  from one have, s ince product ion  commenced, been 

*Â 
requ i red  t o  main ta in  a monthly average o f  content  o f  l e s s  than 40 ppm ( l a rqe  
i n s t a l l a t i o n s )  o r  50 ppm (sma l l  i n s t a l l a t i o n s ) .  The consent l i m i t s  r e q u i r e  tha t :  

( i )  the o i l  content should be determined by so lvent  ex t rac t i on /  
i n f ra - red  spectroscopic method; 

( i i )  samples should be taken a t  l e a s t  twice per day and analysed 
by the  approved method o r  a method which i s  demonstrably 
c o r r e l a t a b l e  w i t h  i t ;  



TATE 

Table 2: Shelf  s t a t e  controls  on plat form discharges 
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Analytical method 
specified . 

Maximum 
O i l  content 

P.P.M. 

Regional Seas 
Convent ion 1 
applicables 

% of Time that 
* maximum* can 
be exceeded 

Yes 
gravimetri c 

Yes 
Infra- red 

Paris 

Yes 
Infra-red Paris 

standard - IR 
gravimetric used by 

Paris 

-ante 20 

None 
, 

xstraliarState 
f Victoria 

gravimetric 

30 50 

h 

- Yes 
contiauaus~-nonit bring 

requirement 

I 



( i i i )  i n  any one ca lendar  month no t  more than 4 pe r  c e n t  o f  t hese  
requi red  samples a r e  permit ted t o  have an o i l  content  i n  
excess  o f  100 ppm; 

( i v )  t h e  volune discharqed should not  exceed a s p e c i f i e d  l i m i t ,  
based on t h e  t reatment  capac i ty  o f  t h e  sepa ra t ion  p lant .  
Considerat ion w i l l  be given t o  a poss ib l e  f u t u r e  
requirement t h a t  t h e  d ischarge  be  continuously monitored, 
once a s u i t a b l e  instrument h a s  been i d e n t i f i e d .  

LIKELY RANGE OF IMPACT FROM WELL-CONTROLLED DISCHARGES 

The o b j e c t  o f  imposing c o s t l y  c o n t r o l s  on t h e  l i n e s  d iscussed  above must be t h e  
p r o t e c t i o n  o f  t h e  marine environment. However, t h e r e  is never l i k e l y  t o  be a 
complete absence o f  impact. Any ind iv idua l  f i s h  which f o r  some reason is 
unfor tunate  enough t o  remain i n  t he  immediate v i c i n i t y  of  t h e  b e s t  c o n t r o l l e d  
d ischarge  is l i k e l y  t o  be k i l l e d .  The o b j e c t  o f  environmental con t ro l  cannot be t o  
prevent  t h a t  happeninq, but  r a t h e r  t o  reduce a s  f a r  a s  p r a c t i c a b l e  t h e  a rea  around 
an i n s t a l l a t i o n  where adverse e f f e c t s  can r e s u l t .  The fol lowinq is an at tempt t o  
e s t ima te  t h e  range o f  impact t h a t  might be expected from a l a r g e  but well-control led 
d ischarqe  i n  t h e  North Sea. 

Reviews o f  c u r r e n t  l i t e r a t u r e  i n d i c a t e  t h a t  t o  s e n s i t i v e  marine s p e c i e s  ( l a r v a l  
f i s h  and Crustacea) the 96 h LC5o of o i l  hydrocarbons is equiva lent  t o  an 
oi l- in-water  concent ra t ion  o f  about 1 p p .  The lowest equiva lent  concent ra t ion  
producing dea th  o r  g r o s s  damage t o  l a rvae  appears  t o  be about 100 ppb ( p a r t s  x 

whi le  behavioural  e f f e c t s  on a d u l t  orqanisms and zooplankton and s t imu la t ion  
o f  growth and photosynthesis  i n  phytoplankton, may occur i n  t he  ranqe 60-100 ppb. 
Thus, i n  s e t t i n g  an environmental q u a l i t y  o b j e c t i v e  we miqht reasonably spec i fy  
t h a t ,  o u t s i d e  a given a rea  around a d ischarging  platform, t h e  water concent ra t ions  
o f  o i l  hydrocarbons should not  exceed 50 ppb above backqround. Ca lcu la t ions  of  t h e  
l i k e l y  d i l u t i o n  c h a r a c t e r i s t i c s  o f  t h e  average continuous platform discharqe  can be 
made us ing  s tandard  d i f f u s i o n  equations,  assuming t h a t  t h e  d ischarqe  is t o t a l l y  
misc ib l e  with,  and of  t h e  same dens i ty  a s ,  sea-water. For most d ischaroes  t h e  
temperature and s a l i n i t y  a r e  indeed c lose  t o  those of  ambient sea-water. Then, 
under t h e  average cond i t ions  o f  an  e f f e c t i v e  d ischarge  po in t  50 m above t h e  sea  bed 
wi th  a bottom cu r ren t  of  90 m h ,  a ho r i zon ta l  d i f f u s i o n  c o e f f i c i e n t  o f  2,000 m i 
h"l a v e r t i c a l  d i f f u s i o n  c o e f f i c i e n t  o f  20 m2 h 1  and a d ischarqe  r a t e  of  1,000 
m h"', t h e  maximum bottom concent ra t ion  f ro-  a 40 ppm discharqe  w i l l  be 4 ppb a t  
a poin t  2.800 m downstream. In t h e  water column, t h e  concent ra t ion  a t  t he  
e f f e c t i v e  r e l e a s e  depth,  50 m above t h e  s e a  bed, f a l l s  t o  50 ppb some 320 m 
downstream. 

A t  he 1 r q e s t  s i n g l e  UK d ischarqe ,  t h e  d ischarqe  r a t e  could r i s e  t o  a peak o f  
2,500 m' h-', wi th  a d ischarge  poin t  only 30 m above the  sea  bed. Under these  
cond i t ions ,  t h e  ca l cu la t ed  maximum bottom concent ra t ion  becomes 29 ppb a t  1,000 m 
downstream from t h e  source,  while  t h e  concent ra t ion  i n  t he  water column a t  t h e  
d ischarge  depth does not  f a l l  t o  50 ppb u n t i l  796 m downstream. Hence, under 
average water cond i t ions ,  even a t  t h e  peak d ischarqe  r a t e  i n  t he  l a r o e s t  f i e l d ' s  
l i f e ,  w e  can expect t h e  proposed environmental water q u a l i t y  o b j e c t i v e  t o  be met i n  
bottom waters  ou t s ide  a 1,000 m zone downstream from the  i n s t a l l a t i o n .  

I t  is recognized t h a t  c e r t a i n  o f  t h e  assumptions made i n  the  above miqht be 
quest ioned,  but  i t  is considered un l ike ly  t h a t  t he  order  of  maqnitude o f  t h e  



predictions is fa r  wrong. I t  is q q e s t e d  tha t  other regulatory au thor i t ies  
considerinq the level  of any standards t o  be applied in t h e i r  ~aters might a t t w  
similar calculations before conirq t o  f im conclusions. 
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TAILORED OIL SPILL C NCY PLANNING 

FOR OFFSHORE OIL BLW-OUTS 

- IntermtionÃ§ O i l  Industry .Exploration Â¥n Production Fore* 
London, England, U.L 

ABSTRACT 

The paper prewnts the Exploration and Production (EP) induatry'a v i u 8  mb 
contingency planning for potential -11-blw-outs. Its Â¥poroBO to Â¥fcnnal 
tailored to the local situation, and o a l l a f o r  detailed dvanao conoultÃ§Uon and 
agree-ent between Government and industry on action Â¥cenario* w m  
authorities have t o  aet mt ional  protection pr ior i t ies ,  t o  decide tn c d m t  W 
and resources, and t o  clear  the way for  instant mobilization and transfer. Industry 
f i t s  in in  supportive participation. Identification with the local Â¥c to, 
obviously, a prerequisite for the effectivenee8 of  this uproach. To Uluetreite 
th is ,  several potential pollution-&at optiona are conaidered i n  the i r  relation to 
the local conditions. The industry has provided a new tool to 88se~ thÃ pollution 
risks for  specified coatÃ§ Â¥re (SLIUFORCAST), mnÃ§blh Gov@rn~nts&o Â¥e their 
prioritie*. . .. - . .  

I t s  Â¥pplicatio is i l lus t ra ted  with sevaral oxmplss. 



DEFINITION 9F POLLUTION 
. -  .. . 

"Pollution is 
energy into the 

ChÃ§~StÃ§kt6duott by Â¥Â¥ direct ly Ã§ indirectly, of substances or 
marine envirafbamt!" ( inchding egtuariea) resultinq in such a 

i - ham to l iving resources, - hazard t o  b r a n  health, - hindrance to  marine 
ac t iv i t i e s  including fishing, - impairment of quality for  use of sea-water, and - 
reduction of m i t i a s . "  

(United Nation8 Group of Experts Scientif ic  Aspects of Marine Pollution, 
(GESW), 1974. See also HARPOL 1973, a r t i c l e  2.) 

I t  i8 *lab' fton t h i s  ddffdiâ‚¬Â that  "impact on the envirommt" per ae is 
not tho isflue, but Ã§h "lapact that catises de le ter iwa effectsn. In other words, it 
balls for  la081 anvlrbnMntalquality c r i t e r i a  against nhich human act ivi ty should 
b e - m d i  

. - 

TAiLmiMC THE ~ Y Q  CWTniisENCY nJMB 

T h d  fmlldttort Ã§04AÃ§'Ã 8 lwdfl off shore tolw-out dif fera drastically from that  
of a large tanker sp i l l .  An offshore blow-out usually provides space and time for  
Nature to take it@ t o l l  and for  man t o  mount reaponsibla combat. 

To minimize the consequences of an accidental offehore o i l  blow-out, the E and 
P i n c h t r y  strongly advocates advance consultations between national authorities,  
the o i l  induetry and the public involved in order t o  arrive a t  an agreed 
p o l l u t i o n - o a t  acanario tailored t o  the local situation. 



Figure I s h m  t h e  framework f o r  such an approach. (See a l s o  Ref . l )  
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In t h i s  approach, J o i n t  Government-industry assessment of EP po l lu t ion  r i s k s  
and advance government decis ions  on combat scenar ios  and protect ion p r i o r i t i e s ,  
together with fu l l - sca le  exerc ises ,  a r e  mandatory. 

The f i n a l  scenario w i l l  be tailor-made t o  t h e  l o c a l  s i tua t ion .  Optimum use can 
be made of l o c a l  condi t ions  t o  a r r i v e  a t  combat decis ions  which may be 
unconventional, but Mhich a r e  adowate  and accoptable i n  the  ac tua l  s i tua t ion .  

Moreover, t h i s  industry approach provides f o r  the  incorporation of nat ional  
p r i o r i t i e s  (ecological ,  amenity protect ion) ,  l o c a l  s t a f f i n g  ( language! and 
equipment, e t c .  

ESTIMATING THE RIW OF COASTAL POLLUTION 

The r i s k  of po l lu t ion  of a spec i f i ed  c o a s t a l  region depends on loca t ion  of t h e  
source, composition of the  o i l ,  f a t e  and d r i f t  of t h e  s l i c k  a t  sea ,  and the  
e f fec t iveness  of s p i l l  combat measures. 

The loca t ion  of t h e  s p i l l  source, its dis tance  t o  coas ts ,  hydrography, ambient 
weather, wind and cur ren t s ,  l a rge ly  s e t  t h e  scene f o r  t h e  regulatory cadre,  f o r  the  
time-span ava i l ab le  t o  p ro tec t  coas ta l  areas,  and f o r  any near-source combat action.  

The compositon of the  o i l ,  together with ambient sea  s t a t e  and temperature, 
w i l l  l a rgely  determine the  r a t e  of weathering of t h e  s l i c k s ,  and the  s t a b i l i t y  of 
any emulsion formed. 



The f a t e  of s p i l t  crude w i l l  mainly depend on the  r e l a t i v e  t o l l  t h a t  degrading 
f a c t o r s  l i k e  evaporation, d i s so lu t ion ,  d ispers ion and emuls i f ica t ion take under t h e  
ambient sea  s t a t e s  and temperatures. Wind, sea  s t a t e  and cur ren t s  govern the  
movement of the  s l i c k  (ne t  d i rec t ion ,  speed),  and s e t  its residence time a t  sea. 

Rasearch r e s u l t s  ind ica te  t h a t ,  given time, microbial degradation can Ã 

ef fac t ive ly  take ca re  of o i l  mixed i n  tho water column. Dependent on crude 
composition and sea-water temperature, degradation t imes of 4-23 weeks w i l l  be 
involved. A t  t h e  higher temperatures of t r o p i c a l  waters t h e  degradation w i l l  take L* 

considerably l e s s  time. 

Sea s t a t e ,  time and space can make "loave-it-alone' a s e l e c t i v e  but e f f e c t i v e  
option f o r  contingency planning near tbe source. 

The most e f f e c t i v e  spill-combat ac t ion is the  ac t ion t h a t  can be taken near t h e  
source, before emulsif ication (within say, 1 mile d is tance)  t containment, recovery 
o r  d ispersa l .  

Experience during Ekofisk-Bravo (1977) and Ixtoc  1 (1979) blow-outs has  shown 
t h a t  e f fec t ive  operation of general  mechanical ( b o o i ~ / s k i n ~ e r )  combat ar rdgements  on 
the  high seas  is v i r t u a l l y  r e s t r i c t e d  t o  sea ' s t a t e s  up t o  2 ( s ign i f i can t  wave height 
4.5 f e e t ) .  There a r e  indicat ions  t h a t  wave-compliant devices l i k e  weir-booms, and 
self-contained wits l i k e  ZRV ropetype and SOCK s k i m s r s  may be operable through sea  
s t a t e  5 ,  but f u r t h e r  t e s t s  have t o  confihn t h i s .  (See a l s o  Ref. 2) 

Aerial  spraying of d isparsant  seems the most promising way of appl ica t ion of 
d i spe r san t s  t o  the  crude. I t  was used during Ixtoc  1 and Betelgeuse clean-ups, and 
i t  is under t e s t  i n  the USA, France and the  UK. 

Tests  a r e  a l s o  being c a r r i e d  out  t o  e s t a b l i s h  the  a f f e c t i v & h a  o f  ' the  
chemicals i n  d ispers ing the  o i l .  

A new t o o l  f o r  quantifying the  est imated po l lu t ion  r i s k  f o r  sp&ifi%ij sea' add 
coas ta l  areas ,  SLIKFORCAST, has been provided by t h e  E & P FORM. 'Taking'ith 
account t h e  above fac to r s ,  i t  computes f o r  any l o c a l  scene the  r i s k  of pol lu t ion,  - e 

t h e  expected volumes and a r r i v a l  times. 

This quan t i f i ca t ion  w i l l  provide d a t a  e s s e n t i a l  . f o r  a r r i v i n g  at'  an  ado^J&te 
p r i o r i t y  s e t t i n g  f o r  p ro tec t ive  action.  

De ta i l s  a r e  given i n  Ref. 3. 
I 

Â¥ 



Table 1 lists t h e  va r ious  p o t e n t i a l  app l i ca t i ons .  F igure  I1 shows t h e  
o rgan iza t ion  o f  t h e  programme. F igure  I11 i l l u s t r a t e s  t h e  es t imated  p o l l u t i o n  r i s k  
f o r  North Sea c o a s t a l  a r e a s  from a s imulated Ekofisk blow-out. F igure  IV is an 
example of an ouput o f  s l i c k  volume and a r r i v a l  t ime exoected f o r  t h e  Tunisian 
c o a s t ,  from a s imulated blow-out i n  Tunisian waters .  

Table 1 SLIKFORCAST 

Multi-purpose s l i c k  f o r e c a s t i n g  t o o l  

For: 
Di rec t ing  near-source s p i l l  clean-up a c t i o n  
Quant i fy ing  shore-pol lu t  ion r i s k s  
Est imating p o l l u t i o n  clean-up c o s t s  
Est imating t h e  hydrocarbon load on t h e  water column 
Evaluat ing insurance premiums 
Systematic  development of  continqency p l ans  e t c .  

GOVERNMENT'S ROLE IN OILSPILL CONTINGENCY PLANNING 

It  is government's r e s p o n s i b i l i t y  t o  p r o t e c t  s o c i e t y ' s  resources .  I t  has  
t h e r e f o r e  t h e  r i g h t ,  bu t  a l s o  t h e  duty t o  dec ide  on t h e  combat-scenario i n  t h e  ca se  
of  an o i l  s p i l l .  In t h e  advocated'approach t h e s e  dec i s ions  should come about a f t e r  
advance c o n s u l t a t i o n s  with i ndus t ry  and pub l i c ,  hopefu l ly  wel l  i n  advance o f  a  
mishap. 

Pol icy  dec i s ions  have t o  be made on t h e  b a s i c  approach and means i n  
spi l l -combat;  i s s u e s  l i k e  t h e  s e l e c t i v e  use of  d i s o e r s a n t s  o r  ' l eave- i t -a lone '  
should be s e t t l e d  beforehand, t h e  r o l e  which community o r  i n d u s t r y ' s  r e sou rces  w i l l  
p lay must be s p e c i f i e d ,  a s  well  a s  t h e  procedure t o  s e t t l e  c la ims ,  f o r  ins tance .  

Advance ' b a s e l i n e '  s t u d i e s  should provide adquate eco log ica l ,  economic, 
amenity, e t c .  in format ion ,  on which t h e  Government can base its v u l n e r a b i l i t y  
ranking of s e a  and c o a s t a l  a r ea s .  This w i l l  l ead  t o  t h e  n a t i o n a l  p r o t e c t i o n  
p r i o r i t i e s .  

Decisions should be made on t h e  t a i l o r e d  spi l l -combat  a c t i o n s  t o  be taken f o r  
va r ious  p o t e n t i a l  blow-out source  l o c a t i o n s  and vulnerable  c o a s t a l  a r ea s .  I t  is t h e  
Government's r o l e  t o  r e a l i s t i c a l l y  balance i n  its d e c i s i o n s  t h e  expected damage 
(economic, eco log ica l ,  a e s t h e t i c )  and t h e  c o s t s  (money, energy,  r e sou rces )  of 
p r o t e c t i v e  e f f o r t .  S e l e c t i v e l y ,  t h e  ' l eave- i t -a lone '  op t ion  may sometimes o f f e r  t h e  
b e s t  chances f o r  reasonable  r e s t o r a t i o n  of  t h e  l o c a l  ecosystem ( f o r  i n s t ance  i n  h igh  
wave-energy c o a s t a l  reg ions) .  

Provis ions  have t o  be made f o r  ready acces s  t o  a c t i v e  and back-up resources ,  
f o r  i n s t a n t  mob i l i za t i on ,  and f o r  smooth t r a n s f e r  o f  personnel  and equipment, a l s o  
a c r o s s  n a t i o n a l  f r o n t i e r s .  

A wel l - t e s t ed ,  mi l i t a ry - type  o rgan iza t ion  is v i t a l  f o r  e f f e c t i v e  emergency 
ac t ion .  I t  r e q u i r e s ,  f o r  i n s t ance ,  a  s t r o n g  n a t i o n a l  so i l l - r eponse  group, an  
unambiguous cha in  of  command, a  wel l - tes ted  communications network, smoothly 
ope ra t ing  l o g i s t i c s ,  experienced personnel ,  well-maintained and o p e r a t i v e  equipment, 



ORGANISATION OF THE 'SLIKFORCAST' PROGRAM 
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and an e f f e c t i v e  d isposal  system (see  a l s o  Ref. 4). 

Exist ing industry response capab i l i ty  ( s t a f f ,  equipment) can p a r t i c i p a t e  i n  
t h i s  scenar io  i n  a supportive capacity.  Its e x i s t i n g  co-operative networks and 
generally ava i l ab le  back-up exper t i se  could be considered t o  advantage. 

Ample consideration should be given t o  spec ia l  oppor tuni t ies  f o r  more 
unconventional approaches f o r  d isposal  of recovered sludge; apar t  from newly 
ava i l ab le  mousse-breaking chemicals, i n  many loca t ions  l a n d f i l l i n g ,  landfarming, o r  
incinera t ion may be v iab le  options. 

INTERNATIONAL SPILL-COMBAT CO-OPERATION 

A major o i l  s p i l l  w i l l ,  f i r s t  and foremost, remain a nat ional  a f f a i r .  

Many regional  pol lu t ion conventions (1969 Bonn Agreement, 1974 B a l t i c  
Convention) and Regional Seas Programmes (1976 Barcelona Convention, 1979 Kuwait 
Action Plan) c a l l  fo r  some form of co-operation i n  t h e  combat of a massive s p i l l  
which th rea tens  th3  waters of more than one nation.  

Experience ind ica tes  t h a t  probably an on-tha-scens in tegra t ion  of nat ional  
spi l l - response  groups, undar the  d i r e c t i o n  of tha  s t r i cken  country, o f f e r s  t%o bes t  
opara t ive  framework. 

I t  is obvious t h a t  such (emergency) co-operation demands an in tens ive  
preparation. huthori ty,  conunand s t r u c t u r e ,  communications (language!), a v a i l a b i l i t y  
and compatibil i ty of equipment, adjustment of t o t a l  combat-approach, e t c . ,  a l l  have 
t o  be arranged and t e s ted  i n  j o i n t  axercises.  Post-mortar evaluat ions  should 
provide the  improvements where necaasary. 

In such preparations,  the experience of dx i s t inq  industry co-operatives i n  t h e  
same region ( l i k e  GAOCMAO i n  the  Kuwait Action Plan Region) can be used t o  
advantage. Exist ing industry responsa capab i l i ty  can p a r t i c i p a t e  i n  a j o i n t  ac t ion 
scenario.  

SPILL PREVENTION 

S p i l l  prevention is the  most e f f e c t i v e  pollution-combat scenario.  

The indust ry ' s  bes t  safeguards agains t  po l lu t ion  accidents  are:  well-proven 
standards and procedures, competent opera t ing p rac t i ce ,  s t r ingen t  t r a i n i n g  and 
c e r t i f i c a t i o n  requirements, modern technology and R 4 D, and regular  aud i t s .  

The ul t imate  measure i n  accident prevention, however, is the  competent human 
performance. 
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ABSTRACT 

The paper i s  a comparison o f  severa l  repo r t s  r e l a t i n g  t o  the  clean-up operat ions 
which took pace i n  Bahrain a f t e r  a major p o l l u t i o n  o f  t h e  beaches by  o i l  ( t h e  
o r i g i n a l  source o f  which was n o t  known). Task fo rce  operat ions envolv ing up t o  800 
c i v i l i a n s  and defence force  personnel a re  described under the  f o l l o w i n g  headings: 
Organization, l o c a l  resources, government d i r e c t i v e s ,  surve i l lance,  l i a i s o n  w i t h  
o ther  governments, o i l  containment and c o l l e c t i o n ,  despersant app l ica t ions ,  
r e h a b i l i t a t i o n  o f  beaches, r e h a b i l i t a t i o n  o f  sea bed and ana lys is  o f  s p i l l  samples. 



INTRODUCTION 

On 25 4uqust 1930, l a r g e  q u a n t i t i a s  a f  c rude  o i l  from an u n i d e n t i f i e d  source 
began impacting t h e  no r th  and west c o a s t s  of  Bahrain. Reoorts  from fishermen and 
c o a s t a l  zone r e s i d e n t s  a l e r t e d  t h e  a u t h o r i t i e s .  411 o i l - cd r ry inq  p i p e l i n e s  and 
v e s s e l s  i n  Bahra in ' s  t e r r i t o r i a l  waters  were immediately checlod f o r  t h e  source of 
t h e  s p i l l  Ã § i t  n sqa t ive  r e s u l t s .  However, i t  was a s c s r t a i n d  t h a t  t h e  o i l  h id  come 
from d n o r t h - m s t e r l y  d i r e c t i o n  o u t s i d e  l a h r a i n  watars .  Samples taken from t h e  
s p i l l  showed t h a t  its c h a r a c t e r i s t i c s  were s i m i l a r  t o  t h a t  of Arabian l i g h t  crude. 

On t h e  morning of Tuesday, 26 August, t h e  Bahrain Patrolwin Conpiny (QAPCO) 
r e p r e s e n t a t i v e s  met wi th  government o f f i c i a l s  t o  d i s c u s s  what a c t i o n  should be 
taken. However, a s  t h e  magnitude of  t h e  s p i l l  becams apparent  (subsequently 
es t imated  a t  approximately 20,900 b b l s ) ,  H.E. Tha Prime Minis te r  requested t i e  
es tab l i shment  of  a  M i n i s t e r i a l  Sub-Committee t o  handle t h e  clean-up ope ra t ions  under 
t h e  Chairmanship of H.E. The Minis te r  of Health. The Minis te r  reques ted  B'IPCO t o  
undertake t h e  co-ordinat ion of o i l  s p i l l  clean-up a c t i v i t i e s  on behalf  of t h e  
Government, t o  f inance  a l l  expendi tures  involved i n  t h e  clean-up ope ra t ions  a s  
necessary,  arid maintain a record  of t h e  t o t a l  cos t  of t h e  c lean- l~p  ope ra t ion  
inc luding  a l l  expenses incur red  by government agencies .  3APCO immediately agreed t o  
t h i s  r eques t  and an o rgan iza t ion  '&as e s t a b l i s h e d  under t h e  chairmanship of BAPCO's 
Environmental Engineer,  who i n  t u rn ,  r epo r t ed  t o  BAPCO's General Manager. 

The orqanizdt ion  e s t a b l i s h e d  d a i l y  l i a i s o n  meetings with a l l  qovernmmt 
agenc i e s  involved i n  clean-up ope ra t ions  i . e .  t h e  M i n i s t r i e s  o f  Heal th,  Commerce and 
Agr i cu l tu re ,  Defence, I n t e r i o r ,  Development and Indus t ry  , Information,  Works Power 
and Water, and t h e  Cen t r a l  Mun ic ipa l i t i e s  Council.  

ORGANIZATION 

A Technical Sub-committee under t h e  Chairmanship of B4PCOts Environmental 
Engineer was e s t a b l i s h e d ,  a  Task Forcs  l eade r  appointed,  and an o rgan iza t ion  formed 
with t h e  superv isory  and admin i s t r a t i ve  p o s i t i o n s  f i l l e d  by t h e  immediate secondment 
of  36 experienced personnel  from wi th in  t h e  B4PCO organiza t ion .  The b a s i c  system o f  
c o n t r o l  used was t h a t  of  a  m i l i t a r y  ope ra t ion  with t h e  a f f e c t e d  c o a s t l i n e  being 
d iv ided  i n t o  n ine  s e c t o r s ,  each s e c t o r  being c o n t r o l l e d  by a  superv isor  and t h r e e  of 
t h e s e  s a c t o r s  r epo r t i ng  t o  an Area supe rv i so r  who i n  t u r n  repor ted  d i r e c t l y  t o  t he  
Oil-on-Land Co-ordinator. Marine, Administrat ion,  Publ ic  Rela t ions ,  Procurement, 
L o g i s t i c s  and Transport  Co-ordinators were appointad and suppl ied  with b r i e f s  and 
terms of re ference .  

BAPCO a l l o c a t e d  s e v e r a l  o f f i c e s ,  complete with a d d i t i o n a l  te lephones  and r ad io  
communications i n  o rde r  t h a t  an O i l  S p i l l  Control  Csnt re  could be s e t  up and manned 
throughout t h e  opera t ion .  The four  personnel  manning t h e  Control  on a r o t a t i o n a l  
b a s i s ,  conducted s u r v e i l l a n c e  f l i g h t s  and a t tended  Pol icy  Br i e f ings  t o  ensure  t h a t  
they were f u l l y  conversant  with t h e  d a i l y  s i t u a t i o n .  . 

To c a r r y  out  proper  d i sposa l  of contaminated f lo t sam,  an o l d  d isused  quarry was 
checked f o r  impermeabil i ty ,  and des igna ted  a s  a  dumping and i n c i n e r a t i o n  a r ea ,  i ts  
hard rock s t r a t a  a c t i n g  a s  a  p r o t e c t i o n  t o  t h e  c r i t i c a l  water t a b l e  i n  Bahrain. 
Small q u a n t i t i e s  of  kerosene were used t o  s t i m u l a t e  i nc ine ra t i on .  

I n  order  t h a t  t h e  seconded personnel  should r ece ive  adequate advice on t a c t i c s ,  
o n o ~ i o l i m r l  omiinmant and anvirnnmanta1/nncial imnact- t h e  s e r v i c e s  of numerous 



off-island s p e c i a l i s t s  were obtained from: 

( a) Equipment manufacturers 
(b)  Shareholder O i l  Company Research Establishments 
( c )  Warren Spring Laboratory (UK Govornmnt) 
(d l  IMO/FAO United Nations Mission 
( e l  Oriel ton Fie ld  Centre, UK 

LOCAL RESOURCES 

The various Government Min i s t r i e s  were approached and asked t o  *it 
immediately lists of whatever manpower and equipment they could supply t o  the  
clean-up p ro jec t  ( see  t ab le ) .  This r e su l t ed  i n  the following deployment: 

( a )  Bahrain Defence Force - lV! men with t rucks ,  3 landing 
(BDF c r a f t ,  (he l i cop te r s  made avai lable) .  

(b)  Bahrain S t a t e  Pol ice  - 130 men with t rucks  
(BSF) (he l i cop te r s  made avai lable) .  

( c )  Central Municipality - 173 men with t rucks ,  vacuum tankers,  
front-end loaders  and bulldozers 

On f u l l  u t i l i z a t i o n  of these resources,  var ious  on-island con t rac to r s  were 
asked to  submit competitive r a t e s  f o r  ava i l ab le  manpower and equipment. Those with 
acceptable r a t e s  were than deployed t o  complete the  to t31  Task Force of 
approximately 800 men, during maximum clean-up e f f o r t  (see  diagram). 

GOVERMMEMT DIRECTIVES 

The Minis ter ia l  Committee out l ined gwernment policy f o r  remedial ac t ion  i n  
order of p r i o r i t y  f o r  implementation by the  Task Force: 

P r i o r i t i e s :  

(1 )  Fourteen f i sh ing  v i l l a g e s  (harbours, access ways and f i s h  t r a p s )  
(2)  Publ ic  recreat ional  beaches 
( 3 )  Pr iva te  a reas  from which ooss ible  recontamination could occur 

Directives: 

Dispersant would not be used near c o r a l  r e e f s  o r  f i sh ing  
t r apdbreed ing  areas. 
The area south of A 1  J a z a i r  beach would be considered of high 
ecological  value and no onshore ac t ion would be taken i n  t h i s  
sector .  
Incinera t ion of waste would be conducted on a small s c a l e  t o  
prevent atmospheric pollution.  
M l  personnel should be kept cognizant of environmental f a c t o r s  
a t  a l l  s t ages  of the  operation. 



SURVEILLANCE 

Coinprehsnsive a e r i a l  survei l lance  on a d a i l y  b a s i s  using the  following types of 
he l i cop te r s  from t h e  Bahrain Defence Force and Bahrain S t a t e  Pol ice  was s e t  up: 

(1 )  B.D.F. - Bel l  Augusta 212 (with emergency f l o a t s )  
Max. speed 115 !mots, 4.1 h r  endurance 

( 2 )  B.D.F. - MQ9 Â£30-10 (with emergency f l o a t s )  
Max. speed 131 knots, 2.6 h r  endurance 

( 3 )  B.S.P. - Hughes 500 
Max. apead 143 knots,  2.1 h r  endurance 

( 4 )  B.S.P. - Bel l  205 
Max. speed 115 knots,  5.1 h r  endurance 

( 5 )  B.S.P. - Sikorsky S p i r i t  
Max. speed 151 knots,  3.8 h r  endurance 

The most s u i t a b l e  hel icopter  was found t o  be M33 30-105 which was f i t t e d  w i t h  
d i r e c t i o n  monitoring equipment ( d i g i t a l ) .  Small c h a r t s  were made up and f l i g h t s  
logged and f i l e d  dai ly .  The Hughes 500 was adequate f o r  inshore survei l lance  and 
spray boat d i rec t ion .  An i n t e r e s t i n g  point  was t h e  de tec t ion  of l a r g e  o i l  s l i c k s  
f ran  a d is tance  by radar. This was only e f f e c t i v e  when seas  of one t o  two f e e t  
prevailed,  t h e  radar picking out  t h e  oil-calmed sec t ion  with l i t t l e  wave act ion.  

The information obtained from a e r i a l  su rve i l l ance  was used t o  t rack the  route  
of t h e  spill and <*as relayed back t o  t h e  Central  Control Unit f o r  d isplay on 
glass-covered maps and c h a r t s  f o r  c o r r e l a t i o n  with meteorological data  i n  order t h a t  
t h e  project ion of t h e  o i l  movement and subsequent deployment and contingency plans  
f o r  s p i l l  conta inrent  and removal could be made e f fec t ive ly .  

Information from a e r i a l  su rve i l l ance  by t h e  o i l  companies i n  Saudi Arabia and 
q a t a r  was a l s o  received and used t o  form an o v e r a l l  s i t u a t i o n  plan. 

LIAISON WITH OTHER GOVERNMENTS 

Saudi Arabia 

Two repreaenta t ivas  f r o a  the  Universi ty of P e t r o l e m  and Minerals, Dhahran, b 

v i s i t e d  the-operations during the second week of the  s p i l l  t o  d iscuss  s p i l l  
movenent pr c t i o n  and ob ta in  samples of  t h e  o i l .  

Kuwait - 
A t echn ica l  delegat ion of  f i v e  Kuwait Goverirent o f f i c i a l s  inv i t ed  by the  

Bahrain Government attended severa l  of the  Technical Committee meetings and 
inspected the beach operation t o  assess t$e scope and impact of the  s p i l l .  The 
delegat ion took sauples  of t h e  o i l  spill and suspect  pol lu ted  f i s h  f o r  fu r the r  
ana lys i s  i n  Kuwait. 



Qata r  

The Government of  Qatar indicated concern t h a t  o i l  from t h i s  s p i l l  might reach 
t h e i r  shores and disoatched th ree  representa t ives  from the  Qa ta r  General Petroleum 
Corporation (Onshore) t o  observe t h e  task  fo rce  organization,  clean-up methods, and 
ecological  effects.- 

OIL CONTAINMENT AND COLLECTION 

The o i l  accumulated i n  l a r g e  q u a n t i t i e s  along t h e  northern edges of j e t t i e s  and 
breakwaters. Up t o  12 vacuum tankers  (2,501 g a l  capacity l i f t i n g  150 ga l  per %in)  
were used t o  c o l l e c t  the  o i l  which was i n  tu rn  s to red  i n  r ese rvo i r s  (redundant 
av ia t ion  Fuel tankers) .  In order t h a t  these  tankers should be used e f fec t ive ly ,  
inshore booms were deployed t o  contain o r  d e f l e c t  t h e  o i l .  The eff ic iency of the  
vacuum tanker suct ions  was improved by the  l o c a l  f ab r ica t ion  and f i t t i n g  of "Manta 
Ray" type suct ion nozzles. Several types of skimmers and f l o a t i n g  suct ion heads 
were mobilized but they generally proved i n e f f e c t i v e  due t o  the  shallow depth of 
water along t h e  coas ta l  area  af fected.  

Where the  o i l  had emulsified o r  co l l ec ted  d e t r i t u s ,  i t  proved t o  be too  th ick  
f o r  the  vacuum t rucks,  and drum-loading, air-powered vacuum c leaners  were used very 
e f fec t ive ly  instead.  

In addi t ion t o  equipment purchased d i r e c t l y  by 9APCO on behalf of the  Bahrain 
Government, a skimmer, lengths  of  boom and o the r  i tems of  recovery equipment were 
loaned by ARAMCO under the  terms of the  Gulf Area O i l  Companies Mutual Aid 
Organization (GAOCMAO) agreement. 

DISPERSANT APPLICATIONS 

For the  s h o r t  period (e igh t  days) during which f r e e  o i l  f loa ted  i n  deep water, 
a e r i a l  and sea-borne spraying equipment was deployed. The whole a e r i a l  
dispersant-sprayin9 operation by hel icopter  was provided by ARAMCO under the  terms 
of the  GAOCMAO agreement between o i l  companies operating i n  the  Region f o r  
co-ordinated response t o  pol lu t ion incidents .  

( i )  For seaborne appl ica t ion,  low tox ic i ty ,  wator-based dispersant  
concentrate,  type O.S.D. 9517, was applied i n  d i l u t e d  form from 
spray equipment recommended by Warren Spring, and proved very 
e f fec t ive .  

Application by f i r e  pump foam eductors was a l s o  t r i e d  f o r  a 
s h o r t  period during dead calm weathar condi t ions  with t h e  
resu l t an t  a g i t a t i o n  working well t o  d isperse  t h e  th icker  o i l  
s l i c k s .  

( i i )  For a e r i a l  appl ica t ion a 300 ga l  capacity Simplex Spray Bucket 
( f i l l e d  with 200 g a l  neat  0.5.9. 9517 concentrate)  was suspended 
from a Bell  212 hel icopter  and sprayed a t  7 5  g a l  min from a 
bucket e levat ion of 50 f t  above the  o i l .  The ac tua l  posi t ioning 
was directed from a Bel l  206 Spot ter  Helicopter f l y i n g  500 f t  
higher. 



These a p p l i c a t i o n s  were e f f e c t i v e  h e n  t h e  o i l  appeared a s  sheen o r  t h i n  brown 
s t r e a k s ;  however, as  t h e  weathering of t h e  o i l  took p l ace ,  d i s p e r s a n t s  became 
i n e f f a c t i v e  probably due t o  t he  unusual ly calm weather cond i t i ons  and subsequent 
l a c k  of a g i t a t i o n .  

In  order  t h a t  t h e  o i l  s l i c k  could be d i spe r sed  i n t o  t h e  water column and 
consumed by sea-borne b a c t e r i a ,  va r ious  smal l  c r a f t  were used t o  break up t 5 e  o i l  by 
p r o p e l l e r  ac t i on .  This  proved most e f f e c t i v e ,  probably a l s o  due t o  t h e  a c t i o n  of 
t h e  e x i s t i n g  d i spe r san t  a l ready  on t h e  o i l .  

Some spraying  was c a r r i e d  out  i n  shal low water  where d i spe r s ion  would not  
r e a d i l y  occur; however, t h e  r a t i o n a l e  f o r  t h i s  a c t i o n  was t o  "pre- t rea t"  t h e  
va r ious  s l i c k s  before  they d r i f t e d  back i n t o  deeper d a t e r ,  a l lowing e f f e c t i v e  
d i s p e r s i o n  when t h i s  occurred.  

No evidence of  t o x i c  e f f e c t s  on marine l i f e  due t o  d i s p e r s a n t  spraying  was 
noted. 

An i n t e r e s t i n g  and unusual phenomenon was noted i n  r e spec t  of t h e  behaviour of 
t h e  o i l  s l i c k  a s  weathering progressed,  inasmuch a s  t h e  o i l  would submerge m d  
t r a v e l  below t h e  water  s u r f a c e  c a r r i e d  by c u r r e n t s ,  and then reappear  on t h e  s u r f a c e  
without  warning. This  was presumed t o  be due e i t h e r  t o  thermal c l i n e s  i . e .  
temperature d i f f e r e n c e s  i n  va r ious  water s t r a t a  which changed the  r e l a t i v e  dens i ty  
o f  t h e  sea-water,  o r  s a l i n e  c l i n e s  i . e .  changes i n  s a l i n i t y  con ten t  of  t h e  s e a - ~ a t e r  
which aga in  a f f e c t e d  i ts  r e l a t i v e  dens i ty .  

t 

REHABILITATION OF BEACHES 

To f a c i l i t a t e  beach c leaning  ope ra t ions  and prevent  cont inuing  recontarninstion, 
90 p e r  c s n t  o f  t h e  workforce were deployed us ing  rakes ,  shove l s ,  wheelbarrows dnd 
p l a s t i c  bags t o  remove many y e a r s  of t r a s h  accumulation which was now heavi ly  
contaminated with o i l .  The opera t ion  took two weeks and a t  t h i s  s t a g e  i t  was 
thought t h a t  t h e  use of mechanical equipment i n  beach a r e a s  would only d r i v e  t h e  o i l  
deeper  i n t o  permeable su r f aces .  However, a s  t h e  r e s u l t s  o f  beach washing, bund 
entrapment, a i r  j e t t i n g  and manual n e t t i n g  a t tempts  were analysed,  t h s  dec i s ion  was 
taken  by t h e  Technical Sub-committee t o  employ mechanical means t o  speed up t h e  now 
s e r i o u s  t h r e a t  of recontamination. 

Fo r ty  mi l e s  o f  Bahra in ' s  c o a s t a l  zones were contaminated with o i l  i n  va r ious  
s t a g e s  of emul s i f i ca t i on .  The geo log ica l  c h a r a c t e r i s t i c s  v a r i s d  q r e a t l y ,  i.3. 

porous s e a  rock,  mud/salt  f l a t s ,  reed  beds, c o r a l  r e e f s ,  sandy beaches, and n a t u r a l  
rock used a s  armour ( r i p  r ap ) .  

a )  The porous rock presanted  an a 3  ye t  unresolved problem. Attempts a t  
hydro-Jet t ing,  de t e rgen t  washing, steam washing and sand b l a s t i n g  were 
only  p a r t i a l l y  e f f e c t i v e ,  and 95 pe r  cen t  of  t h e s e  s e c t i o n s  were l e f t  f o r  
b a c t e r i a l  bio-degrat ion,  which, i t  is es t imated ,  w i l l  occur  over  t h e  next  
year  a s  t h e s e  rocks were i n  h ighly  oxygenated sp l a sh  zones. 

b)  Mud/Salt f l a t s :  where t hese  presented  a  recontaminat ion o r  f i s h i n g  access  
problem, front-end l o a d e r s  with l a r g e  f o o t p r i n t  sand t y r e s  were d r iven  i n  
up t o  3 f t  o f  water and manoeuvred i n  such a manner a s  t o  produce a  
shaving e f f e c t ,  removing t h e  o i l  t o  nearby t rucks .  



Zeed bads: In order  t o  p r o t e c t  t h e  ecosystem, t h e s e  a r e a s  were l e f t  f o r  
n a t u r a l  bio-degradat ion,  t h e  recont-imination being accepted. I t  is 
as t imated  t h a t  a 3-month per iod  would be requi rzd  f o r  t h e  f u l l  
r e h a b i l i t a t i o n  of  t he se  s e c t i o n s .  

Coral  r ee f s :  A g r e a t  dea l  of  concern w,33  expressed dur ing  d i scus s ions  on 
these  s e c t i o n s  a s  it is known t h q t  c e r t a i n  t ypes  of  o i l  can t e n p o r a r i l y  
r e t a r d  c o r a l  q r o ~ t ' i  whil?  a t  t'ie same time s t i m u l a t i n g  ad jacent  a lgae  
a c t i v i t y  t o  t he  da t r imant  of t h e  l i v e  c o r a l .  Howaver, i n  t h e  t h i r d  week 
of t a sk  f o r c e  ope ra t ions ,  t h r ea  days of  stormy dea ther  providsd n a t u r e ' s  
answer by washing c l e a r  a l l  o i l  from t h e  contaminated c o r a l .  

Sandy baaches: The Committes reviewed i n  g r e a t  d e t a i l  t h e s s  a r e a s  and 
de l inea t ed  eco log ica l  and r e c r e a t i o n a l  reg ions  which were i n  t u r n  s t u d i e d  
and approved by t h e  Bahrain Government. 4oproxivately e i g h t  mi l e s  of 
beach were s e l e c t e d  f o r  zompletz removal of contaminated sand t o  t h e  
i n c i n e r a t i o n  o r  road works a r s a s  in land .  The e c o l o q i s t s  tlian i n v e s t i g a t s d  
t h e  var ious  sou rces  a f  replacement sand within 33!irain, s e l e c t i n g  
compatible  m a t e r i s l  from t h e  south-western reg ion  of Bahrain. 

The subssqusnt  replacement oper3 t ion  proved t o  be t h e  most time-consuming and 
complex e x e r c i s e  of t h e  p ro j ec t :  v i z .  

( i )  E f f i c i e n t  c o n t r o l  over 500 t rucking  movsments per  day conducted 
by over  150 veh ic l e s  and 27  front-and loade r s  from 
var ious  c o n t r a c t o r s .  

( i i )  Permission t o  ope ra t e  i n  r e s t r i c t e d  and p r i v a t e  s e c t o r s  of 
t h e  i s l and .  

( i i i )  Cons t ruc t ion  of temporary roads  t o  reach t h e  s e l e c t e d  replacement 
ma te r i a l .  

( i v )  Recovery of bogged down and s t randed  veh ic l e s .  

M l  problems encountered ^ere  eventua l ly  reso lved ,  and t h e  r e c r e a t i o n a l  beaches 
involved dere  ra turned  t o  f i r s t - c l a s s  cond i t i on  by t'ie end of  S e p t ~ n b e r .  

f )  Natura l  rock used a s  armour (p reva l en t  along t h e  nor thern  c o a 3 t l i n e s  t o  
Manama) was l e f t  t o  n a t u r a l  wind and t i d e  a c t i o n  by t h e  p r e v a i l i n g  nor th  
winds and a f t e r  two months o i l  p o l l u t i o n  had l a r g e l y  disappeared.  
Howevar, on t h e  leeward s i d e  ( sou th  f ac ing )  of breakwaters  and sea  w a l l s  
on t h e  western c o a s t  of  Bahrain, i t  was found necessary t o  remove and 
c l ean  o r  r ep l ace  oi l -covered armour rock i n  order  t o  prevent 
recontaminat ion of c r i t i c a l  r e s i d e n t i a l  and r e c r e a t i o n a l  a r ea s .  

REHABILITATION OF X4 BED 

Where emul s i f i ca t i on  and "mousse" e f f e c t  occurred ,  t h e  o i l  sank t i  t h 3  s-ia bed 
i n  shallow a r e a s  and tended t o  r o l l  a long t h e  sand and manifest  i t s a l f  upon 
previous ly  c l ea red  a r eas .  The fol lowing methods were used t o  c o l l e c t  those  
submerged substances:  

a )  Wire mesh n e t s  were cons t ruc ted  and used a s  dredges,  skimmed over t h e  sand 
manually, t o  c o l l e c t  emulsions f o r  dumping i n  f loa t - suppor tsd  b a r r e l s .  



This method was only pa r t i a l l y  e f fad thfe  and abandoned a f t e r  two days. 

Chick-m wire (anal l  am 8 & ~ )  &n 30 f t  ~ c t i o n a  with wooden supports was 
dragged ~ a n u a l l y  through tho mulaion8 on t o  the t i d a l  area for  subsequent 
r m v a l  by mechanical meam. This mothod was used extensively i n  the 
recreational beach areas. 

A 20 f t  .-long rake oonatructed from 6 x 6 i n  steel angle with 4 in.- long 
t w t h  and ooÃ§pressa air nozzles was fabricated and pulled behind a 
front-end loader i n  depths of up t o  2 f t  - the loader carrying an a i r  
oo~presmor Lo its Â¥hove to supply air t o  the rake a t  100 psiq, the theory 
being that  the emulaion trapped i n  the sand would be exposed by the rake, 
separated fro- the sand by the  a i r  J e t s ,  and f l oa t  t o  the surface. This 

, cetliod was affeot ive i n  d areas,  but suffered danage from rocks and 
Ã b̂orÃ 0̂ where Â¥ncomterad The o i l  r e l ~ s e d  was collected from the water 
surface by o i l  anarÃ§a 

In the reareattonal area Khara the beach ware being removed and 
replaced, a large 10 f t  w i d m  by 2 f t  daÃ§ trench was formed by mechanical 
mean8 a l a q  bha oowpleta f o r a s ~ e  i n  the t i d a l  area, i n  such 3 manner 
tha t  the entrappad eaulsions on the sea bed tended to  move in to  t h 3  trench 
with t i d a l  action, the t renchÃ being scoured continuously by a front-end 
loader. Before n igh t fa l l ,  the  shoreward s ides  of the trenches were l ined 
with absorbent matting and o i l  snares anchored by large stones,  and each 
morning thÃ‘ were found to be oovrad with amulsified o i l  washed in  by 
the tido. Them actions were continued un t i l  c lear ,  clean sand was 
obtained i n  the trenches and only then were the beaches replaced with 
only used where recreational p r ior i ty  superseded ecological requirements. 

Where heavy emulaiona were encountered i n  water of up t o  3 f t  i n  depth, 
vacuum l i f t i n g  equipment was found to  be extremely effect ive,  operated by 
divers  i n  a Mannar s i m i l a r  t o  a typical  &mast ic  vacuum cleaner, the 
emulsion being l i f t e d  in to  drums and hoppers onshore or  on barges. 

ANALYSES OF SPILL SAMPLES 

Effor t s  Mere made t o  determine the source of t h i s  s p i l l  by analyses i n  several 
laborator ies  i n  the USA and within the Region e.g. Kuwait and Saudi Arabia. None of 
these analyses gave any conclusive r e su l t s  however. In t h i s  context it should be 
noted tha t  posit ive iden t i f ica t ion  of o i l  s p i l l  sarplea is very d i f f i c u l t  without 
access t o  equivalent reference samples from possible s p i l l  sources. 

COST OF OPERATION 

The cost of t h i s  operation is expected t o  t o t a l  approximately 1.3 million 
dinars  comprising the following major components: 

Manpower 
Mechanical equipment 
Aerial surveillance 
Materials 
Miscellaneous 

T n t n l  n n a t a  ana heinn hnrna h v  the R a h r m i n  Cnuai*nmant. 



RE COMMENDAT IOWS/COMCLUS IONS 

The 3xcellent  co-ordinated response made t o  t h i s  s p i l l  must not  allow u s  t o  
assume t h a t  we a r e  well  prepared t o  dea l  with any q i n i l a r  incidents.  
Reco~~ienddt ions  f o r  improved capab i l i ty  t o  handle t h i s  type of emergency i n  f u t u r e  
can be snumeratad a s  follows: 

1. Routine competent a e r i a l  su rve i l l ance  f l i g h t s  of a l l  Bahrain t e r r i t o r i a l  
waters must be es tabl ished,  with observations from such f l i g h t s  routed t o  
an author i ty  capable of i n i t i a t i n g  the  necessary response action.  Such 
survei l lance  f l i g h t s  should be complemented by information gathered by 
Gulf A i r  and o the r  l o c a l  a i r l i n e s  i n  a s imi la r ly  co-ordinated manner. 

2. The preparation and implementation of a National O i l  S p i l l  Contingency 
Plan c l e a r l y  dssignating r e s p o n s i b i l i t i e s ,  and sources of equipment, 
manpower and mater ia ls ,  must be c a r r i e d  out  a s  matter  of highest  p r i o r i t y .  

B4PCO should be c losely  involved i n  t h e  formation of de ta i l ed  arrangements f o r  
t h i s  Plan. 

The plan should embody: 

( a )  Designated representa t ives  of Min i s t e r i a l  Departments who 
would be involved. These representa t ives  should, a s  an 
ongoing respons ib i l i ty ,  maintain an i n t e r e s t  i n  
environmental and po l lu t ion  con t ro l  matters;  

(b)  An ecological  map of t h e  Bahrain c o a s t l i n e  and offshore 
cora l  r e e f s  e t c . ,  designated a reas  requir ing spec ia l  
protection,  r e s t r i c t e d  a reas  f o r  d ispersant  usage, e t c ;  

( c )  A survey of cu r ren t s  and t i d a l  movements i n  Bahrain 
t e r r i t o r i a l / c o a s t a l  waters taking account of seasonal  
va r i a t ions  i n  these  data.  

3. Establishment of the  Marine Emergency Mutual Aid Centre (MEMAC), which is 
already a matter of considerable concern t o  the  Bahrain Government, should 
a l so  be expedited on a most urgent b a s i s  t o  enable Regional S t a t e s  t o  
respond t o  major o i l  pol lu t ion incidents  i n  a properly co-ordinated 
manner, a s  due t o  the  geography of the  region and c l ima t ic  condit ions,  any 
s p i l l  of a s i g n i f i c a n t  s i z e  w i l l  a f f e c t  more than one Sta te .  

4. Avai labi l i ty  of su i t ab le ,  r ead i ly  deployable, mechanical beach cleaning 
equipment should be inves t igated on an urgent b a s i s  ( s imi la r  t o  the  now 
discontinued Brighton beach c leaner ) ,  t o  speed up fu tu re  beach clean-up 
operations.  

5. Provision of  a e r i a l  d ispersant  spray bucketdpods  f o r  use by BDF/BSP 
he l i cop te r s ,  should be considered, t o  enable an immediate response 
operation t o  be c a r r i e d  out  agains t  a f u t u r e  approaching s p i l l  i n  deep 
ua te r  where s u i t a b l e  low t o x i c i t y  d i spe r san t s  can be e f fec t ive ly  engaged. 



6. Experience with the  organization es tabl ished t o  t ack le  t h i s  s p i l l  has 
demontrated the  q rea t  importance of appointing a s i n g l e  overa l l  
co-ordinator f o r  the  Response Task fo rce  with the  widest powers t o  
implement necessary ac t ion  following Government concurrence. The f a c t  
t h a t  t h i s  Co-ordinator had contact  with the  Bahrain Goverment a t  
Minis ter ia l  l eve l  was an e s s e n t i a l  f a c t o r  i n  maintaining an e f f e c t i v e  
clean-up operation.  

The i n i t i a l  prompt decision by the  Bahrain Government t o  appoint an overa l l  
co-ordinator under t h e i r  au thor i ty  was t h e  most important f a c t o r  contr ibut ing t o  an 
e f f e c t i v e  clean-up operation. 
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CUEWR I F  EVENTS 

199.1 

25 August 

25 august 

6 September 

7 September 

: O i l  s ight-=d on Bahrain north-west coas t  

: Bahrain Government appo in t s  a  H i n i s t e r i a l  
Sub-Committae who reques t  BAPCO t o  under ta io  
co-ord ina t ion  of o i l  s p i l l  clean-up a c t i v i t i e s .  

: O i l  now moving south  do,m Brihrain's west c o a s t  
pa s t  U r n  Ma'san. Vacuum t anka r s  deployed a t  
Budayyi J e t t y .  O i l  samples taken f o r  ana lys i s .  
4ar i i i l  w r v e i l l a n c e  confirms ax t en t  of s p i l l  
(23,000 b a r r e l s ) .  

: O i l  now impacting c o a s t l i n e  f r o 9  Muharraq Bridge 
an t i -c lockdise  around Bahrain t o  Z ~ l l a q  Beach. 
BDF landing c r a f t  deployed o f f sho rz  sprayinq  
d i spe r san t .  Aerial  sprayinq  by h e l i c o p t e r s  i n  
opera t ion .  Coastguard high speed launches 
deployed f o r  a g i t a t i o n  of s l i c k s .  

: Only small  s l i c k s  remain of fshore .  Spraying from 
h e l i c o p t e r s  now terminated.  Submerged o i l  
observed f o r  f i r s t  t ime. O i l  due t o  'water 
s a l i n i t y  and thermal d i f f e r e n c e s  ( thermal c l i n e s )  
appears  t o  be s ink ing  i n  deep water and 
re-appedrinq on t h e  s u r f a c e  s e v e r a l  hours l a t e r  
i n  shallo'<< water.  

: A l l  experiments and t e s t s  with reqard  t o  beach 
c l ean ing  nod completed and ana lysas  d i c t a t e  t h a t  
some r igo rous  a c t i o n  is now requi red  (deployment 
of mechanical equipment). N e w  s u p p l i e s  o f  o i l  
r e p e l l e n t  For beach use ,  booms and skimmers 
a r r i v e  a t  Za l laq  today. Large q u a n t i t i e s  of  
oi l -soaked ssaweed now being depos i tad  on 
beaches. Arrangements made f o r  o i l - a f f e c t e d  
b i r d s  t o  be de l ive red  t o  41-'\reen Wild L i f e  
Sanctuary. 

: O i l  s l i c k  is now impacting e n t i r e  no r th  and west 
c o a s t s  of  Bahrain. Large s l i c k  has been observed 
moving round Ras M 3 a r  one and a h a l f  mi l e s  
no r th  on t h e  e a s t e r n  coas t .  Barge f i t t e d  
ou t  with vacuum l i f t i n g  equipment and booms f o r  
o i l  c o l l e c t i o n  ope ra t ions  on s a s t  c o a s t .  50 
b a r r e l s  of o i l  r e p e l l e n t  d i s p e r s a n t  moving t o  Ras 
A 1  Jamal. 



8 September 

10 September 

16 September 

27 SÃ§ptembe 

4 October 

11 October 

Large quant i t ies  of absorbent materials and o i l  
snares delivered to  Zallaq. Further quant i t ies  
of boon arrived from ARAMCO, UK and USA. O i l  
s l i ck  on east  coast has now moved south of 
Bahrain. Barge operation standing by a t  Si t ra .  

Large quant i t ies  of oil-soaked s3a-grass still 
arriving on the  coast. F i r s t  reports  on 
ecological e f fec t  submitted. Additional nine 
supervisors arr iving from UK. Attempts a t  
s k i ~ i n g  o i l  in  shallow water now abandoned in  
favour of vacuum trucks and other vacuun l i f t i n g  
devices. Additional 5,001 o i l  snares ordered. 
Large quant i t ies  of dead cormorants now being 
observed in  coastal  areas. Removal of 
contarinated sand i n  recreational areas by 
mechanical means now i n  progress. 

Laying of new sand i n  recreational areas begins. 
Fishermen's access areas now back i n  operation. 
Oiled sea-grssi  continues t o  come ashore. 

Clouds of o i l y  grey water now apparent i n  a l l  
shallow areas  (bloom af fec t ) .  Oiled sea-grass 
still coning ashore. 

Underwater ploughing device deployed a t  
Al-3azair. Attempts a t  net t ing oi led sea-grass 
offshore i n  hand. A l l  t races  of o i l  and sheen 
have now disappeared offshore. 

Rough water, the  f i r s t  f o r  four weeks, now 
forecast. 

Four days of heavy weather ass is ted i n  removing 
contanination from coral reefs  and rock on 
northern shores. However, fur ther  large 
quant i t i es  of oi led sea-grass now being 
encountered. A l l  recreational beaches returned 
t o  (i inicipality fo r  continuing clean-up on 
Jan i tor ia l  basis. Sub-surface sediments observed 
over a 15 sq.mile area north-test of Bahrain qnd 
assumed t o  be o i l  s p i l l  residue. Samples taken 
subae i~~en t ly  confirmed th i s .  New r e w r t s  and 
nÃ‘our of a fur ther  impending o i l  s p i l l  from an 
offshore oil-well blow-out were confirmed t h i s  
morning by a telephone c a l l  t o  AR.WCO. 

Beach cleaning, and rehabi l i ta t ion,  using now 
established methods, w i l l  proceed unt i l  
mid-SovoBber. 
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OIL SLICK MOVEMENTS IN THE KUWAIT ACTION PLAN REGION 

by 
W. 3. Lehr and H. M. Cekirge 

U n i v e r s i t y  o f  Petroleum & Minerals, 
Dhahran, Saudi Arabia 

ABSTRACT 

Using seasonal average surface cur rents  and wind vectors, a computer s imula t ion  o f  
p ro jec ted  o i l  s l i c k  d r i f t  t r a j e c t o r i e s  and impact l o c a t i o n s  i n  the  Kuwait Act ion 
P lan (KAP) Region i s  constructed. Based on 72 s imulated o i l  s p i l l  locat ions ,  h i g h  
p o l l u t i o n  r i s k  coas t l i nes  are  i d e n t i f i e d .  



A s  t h e  world c e n t r e  of  t h e  o i l  i ndus t ry ,  t h e  KAP Region f a c e s  a  high p o t e n t i a l  
danger from o i l  po l lu t i on .  One f a c t o r  i n  t h e  l o c a t i o n  assignment of  o i l  p o l l u t i o n  
c o n t r o l  task  f o r c e s  is the  assessment of  t h e  danger of contaminat ion f o r  va r ious  
s h o r e l i n e s  i n  t he  Region. Therefore,  t h e  au tho r s  have cons t ruc ted  a  model f o r  
e s t ima t ing  t h e  t r a j e c t o r y  of  o i l  s p i l l s  f o r  v a r i o u s  l o c a t i o n s  i n  t h e  Region based 
upon seasonal  average c l i m a t i c  da ta .  While c h i s f l y  o f  use  f o r  s t a t i s t i c a l  
conclus ions ,  t h e  model could be used by o i l  s p i l l  d e t e c t i o n  qgencies  t o  provide  an 
expected s p i l l  pa th  on t h e  b a s i s  of  minimal information about such a s p i l l .  Such a 
" f i r s t  guess" t r a j e c t o r y  would, f o r  example, h e l p  a s s e s s  governmental r e s p o n s i b i l i t y  
f o r  clean-up i n  t h e  reg ion  with i ts mul t i na t iona l  coas t l i ne .  I t  could a l s o  determine 
whether such a s p i l l  is l i k e l y  t o  come ashore  i n  any a r e a  where i t  could do seve re  
damage and hence must be  f u r t h e r  monitored and c o n t r o l l e d ,  o r  whether only minimal 
r i s k  is involved and l e s s  urgent  response requi red .  

DESCRIPTION OF THE MODEL 

Due t o  c e r t a i n  l i m i t a t i o n s  on t h e  d a t a  a v a i l a b l e ,  on ly  o f f sho re  o i l  s p i l l s  were 
considered.  By o f f sho re ,  t h e  au tho r s  mean s p i l l s  t h a t  a r e  f a r  enough from t h e  sho re  
f o r  t h e i r  movements t o  be r e l a t i v e l y  unaf fec ted  by c o a s t a l  c u r r e n t s .  The 
I n t e r n a t i o n a l  Maritime Organizat ion (IMO) has used a s  a  b a s i s  f o r  such s p i l l s  t h e  
d i s t a n c e  of 25 miles, but  i t  could poss ib ly  be  l e s s .  The movements o f  t h e  o i l  s l i c k s  
a r e  presumed t o  be determined by t h e  o v e r a l l  d r i f t  c u r r e n t ,  l o c a l  t i d a l  c u r r e n t s  and 
wind-induced c u r r e n t s .  Current  and wind d a t a  were based upon Te t r a  Tech Co. r e p o r t s  
t o  t h e  Royal Commission f o r  J u b a i l  and Yanbu. Te t r a  Tech acqui red  its d a t a  from 
l o c a l  observa t ion  and sources ,  and e x t e r n a l  sou rces  inc luding  t h e  National  Cl imat ic  
Center  i n  Ashvi l le ,  North Caro l ina  and t h e  U.S. Naval Hydrographic Off ice .  Using 
t h e  above d a t a ,  t h e  s ea  a r ea  of t h e  r eg ion  was d iv ided  i n t o  72 g r i d  blocks,  each of  
a  ha l f  degree l ong i tude  i n  width and a h a l f  degree i n  l a t i t u d e  i n  he igh t ,  and an 
o v e r a l l  seasonal  c u r r e n t  and wind vec to r  f o r  each g r i d  block was ass igned  ( s e e  
f i g u r e  I ) .  From these  v e c t o r s  a  seasonal  o i l  s l i c k  d r i f t  vec to r  was computed f o r  
each block. 

Considerable d i s p u t e  e x i s t s  over t h e  proper  de te rmina t ion  of t h i s  d r i f t  vec tor .  
For example, S tokes  developed a theory of  wind-induced c u r r e n t  which p r e d i c t s  a  
Coriol is-caused d r i f t  ang le  between t h e  wind and c u r r e n t  d i r e c t i o n s  of  up t o  45- 
Experiments, however, have y ie lded  va lues  dev ia t i ng  s i g n i f i c a n t l y  from S tokes ' s  
p r ed i c t i ons .  Actual s p i l l  observa t ions  have a l s o  shown widespread v a r i a t i o n  i n  
d r i f t  angle.  Rath and F ranc i s  suggest  t h a t  f i e l d  t e s t s  f o r  s p e c i f i c  s i t e s  should be 
conducted t o  determine a  proper value. In  t h e  absence o f  such f i e l d  t e s t s ,  w e  have 
adopted t h e  formula of  Lissauer  and Bacon and s e t  t h e  d r i f t  ang le  equal  t o  zero,  
a l though t h i s  could e a s i l y  be modified i f  obse rva t iona l  d a t a  y ie lded  a d i f f e r e n t  
r e s u l t .  

S imi l a r ly ,  t h e r e  is no unaninous opin ion  of  t h e  s t r e n g t h  of  t h e  su r f ace  c u r r e n t  
induced by t h e  wind, with e s t ima te s  anywhere from 1 t o  1 0  p s r  c e n t  of  t h e  wind 
ve loc i ty .  Again fol lowing Lissauer  and Bacon, t h e  authors- have adopted a  wind f a c t o r  
of  3.5 p e r  cen t  of t h e  wind speed a t  10 metres  above t h e  s e a  su r f ace .  While most 
models simply add t h i s  wind-caused c u r r e n t  t o  t h e  normal d r i f t  c u r r e n t ,  Schwartzberq 
has  determined empi r i ca l l y  t h a t  t h e r e  is a coupl ing  e f f e c t  between t h e  two v e c t o r s  
and t h a t  a  more app rop r i a t e  equat ion  f o r  t h e  t o t a l  o i l  s l i c k  d r i f t  vec to r  would be  
t h e  wind c u r r e n t  vec to r  p l u s  56 pe r  c e n t  o f  t h e  normal c u r r e n t  vector .  This  was t h e  
formula used f o r  t h i s  model. 
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Figure I: The Grid Hap 



Using these  seasonal  d r i f t  v e c t o r s  f o r  t h e  i n i t i a l  l o c a t i o n  of  t h e  s p i l l ,  its 
expected co-ordinates  were t racked  every 12 hours ,  except  dur ing  the  summer season 
when sma l l e r  va lues  f o r  t ho  d r i f t  v e c t o r s  made a 24-hour per iod  more p r a c t i c a l .  
Thus i t  was p o s s i b l e  no t  on ly  t o  e s t ima te  t h e  p red i c t ed  pa th  of  t h e  s p i l l  bu t  a l s o  
its es t imated  t ime of impact wi th  t h e  s h o r e l i n e  a s  wel l .  

F igu re s  I 1  and 111 p re sen t  examples of  some s imula ted  s p i l l  t r a j e c t o r i e s .  The 
smal l  square  r e p r e s e n t s  t h e  hypo the t i ca l  i n i t i a l  s p i l l  l o c a t i o n s  and t h e  dash l i n e  
t h e  p red i c t ed  pa th  wi th  each dash r ep re sen t ing  a 12-hour t ime span ( i n  t h e  summer 
season a 24-hour t ime span).  S ince  t h e  space  between each dash a l s o  r e p r e s e n t s  a 
12-hour per iod ,  t h e  number of  days u n t i l  es t imated  impact wi th  t h e  s h o r e l i n e  can be  
c a l c u l a t e d  by simply connect ing t h e  number of  dashes.  

COMCLUS IONS 

Assuming no p r i o r  p re fe rence  f o r  any s i te  i n  t h e  Region a s  an o i l  s p i l l  o r i g i n  
i t  was p o s s i b l e  t o  determine those  c o a s t a l  a r e a s  which run a h igh  r i s k  o f  o i l  
po l lu t i on .  Dividing t h e  c o a s t  o f  t h a  Region i n t o  s i x  a r e a s  ( s e e  f i g u r e  I V )  t h e  
fo l lowing  t a b l e  was cons t ruc t ed  us ing  t h e  computer t r a j e c t o r y  p r e d i c t i o n s  s t a r t i n g  
from a l l  t h e  squa re s  except  square  20, whose c e n t r e  l ies  in land .  The numbers 
r e p r e s e n t  t h e  percentage  o f  o i l  s p i l l s  which reached t h e  s p e c i f i e d  c o a s t a l  a rea .  

Area A 7 I S  4 i n  

Area C 21 22 1 4  22 

Area D 1 9  20 2 1 12 

Area E 43 2 1 17 2 7 

Area F 10 1 6  3 9 

(Numbers may no t  add t o  1 0 1  due t o  rounding) 

Coas t l i ne s  n o t  included i n  t h e s e  s i x  a r e a s  had no p red i c t ed  o i l  s p i l l  impacts.  

From t h e  t a b l e  we can conclude t h a t  t h e  Southern I r an i an  c o a s t l i n e  (Area E) is 
most vu lne rab l e  t o  o i l  p o l l u t i o n ,  a l though t h e  Emirate c o a s t s  (Areas C and 0) a l s o  
show cons iderable  r i s k  p o t e n t i a l .  The o t h e r  c o a s t s  a r e  r e l a t i v e l y  s a f e  except  f o r  
t h e  Southern Arabia and l a t a r  reg ion  (Area B) which shows a h igh  r i s k  of o i l  d r i f t s  
i n  summer and autumn. Northern Arabia (Area A ) ,  ~ h i l e  f a i r l y  s a f e  from s p i l l s ,  has  
its g r e a t e s t  p o l l u t i o n  r i s k  season i n  t h e  spr ing .  This  may sugges t  t h a t  any o i l  
s p i l l  t a s k  f o r c e  f o r  Saudi Arabia should be s t a t i o n e d  i n  t h e  no r th  dur ing  t h e  f i r s t  
p a r t  o f  t h e  year  and moved sou th  f o r  summer and autumn. 

Fu r the r  re f inements  of  t h i s  model which w i l l  a l low improvement i n  t h e  
e s t ima t ion  of t h e  d r i f t  c u r r e n t ,  expand p r e d i c a t i v e  c a p a b i l i t i e s  t o  t h e  Gulf o f  
Bahrain and t h e  S t r a i t  o f  Honnuz, and p r e d i c t  spread and degrada t ion  of  t h e  s p i l l  by 
d i spe r s ion ,  evapora t ion  and o t h e r  n a t u r a l  f a c t o r s ,  a r e  c u r r e n t l y  under development 
by t h e  au thors .  
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Figure 11: The trajectory of an oil s p i l l  starting 
from squars 62 in  winter 



Figure 111: The trajectory of an oil spill starting 
from equara 6 in fall 
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Figure IV: The coastal areas 
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. O i l  s p i l l  models can be e f f e c t i v e  i n  predic t ing t h e  f a t e  of o i l  spills and 
t h e i r  impact on the  environment provided adequate input information is avai lable .  

But still some of  the  bas ic  processes describing the  f a t e  of  the  o i l  l ack  
proper a n a l y t i c  descr ip t ion,  such a s  spreading, sub-sea t r anspor t ,  emuls i f ica t ion 
and dispersion.  

COMPUTER SIMULATION OF OIL SPILLS 

STATE OF THE ART REGARDING MODELS 

AND APPLIED TECHNIQUES 

by 
F. Kroqh 

Det Norske Veritas,  
Hoevik, Norway 

ABSTRACT 

The models should be easy t o  implement, update and use, and be ab le  t o  accept 
input  from various sources. The output should be presented i n  a simple and 
understandable way, e.g . colour graphics (SILKF ORCAST/OILSIM) . 



INTRODUCTION 

The development of  o f f sho re  o i l  production and t r a n s p o r t  f a c i l i t i e s  has  
j u s t i f i a b l y  been accompanied by concern over t h e  p o s s i b i l i t y  of o i l  s p i l l s  and t h e  
a s soc ia t ed  p o t e n t i a l  f o r  adverse impacts upon s e n s i t i v e  o f f -  and onshore areas .  
Regulatory frameworks have been e s t ab l i shed  f o r  t h e  purpose of  balancing t h e  r i s k s  
o f  s u c h  damage aga ins t  t h e  b e n e f i t s  of  t h e  proposed developments. Decisions wi th in  
these  frameworks must be based upon p r e d i c t i v e  analyses  of t h e  f a t e  o f  o i l  t h a t  a r e  
adequate f o r  r i s k  assessment. In  add i t i on ,  when an o i l  s p i l l  occurs ,  p r o t e c t i v e  
measures t o  minimize impacts l ikewise  r e q u i r e  a  c a p a b i l i t y  t o  fo recas t  t h e  
short- term and long-term behaviour of  t h s  s p i l l e d  o i l  ( f i g u r e  I ) .  

The major f a c t o r s  t o  be considered when analys ing  an o i l  s p i l l  are:  

- l oca t ion ,  s i z e  and phys ica l  and chemical p r o p e r t i e s  of  t h e  
s p i l l e d  o i l ;  

- t h e  t r a n s p o r t  of t h e  o i l  by wind and c u r r e n t s ;  

- t h e  phys ica l ,  b io log ica l  and chemical t ransformat ions  t h a t  
t h e  o i l  undergoes. 

The genera l  problem of p red ic t ing  the  behaviour of  s p i l l e d  o i l  is complicated 
by t h e  wide v a r i e t y  o f  cond i t ions  t h a t  may be p ra sen t ,  and t h e  s t o c h a s t i c  na tu re  o f  
important  environmental f a c t o r s  inf luencing  t h e  o i l  s l i c k .  In add i t i on ,  t h e r e  is a 
s i g n i f i c a n t  lack  of d a t a  on many of  t h e  most important  a spec t s  o f  o i l  behaviour. 

The pas t  s e v e r a l  yea r s  have saen a s i g n i f i c a n t  i nc rease  i n  t h e  number of  
computer-based o i l  s p i l l  models, and t h e r e  cont inues  t o  be a  g r e a t  dea l  of e f f o r t  
d i r e c t e d  towards genera t ing  "new" models. However, t h e r e  is l i t t l e  a c t u a l  progress  
c u r r e n t l y  being made i n  t h e  numerical modelling of  o i l  s p i l l s .  The many models 
e x i s t i n g  and the  cont inuing  e f f o r t s  appear t o  be p r imar i ly  v a r i a t i o n s  on one 
another ,  with l i t t l e  o r  no new undarstanding of  t h e  underlying processes.  This  is 
not  t o  say t h a t  o i l  s p i l l  models a r e  no t  u s e f u l ,  b u t  r a t h e r  t o  say t h a t  a t  p re sen t  
more fundamental knowledge of  t h e  behaviour o f  o i l  s p i l l s  is requi red  t o  r e a l i z e  
s i g n i f i c a n t  improvements i n  model formulat ions.  

A s  f o r  o i l  s p i l l  models, t h e r e  is a need t o  d e l i n e a t e  t h e  h ierarchy o f  
modelling l e v e l s  t h a t  may be achieved on t h e  b a s i s  o f  assumptions o f  i nc reas ing  
soph i s t i ca t ion .  In add i t i on  t o  providing a ya rds t i ck  with which t o  measure e x i s t i n g  
modelling e f f o r t s ,  such a review a l s o  provides an eva lua t ion  of t h e  c u r r e n t  needs 
f o r  a d d i t i o n a l  b a s i c  research  and d a t a  c o l l e c t i o n .  
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FATE I F  OIL 

Before looking a t  t h e  d i f f e r e n t  e x i s t i n g  models, a s h o r t  d e s c r i p t i o n  is given 
of t h e  d i f f e r e n t  main f a c t o r s  a f f e c t i n g  t h e  f a t e  of t h e  o i l  ( f i g u r e  11) .  

O i l  p r o p e r t i e s  : - s u r f a c e  t ens ion  
- s p e c i f i c  g r a v i t y  
- temperature 
- o i l  components 

Advec t ion : - niaves (*I - wind (*I - cu r r en t s (  *) 

Weathering(*) : - evapora t ion  
- d i spe r s ion  ( v e r t i c a l )  
- emul s i f i ca t i on  
- biodegradat ion 
- ox ida t ion  
- s inking/sedinenta t ion  

Of t hese ,  only t h a  most important  f a c t o r s  marked with an a s t e r i s k  (*) w i l l  be 
d iscussed  below. 

Wind 

Surface  winds p lay  an important  r o l e  i n  t h e  t r a n s p o r t  of o i l  on water.  I t  is 
common t o  assume a  wind d r i f t  f a c t o r  a s  a percentage of t h e  wind spead 10 m above 
t h e  s e a  s u r f a c e  and a  cons tan t  d e f l e c t i o n  angle.  Figure 111 g i v e s  some es t imated  
wind d r i f t  f a c t o r s  and d e f l e c t i o n  angles .  A s  can be seen ,  t h e  wind f a c t o r s  a r e  i n  
t h e  sdme order  of  magnitude, and t h i s  approach i s  used i n  most of t h e  models (3 per  
c e n t  and d e f l e c t i o n  angle  depending on geographical  l o c a t i o n ) .  

However, t h e  mind d r i f t  f a c t o r  approach r e p r e s e n t s  a s imp l i ca t ion  of a very 
complex process,  a l though v a r i a t i o n s  i n  percentage d r i f t  up t o  a t  l e a s t  1 p s r  c e n t  
a r e  negatad by t h e  u n c e r t a i n t i e s  i n  s p i l l  s i z e  alone.  

I n  add i t i on  t o  s e t t i n g  up s u r f a c e  c u r r e n t s ,  t h e  wind a l s o  gene ra t e s  s u r f a c e  
Haves and thus  i n f l u e n c e s  t h e  d i spe r s ion  and weathering ( e s p e c i a l l y  evaporat ion)  of 
t h e  s l i c k .  

The wind used i n  o i l  s p i l l  models may be: 

- measured tine s e r i e s / f o r e c a s t s  - t ime series us ing  p re s su re  f i e l d s  - time series genera ted  us ing  s t a t i s t i c s  
(Markov approach) 

Coas ta l  r eg ions  a r e  o f t e n  complicated by meoscale motions due t o  thermal and 
orographic  e f f e c t s .  The most common of t h e s e  a r e  land/sea breeze  systems caused by 
d i u r n a l  v a r i a t i o n s  i n  atmospheric hea t ing  and cool ing  r a t e s  over  land  and water.  

Most o i l  s l i c k  t r a n s p o r t  models u se  t h e  f i r s t  approach because i t  invo lves  wind 
measurements d i r e c t l y  and is t h u s  more app rop r i a t e  f o r  p r o b a b i l i s t i c  assessments. 



ATMOSPHERIC 
OXIDATION 

R A I N  AND 
FALLOUT 

SEA SURFACE 

CIRCULATIONS 

BIOLOGICAL 
ASSIMILATION 

BOTTOM SEDIMENT 

(GARRETT, 1972) 



SUMMARY OF VARIOUS EXPERIMENTS 
INVESTIGATING THE EFFECT OF WIND 

SURFACE DRIFT 

NAME 

KEULEGAN (1951) 
VAN DORN (1953) 
HUGHS (1956) 
HUGHS (1956) 
TOMCZAK (1964) 
TOMCZAK (1964) 
NEUMANN (1966) 
DOEBLER (1966) 
DOEBLER (1966) 
DOEBLER (1966) 
DOEBLER (1966) 
BRUSSON (1967) 
SMITH (1968) 
WU (1968) 
H A M  (1970) 
TEESON (1970) 
BRIAN (1971) 
SCHWARZENBERG (1971) 
HILL (1971) 
SMITH (1974) 
WU (1975) 
LISSAUER (1978) 

SPILL OBSERVATIONS 
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Figure I11 



The d isadvantages  of t h i s  approach inc lude  unce r t a in ty  regard ing  t h e  e x t r a p o l a t i o n  
of  winds from measuring s t a t i o n s  and t h e  d i f f i c u l t y  i n  modelling s p a t i a l  
v a r i a b i l i t y .  Use of p re s su re  f i e l d s  can provide s p a t i a l  d e t a i l  i n  a r e a s  o f  s p a r s e  
measurements and has  advantages f o r  f o r e c a s t i n g  purposes, s i n c e  p re s su re  maps a r e  
r o u t i n e l y  output  by numerical weather p red i c t i on .  However, t h e  approach depends on 
a c o r r e l a t i o n  between l o c a l  and synop t i c  s c a l e  motion and may be  i naccu ra t e  i n  
r eg ions  of s e a  breeze  i n f luence  o r  dur ing  pe r iods  of  r a p i d  weather change. 

Although o i l  s l i c k  models f r equen t ly  r e q ~ i r e  wind d a t a  t o  be i npu t  i n  space  and 
t ime,  s p a t i a l l y  varying wind f i e l d s  a r e  seldom used o r  they  a r e  i n  a  s imple manner 
(e.g., by us ing  a  weighted average of  onshore and o f f sho re  obse rva t ions ) .  The 
consequences o f  t h i s  r e p r e s e n t a t i o n  a r e  most s eve re  i n  t h e  c o a s t a l  reg ion  extending 
about 30 km o f f sho re  where extremely d i f f e r i n g  winds may be  p re sen t  over  a  s h o r t  
d i s t ance .  Fa r the r  o f f sho re ,  t ime v a r i a t i o n s  a r e  more important  than  s p a t i a l  
v a r i a t i o n s  and t h e  assumption of s p a t i a l l y  uniform winds is probably adequate. 

Waves 

Vo adequate a n a l y t i c a l  model e x i s t s  f o r  t h e  p r e d i c t i o n  o f  o i l  s l i c k  advect ion 
by waves. 

Our present  lack  of a b i l i t y  t o  desc r ibe  t h e  o i l  s l i c k  advec t ion  by waves a lone ,  
no t  t o  mention t h e  combined e f f e c t  o f  waves and a wind-induced shea r  c u r r e n t ,  l e aves  
u s  wi th  only one r a t i o n a l  approach. This  approach is t o  d e a l  wi th  t h e  advec t ion  of. 
o i l  s l i c k s  a s  being due t o  two "separa te"  mechanisms: ( I )  advect ion by waves, ( 2 )  
advect ion by c u r r e n t s .  A s  f o r  t h e  t h e  advec t ion  by waves a lone ,  t h e  u s e  of  Stokes '  
d r i f t  v e l o c i t y  s9ems t o  have l i m i t e d  experimental  suppor t  and could f o r  t h a t  ma t t e r  
be  used t o  ob t a in  approximate answers. This  aporoach l e a v e s  u s  wi th  t h e  problem of 
determine] t h e  propor t ion  of  t h e  s u r f a c e  wind shea r  s t r e s s  which is supported by t h e  
wave-induced mass t r anspo r t .  However, t he  wave-induced mass t r a n s p o r t  may suppor t  a  
po r t i on ,  poss ib ly  a l a r g e  po r t i on ,  of t h e  s u r f a c e  wind shear .  I f  t h i s  is t h e  ca se ,  
a s apa ra t e  t reatment  of  t h e  advect ion by wave-induced mass t r a n s p o r t  and 
wind-induced c u r r e n t s  should account f o r  t h i s  p a r t i t i o n  of  t h e  s u r f a c e  shea r  s t r e s s  
between a component supported by the waves and t h e  remaining s u r f a c e  shea r  stress 
which d i l l  induce the  wind-driven cu r r en t .  A t  p r e sen t  t h i s  is poorly understood and 
an improved understanding of i t  is an abso lu t e  neces s i t y  i f  a  r e a l i s t i c  and accu ra t e  
model of o i l  s l i c k  t r a j e c t o r i e s ,  accounting f o r  both t h e  e f f e c t  o f  waves and 
c u r r e n t s ,  is t o  be  developed. 

Currents  

Excluding t h e  wind-induced s u r f a c e  c u r r e n t ,  two o t h e r  t ypes  o f  c u r r e n t s  w i l l  
i n f luence  t h e  t r a n s p o r t  o f  s p i l l e d  o i l :  

- r e s i d u a l  c u r r e n t  
- t i d a l  c u r r e n t  

The r e s i d u a l  c u r r e n t s  a r e  u sua l ly  taken from maps o r  a c t u a l l y  measured (us ing ,  
f o r  i n s t ance ,  d r i f t  c a r d s ,  buoys, e t c . ) .  For  a  given a r ea ,  t h e  r e s i d u a l  c u r r e n t s  
may vary wi th  t h e  season,  and t h e r e f o r e  it is necessary t o  change r e s i d u a l  c u r r e n t  
maps according t o  t h e  time of  t h e  ysar .  For  i n s t ance ,  f o r  t h e  North Sea e i g h t  
d i f f e r e n t  r e s i d u a l  c u r r e n t  maps a r e  used. 

Tida l  c u r r e n t s  a r e  taken from maps, measured, o r  c a l c u l a t e d  us ing  an a n a l y t i c a l  
model which, given t h e  app rop r i a t e  boundary cond i t i ons ,  produce very  good e s t ima te s .  



of these  cur ren t s  does not seam v i t a l  f o r  o i l  s p i l l s  f a r  offshore.  However, t h i s  
must be judged from s p i l l  t o  s p i l l .  

During recent years, three-dimensional models have been developed t o  c a l c u l a t e  
su r face  currents .  Although such models w i l l  g ive  a more adequate representa t ion of 
the  currents ,  they a r e  usually very l a rge  models requir ing numerous input da ta ,  and 
cannot e a s i l y  be used i n  an emergency s i t u a t i o n .  

Spreading 

Real open-sea s l i c k s  r a r e l y  f i t  the  assumptions made i n  formulating spreadinq 
and dispers ion models. This is la rge ly  because (1 )  o i l  is a complex mixture of 
hydrocarbons with p roper t i e s  t h a t  change a s  the  cons t i tuen t s  of t h e  mixture change 
and (2)  ac tua l  s l i c k  conf igurat ions  r a r a l y  match the  ideal ized geometry assumed by 
t h e  a n a l y t i c a l  approaches. 

The d i f f e r e n t  o i l  components, f o r  instance,  may not spread a t  the  same r a t e .  
Hence, the  assumption t h a t  the  o i l  can be t r ea ted  a s  a s i n g l e  component, with 
p roper t i e s  and concentrat ions t h a t  do not vary hor izonta l ly ,  is not generaly val id .  
I t  is a l s o  observed t h a t  c e r t a i n  surface  a c t i v e  components would spread much f a s t e r  
than the  r e s t  of t h e  o i l .  The r e s u l t  of t h i s  is t h a t  o i l  tends t o  d ivide  i n t o  th ick  
clumps of more viscous hydrocarbons and wider, th inner  patches of f a s t e r  spreading 
components. Eventually t h e  o i l  breaks up i n t o  d i s c r e t e  blobs which can be advected 
independently. 

Open sea  s l i c k s  a r e  r a r e l y  round but a r e  d i s t o r t e d  by wind and cur ren t s  i n t o  
i r r e g u l a r  shapes. This a l s o  makes it extremely d i f f i c u l t  t o  compare the  p red ic t ions  
of r a d i a l  spreading models with f i e l d  data.  When t h i s  comparison is made, the  
r e s u l t s  a r e  mixed. Fie ld  da ta  from Conomos (1975) show t h a t  Fay's theory g rea t ly  
underestimates s l i c k  growth. Murray (1972) a l s o  found t h a t  Fay's  theory ( f i g u r e  I V )  
underestimates the  growth of a s l i c k ,  probably because it neglects  d ispers ion due t o  
random water motions. These neglects  become more s e r i o u s  a s  t h e  s l i c k  grows larger .  
Blokker's model has been f i t t e d  t o  severa l  s e t s  of spreadinq observations, but t h e  
cons tan t s  used d i f f e r  widely f o r  the  d i f f e r e n t  cases. 

I t  has a l s o  been shown t h a t ,  a t  any p a r t i c u l a r  time, a spreading s l i c k  may 
conta in  a number of d i f f e r e n t  s t ages  o r  regions of spreading where d i f f e r e n t  dr iv ing 
and r e s i s t i n g  fo rces  a c t .  

Weathering 

(a)  Evaporation 

Evaporation is t h e  primary means by which o i l  is removed from the  s l i c k  during 
the  f i r s t  few days of its existence.  Many laboratory and f i e l d  s t u d i e s  have been 
performed and severa l  predic t ive  models developed. These models a r e  based largely  
on techniques developed previously f o r  water evaporation o r  petroleum d i s t i l l a t i o n .  
I t  is f a i r  t o  say t h a t  t h e  state-of-the-art  is more advanced and more quan t i t a t ive  
f o r  evaporation modelling than i t  is f o r  modelling any of the  o ther  wearing 
processes ( f i g u r e  V )  . 

Thus, it is poss ible  t o  p red ic t  f a i r l y  accurate ly  how much and which p a r t s  of 
an o i l  s l i c k  w i l l  eventually evaporate. Only the  lower boi l ing f r a c t i o n s  evaporate 
t o  any appreciable degree, s o  the  extent  of evaporation depends on the amount of 
these  v o l a t i l e s  i n  the  o i l .  
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ft i a  Â¥o d i f f i c u l t  t o  say bow f a s t  t h i s  evaporation w i l l  proceed since t h i s  
depends on aeveral anviromental factors.  

Wind spaad (Smith and Haclntyre, 1971) and temperature a r e  the m o s t  important, 
although other variables such , a s  so la r  radiation also have acre  influence. The 
newest models mmka the evaporation dependant upon thaw! factors.  

(b) Vertical dispersion 

In *tion t o  d i aao lv iq ,  o i l  may enter the water column as  col loidal  o r  
~ ~ ~ p w n d e d  p a r t i c l e s  i n  m m t s  greater than can be expected from dissolution. These 
pa r t i c l a s  may range i n  s i z e  from lea8 than a micron t o  larger  than a mi l l ine t re  i n  
d i m e t e r  . 

Sea a t a t e  (wave height) is the  cos t  important environmental parameter governing 
diaperaim. , 

A 8  for  analyt ical  Models, usually a f i r s t  order approach is used, where the 
dispersive r a t e  parmeter  is constant o r  made a function of the wind speed 
(Audunwn, 1977). 

Experimental work by HcKay e t  e l .  (1979) suggests t ha t  the process of 
diaparaion and aculaion formation a r e  probably ccnpet i t ive processes. They present 
equations fo r  both water-in-oil eculaion formation and for o i l  dispersion i n  water. 

The work by Raj (1977) organized exis t ing theory on such parameters a s  water 
waves, o i l  s l i ck  hydrodynamics and turbulence in to  separate concise models 
describing wave breaking, o i l  droplet formation and disparaion and related aspects 
of the p r o b l i .  

I t  is anticipated tha t  shortly,  due t o  ongoing research and measuranent 
progranmes, data w i l l  be available for  input t o  the proposed models. 

The fomation o f  watar-in-oil emulsion is one of the most important processes 
affecting a surface s l ick ,  yet one of the l e a s t  understood. I t  can be considered t o  
represent a posi t ive flux, i n  which a new component, water, en te rs  the s l ick .  The 
voluca of t h i s  flux may be large m u g h  t o  outweigh a l l  the negative fluxes 
associated with evaporation, dissolut ion and other weathering processes. Saith 
(1966). f o r  instance, found that the voluwe of emulsified o i l  contaminatinq one 
beach a f t e r  the Torrey Canyon will  was larger  than the i n i t i a l  s p i l l  volume. 
Water-in-oil emulsions may contain between 10 and BO per cent water and, a s  opposed 
t o  oil-in-water emulsions involved i n  mechanical dispersion of o i l ,  they a r e  very 
s table .  Many crude o i l s ,  i n  f ac t ,  a re  i n i t i a l l y  produced a s  an emulsion and then 
dewatered. 

Emulsification can change alick-spreading properties more suddenly and more 
dras t ica l ly  than even evaporation. The viscosity of an enulaion may be 2 orders of 
megnitude or  core higher than that of the o i l  alone (Atlantic Ocean Lab, 1970). 
Emulsions spread f a r  more slowly than pure o i l  s l i c k s  and, a s  a resu l t ,  a re  l e s s  
susceptible t o  other forms of weathering. The higher the water content the greater 
these effects .  When the water content r iaea  above 50 par cant,  the emulsion takes 
on a sami-aolid, grease-like consistency which has been nicknamed "chocolate 
Â¥0~888* 

No exiatina s l i ck  models take enuls i f icat ion adequately i n t o  account. To do so 



requires an a b i l i t y  t o  predict  when a s l i c k  w i l l  emulsify and what the  water content 
w i l l  be, which i n  turn requires understanding the mechanisms of emulsification. The 
state-of-the-art is just  reaching t h i s  l a t t e r  point. 

A s  fo r  the kinet ics ,  emulsification has been found t o  occur from shortly a f t e r  
the s p i l l  t o  three days a f t e r  the s p i l l  (Atlantic Ocean Lab, 1979). Hence it can be 
grouped with evaporation and dissolution as  an ear ly  weathering process. 

( d) Biodegradation 

In the long run, biodegradation is an exceedingly l-nportant process i n  the  
removal of o i l  from the marine environment. I t  eventually takes care  of Â¥oa of the  Ã 

o i l  tha t  remains a f t e r  evaporation, dissolution and other quicker processes have run 
t h e i r  course. However, the r a t e  of biodegradation i a  so  slow tha t  the process w i l l  
often not be important fo r  modelling purposes. 

( e l  Photochemical oxidation 

In the presence of sunlight,  conponents of o i l  can undergo oxidation t o  form a 
var ie ty  of products. Since these products a r e  often core  soluble than the or iginal  
hydrocarbons, photo-oxidation tends t o  reduce the volume of the s l i c k  through 
solution. 

In the  f i r s t  few days a f t e r  a s p i l l ,  photo-oxidation is negl igible  compared t o  
evaporation and dissolution of the s l i c k ' s  o r ig ina l  hydrocarbons. After a wbak o r  
more, however, the e f f ec t  of photo-oxidation - on both the  quantity of dissolved 
organics and the spreading properties of t he  s l i c k  - become noticeable. 

( f) Sinking and sedimentation 

There are  several other mechanisms by which o i l ,  e i t he r  i n  the s l i ck  or  
dispersed in  the water colunn, may be carr ied downwards, eventually t o  the  bottom 
sediments. 

The f i r s t  is gravity-induced sinking, which may occur i f  the o i l  density 
exceeds that  of the water. T h i s  w i l l  happen only for  some o i l s  and then only a f t e r  
weathering. An evaporation model and some knowledge of the chemical campsi t ion of 
the o i l  a r e  usually enough t o  enable prediction of a s l i c k ' s  tendency t o  sink. 

More interest ing is the interact ion of o i l  u i th  sediments. O i l  globules con 
adhere t o  suspended pa r t i c l e s  and be carr ied doÃ§(nwards Alternatively, o i l  already 
dispersed i n  the water c o l r n  can core i n to  contact with bottom sediments and be 
held there. 

(g) Status  of present knowledge 

F r o  what has been sald i n  the previous sections,  f igures  VI and VII t r y  t o  
show the present s t a t e  of knoulecJcje (Cornillion et al., 1979) concerning simulated 
processing terms of coastal  and f i she r i e s  impacts needs. 

8 

"UW represent our undarstanding of c r i t i c a l  procaaaea and our a b i l i t y  t o  model 
then. 

"I" indicates  the perceived r e l a t i ve  importance of the process f o r  the  
par t icular  application. 

I t  is seen tha t  there  a re  still a number of areas  t o  be covered before we have 
a f u l l  understanding of the f a t e  of o i l  sp i l l ed  on the  sea. But the last two t o  







th ree  years  have seen an increase  i n  the  research i n  these  a reas ,  and r e s u l t s  f ro-  

t h i s  research ray  improve our understanding considerably i n  the  near fu ture .  

OIL SPILL MODELS 

The preceding sec t ions  have presented the  bas ic  environmental processes t h a t  
a r e  re levant  t o  the behaviour of su r face  o i l  s l i cks .  

While e s s e n t i a l ,  t h i s  knowledge is not s u f f i c i e n t  i n  i t s e l f  t o  deal  with the  
major i s sue  of t h i s  review - modelling o i l  s l i c k  behaviour. This is t r u e  because, 
a t  any given time, an o i l  s l i c k  is a f fec ted  by many of these  individual  
environmental processes; hence predic t ion inherent ly  requ i res  a composite model 
which combines treatments of the  wind f i e l d ,  o i l  s l i c k  advection, and o i l  
transformations i n t o  a s i n g l e  ca lcu la t ion  scheme. In addi t ion t o  providing a review 
of current  capab i l i ty ,  t h i s  sec t ion  is  a l so  a useful  ind ica to r  of t h e  needs f o r  
addi t ional  bas ic  reserch t o  support modelling e f f o r t s .  

The ex i s t ing  model types may be divided i n t o  two main groups, short-term 
determinis t ic  and long-term probab i l i s t i c :  

Short-term determinis t ic  models (0.9. OILSIM) aim a t  following the  s p i l l e d  o i l  
on an hour t o  hour/day t o  day b a s i s  and incorporate models f o r  the  main f a c t o r s  
a f f s c t i n g  the s p i l l  ( res idual  and t i d a l  cu r ren t s ,  wind, waves, evaporation, 
spreading, etc.) .  

The following app l i ca t ions  may be l i s t e d  f o r  the  short-term determinis t ic  
model : 

I .  

11. 

1. 

2. 

3. 

4. 

Research 

S p i l l  dyntmics - t o  gain a b e t t e r  understanding of the  
importance of the  various processes involved i n  the  f a t e  
of s p i l l e d  o i l .  

Operational 

Clean-up - t o  a s s i s t  the  on-scene-co-ordinator i n  determining the  
cost e f f i c i e n t  clean-up s t ra tegy.  

Damage assessment - t o  est imate the  economic, ecological  and 
aes the t i c  damage r e s u l t i n g  fro- a s p i l l  through an accurate  
hindcast of  t h e  s p a t i a l  and teaporal  d i s t r i b u t i o n  of t h e  
s p i l l e d  o i l .  

Risk ana lys i s  - t o  es t imate  the  econcnic, ecological  and 
a e s t h e t i c  r i s k  from a hypothetical  s p i l l  under a va r i e ty  of 
env i romente l  condit ions.  

Detection - t o  determine the  source of an unknown o i l  s p i l l  
( running t h e  model backwards). 

Long-term p r o b a b i l i s t i c  models (8.g. SLIKTRAK) a r e  ana ly t i ca l ly  more simple. 
These models aim t o  es t imate  the  long-term impact of o i l  s p i l l s  based on h i s t o r i c a l  
data.  



Ocean cur ren t s  a r e  represented de te rmin i s t i ca l ly ,  x h i l e  wind d r i f t  components 
a r e  t r ea ted  s tochas t i ca l ly .  Tidal motions have been incorporated i n  nearshore and 
embayment a reas  where they may be assumed t o  con t r ibu te  t o  advective t ranspor t .  

Some models incorporate po ten t i a l  of fshore  impact t a r g e t s  such a s  spawning 
areas ,  f i s h  migration routes ,  a reas  of commercial f i sh ing  and s e n s i t i v e  onshore 
areas.  Few of these models include weathering algorithms. 

A s  the l a t t e r  model types a r e  more simple than the  f i r s t  one, only shoM-term 
determinis t ic  models w i l l  be considered below. 

An important opera t ional  consideration is the  d i s t ance  between impact and spill 
s i t e  and how t h i s  r e l a t e s  through various environmental processes t o  t h e  time o f  
impact . 

Figure VIII ind ica tes  these re la t ionsh ips  by p l o t t i n g  the  important 
environmental processes on a space-time char t .  One need only es t imate  t h e  d is tance  
t o  the  impact points  and the  advection veloci ty  towards Impact. The diagram 
i n d i c a t a s  impact time and the  various physical  processes of importance f o r  those 
length and time scales .  

Review of composite models 

In se lec t ing  models t o  be reviewed i n  t h i s  sec t ion ,  the  primary c r i t e r i o n  was 
t h a t  the  model should have been developed f o r  the  purpose of predic t ing t o t a l  s l i c k  
behaviour, whether i n  an on-line o r  r i s k  assessment mode. Accordingly, techniques 
t h a t  were s p e c i f i c a l l y  designed t o  t r e a t  only one aspect  of s l i c k  behaviour a r e  not 
discussed. However, a  composite model may not necessar i ly  include representa t ion of 
a l l  the  aspects  of o i l  s l i c k  behaviour. 

This review was by necess i ty  l imi ted  t o  those models f o r  which adequate 
documentation was avai lable .  The l e v e l  of d e t a i l  provided by the  review of each 
model generally r e f l e c t s  the  d e t a i l  of t h e  corresponding source of information 
( f i g u r e  1x1. 

Comments on composite models 

f i g u r e s  X and XI summarize the  methods used by various composite models i n  
dealing with the  d i f f e r e n t  physical processes a f fec t ing  the  o i l  s p i l l  movement. 
From these  f igures ,  severa l  i n t e r e s t i n g  observations on the  state-of-the-art  of 
composite models a r e  readi ly  apparent. 

Models developed i n  the  l a t e r  years a r e  more complex than the  e a r l i e s t  models, 
and thus include more of t h e  processes determining the  f a t e  of t h e  o i l ,  and a l s o  
various opt ions  f o r  some of the  processes. 

In modelling the wind f i e l d ,  a  lack of d i v e r s i t y  is evident. Only four  models 
CG(Bight), USCG, HESS/KERR and OILSIM - a r e  not  dependent only upon measured o r  
simulated wind v e l o c i t i e s ,  but may use pressure f i e l d  data  a s  input. 



OF VARIOUS DISTANCES FROM SHORE 
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(S TOLZENBACH, 1977) 
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COMPOSITE MODELS 

(SHORT TERM) 

NAVY MODEL 
0 WGD MODEL 
0 NARRAGANSETT BY MODEL 
Â TETRA TECH MODEL 

. Â CEQ MODEL 
Â CG (N-Ym HARBOUR) MODEL 

, SEADOCK MODEL 
0 CG (N.Y. BIGHT) MODEL 
0 DELWARE MODEL 
0 BOSM MODEL 
Â DPPO MODEL 
Â API MODEL 
0 TAMU MODEL 
@ DRIFT MODEL 
Â CANADIAN MODEL 
Â GEORGES BANK MODEL 
Â HESS/KERR MODEL 

USCG MODEL 
Â NORDCO MODEL 
9 OSSM 
0 OILSIM MODEL 

Figure I X  



COMPOSITE MODELS SUMMARY 

Webb et al. 1970 
Warner et al. 1972 
Premack and Brown 1973 
Wang and Hwang 1974 
Stewart et al. 1974 
Lissauer 1974 
William et al. 1975 
Miller et al. 1975 
Wang et al. 1975 
Ahlstroem et al. 1975 
NOAA 1976 
Am. Petr. Inst. 1977 
Williams and Hann 1978 
Univ. of North Wales 1979 
Venkatish et al. 1979 
Cornellion et al. 1979 
Hess and Kerr 1979 
Lissauer et al. 1979 
Nordco Ltd. 1979 
Torgrimsen and Gall 1979 
Krogh and Haldorsen 1980 

Figure I X  (contad) 
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Figure X I  



Advection is t h e  pr imary component o f  e a c h  model. D e s p i t e  t h e  obv ious  
impor tance  o f  t h i s  p r o c e s s ,  t h e r e  is a l s o  3 l a c k  o f  d i v e r s i t y  i n  t h e  way t h e s e  
models  t r e a t  a d v e c t i o n .  M l  b u t  f o u r  models u s e  t h e  wind f a c t o r  method t o  model t h e  
s u r f a c e  d r i f t :  

WGD Model : Unsteady Ekman f o r m u l a t i o n  
CG/USCG Model : V e r t i c a l l y  a v e r a g e  numer ica l  model 
NARRAGANSETT BAY Model : Wind f a c t o r  is a  f u n c t i o n  o f  wind 

speed  and l a t i t u d e .  
CANADIAN Model : The work o f  Madsen 

( V e r t i c a l  eddy v i s c o s i t y )  

C u r r e n t s  o f  o t h e r  o r i g i n s  (e .3 .  t i d e s ,  r e s i d u a l  c u r r e n t s )  a r e  t y p i c a l l y  d e r i v e d  
from c u r r e n t  c h a r t s ,  t a b l e s  o r  measured d a t a .  The e x c e p t i o n s  t o  t h i s  a r e :  

- u s e  o f  hydrodynamic models t o  c a l c u l a t e  t o t a l  c u r r e n t s  
(CG/USCG, NARRAGANSETT BAY,  H E S S / K E ~ ) .  

- u s e  o f  hydrodynamic models ( s i m p l i f i e d )  t o  c a l c u l a t e  t i d a l  
c u r r e n t s  a l o n e  (DRIFT, OSSM, OILSIM) . 

Only t.i*o models e x p l i c i t l y  i n c l u d e  t h e  c o n t r i b u t i o n  o f  waves t o  s l i c k  
a d v e c t i o n :  

DELAWARE - by m u l t i p l y i n g  t h e  wind f a c t o r  by a  wave 
f a c t o r  which v a r i e s  around 1.1. T h i s  f a c t o r  
is based  upon l a b o r a t o r y  e x p e r i m e n t s  and its 
maximum v a l u e  is probab ly  much n e a r e r  t o  2. 

DRIFT - u s i n g  s u r f a c e  g r a v i t y  t h a o r y .  

Spraad ing  is i n c l u d e d  i n  t h e  m a j o r i t y  o f  t h e  models and most o f  t h e  govern ing  
fo rmulae  used can  u l t i m a t e l y  b e  t r a n s f e r r e d  t o  t h o s e  developed by Fay. A l l  models 
which i n c l u d e  s p r e a d i n g  u t i l i z e  t h e  Fay e x p r e s s i o n s  d i r e c t l y  e x c e p t  

TETRA TECH - a p p l i e s  F a y ' s  e q u a t i o n s  t o  independent  OILSIM 
s u b p a t c ! ~ e s  i n s t e a d  of  tne e n t i r e  s l i c k .  

BOSM - u s e s  F a y ' s  r e s u l t s  t o  o b t a i n  an e q u i v a l e n t  
d i f f u s i o n - s p r e a d i n g  c o e f f i c i e n t .  

DRIFT - Monte C a r l o  Techniques  

HESS/KERR - ?-dimensional  mass and l i n e a r  momentum e q u a t i o n s .  

I n  t h o s e  models i n c l u d i n g  d i s p e r s i o n  it is u s u a l l y  d e s c r i b e d  by: 

1. Simple  1. o r d e r  e q u a t i o n s  (CG B i g h t ) ,  T A M U ,  DELAWARE, MORDCO, OIL5IM). 
The c o n s t a n t  used i n  t h e  e q u a t i o n  is u s u a l l y  made weather-dependent 
(wind s p s e d ,  s e a  s t a t e ) .  

2. P r o b a b i l i t y  D e s c r i p t i o n  - Markov, Monte C a r l o ,  random e j e c t i o n  (DRIFT, 
CANADIAN, GBM) . 

Most of  t h e  l a t e r  models  i n c l u d e  e v a p o r a t i o n ,  e i t h e r  c o n s i d e r i n g  t h e  o i l  a s  one 
lump o r  its s e p a r a t e  components. 



The c a l c u l a t i o n s  o f  subsea concen t r a t i ons  o f  o i l  a r e  e i t h e r  made by us ing  a 
^-dimensional P r o b a b i l i s t i c  theory (e.9. TAMU), o r  a  box model which d i f f u s e s  and 
advec t s  t h e  o i l  (e.g. OILSIM). 

Only one model i nc ludes  emul s i f i ca t i on  (CANADIAN), and i t  is simply descr ibed  
by 1. o r d e r  equat ion where t h e  c o e f f i c i e n t  is made dependant upon t h e  weather. 

I t  should be s t r e s s e d  t h a t  t h e  models should  p re sen t  t h e i r  r e s u l t s  i n  a  c l e a r ,  
concise  format ,  e a s i l y  understood by a non-sc ien t i s t .  Visual d i s p l a y s ,  g raphs  and 
maps ( a s  from OILSIM) a r e  t h e  b a s t  methods o f  conveying information.  The 
information must be t r ansmi t t ed  r ap id ly  dur ing  a  s p i l l  event .  

GENERAL CONCLUSIONS AND RECOMMENDATIONS 

I t  should be ev ident  t h a t  t h e  gene ra l  s t a t e -o f - the -a r t  i n  composite models is 
still  crude. Though many composite models have been formulated,  most have shown a 
l ack  of s i g n i f i c a n t  innovat ion.  I t  is c l e a r  t h a t  many b a s i c  environmental processes  
have v i r t u a l l y  no a n a l y t i c a l  d e s c r i p t i o n  a v a i l a b l e  and hence must be ignored o r  
s imp l i f i ed .  

But o i l  s p i l l  modelling is an e f f e c t i v e  method of p r e d i c t i n g  t h e  impact of  an 
o i l  s p i l l  on t he  marine environment provided adequate informat ion  is a v a i l a b l e  on 
t h e  winds and c u r r e n t s  i n  t h e  a rea .  The p r o b a b i l i t y  t h a t  a  s p e c i f i c  environmental 
element w i l l  be impacted is t h e  product o f  t h e  p r o b a b i l i t y  t h a t  t h e  o i l  s p i l l  w i l l  
occur t imes t h e  p r o b a b i l i t y  t h a t  i f  i t  does occur i t  w i l l  r each  t h a t  s p e c i f i c  
environmental element. A t h i r d  f a c t o r  t h a t  should be  included i n  t h i s  eva lua t ion  is 
t h e  p r o b a b i l i t y  t h a t  i f  i npac t  doas occur ,  t h e  concen t r a t i on  and c o n t a c t  time w i l l  
be high enough t o  cause harm t o  t h e  elements  a f f ec t ed .  Cons idera t ion  o f  t h e  o v e r a l l  
impact of p o t e n t i a l  o i l  s p i l l s  should inc lude  summation of  t h e  e f f e c t s  on a l l  t h e  
environmental elements. 

Future  work concerning o i l  s p i l l  models should be concent ra ted  upon t h e  
fol lowing tasks :  

- a complete model should be  easy t o  implement, update and use. 
Fu r the r ,  t h e  model should i nc lude  a l l  important  processes ,  and 
be a b l e  t o  accept  input  d a t a  from va r ious  sources .  The output  
should be  prasented i n  a s imple and understandable May 
(graphs ,  p l o t s ,  e t c . ) ;  

- a b e t t e r  understanding of nearshore  processes ;  

- an o i l  s p i l l  user  l i b r a r y  which i d e n t i f i e s  and d e s c r i b e s  
a v a i l a b l e  models; 

- b e t t e r  e s t ima te s  of  over-the-water wind f i e l d ;  

- t h e  t e c h n i q ~ e s  appl ied  should be v a l i d a t e d  t o  a g r e a t e r  
ex t en t ;  

- emphasis should be put on b e t t e r  models f o r  spreading ,  subsea  
t r a n s p o r t ,  emu l s i f i ca t i on ,  u se  of  chemicals  ( d i s p e r s a n t s ) .  



Spread ing  

Improved p r s d i c t i o n s  of  t 5 e  a r e a  and t h i c k n e s s  o f  an o i l  s p i l l  a r e  needed. 
T h i s  i n f o m a t i o n  is of  importance For,  f o r  i n s t a n c e ,  

- r e g a r d i n g  t h e  p o s s i b i l i t y  of  i g n i t i n g  and burn ing  o i l  on t h e  
s e a  ( t h i c k n e s s ) ;  

- t h 3  f s a s i b i l i t y  of  u s i n g  mechanical  c lean-up  equipment 
( t h i c k n e s s )  ; 

- t h e  speed  of d i f f e r e n t  p r o c e s s e s  a s ,  f o r  i n s t a n c e ,  d i s p e r s i o n ,  
d i s s o l u t i o n ,  e v a p o r a t i o n ,  d t c .  ( a r e a ) .  

D i s p e r s i o n  

The n a t u r a l  d i s p e r s i o n  is of  importance f o r  e s t i m a t i n g  t h e  amount o f  o i l  

- l e f t  on t h e  s e a  s u r f a c e  and t h u s  t h e  f e a s i b i l i t y  o f  u s i n g  
c lean-up equipment;  

- d r i v e n  i n t o  t h e  s e a .  

Subsea T r a n s p o r t  

How t h e  o i l  behaves  benea th  t h a  s e a  s u r f a c e  and i ts  c o n c e n t r a t i o n s  a r e  o f  
impor tance  r e g a r d i n 3  t h e  b i o l o g i c a l  impact  on t h e  environment .  

E m u l s i f i c a t i o n  

To be  a b l e  t o  have b e t t e r  e a t  
s t a b i l i t y ,  v i s c o s i t y ,  a d h e s i v i t y  
u s e  of  c lean-up  equipment.  

i m a t e s  o f  t h e  anount  o f  w a t e r - i n - o i l  a s  w e l l  a s  
, a t e .  TIiis is i m p o r t a n t  f o r  t h e  development and 

Due t o  t h e  r e c e n t  l a r g e  o i l  s p i l l s ,  a number o f  r e s e a r c h  p r o j e c t s  have  been 
s t a r t e d .  I t  is t o  be hoped, a s  d a t a  from bo th  a c c i d e n t a l  and planned ( e x p e r i m e n t a l )  
s p i l l s  become a v a i l a b l e ,  new i n s i g h t s  w i l l  be  developed i n  s p i l l  dynamics and t h e  
p r e d i c t i v e  c a p a b i l i t i e s  of  t h e  models improved a c c o r d i n g l y .  
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ABSTRACT 

The primary object ives i n  o i l  p o l l u t i o n  con t ro l  must be t o  prevent o r  reduce 
the p robab i l i t y  o f  o i l  s p i l l s  from occurring, and minimize the consequences when 
they occur. 

A major pa r t  o f  the t o t a l  i n f l u x  i n t o  the oceans i s  caused by operat ional  
s p i l l s  and these may be substant ia l ly  reduced by introducing more r e s t r i c t i v e  
regulat ions and follow-up. 

The r i s k  o f  accidental o i l  s p i l l s ,  which may represent serious threats  t o  the 
l o c a l  areas, may be reduced t o  an acceptable l e v e l  through proper standards and 
qua l i t y  assurance. 

The use o f  r i s k  analysis may give important informat ion f o r  the d e f i n i t i o n  o f  
proper safety and qua l i t y  standards as we l l  as i den t i f y i ng  areas f o r  improvement o f  
equipment and procedures. 

When o i l  s p i l l s  occur i t  i s  important t o  be able t o  mount the proper 
countexmeasures as soon as possible. I n  addi t ion t o  conventional combating 
equipment, an inteqrated and in te rac t i ve  computer system may be o f  assistance. 



INTRODUCTION 

While t h e  o p e r a t i o n a l  s p i l l s  from o f f sho re  and onshore a c t i v i t i e s  account f o r  
by f a r  t h s  l a r g e s t  p a r t  of o i l  s p i l l e d  i n t o  tho  oceans, i t  is t h e  few, but  l a r g e  and 
acute ,  a c c i d e n t a l  o i l  s p i l l s  which i r e  brought t o  our  a t t e n t i o n  - and r i g h t l y  s o ,  
because thesa  concent ra ted  o i l  s p i l l s  r ep re sen t  t h a  most s eve re  t h r e a t s  t o ,  l o c a l  
a reas .  a 

In  add i t i on  t o  c o l l i s i o n s  and groundings of  s h i p s ,  a c c i d e n t s  r e l a t e d  t o  
o f f s h o r e  petroleum a c t i v i t i e s  such a s  blow-outs and t h e  rup tu re  of  subsea p i p e l i n e s  
nave a  l a r g e  p o l l u t i o n  p o t e n t i a l .  P. 

I t  should be mmtioned t h a t  while t h e  t o t a l  number of blow-outs lead ing  t o  o i l  
s p i l l s  is f a i r l y  smal l ,  perhaps i n  t h e  order  of  two o r  t h r e e  per  year  on an average,  
t h e  t o t a l  number of  s h i p  acc iden t s  caus ing  o i l  p o l l u t i o n  is  s u b s t a n t i a l .  In 1973 a s  
many as 50 s h i p  acc iden t s  wi th  s p i l l s  g r e a t e r  than 60 tonnes were repor ted .  

In  our  ~ o r k  f o r  s a f e t y  a t  s ea ,  we not  only focus  on s a f e t y  of l i f e  and 
proper ty ,  but a l s o  on s a f a t y  of  t h e  environment. Some of t h e  key s e r v i c e s  o f f e r ed  
by VERITAS i n  t h i s  respec t  a r e :  

- Risk a n a l y s i s  of  hazardous a c t i v i t i e s  

- Q u a l i t y  assurance o f  hardware and procedures 

- Consequance ana lyses  o f  o i l  s p i l l s  

- Q u a l i t y  assurance  of clean-up equipment 

- O i l  contingency p lanning  and a s s i s t a n c e  

Of t h e s e  s e r v i c e s ,  t h i s  paper w i l l  concen t r a t e  upon 

- Risk a n a l y s i s  

- Consequenca a n a l y s i s  

- O i l  s p i l l  contingency planning 

and a l s o  show how computer systems may be  of  a s s i s t ance .  

The primary ob%jec t ive  i n  o i l  p o l l u t i o n  c o n t r o l  must be  t o  prevent  o r  reduce t h e  
p r o b a b i l i t y  of o i l  s p i l l s  occurr ing .  Real iz ing  t h a t  s p i l l s  cannot be completely 
avoided, t h e  o b j e c t i v e  must fur thermore be t o  reduce t h e  consequences of  o i l  s p i l l s  
when they occur. 

In  o rde r  t o  determine t h e  bes t  s t r a t e g y  f o r  copinq with an o f f sho re  o i l  s p i l l ,  
i t  is necessary t o  know a s  much a s  p o s s i b l e  about t h e  l i k e l y  consequences, both 
phys i ca l  and b i o l o g i c a l ,  under d i f f e r e n t  ambient condi t ions .  

Based on t h i s ,  t h e  corresponding contingency system inc luding  organiza t ion ,  
equipment and procedures may b e  def ined .  



The computer-assis ted contingency c e n t r e  should have t h e  fo l lowing  main tasks .  

1. Be an information,  s imula t ion  and f o r e c a s t i n g  c e n t r e  i n  
connect ion with s p i l l  s i t u a t i o n s ,  s e rv ing  both t h e  
t a sk  f o r c e ,  t h e  o p e r a t o r s  and t h e  Goverment (s ) .  

2. Be an information and s imula t ion  c e n t r e  f o r  contingency 
planning i n  connect ion with p re sen t  and planned o f f sho re  
a c t i v i t i e s  ( t e s t  d r i l l i n g ,  development of  o i l  and gas  
f i e l d s ,  s h i p  t r a f f i c ,  p i p e l i n e  ope ra t ions ,  t r a n s f e r  of  
cargos ,  e t c .  . 

3 .  Carry out  r i s k  a n a l y s i s  of hazardous a c t i v i t i e s  (manoeuvring, 
c o l l i s i o n s ,  groundings, blow-outs, p i p e l i n e  rup tu re s ,  e t c . ) .  

Addit ional  r i s k  a n a l y s i s  i nc ludes  t h e  combined eva lua t ion  of t h e  p r o b a b i l i t y  
(of  o i l  s p i l l  contaminat ion)  and t h e  consequences. 

JUSTIFICATION 

When a major o i l / q a s  s p i l l  occurs ,  combat a c t i o n s  have t o  be  i n i t i a t e d  
immediately. A t a sk  f o r c e  is normally s e t  up wi th  t h e  r e s p o n s i b i l i t y  of  organiz ing  
t h e  most s u i t a b l e  counter-measures. To do a proper job t h i s  t a s k  f o r c e  needs 
immediate access  t o  be i n  a p o s i t i o n  t o  g ive  information on: 

1. t h e  s p i l l  source;  

2. t h e  combat equipment a v a i l a b l e ,  where it is loca t ed ,  
e f f i c i e n c y ,  a v a i l a b i l i t y ;  

3. short- term f o r e c a s t s  of wind, s e a  s t a t e ,  c u r r e n t s  and f a t e  of  
t h e  o i l  s p i l l :  

4. long-term f o r e c a s t s  of  t h e  f a t e  of  t h e  s p i l l :  Most-exposed 
sea  and sho re  a r e a s ,  t h e  amount of  o i l  reaching sho re  
dependent upon t h e  combat a c t i o n s  taken ,  t h e  s i z e  and 
du ra t ion  of  t h e  s p i l l ,  t h e  well behaviour (du r ing  a 
blow-out), a i r  and s e a  temperature,  o i l  q u a l i t y ,  e t c . ;  

e 5. obse rva t ions  o f  t h e  f a t e  of  t h e  s p i l l .  

Experience dur ing  r ecen t  yea r s  shows a s i g n i f i c a n t  l a c k  of  preparedness when a 
major s p i l l  occurs .  Valuable time is l o s t  a t  t h e  s t a r t  of  combat a c t i o n s  and i t  is 

JÃ very d i f f i c u l t  t o  e s t ima te  t h e  i n f luence  of t h e  va r ious  a c t i o n s  on t h e  u l t i m a t e  
r e s u l t s .  

This  s i t u a t i o n  could be d r a s t i c a l l y  changed i f  an o i l / g a s  s p i l l  contingency 
c e n t r e  were o p e r a t i v e  immediately, o r  a t  s h o r t  n o t i c e ,  p rovid ing  an o p e r a t i o n a l  
system and a l l  r e l evan t  information t o  t h e  o p e r a t o r s ,  and t h e  Government(s). 

This  can  be  achieved only i f  t h e r e  is sore continuous a c t i v i t y  a t  t h e  c e n t r e  
updat ing t h e  information bases ,  t h e  s imula t ion  models, e t c .  



PROPOSAL FOR A COMPUTER-ASSISTED OIL SPILL CONTINGENCY CENTRE 

The Contingency c e n t r e  should be equipped with a powerful mini-computer, the  
necessary r i s k  analys is ,  s imulation and data  base software. 

The computer system should be run in te rac t ive ly  both from the cen t re  i t s e l f  and 
from regional  cen t res  and the  s p i l l  s i t e ,  using a dial-up capab i l i ty  w i t h  a 

iw 

hard-copy o r  graphic f a c i l i t y .  Also t o  be considered is a mobile headquarters 
t r a i l e r  containing coaniunications and other  emergency equipment. 

Information is presented on graphic d isplays  and s tored on d i s c s ,  magnetic - 
tapes  and/or pr in ted  out on a l i n e  p r in te r .  

Input data  is supplied by relevant meteoroloqical/oceanoqraphical o f f i c e s ,  the 
opera tors ,  l o c a l  and nat ional  a u t h o r i t i e s  and from observations. 

The cen t re  w i l l  be responsible f o r  the  following a c t i v i t i e s :  

1. Implement and update da ta  bases f o r  

a) Personnel t o  be contacted and re la ted  procedures; 

b) Combating procedures f o r  var ious  types of  accidents;  

c )  Locations and spec i f i ca t ions  of  combating equipment 
(booms, skinners,  boats, e tc . ) ;  

d)  Data and maps f o r  s e n s i t i v e  off -  and on-&ore areas;  

e )  Risk t r a j e c t o r i e s  and analyses; 

f )  Data f o r  t h e  o i l  and environment. 

2. Perform risk-analyses of hazardous a c t i v i t i e s  ( c o l l i s i o n s ,  
groundings, blow-outs, e tc . )  t o  a s sess  the  r i s k  l e v e l s  and 
t o  iden t i fy  improvements of components and procedures (e.g. 
sea  t ranspor t )  which contr ibute  t o  improved sa fe ty  i n  the  most 
coat -ef f ic ient  way. 

3. Use Computer Simulation programs ( f o r  ins tance  OILSIM, 
SLIKTRAK and SLIKFORCAST) based upon the  l a t e s t  technology t o  

- perform analyses of o i l  s p i l l s  from po ten t i a l  and 
present  d r i l l i n g  and production s i t e s ,  p ipel ines ,  
e tc . ,  i n  advance, using h i s t o r i c a l  data .  The r e s u l t s  
w i l l  be of a s s i s t ance  when, f o r  instance,  preparing a 
s t r a t egy  f o r  o i l  s p i l l  counter-measures and the  
corresponding contingency plans. 

- have a system ready i n  a c r i s i s  (blow-out, tanker 
accident,  p ipe l ine  rupture) f o r  immediate simulation 
of t h e  f a t e  of  the o i l ,  both short-term (OILSIM) and 
long- t e r n  (SLIKTRAK) . 
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SHORT DESCRIPTION OF THE VARIOUS TASKS 

Data Bases 

Personnel t o  be contacted 

This f i l e  contains names, addresses and telephone numbers o f  
persons t o  be contacted when a s p i l l  occurs. 

For d i f f e r e n t  types  of  s p i l l s  (ships ,  p ipel ines ,  e tc . )  d i f f e r e n t  
ca tegor ies  o f  people w i l l  be contacted and a t  d i f f e r e n t  l eve l s .  

Combating procedures 

The system w i l l  p r i n t  out  t h e  l a t e s t  combating plan f o r  t h e  
given s p i l l  (given amount, locat ion,  tyve of  s p i l l ,  e tc . ) .  

Included is an estimated t imetable which might look l i k e  the  fol.lowinq: 

Manpower On-site 2 hours a f t e r  request  
In-Bay Skimmers Under way 1 hour a f t e r  request  
Ocean Skimmers Under way 4 hours a f t e r  request  
Suppl iers  Suf f i c i en t  quant i ty  on hand f o r  

f i r s t  24-hour period. 

Further de ta i l ed  organizat ional  plans,  complete job desc r ip t ions  
e tc .  a r e  included. 

Combating equipment 

Using the  loca t ion  of  t h e  s p i l l  a s  input,  t h e  computer w i l l  produce 
a map showing t h e  depots with combating equipment ava i l ab le  for  
t h i s  s p i l l .  

Inventory lists may be produced together with t h e  required manpower. 

Also included a r e  procedures f o r  recovinq o i l  from the  sea  and shorel ines .  

( d l  Sens i t ive  a reas  

Given t h e  locat ion fo r  t h e  s p i l l ,  t h e  computer produces maw 
of  t h e  s e n s i t i v e  a reas  which may be af fected.  This map must be 
cor re la ted  with t h e  maps f o r  the  depots with combating equipment. 

( e )  Risk t r a j e c t o r i e s  

Aa described below, t h e  f a t e s  of assumed o i l  s p i l l s  from high 
r i s k  regions have been computed i n  advance using h i s t o r i c a l  data .  

Giving t h e  loca t ion  and time of t h e  year a s  input ,  previously 
ca lcula ted  t r a j e c t o r i e s  w i l l  be shown on the  displays.  These 
maps must be cor re la ted  with those i n  ( c )  and ( d l .  

From these  points  alone, and with only t h e  loca t ion  of t h e  s p i l l  a s  input ,  t h e  
f i r s t  decis ions  may be taken a s  t o  f ind  the  bes t  way t o  f i g h t  t h e  o i l  s p i l l .  



( f )  Data f o r  t h e  o i l  and t h e  environment 

When more information about t h e  s p i l l  becomes a v a i l a b l e ,  e.g. 
type of  o i l ,  f u r t h e r  r e l evan t  in format ion  on t h i s  o i l  is f s t ched  
from t h e  d a t a  base and used a s  i npu t  t o  t h e  s imu la t ion  models. 

Also a c t i v a t e d  a r e  f i l e s  with r z s i d u a l  and t i d a l  c u r r e n t s .  

h 

The information on t h s  da t a  base  is updated r e g u l a r l y  and when new informat ion  
becomes ava i l ab l e .  

Risk Analysis  'Ã 

An important element i n  Q u a l i t y  Assurance is t o  s e t  t h e  proper s t anda rds  and i n  
a d d i t i o n  t o  check t h a t  t h e  s t anda rds  a r e  met. This  is  p a r t i c u l a r l y  a problem when 
dea l ing  wi th  l a r g e  and complicated systems,  l i k e  an o f f sho ra  product ion platform, of  
which previous  exper ience  is l imi t ed .  

An e f f i c i e n t  t o o l  t o  a s s i s t  i n  so lv ing  t h e s e  problems is r i s k  ana lys i s .  Such 
ana lyses  may t ake  many forms, but  i n  gene ra l  they w i l l  comprise t h e  i d e n t i f i c a t i o n  
of p o s s i b l e  hazards  and an a n a l y s i s  o f  t h e i r  causes  and consaquences. The ana lyses  
may 3130 inc lude  an eva lua t ion  of  means f o r  reducing p r o b a b i l i t i e s  and consequences 
( f i g u r e  I ) .  

In  order  t o  g ive  an i n d i c a t i o n  on how such a n a l y s i s  may be  c a r r i e d  o u t ,  we w i l l  
b r i e f l y  desc r ibe  t h e  d i f f e r e n t  s t e p s ,  t h e  necessary  i n p u t s  and what t h e  output  might 
b e  from such an ana lys i s .  

The a n a l y s i s  fo l lows  t h e  gene ra l  procedure o u t l i n e d  above and t h e  F i r s t  s t e p  is 
a system desc r ip t i on .  E s s e n t i a l  information is r e l a t e d  t o  s h i p  t r a f f i c ,  o f f sho re  
p i p e l i n e s ,  o f f s h o r e  product ion and exp lo ra t i on  and tanker  loading  f a c i l i t i e s .  (See 
a l s o  annex I  f o r  f u r t h e r  d e t a i l s ) .  

Among t h e  va r ious  hazards ,  unwanted even t s  n u s t  be i d e n t i f i e d  and r e l a t e d  t o  
d i f f e r e n t  phases of t h e  opera t ion .  

For s h i p - t r a f f i c ,  hazard i d e n t i f i c a t i o n  w i l l  comprise: 

- s a i l i n g  phases (hazard r a t i n g )  
- cargo c h a r a c t e r i s t i c s  

and t h e  unwanted even t s  w i l l  include:  

- s p i l l  dur ing  cargo t r a n s f e r  
- discharge  from s h i p s  
- s h i p  acc iden t s  ( c o l l i s i o n ,  grounding, explos ions)  

For o f f sho re  p i p e l i n e s ,  t h e  i d e n t i f i c a t i o n  w i l l  comprise hazard r a t i n g  fo r :  

- corros ion  ( i n t e r n a l ,  e x t e r n a l )  
- equipment f a i l u r e  
- ope ra t iona l  procedures 
- de fec t ive  p ipe  seams 
- vandalism 
- s t r u c t u r a l  d e f e c t s  (seams, welds,  r e p a i r s )  
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and the  unwanted events  w i l l  include: 

- f i r e  
- explosion 
- rupture  

For o f f s h o r e  exp lo ra t i on  and product ion t h e  i d e n t i f i c a t i o n  w i l l  compriss hazard 
r a t i n g  f o r  t h e  ope ra t iona l  procedures of:  

- d r i l l i n g  
- product ion 
- of f sho re  loading  t e rmina l s  
- type  of r i g s  

and t h e  unwanted even t s  w i l l  include:  

- b 1 0 ~ - o u t s  
- wel l  ca s ing  rup tu re s  
- l o s s  of  r i g s  
- f i r e  
- seepage. 

In c a l c u l a t i n g  t h e  p r o b a b i l i t y  of acc iden t s  a s  wel l  a s  t h e i r  l o c a t i o n ,  
a v a i l a b l e  s t a t i s t i c s  ( l o c a l ;  s t a t i s t i c s  f o r  s i m i l a r  a r e a s ;  world-wide acc ident  
s t a t i s t i c s )  -are used combined ~i t h  t h e o r e t i c a l  models. 

The next  s t e p  is t o  c a l c u l a t e  t h e  p r o b a b i l i t y  t h a t  t h e  acc ident  w i l l  cause an 
o i l  s p i l l  and dgain h i s t o r i c a l  da t a  ( f r equenc ie s ,  q u a n t i t i e s )  on a world-wide b a s i s  
cornbind wi th  t h e o r e t i c a l  models iire used. 

F igu re s  11-111 show a s  an example some of t h s  r e s u l t s  from such an a n a l y s i s  
can-iad out  f o r  t h e  Norwegian S t a t e  P o l l u t i o n  Control  Agency. The aim of t h e  
o r o j e c t  was t o  a s s e s s  t h e  r i s k  f o r  o i l  s p i l l s  from t anke r s  s a i l i n g  t o  and from an 
o i l  r e f ind ry  on t h e  west coas t  of Morway. 

From the  m a t e r i a l ,  one "nay a l s o  a s s e s s  now t h i s  p r o b a b i l i t y  is d i s t r i b u t e d  on 
s p i l l  s i z e  and o i l  type ( f i g u r e  XI) a s  well  a s  l oca t ion .  

I n  f i g u r e  (111) typa p r o b a b i l i t y  of o i l  s p i l l s  is shown. In  a  15-year per iod  
t h e r e  is a p r o b a b i l i t y  of  0.54 f o r  a t  l e a s t  one o i l  s p i l l  over  1 tonne. 

S imi l a r  s t u d i e s  have been c a r r i e d  out  f o r  o t h e r  o i l  r e f i n e r i e s  i n  Norway g iv ing  
conparable r e s u l t s .  These and o t h e r  s t u d i e s  have been i n i t i a t e d  by t h e  S t a t e  
P o l l u t i o n  Control  Agency s o  theit they  can e s t a b l i s h  an o v e r a l l  p i c t u r e  of t h e  
anvi ronnanta l  r i s k  r e l a t e d  t o  d i f f e r e n t  a c t i v i t i e s  onshore and o f f sho re ,  a s  a  b a s i s  

JL 

f o r  t h e i r  f u t u r e  work, inc luding  t h e  p repa ra t ion  of  laws and r egu la t i ons .  

In  a  s tudy  f o r  t h e  Norwegian Department of O i l  and Energy, c a r r i e d  out  by 
VERITAS i n  co-operat ion with va r ious  i n s t i t u t e s  i n  Norway, t h e  purpose was t o  ~ h .  

es t ima te  t h e  r i s k  of blow-outs on t h e  Norwegian Cont inenta l  She l f .  

Figure IV shows an example of r e s u l t s  from t h i s  a n a l y s i s .  Also c a l c u l a t e d  were 
f low-ra tes  and du ra t ion  of t he  s p i l l s .  

Having c a r r i e d  out  r i s k  ana lyses  of t h i s  type ,  one might be a b l e  t o  judge 
whethsr t h e  a c t i v i t y  has  an acceptable  s a f e t y  f a c t o r ,  o r  t o  focus  on t h e  weak 
elements  i n  order  t o  f i n d  a l t e r n a t i v e  s o l u t i o n s  with increased  s a f a t y .  
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NORWEGIAN CONTINENTAL SHELF 

PROVIDED THE ADOPTION OF SOME RISK 
REDUCING MEASURES 
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The r i s k  a n a l y s i s  a l s o  provides va luable  information f o r  t h e  development of  
r a t i o n a l  r egu la to ry  requirements  and contingency p l ans  r e l a t e d  t o  o i l  s p i l l  
p revent ion  and abatement. 

Risk Raduction/Ship S p i l l s  

The measures f o r  p ro t ec t ion  of t h e  environment a g a i n s t  o i l  p o l l u t i o n  may be 
d iv ided  i n t o  t h r e e  main c a t e g o r i e s  ( f i g u r e  V ) ,  of which two a r e  aimed a t  
reducing the  ope ra t iona l  and acc iden ta l  s p i l l  amounts, whi le  t h e  t h i r d  is aimed a t  
reducing the  consequences of s p i l l  t h a t  have a l r eady  occurred.  

Regarding measures t o  reduce t h e  ope ra t iona l  s p i l l s ,  t h i s  is no t  
p r imar i l y  a  ques t ion  of a  r i s k  reduct ion ,  but  r a t h e r  a  mat te r  of in t roducing  
adequate laws and r e g u l a t i o n s  t o  p r o h i b i t  such s p i l l s  ( f i g u r e  VI). Such work is i n  
progress  f o r  s h i p  s p i l l s  and i t  is l i k s l y  t h a t  when t h e  new IMO requirements  l a i d  
down i n  t h e  MARPOL Convention of 1973 and t h e  Pro tocol  of 1978 come i n t o  f o r c e ,  
probably i n  mid-1931, t he se  s p i l l s  should be reduced from 1.8 mi l l i on  tonnes 
per  year  t o  l e s s  than 9.5 mi l l i on  tonnes.  

Most of  t h e  acc iden ta l  o i l  s p i l l s  a r e  still due t o  s h i p  acc iden t s  and 
p a r t i c u l a r l y  t o  c o l l i s i o n s  and groundings of o i l  c a r r i e r s .  F i r e  and explos ions  
have a l s o  caused s e r i o u s  acc iden t s  with o i l  s p i l l s .  Even without  ca r ry ing  out  an 
in-depth a n a l y s i s  of t h e  i nd iv idua l  acc iden t s ,  i t  is  p o s s i b l e  t o  de f ine  a  range 
of genera l  measures f o r  reducing t h e  p r o b a b i l i t y  of such acc iden t s  a3  wel l  a s  t h e  
amount of o i l  re leased  i f  a cc iden t s  should occur ( f i g u r e  VII) .  Both MA!?POL 1973 
and SOLAS 1974, wi th  p ro toco l s  from 1978, spec i fy  a  number of measures 
concerning arrangement, equipment and ope ra t iona l  procedures which w i l l  f u r t h e r  
i nc rease  t h e  s a f e t y .  

Even with t h e  b e s t  a v a i l a b l e  technology and ope ra t iona l  procedures,  we know 
t h a t  acc iden t s  cannot be completely avoided. I t  is  t h e r e f o r e  necassary t o  
reduce t h e  harmful consequences of a c t u a l  o i l  s p i l l s  and f o r  t h i s  purpose an 
e f f i c i e n t  o i l  s p i l l  contingency system is requi red .  

O i l  S p i l l  Simulat ion Models 

VERITAS has  ex t ens ive  experience with consequence ana lyses ,  incorpora t ing  t h e  
c a l c u l a t i o n  o f  d r i f t ,  spreading  and weathering of p o s s i b l e  o i l  s p i l l s ,  a s  f o r  
i n s t ance ,  a n a l y s i s  f o r  t h e  Ekofisk, S t a t f j o r d ,  Halten and Transo f i e l d s  on t h e  
Norwegial Cont inenta l  Shelf  and t h e  Gom f i e l d  i n  t h e  Danish s e c t o r .  Furthermore, 
we have s t u d i e d  t h e  consequences of p o s s i b l e  rup tu re s  of  t h e  p i p e l i n e s  between 
Ekofisk and Teesside a s  w e l l  a s  f o r  a  p o t e n t i a l  p i p e l i n e  between S t a t f j o r d  and 
Sot ra .  

I n  t hose  s imula t ion  s t u d i e s  t h e  program system SLIKFORCAST was used. 

Using h i s t o r i c a l  wind d a t a  and r e s u l t s  from t h e  r i s k  a n a l y s i s  f o r  h igh  r i s k  
a r e a s ,  s imula t ion  s t u d i e s  should be c a r r i e d  out  i n  advance to 

- e s t a b l i s h  r i s k  t r a j e c t o r i e s  f o r  s p i l l e d  o i l  

- c o r r e l a t i o n  of r e s u l t s  with s e n s i t i v e  a r ea s .  

These r e s u l t s  a r e  b a s i c  information f o r  s o r e  of  t h e  d a t a  bases  d iscussed  above. 

Some of  t h e  probable s p i l l  l o c a t i o n s  may be  a s h o r t  d i s t a n c e  o f f sho re ,  and it 
is t h e r e f o r e  important  t h a t  t h e  program system is easy t o  load  and run. I n  
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a d d i t i o n ,  t h e  short-term program (OILSI'1) may be run i n t e r a c t i v e l y ,  i . e .  t h e  user  
may communicate with t h e  program and, For i n s t ance ,  chinge d a t 3  input  when 
appropr ia te .  

( a )  development of S l i k f o r c a s t  

La te  i n  1975, Det norske VERIT4S and The Cont inenta l  Shelf I n s t i t u t e  of Norway 
(IKU) s t a r t e d  t he  development of  OIL3If4, a  computer program f o r  t h e  a n a l y s i s  of  t h e  
phys i ca l  f a r e  of  o i l  s p i l l s  a t  sea .  I t  was a d e t e r m i n i s t i c  program c a l c u l a t i n g  a  
d e t a i l e d  t ime-history of a s i n g l e  o i l  s p i l l  under given o r  assumed ambient 
condi t ions .  I t  was f u r t h e m o r e  made i n t e r a c t i v e  s o  t h a t  t h e  ope ra to r  could e a s i l y  
communicate wi th  t h e  computer model dur ing  t h e  s imula t ion ,  f o r  i n s t ance  t o  change 
t h e  i npu t  weather da t a .  A pre l iminary  ve r s ion  was ready i n  Apri l  1977 and was used 
du r ing  t h e  Bravo blow-out i n  t h e  North S3a i n  t h e  same month. I t  ha s  l a t e r  been 
f u r t h e r  improved and appl ied  t o  a  wide range of consequence ana lyses  of p o t e n t i a l  
o i l  s p i l l  s i t u a t i o n s .  

SLIKTRAK, which has  been developed by S h e l l  I n t e r n a t i o n a l  Maatschappi j ,  is a  
p r o b a b i l i s t i c  model i n  t h e  sense  t h a t  i t  a p p l i e s  s t a t i s t i c a l  weather da t a  t o  
gene ra t e  a l a r g e  number of p o s s i b l e  o i l  s p i l l  t r a j e c t o r i e s  f o r  each s p i l l  source. 
Thus i t  p r e s e n t s  a  p r o b a b i l i s t i c  p i c t u r e  map of  t h e  l i k e l y  d r i f t  p a t t e r n  of an o i l  
s p i l l .  I t  is t h u s  p a r t i c u l a r l y  s u i t e d  t o  c a r r y  ou t  consequence a n a l y s i s  i n  advance, 
r a t h e r  than  ana lys ing  a c t u a l  s p i l l s .  

I n  1979, co-operation was i n i t i a t e d  between VERITY, IUU and t h e  CAP Forum of 
t h e  o i l  companies f o r  a  f u r t h e r  davelopment of  OILSIM and SLIKTRAK i n t o  a  combined 
program package named SLIKFORC4ST. The programs b a s i c a l l y  use  t h e  same phys ica l  
model and have been adapted t o  accept  t h e  same format of  weathsr d a t a ,  t hus  
s imp l i fy ing  t h e  genera t ion  and s t o r i n g  of t he se .  The package a l s o  i nc ludes  a  
program module MEPTUN-C21 f o r  t h s  c a l c u l a t i o n  o f  t i d a l  c u r r e n t s  f o r  t h e  a c t u a l  a rea .  
Pie gene ra l  layout  o f  t h e  SLIKFORCAST package is i l l u s t r a t e d  i n  f i g u r e  VIII a  and b. 

( b )  SLIKFORCAST - opt ion  

A unique f e a t u r e  of  t h e  SLIKFORCAST model is  t h e  p o s s i b i l i t y  of t r a n s f e r r i n g  
s imula t ion  r e s u l t s  from the  d e t e r m i n i s t i c  modal t o  t h e  s t o c h a s t i c  model. This makes 
p o s s i b l e  s t a t i s t i c a l  f o r e c a s t s  of  t h e  probable f a t e  of o i l  s p i l l s  dur ing  a  given 
emergency s i t u a t i o n .  The f o r e c a s t  e s t i m a t e s  a r e  based upon h i s t o r i c a l  weather and 
c u r r e n t  d a t a ,  given blow-out r a t e  and l o c a t i o n ,  es t imated  ranges f o r  continued 
blow-out du ra t ion  and t h e  d e t e r m i n i s t i c  r e s u l t s  up t o  and inc luding  t h e  l a t e s t  
d e t e r m i n i s t i c  f o r e c a s t s .  A s  t ime moves on, t h e  s t o c h a s t i c  o r  p r o b a b i l i s t i c  
f o r e c a s t s  can be updated s t a r t i n g  each time from t h e  l a t e s t  d e t e r m i n i s t i c  r e s u l t s  
( f i g u r e  IX a and b)  . 

The app rop r i a t e  wind d a t a  must b e  taken from t h e  h i s t o r i c a l  weather d a t a  f i l e  
f o r  t h e  time window corresponding t o  t h e  given o i l  s p i l l  s i t u a t i o n .  One of t h e  
important  f e a t u r e s  of  t h e  SLIKFORCAST model is t h a t ,  a s  more and more information is 
gained about t h e  s p e c i f i c  s p i l l  s i t u a t i o n ,  t h e  unce r t a in ty  range i n  t h e  e s t ima te s  
g radua l ly  decreases .  
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OUTPUT FROM OILSIM 

1 OILSIM 1 
1 DETERMINISTIC MODEL 1 

DETAILED ANALYSIS FOR 
GIVEN AMBIENT DATA 1 

FOR EACH TIMESTEP IN A SIMULATION: 

- 6 PRESENT POSITION OF OIL 
- 0 PRESENT AMOUNT OF OIL ON SURFACE 

- ACCUMULATED AMOUNT OF OIL ON SHORE 

- Â ACCUMULATED AMOUNT DISPERSED & EVAP. 

- Â ACCUMULATED AMOUNT COLLECTED 

- Â ACCUMULATED RESIDENCE TIME AT GRIDPOINTS 

- @ ACCUMULATED AREA AFFECTED BY OIL 

- 0 DRIFT TIMES TO SHORE LOCATIONS 

Figure IXa .s 
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(c )  Operational aspects  

When a s p i l l  occurs, the  bas ic  data  w i l l  a lready be i n  the  computer, and 
the  addi t ional  input w i l l  be 

( i )  pos i t ion of s p i l l  
( i i )  s p i l l  r a t e  (bes t  est imate) 

( i i i )  present time 
( i v )  present and forecasted winds ( 5 - 5  days) 

(v) poss ible  correct ions  of ( i v )  due t o  on-s i te  measurements. 

The system is then s t a r t e d  and r e s u l t s  a r e  

- pr inted 
- s tored on d i s c  o r  magnetic tape f o r  l a t e r  analyses 
- plo t t ed  on colour screens ( i f  avai lable)  and p l o t t e r s .  

The r e s u l t s  a r e  presented a s  o i l  t r a j e c t o r i e s ,  o i l - in fec ted  areas ,  o i l  landing 
i n  spec i f i ed  shore areas ,  es t imates  of maximum hydrocarbon concentrat ions i n  
se lec ted  sea  areas ,  d r i f t  times t o  the var ious  locat ions ,  amounts of o i l  evaporated, 
dispersed and col lec ted by combat ac t ions ,  cos t  associa ted  with the  s p i l l ,  e t c .  

Khen new infor.mtion is ava i l ab le  these  a r e  entered in te rac t ive ly  and long-term 
fo recas t s  a r e  computad when necessary. 

Reports from the  s p i l l  sits 

Reports from personnel combating the o i l ,  t h e  
on-scene-commander, research and other  vesse l s  and 
from o the r s  present .  

Air survei l lance  

Use of spec ia l ly  equipped aeroplanes with, f o r  instance,  
side-looking radar. The use of aeroplanes w i l l  a l so  
improve t h e  p o s s i b i l i t i e s  of locat ing and following o i l  
when it is dark, foggy, e t c .  

Buoys 

D r i f t  buoys may be placed i n  the o i l  on the  sea. These 
buoys w i l l  be designed t o  have the  same d r i f t i n g  proper t ias  
a s  o i l  on the  sea ,  and they w i l l  thus follow the  d r i f t i n g  o i l .  

A s  f o r  posit ioning and report ing,  the  following systems may be used: 

- regional posit ioning systems used by sh ips  

- s a t e l l i t e  posi t ioning 

- radar observations by sh ips  i n  the neighbourhood. 

( e l  Computer r e s u l t s  

Both the  determinis t ic  and s tochas t i c  model can be used e i t h e r  alone o r  i n  a 
combined mode, the  SLIKFORCAST mode. In order t o  f a c i l i t a t e  t h i s  l a s t  option i t  has 



been necessary t o  ansu ra ' t ha t  t h e  two models have i d e n t i c a l  a r i d  systems and t h a t  
t h e  input /output  op t ions  a r e  compatible. 

For both models, t he re fo re ,  one may s p e c i f y  1 5  d i f f a r e n t  s h o r e l i n e  a r e a s ,  f i v e  
s e a  s t r a i t s  and f i v e  c r i t i c a l  s e a  a r e a s  f o r  which o i l  s p i l l s  c h a r a c t e r i s t i c s  a r e  
computed. 

OILSIM - The d e t e r m i n i s t i c  aodel  

The d e t e r m i n i s t i c  model aims a t  o i l  s p i l l  s imu la t ions  f o r  a  s p e c i f i c  spill 
s i t u a t i o n .  

The ,nodel is s t r u c t u r e d  i n t o  modules, each s imu la t ing  t h e  va r ious  phys i ca l  and 
chemical processes  a s  descr ibed  i n  t h e  previous  s e c t i o n s .  

An e f f i c i e n t  and easy ope ra t iona l  procedure is o f  g r e a t  importance f o r  t h e  use  
of t h e  model. This  is e s p e c i a l l y  t r u e  f o r  its implementation i n  emergency 
s i t u a t i o n s ,  i . e .  f o r  an ope ra t iona l  t r ack ing  and p r e d i c t i o n  of o i l  s l i c k  movements 
i n  ca se  of  an a c t u a l  blow-out, t anke r  acc ident  o r  p i p e l i n e  rupture .  Spec i a l  
emphasis has ,  t he re fo re ,  been given t o  a  user -or ien ted  man-machine i n t e r f a c e ,  
a l lowing t h e  ope ra to r  t o  update t h e  s imu la t ions  a g a i n s t  f i e l d  observa t ions .  

Some of  t h s  major output  parameters  a re :  

- Accumulated m o u n t s  of  o i l  on shore  

- kcumula t ed  amounts of  o i l  d i spe r sed  and evaporated 

- Accumulatad amounts of  o i l  c o l l e c t e d  by primary and 
and secondary combat a c t i o n s  

- Accumulated number of  h i t s  and d r i f t i n g  o i l  i n  each g r i d p o i n t  

- O r i f t  t imes  t o  va r ious  shore  l o c a t i o n s  

- P o s i t i o n s  of  d r i f t i n g  o i l  st avery tims s t e p  

- Est imates  of  hydrocarbon concen t r a t i ons  i n  given 
c r i t i c a l  s ea  a r e a s  

- Accumulated s u r f a c e  a r e a  a f f e c t s d  by d r i f t i n g  o i l .  

The output  may be  presented  on a  l i n e  p r i n t e r ,  on TV-screens o r  on hard copy 
drawings. A photograph from VERITAS Simulat ion Centre where QILSIM may be  run is 
shown i n  f i g u r e  X .  

SLIKTRAK - The s t o c h a s t i c  model 

4s  previous ly  "nentioned, t h e  s t o c h a s t i c  model accumulates r e s u l t s  f o r  a  number 
of  s imula t ions ,  maximum 5,000, i n  order  t o  gene ra t e  t h e  p r o b a b i l i s t i c  r e s u l t s  f o r  a  
qiven blow-out l oca t ion .  For each s imula t ion  t h e  va lues  of t h e  va r ious  parameters  
d iscussed  before  a r e  chosen a t  random wi th in  t h e  given range. The output  t hus  g i v e s  
t h e  "average" impact f o r e c a s t s  and its unce r t a in ty  range r e s u l t i n g  from t h e  
d i f f e r e n t  combinations of t h e  u n c e r t a i n t i e s  i n  t h e  blow-out condi t ions .  





Some of  t h e  major output  parameters  a re :  

- S t a t i s t i c s  f o r  tonne3 of  o i l  on shore  
(min., max., avr . )  

- Rate o f  o i l  s co r ing  (avr . ,  max.) 

- D r i f t  t imes  t o  sho re  (min., avr.) 

- Tonnes of  o i l  c o l l e c t e d  a t  primary and secondary combat 

- Tomes  of o i l  d i spe r sed  i n  c r i t i c a l  s ea  m e a s  

- D r i f t  t imes  t o  c r i t i c a l  s ea  a r e a s  

- Concentrat ion e s t i m a t s s  i n  c r i t i c a l  s e a  a r e a s  

- 4ccumulated s p i l l '  t r a j e c t o r y  p l o t  

- P o l l u t i o n  c o s t  e s t ima ta s .  

The ou tpu t s  may be presented on a  l i n e  p r i n t e r  o r  a s  drawings. ,An example of a 
t r a c e  p l o t  is givsn i n  f i g u r e  XI. 

( f )  Sample c a l c u l a t i o n s  

In what fol lows we s h a l l  b r i a f l y  p re sen t  some example r e s u l t s  from the  
iLIKFORC4ST program system. For t h i s  i l l u s t r a t i o n  examples have been chosen from 
t h e  Norwegian Cont inenta l  She l f .  

The average amounts of  o i l  onshore f o r  t h e  d i f f e r e n t  sitss may be  seen i n  
f i g u r e  XII. The amounts a r e  expressed both i n  percentage of t h e  average amount of 
s p i l l e d  o i l  and i n  tonnes. Combat ope ra t ions  a r e  included i n  t h e  r e s u l t s .  

A s  may b e  seen ,  t h e  amount of o i l  reaching t h e  shore  i nc reases  s t e a d i l y  a s  we 
proceed from south  t o  north.  The reasons  f o r  t h i s  a r e  both t h e  decreas ing  d i s t ance  
t o  t h e  shore ,  t h e  r e s i d u a l  cu r r en t  p a t t e r n  and t h s  p r e v a i l i n g  wind p a t t e r n s  a t  t h e  
d i f f e r e n t  l oca t ions .  

Â¥ 

The ques t ion  of  o i l  combat p l ays  a  key r o l e  i n  t h e  dabata on o i l  p o l l u t i o n  
impact. Figure XI11 g i v e s  a schematic p re sen ta t i on  o f  t h e  f a t e  of  tha o i l  s p i l l e d  
a t  t h e  t h r e e  s i t e s .  The r e s u l t s  show an inc rease  i n  t h e  importance of combat * 
a c t i o n s  with decreas ing  d i s t ance  from t h e  shore.  For For g r e a t e r  d i s t a n c e s ,  t h e  
moun t  o f  o i l  d i s s i p a t s d  increases .  
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The t a b l e  below a l s o  shows t h e  es t imated  avaraqe maximum concant ra t ion  i n  t h r e e  
c r i t i c a l  s e a  a r e a s  i n  t h e  North Sea (EKOFISK Area). 

Es t imates  of  average max. hydrocarbon concen t r a t i ons  
i n  c r i t i c a l  s e a  a r e a s  ( c )  and average min. d r i f t  

t i n e s  ( t )  t o  t h e  i nd i ca t ed  a r ea .  

Sea Area 
Winter Summer 

c (ppb) t (days)  c  (ppb) t (days)  

Ekof i s k  
Great Bank 
Coral  Bank 

According t o  t h e  r e s u l t s  we may expect  almost an order  of  magnitude lower 
concen t r a t i on  l e v e l s  a t  t h e  Great Bank and Coral Bank a r e a s  than i n  t h e  sea  a r e a  
ad jacent  t o  t h e  s p i l l  s i t e .  The computer concent ra t ion  l e v a l s  near  t h e  platform 
(250 ppb) seam reasonable compared t o  t he  measured va lues  dur ing  t h e  3ravo blow-out 
(Raf. 2 ) .  I t  should a l s o  be noted t h a t  t h e  computer d r i f t  t ime t o  t h e  Coral and 
Great Bank a r e a s  is of t h e  order  of two weeks. The o i l  w i l l  then be of an age where 
it is gene ra l ly  considered t o  r ep re sen t  a l e s s e r  t h r e a t  t o  f i s h  resources.  

Figure X I V  shows r e s u l t s  of  t ha  d e t e r m i n i s t i c  s imu la t ions  f o r  four  d i f f e r e n t  
days. Both t h e  ins tan taneous  p o s i t i o n  of t h e  " th i ck  o i l "  a r ea  and the  t o t a l  a rea  of 
o i l  impact a r e  shown toge the r  wi th  observed o i l  d r i f t  and spreading.  The r e s u l t s  
demonstrate a t y p i c a l  short- t ime f o r e c a s t  dur ing  a  blow-out s i t u a t i o n .  I t  is worth 
not ing  t h a t  t h e  width of  t h e  s imulated " th ick"  o i l  s l i c k  is  mainly 3 r e s u l t  of t h e  
t i d a l  e f f e c t .  This  is because t h e  var ious  o i l  l o t s  a r e  s i t u a t e d  a t  d i f f e r e n t  chases  
of t h e  k idd l  cyc le .  

F igures  X V - X V I  show a summary of a  s imulated blow-out a t  two of  t h e  a r ea s .  The 
c o a s t a l  a r a a s  wi th  h ighes t  s p i l l  impact correspond t o  t h e  r e s u l t s  f r o n  t h e  
s t a t i s t i c a l  s imula t ion  r e s u l t s .  A pronounced f e a t u r e  of t h e  r e s u l t s  is  t h e  r a t h e r  
ex t ens ive  s e a  su r f ace  a r ea  a f f e c t e d  by t h e  d r i f t i n g  o i l .  
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Ths i ios t  i m p o r t ~ n t  c o n c l u s i o n s  From what h a s  bean d i s c u s s e d  i n  t h i s  pnpar may 
be  summarizad 33 fo l lows :  

1. 

2. 

3 .  

1. 

The 

Concarning t h e  o p e r a t i o n a l  s p i l l s ,  which account  f o r  t h e  g r e a t e r  p a r t  o f  

t h e  o i l  s p i l l s ,  a  s u b s t a n t i a l  r e d u c t i o n  is e x p a c t s d  i n  t h e  f u t u r e  due t o  
s t r i c t e r  r e g u l a t i o n s  and follow-up. Also t h e  i n c r e a s e d  c o s t  o f  o i l  g i v e s  
an i n c e n t i v e  t o  t a k a  c a r e  of  waste  o i l  f o r  r e u s e .  

Although a c c i d e n t a l  o i l  s o i l l s  i n  t h e  g l o b a l  p e r s p e c t i v e  represank  o n l y  a 
minor p a r t ,  t h e y  n e v e r t h e l e s s  c o n s t i t u t e  s e r i o u s  t h r e a t s  t o  t h e  l o c a l  
a n v i r o m e n t .  The r i s k  of  such  s p i l l s ,  however, may b e  reduced t o  a n  
a c c e p t a b l e  l e v e l  th rough  p roper  q u a l i t y  assuranze .  

Acc iden t s  canno t  be comple te ly  avoided and t h 3  o b j e c t i v e  must t h e n  b e  t o  
reduce  t h e  n e q a t i v e  consequences ,  by s t o p p i n g  t h e  ou t f low,  p r e v e n t i n g  t h e  
o i l  from s p r a a d i n g  and removing i t  a s  soon a s  p o s s i b l e .  Even i f  t h i s  may 
be  ve ry  d i f f i c u l t  and sometimes i m p o s s i b l e ,  a l o t  m.iy ba  ach iaved  by 
having an e f f i c i e n t  o i l  con t inqency  system f o r  p r o t e c t i o n  o f  v u l n e r a b l e  
a r e a s .  

A compute r -ass i s t ed  o i l  s p i l l  con t ingency  c e n t r e  w i l l  producz u s e f t ~ l  
in fo rmat ion  f o r  peop le  d e s i g n a t e d  t o  make d e c i s i o n s  concern ing  combating 
o i l  s p i l l s  3nd f o r  c r e a t i n g ,  s v a l u a t i n q  and t e s t i n g  con t ingency  p l a n s .  

o u t p u t  i n f o r m a t i o n  shou ld  be p r e s e n t e d  i n  a  c l e a r ,  p r e c i s e  and 
u n d e r s t a n d a b l e  way, and communication c k m n e l s  shou ld  e x i s t  f o r  t r a n s m i t t i n g  d a t a ,  
maps, p r i n t o u t s ,  e t c .  

The e s t a b l i s h m e n t  o f  an o i l  s p i l l  con t ingency  c e n t r e  r e q u i r e s  b o t h  hardware ,  
s o f t w a r e  and educa ted  p e r s o n n e l  (annex 11) .  The o i l  s p i l l  con t ingency  c e n t r e  c a n  b e  
run  a s  a g e n e r a l  purpose computer c e n t r e ,  i n d  then  b e  s t a f f e d  w i t h  a d d i t i o n a l  peop le  
&hen s e r i o u s  a c c i d e n t s  occur .  

VERITAS h a s  been a c t i v e l y  engaged i n  performing r i s k  a n a l y s e s  i n  d i f f e r e n t  
p a r t 3  o f  t h e  world ,  development o f  s i m u l a t i o n  models f o r  t h e  f a t e  and e f f e c t  o f  o i l  
s p i l l s ,  e s t a b l i s h i n g  and running .3 s i m u l a t i o n  c e n t r e  and co-opera t ing  w i t h  a t a s k  
f o r c e  i n  blow-out s i t u a t i o n s .  Also,  VERIT!XS h a s  g a i n e d  know-how and e x p e r i e n c e  f r o -  
co-opera t ion  nfith r e s e a r c h  i n s t i t u t i o n s ,  o p e r a t o r s  and a u t h o r i t i e s .  I n  t h i s  c o n t e x t  
e s p e c i a l l y ,  t h e  co-opera t ion  wi th  t h e  Norwegian C o n t i n s n t a l  She l f  I n s t i t u t s  ( IKU)  is 
o f  v a l u e  (dnnex 111) .  



Annex I 

RISK AMALY3IS 

The system d e s c r i p t i o n  i n  t h e  r i s k  a n a l y s i s  s tudy  should conta in  t he  fol lowing s 

information: 

Offshore petroleum product ion 

- The number of r i g s  

- Types of p la t forms,  i .e .  ssmi sub, f i x e d  p la t form,  e t c .  
and s i z e  of  platform 

- Location of r i g  

- Number of we l l s  per f i e l d ,  product ion r a t e  of o i l  and gas,  
type of d e l l ,  blow-out preventing s a f e t y  equipment 

- Number of explora tory  and development w e l l s  d r i l l e d  per  ysdr 

- I f  p o s s i b l e  - s i z e  of f i e l d ,  recoverable  r e s e r v o i r  s i z e  

Offshore p i p e l i n e s  

- Location of p i p e l i n e  

- Dimension and l eng th  

- Mediun t ranspor ted  

- Pressure  and flow r a t e  

- Coating and b u r i a l  

- Depth o f  p i p e l i n e  

Tanker loading f a c i l i t i a s  

- Location 

- Number of  tanker  a r r i v a l s  per  year  

- Tota l  throughput of  o i l  per year 

- Loading r a t e  

- Maximum and average s i z e  of t anke r s  loading a t  t e rmina l  

- Type of loading  f a c i l i t i e s  a t  t e rmina l ,  i . e .  f i x e d  sbm e t c .  
and capac i ty  and u t i l i z a t i o n  of each 

- S a i l i n g  r egu la t i ons ,  harbour management, e t c .  



d)  Tankers 

- S a i l i n g  rou te s  

- Number of  t anke r s  on each r o u t e  

- S i z s  d i s t r i b u t i o n  of t anke r s  

- Average s i z e  of  o i l  loads ,  type  of  o i l  c a r r i e d  

- S a i l i n g  r egu la t i ons ,  ve s se l  speed 

- Other marine t r a f f i c  i n  terms of t r a f f i c  d e n s i t i e s ,  t y p l  390/1 
and s i z e s  of  v e s s e l s  

Hazard I d e n t i f i c a t i o n  

The hazards w i l l  be i d e n t i f i e d  and l i s t e d  t o  e s t a b l i s h  hazard scanar ios .  Ths 
o b j e c t i v ~  is t o  cover t h e  main hazards o r  mishaps. The hazards w i l l  be  expressed i n  
terms of acc iden t s  they may l ead  to.  

Poss ib l e  s p i l l  even t s  w i l l  be i d e n t i f i e d  i n  terms o f :  

- Typa of event  

- Location of  leakage  

- Poss ib l e  leakage  amount 

- Poss ib l e  leakage r a t e  

Est imation o f  Accident P r o b a b i l i t i e s  

The acc ident  p r o b a b i l i t i e s  w i l l  be es t imated  on t h e  b a s i s  of  t h e  system 
desc r ip t i on ,  acc ident  s t a t i s t i c s  - world-wide and f o r  t h e  considered a r ea  - a s  wel l  
a s  t h e o r e t i c a l  models, p rev ious  ana lyses  and experience wi th in  VERITAS. 

Est imation of  S p i l l  P r o b a b i l i t i e s  

From t h e  r e s u l t s  of s e c t i o n  3 (above), s p i l l  p r o b a b i l i t i e s  w i l l  be es t imated  i n  
terms of 

- Location of s p i l l  

- S i z e  of s p i l l  i n  terms of  . l a r g e  s p i l l  . smal l  s p i l l  

- S p i l l  source  

- S p i l l a g e  r a t e  
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EXAMPLE OF HARDWARE FOR AN OIL SPILL CONTINGENCY CENTRE 

1. Minicomputer 

A powerful process  computer. The co fpu te r  should have a  memory of  a t  l e a s t  128 
Kbytes. 

2. Disk 

A d i sk  system w i l l  be included f o r  secondary s t o r a g e  of programs, ope ra t ing  
system, e d i t o r s ,  compilers ,  e t c .  

3. Magnetic t ape  s t a t i o n  

A t ape  s t a t i o n  may be  necessary f o r  input  of wind and c u r r e n t  da t a .  

4. P r i n t e r  

The p r i n t e r  w i l l  produce r e p o r t s  and p r i n t  p l o t s  of  t h e  s imula t ion  run (310 
l i n e s  per  minute should be s u f f i c i e n t )  . 
5. Di ske t t e  

In s t ead  of i n p u t s  by ca rds ,  a  d i s k e t t e  system w i l l  be used. Each d i s k e t t e  may 
con ta in  up t o  296 Kbytes. 

6. Process console / t racker  b a l l  

The process  console  and t r a c k e r  b a l l  a r e  used f o r  t h e  i n t e r a c t i o n  between t h e  
ope ra to r  and t h e  s imula t ion  program ( s t a r t / s t o p ,  change va lues ,  playback, e t c . ) .  

7. Colour graphic  d i sp l ay  u n i t s  

To p re sen t  t h e  r e s u l t s  dur ing  a  s imula t ion  run, co lour  TV-screens a r e  used. 
The information d isp layed  on t h e  s c r eens  is w r i t t e n  i n t o  graphic  bu f f e r s .  By 
combining b u f f e r s ,  t h e  information is disp layed  i n  d i f f e r e n t  co lours .  
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SERVICES OFFERED 3 Y  IKU  I W O W E C T I O N  WITH O I L  SPILLS 

1. Blow-out s imula t ion  

A computerized r e s e r v o i r  program f o r  s imula t ion  of r e s e r v o i r  under blow-out 
cond i t i ons  has  been developed a t  IKU. The program w i l l  s imula te  t h e  flow of f l u i d s  
and yas  i n  t h e  r e s e r v o i r  and up t o  t h e  wellhead,  based on r e s e r v o i r  da t a .  

2 .  Col l ec t ion  of oceanographic and meteorological  d a t a  

I K U  can c a r r y  out  d a t a  c o l l e c t i o n  i n  a r e a s  where o i l  s p i l l s  'nay occur.  This  
w i l l  be based on a n a l y s i s  of h i s t o r i c a l  da t a .  IKU can a l s o  g i v e  advice on how t o  
s e t  up a measuring program f o r  t h e  a c t u a l  a rea .  IKU  can furthermore d i r e c t l y  c a r r y  
o u t  da t a - acqu i s i t i on  on behal f  of a  con t r ac to r .  

3. Support o f  equipment 

KU has developed a  s p e c i a l  d r i f t e r  f o r  t r ack ing  d r i f t i n g  o i l  s l i c k s .  T'ie 
d r i f t e r  is s a t e l l i t e - p o s i t i o n e d  ( Argos system).  The s a t e l l i t e  pos i t i on ing  system 
has cin accuracy of 1 km repor ted  s e v e r a l  t imes d a i l y .  The accuracy of  t h a  
pos i t i on iny  system could be h igher  i f  a  l o c a l  pos i t i on ing  system i n  t h e  a r ea  is 
ava i l ab l e .  The Argos system is a b l e  t o  handle s e v e r a l  hundred d r i f t e r s  fr3m the  
same area .  The u n i t  p r i c e  f o r  each d r i f t e r  v a r i e s ,  depending on whdt kind of 
pos i t i on ing  systems a r e  included.  The d r i f t e r  has been t r i e d  out  i n  rial cases  and 
found t o  fol low o i l  s l i c k s  with h igh  accuracy. 

Current  meters  of t h e  acous t i c  type could a l s o  be de l ive red .  These c u r r e n t  
meters  a r e  s p e c i a l l y  designed f o r  measurements near  t h e  su r f ace  and c l o s e  t o  t h e  s e a  
f l oo r .  

4. Support of manpower 

I K U  h a s  s c i e n t i s t s  well  t r a i n e d  i n  measurinq and r epo r t i ng  the  f a t e  of o i l  
during an o i l  s p i l l .  The group would a l s o  be a b l e  t o  g i v e  advice on combat 
a c t i v i t i e s  t o  opt imize t h e  e f f i c i e n c y  of  t he  ope ra t ions .  

5. Laboratory support  

IKU  bas  a very well  equipped l abo ra to ry  f o r  o i l  ana lyses  and could t h e r e f o r e  
a s s i s t  i n  t e s t i n g  the phys ica l  parameters  of  a c t u a l  o i l s .  

IKU  can a l s o  c a r r y  ou t  f i e l d  ana lyses  and t h e  sampling of o i l  and water.  The 
water  samples may be analysed f o r  t h s  amount of  o i l  i n  t h e  ~ a t e r  c o l ~ m n .  
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ABSTRACT 

The paper reviewed the  h i s t o r y  o f  weather fo recas t  serv ices  develooed s ince 1958, 
and p o i n t s  t o  the expanded serv ices  t o  be prov ided i n  the  Regional Marine 
Meteoro log ica l  Programme. I t  d e t a i l s  t he  upgrading o f  t he  serv ices  expected t o  come 
on stream i n  e a r l y  1981 and the  meteoro log ica l  data c o l l e c t i o n  s t a t i o n  p r o j e c t  a l s o  
expected t o  come on stream i n  e a r l y  1981. The marine serv ices  expected t o  be 
enhanced by the  upgrading and a d d i t i o n a l  data c o l l e c t i o n  inc lude:  weather and sea 
b u l l e t i n s  i n c l u d i n g  fo recas ts  and warnings, r e a l  t ime data  and i n fo rma t ion  serv ices,  
c l i m a t o l o g i c a l  sources and s p e c i a l  serv ices  used i n  con junc t ion  w i t h  such events as 
o i l  r i g  movement o r  o i l  s p i l l  clean-up. 



INTRODUCTION 

I t  is d i f f i c u l t  t o  t h ink  of any marine ope ra t ion  t h a t  is no t  a f f e c t e d  t o  some 
degree by wind, t h e  s e a ,  v i s i b i l i t y ,  o r  some o t h e r  r e l a t e d  parameters.  Most 
ope ra t ions  can be  c a r r i e d  ou t  more s a f e l y  and wi th  more e f f i c i e n c y  i f  t h e r e  is 
foreknowledge of  changing condi t ions :  a s q u a l l  moving ac ros s  t h e  a r ea ,  h ighe r  
waves, o r  poor v i s i b i l i t y .  With t h i s  knowledge t h e  s h i p ' s  c a p t a i n  o r  t h e  
super in tendent  of  t h e  ope ra t ion  can t a k e  app rop r i a t e  a c t i o n  t o  a l l e v i a t e  t h e  t h r e a t .  

Data from s h i p  observa t ion  s t a t i o n s ,  l and  r ada r ,  s a t e l l i t e  and upper-air 
s t a t i o n s  a r e  e s s e n t i a l .  But d a t a  a lone  w i l l  no t  provide  t h e  c a p t a i n  with t h e  whole 
answer. The t o t a l  s e r v i c e  i nc ludes  communication of  a l l  t h e  va r ious  d a t a  t o  a 
computer c e n t r e  o r  a f o r e c a s t  o f f i c e ,  where they a r e  organized,  f o r e c a s t s  a r e  
der ived ,  and f i n a l l y ,  u s ing  a knowledge of  t h e  planned ope ra t ions ,  t a i l o r e d  
f o r e c a s t s  a r e  provided by r a d i o  o r  some o t h e r  means t o  t h e  marine opera tor .  

I t  is t h e  purpose of  t h i s  paper t o  d i s c u s s  b r i e f l y  and i n  gene ra l  terms t h e  use  
of  weather information and p re sen t  s e r v i c e s ,  and then  t o  ske t ch  our  p l a n s  f o r  t h e  
near  fu tu re .  

REQUIREMENTS 

P r i n c i p a l  marine a c t i v i t i e s  i n  t h e  Kuwait Action Plan  (KAP) Region inc lude  
sh ipping  opera t ions ,  i nvo lv ing  both t a n k e r s  and va r ious  k inds  of  dry  cargo  s h i p s ,  
o i l  exp lo ra t i on  and d r i l l i n g ,  commercial f i s h e r i e s ,  i n d u s t r i a l  development i n  t h e  
c o a s t a l  a r e a s  and marine r ec rea t ion .  A l l  o f  t h e s e  a c t i v i t i e s  a r e  a f f e c t e d  by wind 
and waves. Air and sea  temperatures ,  v i s i b i l i t y ,  s e a  c u r r e n t s  and t h e  t i d e  a r e  a l s o  
of  genera l  i n t e r e s t .  With t h e  poss ib l e  except ion  of  f i s h e r i e s ,  t h e  i n t e r e s t s  o f  
t h i s  group, whi le  pr imar i ly  focused on a l l  a s p e c t s  of  t h e  o i l  i ndus t ry ,  a r e  involved 
i n  t h e  whole spectrum of marine opera t ions .  These func t ions  and r e s p o n s i b i l i t i e s  
a r e  s p e l l e d  ou t  i n  t h e  Technical Plan f o r  t h e  Regional Marine Meteorological  
Programme, which w i l l  be d iscussed  l a t e r .  

Shipping ope ra t ions  involve  t h e  t r a n s i t  o f  t a n k e r s  and o t h e r  s h i p s ,  many of  
them l a r g e ,  through congested waters ,  t h e i r  be r th ing ,  loading  and unloading of c rude  
o i l  and o t h e r  cargo  i n  p o r t  a r ea s .  

PRESENT SERVICES 

The va r ious  governmental weather s e r v i c e s  i n  t h e  K4P Region were gene ra l ly  
developed t o  meet t h e  needs f o r  r o u t e  and te rmina l  f o r e c a s t s  f o r  a i r  t r a n s p o r t  
opera t ions .  To a l a r g e  ex t en t  t h e  n a t i o n a l  f o r e c a s t s  a r e  still concerned with 
a v i a t i o n  s e r v i c e s  and with gene ra l  f o r e c a s t s  and warnings f o r  t h e  publ ic .  Some 
s e r v i c e s  a r e  a v a i l a b l e  t o  s e r v e  marine i n t e r e s t s .  For  example, i n  Saudi Arabia t h a  
meteorological  o f f i c e s  i n  Dhahran and Jeddah i s s u e  r o u t i n e  f o r e c a s t s  d a i l y  f o r  t h e  
KAP Region and t h e  Red Sea, r e spec t ive ly .  Also, mar iners  can r ece ive  b r i e f i n g s  
e i t h e r  i n  one o f  t h e  meteoro logica l  o f f i c e s  o r  by telephone. However, marine 
s e r v i c e s  have n o t  developed e y a l l y  with those  f o r  av i a t i on .  Therefore,  a Regional 
P lan  is being implemented, which w i l l  be descr ibed  l a t e r .  



In order t o  arrange f o r  a complete and specia l ized weather se rv ice  i n  support 
of offshore operations,  the  O i l  Companies Weather Co-ordination Scheme (OCWCS) was 
es tabl ished i n  1958 following the  des t ruct ion of an offshore d r i l l i n g  r i g  with heavy 
l o s s  of l i f e  due t o  unexpected high s e a s  i n  Q a t a r  waters. The 22nd annual meeting 
of t h e  O i l  Companies Weather Co-ordination Scheme (OCWCS) was held a t  ?u Dhabi i n  
February 1980. Most of  t h e  o i l  companies i n  the  area  a r e  members, and the Saudi 
Arabian Department of Meteorology is an honorary member of the Scheme. 

-Ã 

The forecas t  work is c a r r i e d  out  by t h e  In ternat ional  Meteorological Consultant 
Services  (IMCOS). Supplementing the  observational  da ta  and bas ic  prognoses 
ava i l ab le  from various coun t r i e s  through the  World Meteorological Organization's 

w Global Telecmmunications Services a r e  weather and sea-s ta te  observations from over 
40 Weather Reporting O i l  Company S t a t i o n s  and from tankers  i n  t h e  area. Forecast 
o f f i c e s  a r e  set up a t  o i l  company bases and on offshore r i g s  s o  t h a t  the re  is a 
c l o s e  l i a i s o n  between the  meteorologists  and the  operators.  Forecasts  a r e  
pinpointed f o r  opera t ional  loca t ions  and issued a t  times d ic ta ted  by operational  
considerations.  Special  forecas t  coverage is given f o r  operations such a s  r i g  
moves, p ipe  laying,  phases of d r i l l i n g  (espec ia l ly  from d r i l l s h i p s )  and f o r  tanker 
movements. 

REGIONAL MARINE METEOROLOGICAL PROGRAMME 

The F i r s t  Regional Marine Meteorological Conference, convened by t h e  Government 
of t h e  United Kingdom of Saudi Arabia a t  Jeddah, September 1977, recognized the  need 
t o  develop a Jo in t  programme t o  meet t h e  marine meteorological requirements of the  
Region, the  Gulf of Oman, and the  Arabian Sea waters off  the  Oman coast .  

4 formal arrangement concerning the Regional Marine Meteorological Programme 
(RMMP) was f ina l i zed  i n  Jeddah i n  January 1930, by Bahrain, I raq ,  I ran ,  Kuwait, 
Oman, Qa ta r ,  Saudi Arabia and the  United Arab Emirates, which l a i d  down terms of 
agreement and adopted a technical  plan f o r  t h e  complete system necessary t o  provide 
a marine meteorological service .  Steps a r e  now under way t o  implement the  Programme 
and Technical Plan. 

The importance of the  RMMP and its e f f o r t s  towards t h e  protect ion of t h e  Marine 
Environment was recognized by t h e  Conference of p len ipo ten t i a r i e s  f o r  the protect ion 
and marine development of the  marine environment and the  coas ta l  a reas  held i n  
Kuwait during 15-23 April ,  1978. 

A reso lu t ion  c a l l i n g  upon the  Secretary-General of t h e  World Meteorological 
Organization (WHO), and the  Executive Director of UNEP t o  extend co-operation i n  
t h i s  regard was a l s o  adopted. 
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The Conference accepted the  o f f e r  by Saudi Arabia t o  host the  Regional Marine 
Meteorological Centre a s  well a s  the  o f f i c e  of the  Executive Director.  The Centre 

Â¥Ã 
and t h e  o f f i c e  of t h e  Executive Director a r e  planned t o  be es tabl ished on the  
c o a s t a l  Dhahran-Jubail region. 

A s  a f i r s t  s t e p ,  arrangements were made f o r  a team, cons i s t ing  of Saudi Arabian 
o f f i c i a l s ,  a marine meteorologist ,  a communications exper t ,  and a meteorological 
f a c i l i t i e s  s p e c i a l i s t ,  t o  make a de ta i l ed  two-month survey of the  ava i l ab le  
f a c i l i t i e s  and ass i s t ance  i n  the  appropriate countr ies .  Their mission is completed 
and a r epor t  of t h e i r  f indings  w i l l  be presented t o  a meeting of the  Board of the  
RMMP i n  January 1981. 



RELATED METEOROLOGICAL DEVELOPMENT 

A s p e c i f i c  meteoro logica l  programme, such a s  marine meteorology, draws upon t h e  
s t r e n g t h s  of  t h e  b a s i c  meteoro logica l  programmes i n  t h e  va r ious  c o u n t r i e s  around t h e  
s e a  a r e a  of t h e  Region, and indeed t o  some ex t en t  upon t h e  g loba l  systems o f  t h e  
World Meteorological  Organizat ion.  h y  a d d i t i o n s  t o  t h e  obse rva t iona l  system, t h e  
communication l inkages ,  p rocess ing  and d isseminat ion  f a c i l i t i e s ,  a s  w e l l  a s  r e sea rch  
and t r a i n i n g  w i l l  h e lp  t o  s t r e n g t h  t h e  Regional Marine Meteorological  Programme. 
A l l  t h e  c o u n t r i e s  concerned have ongoing reviews of  t h e s e  f a c t o r s ,  a long with 
upgrading of t h e  va r ious  b a s i c  systems. 

In  Saudi Arabia, f o r  example, two major improvements a r e  under way i n  t h e  b a s i c  
meteorological  programme: t h e  Meteorological  Upgrade P r o j e c t  and t h e  completion of  
a Seventeen Automatic Weather f i t a t i ons  P ro j ec t .  

The Meteorological Upgrade P r o j e c t  is b u i l t  around a l a r g e  Control  Data Cyber 
170-730 and two Cyber 18/20 computers. The message swi tch ing  c a p a b i l i t y  w i l l  r e s u l t  
i n  obse rva t iona l  d a t a  m v i n q  t o  t h e  f o r e c a s t e r  i n  t h e  f i e l d  with fewer process ing  
and t ransmiss ion  e r r o r s  and a minimum of delay.  In  a d d i t i o n ,  b a s i c  ana lyses  and 
prognoses w i l l  be prepared at t h e  new National  Meteorological  Centre ,  which w i l l  be  
provided t o  meteoro logica l  o f f i c e s ,  i n c l u d i n g  t h e  Regional Marine Meteorological  
Cent re  (RMW). P a r t s  of t h i s  p r o j a c t  became o p e r a t i o n a l  i n  e a r l y  1991. 

The Seventeen Automatic Weather S t a t i o n s  P r o j e c t  i nc ludes  f o u r  marine 
meteoro logica l  automatic  s t a t i o n s ,  a s  wel l  a s  a d d i t i o n a l  synop t i c  s t a t i o n s  and a i r  
q u a l i t y  monitoring s t a t i o n s .  T Ã ˆ Ã  of  t he se  w i l l  be on t h e  coas t  of  t h e  Region. 

The automatic  marine meteoro logica l  obse rva t ion  s t a t i o n s  each inc lude  a 
wave-rider buoy, -<hi& w i l l  provide wave he igh t  and per iod  and sea-sur face  
temperature da t a .  The normal meteoro logica l  parameters  o f  wind speed and d i r e c t i o n ,  
a i r  temperature,  humidity, and atmospheric p re s su re ,  w i l l  a l s o  be  t r ansmi t t ed  from 
each s t a t i o n .  While a tankar  is loading through l a r g e  high-capacity p ipes ,  h igh  
winds and accompanying waves can c r e a t e  danger t o  t h e  s h i p  and t h e  p o s s i b i l i t y  of  a 
p o l l u t i o n  inc iden t .  The onse t  of  h igh  winds and waves must be a n t i c i p a t e d  i n  t ime 
f o r  t h e  master  t o  disengage h i s  s h i p  and f i n d  sea-room. 

D r i l l i n g  r i g s  a r e  very s e n s i t i v e  t o  winds and waves while  being towed o r  
repos i t ioned .  For example, a jack-up p la t form is f l o a t e d  t o  t h e  d r i l l i n g  s i t e  where 
t h e  l e g s  a r e  lowared and t h e  s t r u c t u r e  r a i s e d  above t h e  d i r e c t  i n f l u e n c e  of  waves. 
While under way by tow, waves of two metres  may n e c e s s i t a t e  lowering t h e  l e g s  o r  
t ak ing  evas ive  a c t i o n  by moving t h e  r i g  t o  q u i e t e r  waters .  A warning time of  12 t o  
2 %  hours may be requi red  t o  al low t h e  r i g  t o  be d i r e c t e d  t o  s h e l t e r .  

For t h e  more c r i t i c a l  o f  such ope ra t ions  i t  is necessary f o r  t h e  marine 
f o r e c a s t e r  t o  be completely f a m i l i a r  with t h e  seaworthy q u a l i t i e s  o f  t h e  equipment 
being moved, and he must work c l o s e l y  with t h e  ope ra t iona l  Centre. The l o c a l  
bathymetry of t h e  seabed and t h e  meso-scale c h a r a c t e r  of  s q u a l l s  and land-sea 
e f f e c t s  must be incorpora ted  i n t o  t h e  environmental advice. 

F i s h e r i e s  and marine r e c r e a t i o n a l  a c t i v i t i e s  need information concerning wind, 
waves, v i s i b i l i t y  and the  t i d e s .  They p a r t i c u l a r l y  need advance warnings of  
cond i t i ons  dangerous t o  t h e i r  ve s se l s .  For enhanced f i s h  c a t c h ,  i t  is use fu l  t o  
have a knowledge of t h e  d i s t r i b u t i o n  of  water  temperature. The c o l l i s i o n  and l o s s  
o f  a loaded tanker  due t o  an unan t i c ipa t ed  i n t e n s e  s q u a l l  o r  impaired v i s i b i l i t y  
could  s e r i o u s l y  a f f e c t  t h e  q u a l i t y  of l i f e  along t h e  sho re s  and i n  t h e  open waters  
of t h e  Region f o r  yea r s  t o  come. Accurate and t imely warninas o f  storms. s a u a l l s .  



An important aspect if many marine activities is the climatology of the marine 
atmosphere and the sea5 the variability and expected occurrence of wind and waves, 
.. - - ~l~ibility and other ; ramaters. Statistical information on environmental 
conditions is required for the planning of marine operations and for the design of 
vessels, structures and works exposed to the marine environment. 

Considering these requirements, marine services can be grouped as follows: 

(a) Weather and sea bulletins including forecasts and warnings: 

All marine activities require warnings of impending hazardous conditions, 
such as high winds and waves. For many of these activities poor 
visibility also constitutes a hazard. Marine bulletins are required 
wnenever conditions warrant, during the day or night. In addition, 
routine forecasts are required two to four times daily for wind speed and 
direction, air and sea temperature, visibility, waves and tidal anomalies. 

(b) Data and information services: 

There is a requirement for observational data in real time. For example, 
a manager may require a knowledge of actual conditions at several points 
within sea area of the Region. A ship needs to know the harbour wind and 
visibility as he makes his approach. 

( c )  Climatological services: 

An essential part of the marine programmes is the provision for providing 
marine climatological information. Among the required products are the mean values 
of wind, temperature, humidity, precipitation, and atmospheric pressure by month or 
for shorter periods. Wave records from wave sensors can be processed to provide 
spectral distribution of wave heights and periods for design of structures. 

(dl Special services: 

In the movement of oil rigs, which was mentioned earlier, and for certain other 
marine operations, it is essential that an experienced marine forecaster should be 
available to work closely with the operational problems and the impact of winds, 
waves, etc. In some cases the marine forecaster needs to be assigned to the 
operation base during the movement to provide the very close and continuous support 
required. Typically, these are infrequent but highly weather-sensitive marine 
operations with very large resource investments at stake, generally lasting from two 
to three days up to a week. 

There are two principal environmental requirements in connection with an oil 
spill. First, the operation personnel combating the spill require an analysis of 
the oil spill area and a forecast of the currents. For fast reaction, this should 
be computer-assisted. The operation personnel also require a forecast of wind and 
wave conditions in order to effectively deploy oil containment equipment. 

CONCLUSION 

The implementation of the Regional Marine Meteorological Programme supported by 
improvements in the basic governmental programmes, will facilitate better protection 
of the marine environment by providing the necessary data. It will further permit 



improvements i n  warnings o f  haza rd s  t o  t h e  mar ine r s  v i a  t h e  o p e r a t i o n a l  marine 
f o r e c a s t s .  With t h e  a s s i s t a n c e  of  computers,  t h e  c l i m a t o l o q i c a l  d a t a  base  is be ing  
extended and more de r i ved  produc ts  a r e  be ing  produced, adhi& w i l l  l e a d  t o  improved 
c l i m a t o l o g i c a l  assessment  f o r  use  i n  p lanning  s t r u c t u r e s  i n  t h e  marine area.  

I t  is t h e  f i rm  i n t e n t i o n  of  t h e  c o u n t r i e s  i n  t h e  Raqion t o  p rov ide  t h e  b e s t  + 
p o s s i b l e  marine meteoro log ica l  s e r v i c e ,  s o  t h a t  o i l  and any o t h e r  marine o p e r a t i o n s  
can  b e  performed s a f e l y  and e f f i c i e n t l y .  
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ABSTRACT 

The paper descr ibes the  hydrology o f  t he  KAP reg ion  and provides a general  
d e s c r i p t i o n  o f  the a ids  t o  nav iga t i on  employed i n  t h e  system. It provides 
s t a t i s t i c s  on the  volume o f  vessel  t r a f f i c  and descr ibes t h e  o r i n c i p a l  sh ipp ing  
rou tes  i n  t he  reg ion  and the  hazards associated w i t h  each route.  I t  d e t a i l s  t he  
number o f  i n c i d e n t s  i n v o l v i n g  tankers over t he  l a s t  12 years which were s u r p r i s i n g l y  
low. I t  then descr ibes the  t r a f f i c  separat ion schemes a t  t h e  S t r a i t s  o f  Hormuz and 
Tunb-Farm. A proposal  f o r  a t r a f f i c  separat ion scheme between t h e  Zakkum and Umm 
Sha i f  o i l f i e l d s  as w e l l  as a sh ipp ing  c o n t r o l  cen t re  w i t h  radar su rve i l l ance  f o r  t he  
areas South of Das I s l a n d  was made. 



INTRODUCTION 

T h i s  paper h a s  been produced by t h e  Middle Eas t  Navigat ion Aids S e r v i c e  (MENAS) 
which h a s  been o p e r a t i n g  i n  t h e  Kuwait Act ion P lan  (K4P) Region f i r s t l y  a s  thg  
P e r s i a n  Gulf L i g h t i n g  S e r v i c e  and then  from 1965 l ~ n d e r  i ts  p r 3 s e n t  name. I t s  s t a t u s  
h a s  reniainad throughout  a s  d e f i n e d  i n  i ts  Memorandum and A r t i c l e s  o f  Assoc ia t ion ,  
t h a t  is t o  s a y ,  "a Company l i m i t e d  by g u a r m t e e  and n o t  having a  s h a r e  c a p i t a l ,  and 
its income a p p l i e d  s o l e l y  towards  a  s e r v i c e  o f  a i d s  t o  n a v i g a t i o n  i n  t h e  Gulf and 
approaches  t h e r e t o " .  

MEMAS h e a d q u a r t e r s  a r e  i n  Bahrain and h e r  L igh t  Tender M . V .  Relume is f u l l y  
f i t t e d  o u t  t o  m a i n t a i n  n a v i g a t i o n  a i d s  a s  w e l l  a s  c a r r y i n g  12 n a v i g a t i o n  buoys. 

MEqAS is t h e  Sub Area Co-ordinator  f o r  IMO Arga IX and is an a s s o c i a t e  member 
o f  IALA ( I n t e r n a t i o n a l  Assoc ia t ion  of  Lighthouse A u t h o r i t i e s ) .  

S i n c e  MENAS's c u r r e n t  a r e a  o f  o p e r a t i o n s  l i e s  mainly i n  o f f s h o r e  w a t e r s  o r  
a long  t h e  Arabian and Oman c o a s t l i n e s ,  n a v i g a t i o n  a i d s  i n  t h e  I r a n i a n  w a t e r s  have 
n o t  been c o n s i d e r s d  i n  any d e t a i l .  

HISTORY 

The u s e  of t h e  KAP Region a s  an impor tan t  waterway goes  back o v e r  iiany 
c e n t u r i e s ,  and i t  h a s  been a  f o c a l  p o i n t  f o r  E a s t e r n  and Middle E a s t e r n  
c i v i l i s a t i o n s .  L a t t e r l y  i t  h a s  a l s o  h e l d  a  dominant p o s i t i o n  i n  t h e  econoniies o f  t h e  
Western world and Japan. 

Records show t h a t  some '+,!I30 y e a r s  ago t h e  Babylonian f l e e t  s a i l s d  t o  t h e  
Region and t h a t  2,700 y e a r s  ago t h e  n o r t h e r n  end was p a t r o l l e d  by a  f l e e t  b u i l t  by 
Sennachaer ib .  

I t  is assumed t h a t  t h e r e  must have bean f l a r e s  and l i g h t s  t o  a i d  t h a s e  
mar iners ;  indeed  t h e r e  is ev idence  o f  them 1 , 2 W  y e a r s  ago s i n c e  t h e  wel l  known 
n in th-cen tury  Arab h i s t o r i a n ,  t r a v e l l a r  and writer, a 1  Masudi, r e l a t e s  t h a t  " t h e r e  
a r e  markers  o f  wood e r e c t e d  by t h e  s a i l o r s  i n  t h e  Sea o f  S t e z a r a ,  i n  t h e  s i d e  o f  t h e  
Uba l la  and Abadan which look l i k e  t h r e e  s e a t s  i n  t h e  middle  of t h e  ~ a t e r ,  and upon 
which f i r e s  a r e  b u r n t  a t  n i g h t  which c a u t i o n  t h e  v e s s e l s  which come from Oman, S i r i f  
and o t h e r  p a r t s  l e s t  t h e y  run upon t h e  S t e z a r a ;  f o r  i f  they  run t h e r e  they  w i l l  be 
wrecked and l o s t " .  

I t  was n o t  u n t i l  t h e  l a t e  n i n e t e e n t h  c e n t u r y  and e a r l y  t w e n t i e t h  c e n t u r y  t h a t  
n a v i g a t i o n  a i d s  became an  impor tan t  requ i rement .  The e x p o r t  o f  o i l  from I r a n  having 
a  marked e f f e c t  immediately p r i o r  t o  t h e  F i r s t  World War, tvm major l i g h t h o u s e s  were 
b u i l t  i n  1914, one  on Tunb i s l a n d  and t h e  o t h e r  on L i t t l e  quoin I s l a n d  (Didamar).  
I n  a d d i t i o n ,  an  unmanned l i g h t  v e s s e l  was p o s i t i o n e d  o f f  t h e  e n t r y  t o  t h e  S h a t t  a 1  
Arab and a  manned l i g h t  v e s s e l  o f f  t h e  I s l a n d  of Kais .  

S i n c e  t h o s e  days t h e  number o f  n a v i g a t i o n  a i d s  a v a i l a b l e  has  i n c r e a s e d  t o  meet 
t h e  growing requ i rements ,  and t h e  p r e s e n t  scope of  MENAS's r e s p o n s i b i l i t i e s  is 
perhaps  i n d i c a t i v e .  Thus i n  1952 t h e r e  were '53 l i g h t  s t a t i o n s ,  50 i n  1953, 269 i n  
1979 and today  t h e r e  a r e  300. These i n c l u d e  Decca n a v i g a t o r  s t a t i o n s ,  l i g h t  buoys, 
l i g h t  f l o a t s ,  l i g h t  beacons,  r acons ,  r a d i o  beacons and t h e  manned l i g h t h o u s e  a t  
L i t t l e  Quoin I s l a n d .  



GEOGRAPHICAL FEATURES 

The Sea a r e a  of t h e  KAP Region is 499 NM long from t h e  S t r a i t  o f  Homuz t o  t h e  
Sha t t  a 1  Arab, a  day and a h a l f ' s  steaming f o r  a  15-knot ves se l .  A t  t h e  S t r a i t  it is 
27 \M wide between t h e  Musandam Coast and t h e  I r an i an  I s l and  of  Larak. The widest  
p a r t  between Lavan I s l and  and t h e  J aba l  Dhanna is 180 W. 

Apart from t h e  Musandam and Ruus A 1  J i b a l  Peninsula  and t h e  I r an i an  c o a s t l i n e ,  
t h e  ad jo in ing  land is f l a t  and i n  summer is masked by h e a t  haze,  which makes t h e  
i d e n t i f i c a t i o n  of naviga t ion  marks more d i f f i c u l t .  

*Â 

The s e a  l a n e s  a r e  s tudded with o f f sho re  o i l  and g a s  f i e l d s ,  wi th  t h e i r  o i l  
r i g s ,  p la t forms and connect ing p i p e l i n e s  and i n  add i t i on  p i p e l i n e s  t o  S9Ms. Many 
f i e l d s  a r e  still t o  be  exp lo i t ed .  Add t o  t h i s  t h e  shoal  waters ,  p a r t i c u l a r l y  a long  
t h e  ,destern and southern l i t t o r a l ,  and t h e r e  a r e  then  p len ty  of  problems f o r  t h e  
mariner t o  cons ider .  

DEPTHS 

Within t h e  s e a  a r ea  of t h e  Region t h e  g r e a t e s t  depths l i e  o f f  t h e  h igh  c o a s t s  
abu t t i ng  t h e  S t r a i t  o f  Honnuz, along t h e  I r an i an  c o a s t l i n e  and t h e  Musandam and Ruus 
a 1  3 i b a l  Peninsula.  Depths r a r e l y  exceed 49-53 fathoms and decrease  t o  t h e  no r th  of  
t h e  Region. On t h e  P e a r l  Banks which cover  one t h i r d  of t h e  a r ea  and l i e  i n  t h e  
southern bas in ,  and along the  Arabian Coast ,  depths  a r e  20 fathoms o r  l e s s ,  and 
shal low banks and s h o a l s  abound. 

Although these  depths  o f f e r  few problems t o  cargo  v e s s e l s ,  t h e  l a r g e  tanker  
r o u t e s  must l i e  t o  t h e  no r th  of  Abu Musa I s l and  and S i r r i  I s land .  In  p r a c t i c e  a  
s epa ra t ion  l a n e  e x i s t s  u s ing  Farur and Tunb I s l a n d s  a s  t h e  Cen t r a l  Zone markers 
which d i v i d e  incoming and outgoing t r a f f i c .  Proceeding t o  t he  no r th ,  t h e  rou t e  i n  
deep water  is pas t  S t i f f e  Bank, Cable Bank and Shah Allum shoal .  Channels r e s t r i c t e d  
by depth a r e  a v a i l a b l e  t o  a l l  p o r t s  on t h e  Arabian c o a s t l i n e .  A l l  have been w e l l  
surveyed and some have been dredged. These inc lude  t h e  long channel l ead ing  t o  t h e  
new Por t  of J ebe l  A l i  i n  t h e  United Arab Emirates, t h e  an t rance  t o  t h e  Po r t  o f  Mina 
Sulman i n  Bahrain and a new channel i n  t h e  harbour t o  t h e  con ta ine r  ber th .  P l ans  
e x i s t  t o  improve t h e  Umm Said approach channel i n  Q a t a r  and t o  dredge a new channel 
i n t o  Mina Zayed i n  Abu Dhabi. 

The bottom of f  t h e  I r an i an  c o a s t  is mud, whereas on t h e  P e a r l  Banks i t  is hard 
sand, c o r a l  and rock,  making dredging ope ra t ions  a  major t a sk .  

u 

SHIPPING VOLUME 
Â 

Before t h e  i n d u s t r i a l  expansion o f  t h e  Region took p l ace ,  most of  t h e  s h i p s  
us ing  i t  were t anke r s ,  t h e  number s t e a d i l y  i nc reas ing ,  a s  has  t h e i r  s i z e ,  t o  meet 
t h e  demands f o r  o i l  by t h e  Western c o u n t r i e s  and Japan. Ships  normally kept  t o  
s p e c i f i c  r o u t e s  wi th in  t h e  Reqion t o  and from o i l  t e rmina ls .  

From 1970, however, t h e  cargo  v e s s e l  t r a f f i c  s t e a d i l y  b u i l t  up and a t  a  t ime 
when p o r t s  were not  a v a i l a b l e  o r  capable  of  meeting t h e  requirements  f o r  landing 
shipments. In  consequence, wai t ing  time was cons iderable .  



In  1977, wai t ing  time o f f  Dubai was 50 days,  Abu Dhabi 30 days and Kuwait 49 
days. With t h e  completion of  up-to-date p o r t  f a c i l i t i e s  wai t ing  time has  v i r t u a l l y  
disappeared.  

Monthly t r a f f i c  volume reached its peak i n  1977-1978 and has now s t a r t e d  t o  
d e c l i n e ,  a s  t h e  undermentioned f i g u r e s  i n d i c a t i n g  t h e  average number of  tanker  and Ã 

cargo  v e s s e l s  en t e r ing  t h e  Region each month demonstrate: 

Year Tankers Cargo v e s s e l s  Average tanker  s i z e  

- 
1965 70 30 15-20,000 G R T  
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1990 ( s i x  

mths) 

760 
300 
320 
600 
7 40 
BOO 
810 
5 50 
528 

Tanker t r a f f i c  t ends  t o  f l u c t u a t e  

50,000 G R T  
LOfl,OOO G R T  
105,000 G R T  
L29,Oil GRT 

1 
160,000 GRT 

1 
1 
1 

over t h e  year t o  meet win ter  s tock  
requirements. In  r ecen t  months t h e  f a l l  i n  tanker  t r a f f i c  r e f l e c t s  t h e  cut-back i n  
c rude  o i l  product ion and, s o  f a r  a s  cargo  v e s s e l s  a r e  concerned, t h e  use  of  l a r g e r  
s h i p s  and con ta ine r i za t i on .  

TRAFFIC ROUTES 

Sh ips  e n t e r i n g  t h e  Region, l i k e  t h e  c o n t e n t s  of a  b o t t l e ,  must go ou t  through 
t h e  neck by which they entered .  Most o f  t h e  t r a f f i c  e s p e c i a l l y  tankers ,  keeps t o  
wel l  def ined  rou te s .  A small  percentage o f  t a n k e r s  c a l l  i n  a t  one o r  two a d d i t i o n a l  
t e rmina l s  t o  t o p  up, p r i n c i p a l l y  t hose  which have been prevented from loading f u l l y  
a t  t h e i r  f i r s t  p o r t s  of c a l l  because of d r a f t  l i m i t a t i o n s  i n  channels  l ead ing  t o  
loading J e t t i e s  o r  SBMs. Some cargo  v e s s e l s  make c a l l s  a t  t h r e e  o r  more p o r t s ,  
t h e i r  r o u t e s  being d i c t a t e d  by p o r t s  t o  be v i s i t e d .  Even s o  t h e i r  r o u t e s  a r e  
u sua l ly  up o r  down t h e  Region on t h e  s i d e  they s t a r t e d ,  wi th  very l i t t l e  c rossover  
t r a f f i c .  

T r a f f i c  r o u t e s  i n  gene ra l  use a r e  shown i n  f i g u r e  I .  



Figure I :  Main t r a f f i c  routes  and main petroleum terminals  (e) 
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The f i g u r e s  given below a r e  t h e  average f i g u r e s  f o r  t he  f i r s t  h a l f  of 19W. 

a) TANKERS 

Port/Terminal Number 'Weraqe NRT 

Mina a 1  Bakh 
Khor a1 Amaya 
Mina a 1  Ahrnadi 

Shuaiba 
Mina Saud 
Mina Abdulla 
Ras a1  Khaf j i  
Ras Tannurah/Juayma^ 
S i  t r a  
Umrn Said 
Halul 
Das I s l and  
3ebe l  Dhanna 
Arzanah 
Habarras  
Fateh 
S i r r i  
Abu a1  Bokhoosh 
Kharg I s l and  
Lavan I s l and  
Bandar Mohshahr 

in9 * i o n  
l'Y0,O.T) . 

35-an, Or>^ 
lYJ,OD (Sea I s l and )  
35,011 
35,(DO 
28,000 
59,030 

l32,OOO 
40, 0!31 
7Cl, 990 
'13,000 
91 ,099 
70,009 
95 
35,000 
3 5 . m  
50,099 
90,001 
64,000 
26,iOn 
15. Orifl 

Included i n  t h e  above a r e  t a n k e r s  such a s  t h e  Globt ik Tokyo 220,OOO G R T  and P r a i r a l  
274,000 G R T  which a r e  wel l  above t h e  norm. 

b) CARGO VESSELS 
( inc lud ing  Container  Ships)  

Mumber 

Mina Saqr 
Ras a 1  Khaimah 
Shar jah  
Dubai 
J e b e l  A l i  
Abu Dhabi 
Doha 
Bahrain 
Dammarn 
J u b a i l  
Shuaiba 
Shuwaikh 
Basrah 
Abadan 
Khorranshahr 
Bandar Khaneini 



NAVIGATION CONSIDERATIONS AND AIDS 

(See f i g u r e  I 1  f o r  a r ea s )  

1) S t r a i t  o f  Honnuz (Area A )  

Much has  been made of  t h e  hazards  o f  and f o r  l a r g e  t a n k e r s  c a r r y i n g  
p o t e n t i a l l y  dangerous cargoes  through t h i s  S t r a i t .  A s  a l r eady  poin ted  ou t  
i n  t h i s  paper t h e  S t r a i t  is 27 NM wide and nav iga t iona l ly  t h e r e  is p len ty  
of  water ,  wi th  t h e  average depth being a t  l e a s t  45 fathoms i n  t h e  c e n t r e  
and g r e a t e r  o f f  t h e  Musandam Peninsula.  

Up t o  November 1979, sh ipping  was routed  by Separa t ion  Lane both n o r t h  and 
south  of  t h e  Quoin I s l ands ,  bu t  a f t e r  t h a t  d a t e ,  new l anes  pass ing  t o  t h e  
no r th  o f  t h e s e  i s l a n d s  Here brought i n t o  use  by IMO ind  a l l  sh ips ,  o t h e r  
than c o a s t a l  v e s s e l s ,  a r e  r equ i r ed  t o  use  t h e s e  lanes .  

Apart from depth of  water  cons ide ra t i ons ,  good f i x i n g  a i d s  a r e  a v a i l a b l e  
v i s u a l l y  and by radar  on land  o b j e c t s  and i n  p a r t i c u l a r  t h e r e  is a manned 
l igh thouse  (40 NM) on L i t t l e  Quoin I s l and  ( D i d m a r ) ,  t oge the r  wi th  a  140 
NM r a d i o  beacon. 

Although i n  t h e  l a t e  1970s t h e  average number of  s h i p s  pass ing  was 100 o r  
more per  day, t h e  l e v e l  has now dropped t o  70, and over  r ecen t  months it 
has been nea re r  55 pe r  day. I f  an average f i g u r e  of 70 pe r  day is  taken 
t h i s  works o u t  a t  1.45 s h i p s  pe r  hour each way. Some a r e  ULCC o r  K C C  bu t  
i n  comparison with t h e  S t r a i t  of Dover, which is i n  p l aces  h a l f  a s  wide, 
wi th  shoa l  water,  g a l e s  and fog t o  contend with,  then t h e  S t r a i t  o f  Hormuz 
is generous i n  its compass and t h i s  l e v e l  cannot be considered high. 
Through t h e  S t r a i t  o f  Dover f o r  i n s t ance ,  t h e  d a i l y  t r a f f i c  l e v e l  is 350 
s h i p s  and t h e r e  is a l s o  a  c rossover  t r a f f i c  between England and Francs o f  
250 s h i p s  pe r  day a t  peak times. In  t h e  S t r a i t  of Honnuz t h e r s  is 
v i r t u a l l y  no c rossover  t r a f f i c .  Provided t h e  IMO Rule o f  t h e  Road is 
followed t h e r e  is no reason f o r  concern o r  f o r  increased  naviga t ion  a id s .  
That t h e r e  has been no major d i s a s t e r  must stem from t h e  Separa t ion  
Scheme, with s h i p s  r equ i r ed  t o  keep t o  a  s p e c i f i c  r o u t e  i n  and ou t  o f  t h e  
Region. Cred i t  must a l s o  be  given t o  Masters  o f  sh ips .  

b) Southern Area (Area 6) 

This  a r e a ,  bounded by t h e  26 th  p a r a l l e l  i n  t h e  no r th  and Q a t a r  and t h e  
United Arab Erimates i n  t h e  west and eas t / south  r e spec t ive ly ,  is probably 
t h e  most hazardous s e a  a r ea  i n  t h e  Region. Shallow water abounds a3 do 
ex t ens ive  o i l f i e l d s  such a s  those  a t  Unun Shaif  and Zaqqum and many o t h e r s  
taking up l e s s  s e a  room. Explora t ion  is a l s o  t ak ing  p l ace  o f f  Abu Tinah 
and nor th  of  Bulhanine. 

In  add i t i on  t o  o i l  t e rmina l s  and p o r t s  a l ready  i n  ope ra t ion ,  w i th  t h e i r  
approaches well  buoyed and marked, t h e r e  is t h e  r ecen t  opening of t h e  P o r t  
of Jebe l  A l i ,  e x t ens ive  i n d u s t r i a l i z a t i o n  a t  Ruwais i n  t h e  3ebel  Dhanna, 
development of  t h e  o i l  f i e l d s  a t  Sa tah ,  J a rna in  and Dalrna, with t h e  
probable provis ion  of an o i l  t e rmina l  a t  Dalma I s l and ,  and t h e  l a y i n g  of  
SBM's 3 MM nor th  of Zarakku5 I s l and ,  a l l  b r inging  an inc rease  o f  sh ipping  
t o  t he  Southern Area and i n  p a r t i c u l a r  t o  t h e  r e s t r i c t e d  s e a  a r e a  l ead ing  
t o  t h e  J ebe l  Dhanna. 



Figure 11: Navigation areas and principal oilfields 
20 FM line marked -..- 



A Separa t ion  Scheme has  been proposed by MENAS f o r  t h e  rou te  between the  

Zaqqum and Urnrn Shaif  o i l f i e l d s  together  with a  r e l i e f  rou te  with a  minimum 
depth o f  14 metres passing t o  t h e  west of  Das Is land ,  which w i l l  be 
s u i t a b l y  buoyed t o  t ake  sh ipping  c l e a r  o f  Qatar o i l f i e l d s  and exp lo ra t ion  
areas.  

I n  view of  t h e  t r a f f i c  build-up t o  t h e  Ruwais/Jebel Dhanna a r e a  which w i l l  
pass  t h e  ZADCO anchorages and S3Ms t o  t h e  no r th  of  Zarakkuh Is land ,  and 
a l s o  because o f  t h e  sh ipping  proceeding t o  Das Is land ,  Arzanah and 
Mubarras, we cons ider  t h a t  proper c o n t r o l  of  sh ipping  moving from t h e  
e a s t e r n  approaches between Zaqqun and h m  Shaif  o i l f i e l d s  down t o  
Ruwaishebel  Dhanna w i l l  become e s s e n t i a l .  I d e a l  sites e x i s t  f o r  r ada r  
su rve i l l ance ,  and t h e  es tab l i shment  of  a  J o i n t  sh ipping  c o n t r o l  c e n t r e  f o r  
t h e  whole a rea  south  of  Das I s l and  would seem sens ib l e .  This  system should 
d o v e t a i l  with, o r  supersede,  e x i s t i n g  P o r t  Control  Radio Systems. 

The Southern Area is covered by MENAS Decca Chain 1 Char l i e  which provides  
a  system widely used by sh ipping  and o i l  companies. 

c )  Cen t r a l  Area ( ~ r e a  C) 

The a rea  t o  t he  no r th  o f  a  l i n e  between Kais  I s l and  and North Q a t a r  i n  t h e  
south  and t h e  23th  p a r a l l e l  i n  t h e  n o r t h  is c a l l e d  i n  t h i s  paper t h e  
Cen t r a l  Area. 

On t h e  I r an ian  Coast,  on leaving  t h e  Tunb and Farur  I s l and  Separa t ion  
Scheme, t h e r e  is deep water a v a i l a b l e  and those  hazards  which e x i s t  a r e  
wel l  marked by beacon, l i g h t  f l o a t  and racon. Passage t o  major p o r t s  on 
t h e  Arabian Coast from t h e  above Separa t ion  Scheme is through deep water 
p a s t  S t i f f e  Bank, Cable Bank and Shah Mlw Shoal, but  a s  t h e  c o a s t l i n e  is 
approached water s t a r t s  t o  shoal  a t  some 20 miles of fshore .  In 
consequence, ex tens ive ly  buoyed channels ,  wi th  depth  r e s t r i c t i o n s ,  have 
been i n s t a l l e d .  Each o f  t hese  channels  is marked a t  t h e  en t r ace  by a  50 
ton  l i g h t  f l o a t  ca r ry ing  a  racon. Damam, Bahrain/Sitra ,  Ras Tannurah and 
Juaymah t a k e  the  l a r g e s t  s h a r e  of t r a f f i c  i n  t h e  a rea  and, i n  p a r t i c u l a r ,  
Ras Tannurah/Juaumah a r e  t h e  b igges t  petroleum expor t ing  p o r t s  i n  t h e  
Region. The opening of t h e  l a r g e  p o r t  and complex a t  Oubail w i l l  i nc rease  
Cent ra l  Area t r a f f i c .  

The naviga t ion  a i d s  f o r  t he  channels  a r e  a t  present  p e r f e c t l y  adequate f o r  
t h e  t r a f f i c  they ca r ry .  Po r t  r ad io  systems e x i s t  t o  c o n t r o l  t r a f f i c  
together  with p i lo t age .  

For t h e  f u t u r e ,  i n t e g r a t i o n  of por t / te rminal  c o n t r o l s  w i l l  be e s s e n t i a l  a s  
i n d u s t r i a l  seaborne t r a f f i c  b u i l d s  up a longs ide  tanker t r a f f i c .  In  
add i t i on ,  when gas  f i e l d s  t o  t he  nor th  of  Q a t a r  a r e  developed, s u i t a b l e  
naviga t ion  a i d s  w i l l  need t o  be i n s t a l l e d  t o  rou te  shipping c l e a r  o f  t h i s  
area.  Already d a i l y  r ad io  navigat ion narnings a r e  i ssued  by MEMAS covering 
explora t ion  r i g s  i n  vied of t h e i r  pos i t i on  a s t r i d e  t h e  main sh ipping  
route .  

Northern Area (Area 0)  

The a rea  nor th  of t h e  23th p a r a l l e l  is taken a s  t h e  Northern Area. On t h e  
I r an ian  s i d e  deep water e x i s t s ,  and i n  t h e  c e n t r e  a  deep water passage is 
a v a i l a b l e  f o r  shipping proceeding e a s t  of t h e  Dorra, Hout and Feridoon 
o i l f i e l d s  t o  t he  Sha t t  a 1  Arab, I r aq  and Kuwait Po r t s .  A t  t h e  head waters  



of  t h e  a r e a ,  s i o a l  water predominates, and buoyed channels  guide s h i p s  
i n t o  t h e  Khor Musa, Sha t t  a1  Arab, Khor a 1  Amaya and Khow Abdulla. 

For  s h i p s  proceeding up t h e  Arabian Coast p a s t  Ras Tannurah and J u b a i l  
t h e r e  a r e  beacons and racons on i s l a n d s  and MENAS has  r e c e n t l y  placed a 59 
ton  l i g h t  f l o a t  with a  racon south  of  t h e  Dorra f i e l d  and two buoys, one 
with a  racon,  t o  mark a  shoa l  and t h e  approach r o u t e  between t h e  Zuluf and 
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Marjan o i l f i e l d s .  MEN45 h a s  a l s o  r e c e n t l y  f i t t e d  racons on t h e  Mina a 1  
Ahmadi l i g h t  f l o a t  and Kubbar I s l and  beacon. I n  a d d i t i o n  i t  is understood 
t h a t  buoys marking shoal  wa te r s  a r e  t o  be l a i d  of f  i s l a n d s  i n  Kuwait 
waters  by t h e  Kuwait Po r t  Authori ty.  

e )  Navigation a i d s ;  genera l  

I t  w i l l  be seen from t h e  above t h a t  over  t h e  pas t  fou r  t o  f i v e  y e a r s  t h e r e  
h a s  been a marked inc rease  i n  naviga t ion  a i d s  throughout t h e  Region and 
p a r t i c u l a r l y  i n  t h e  use of  racons.  The p o s i t i o n s  of  racons ,  Dacca 
Navigator coverage and t h e  MENAS Radio Beacon a r e  shown i n  f i g u r e  111. 

FUTURE TRAFFIC TRENDS 

A s t udy  of l i k e l y  t r e n d s  o f  crude o i l  expor t s  from t h e  KAP Region shows t h a t  
t h e  c u r r e n t  l e v e l l i n g  o f f  is l i k e l y  t o  cont inue  f o r  t h e  next  two t o  t h r e e  years ,  
whereaf te r  t h e  previous  upward t r end  may g radua l ly  b e  resumed. A new f a c t o r  must be  
t h e  e f f e c t  o f  t h e  48 in .  p i p e l i n e  from Abqaiq t o  Yanbo on t h e  Red Sea, now under 
cons t ruc t ion ,  a  pro jec ted  o i l  p i p e l i n e  from southern  Saudi Arabia t o  t h e  c o a s t  o f  
Oman and a f u r t h e r  p ro j ec t ed  o i l  p i p e l i n e  from t h e  United Arab Emirates o i l f i e l d s  t o  
F u j a i r a  i n  t h e  Gulf of  Oman. The e f f e c t  of t h e s s  p i p e l i n e s  on tanker  t r a f f i c  i n  t h e  
Region is a t  t h i s  s t a g e  d i f f i c u l t  t o  quant i fy .  However, t h e r e  is every reason t o  
b e l i e v e  t h a t  a  marked inc rease  i n  sh ipping  over t h e  1977-1978 l e v e l  is un l ike ly  i n  
t h e  fo re seeab le  f u t u r e ,  p a r t i c u l a r l y  a s  dry cargo  v e s s e l s  e n t e r i n g  t h e  Region a r e  
not  expected t o  show more than  a  gradual  i nc rease  over  t h e  yea r s  ahead. 

I t  is no t  considered necessary f o r  a  s t r i c t  c o n t r o l  of sh ipping  e n t e r i n g  t h e  
Region t o  be in t roduced ,  nor  f o r  any marked inc rease  i n  o f f s h o r e  naviga t ion  a i d s  
beyond those  a l ready  planned. Where app rop r i a t e  i n  new p o r t  complexes, l o c a l  a i d s  
and r a d i o  c o n t r o l  systems must i n e v i t a b l y  be developed t o  s u i t  t h e  needs o f  t h e  
po r t .  

BUOYAGE 

Since  1978 t h e  KAP Region has been moving towards s t anda rd i za t ion  wi th  t h e  IAL4 
.Ã 

System A buoyage. New p o r t s  such a s  Mina Saqr,  Shar jah ,  Dubai, J ebe l  A l i ,  
Ruwais/Jebel Dhanna, Umm Said,  Dammm, J u b a i l  wers planned from t h e  s t a r t  t o  be 
under t h i s  system and many have r e c e n t l y  changed over .  Major channels  such a s  t h e  
Oas channel a r e  IALA System A and, i n  1931, S i t r a ,  Umm Said ,  Ras Tannurah a r e  due t o  
be a l t e r e d ,  a s  is t h e  combined channel a t  Ras a1  Khafji/Ras a 1  Mishab. 
Miscel laneous Region-wide buoys marking wrecks and hazards  a r e  i n  t h e  process  of  
being changed t o  t h e  new system. 

For t h e  mariner ,  t h e  u n i f i c a t i o n  o f  buoyage should make h i s  t a sk  e a s i e r  s i n c e ,  
i n  t h e  riast- tm o v ~ t - o m o  hoxo o w i " Ã § . + ~  -I . - --:A- ---L - L ~ - -  n- - . . .  - 
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F i g u r e  111: Recons (20NM) A 
Decca Nav iga t ion  S t a t i o n s  
Radio Beacon (14ONM) a 
Decca Coverage --- 



t h e  Rsyion, System A is a l s o  t o  be i n t r o d u c e d .  

Dmaqe t o  buoys and n a v i g a t i o n  a i d s  by s h i p p i n g  is n o t  i n f r e q u e n t .  

HYWOGq4PH IC INFORMATION 

Th? I<\P Region comas under  t h e  P a k i s t a n  Hydrographer who is r e s p o n s i b l e  f o r  
Area I X .  ENAS is t h e  Sub Area Co-ord ina to r  f o r  t h e  Region and Approaches t h e r e t o .  

Hydrographic  i n f o r m a t i o n ,  i~<hÂ¡the c o n s i s t i n g  o f  a d v i c a  i n  r e s p e c t  o f  n a v i g a t i o n  
a i d s ,  c o l l i s i o n s ,  g roundings ,  o i l  s l i c k s ,  men overboard ,  s h i p s  overdue ,  indeed  any 
m a t t e r  a f f e c t i n g  t h e  mar ine r  is p a s i e d  i n  t h e  form of  a Radio Naviga t ion  Warning by 
MENAS th rough  Bahra in  C o a s t a l  Radio. T h i s  i n f o r m a t i o n ,  w5en a p p r o p r i a t e ,  is a l s o  
passed  t o  t h e  P a k i s t a n  Hydrographer f o r  t r a n s m i s s i o n  on t h e  4 r e a  IX Broadcas t ,  and 
t o  Muscat Radio. In  a d d i t i o n ,  t!ie two s ' i i p  s e r v i c i n g  companies,  Gray S w i f t  and 
Lamnalco a r e  a l s o  informed. T h i s  s e r v i c e  is prov ided  on a  2%-hour b a s i s .  

For  longer- term in format ion ,  n a v i g a t i o n  n o t i c e s  a r e  p u b l i s h e d  by MEM4S and 
d i s t r i b u t e d  world-wide t o  hydrograph ic  a u t h o r i t i e s  and o t h e r  a u t h o r i t i e s  and a g e n t s .  
MEWS p u b l i s h e s  t h 3  p o s i t i o n s  o f  o i l  r i g s  i n  t h e  Region on a  monthly b a s i s  and,  when 
informed,  b r o a d c a s t s  t h e  movement o f  o i l  r i g s  and hazardous  tows. 

Over r e c e n t  y s i r s  t h e  number of  Radio M3vigation Warnings h a s  markedly 
i n c r e a s e d  and every  endeavour is made t o  keep t h e  mar ine r  c u r r e n t l y  informed o f  any 
change e i t h e r  p r i o r  t o  'iis a r r i v a l  i n  t h e  Region o r  w h i l s t  h e  is w i t h i n  its limits. 

Over t!ie p a s t  10-12 y e a r s  t h e r e  ^iave been a v a r i e t y  o f  ' na r i t ime  i n c i d e n t s  a f f e c t i n g  
t a n k e r s  which can  b s  summarized a s  f o l l o w s :  - 

a)  Groundings o t h e r  t h a n  d ragg ing  anchors  12 
b )  F i r e s  i n  e n g i n e  rooms and accommod3tion 1 3  
c) C o l l i s i o n  i n  ha rbour  o r  p o r t  a r e a  5 
d )  C o l l i s i o n  a t  s e a  5 
e )  Sunk w h i l s t  i n  b a l l a s t  ( f i r e  o r  e x p l o s i o n )  1 

None of  t h e  above h a s  had s e r i o u s  e c o l o g i c a l  consequences .  The most r e c e n t  
c o l l i s i o n  o c c u r r e d  i n  t h e  Gulf of Oman i n  1972 when t h e  North Barbosa i n  b a l l a s t  was 
i n  c o l l i s i o n  w i t h  Sea S t a r  loaded and t h e  l a t t e r  sank.  Two t a n k e r s  i n  b a l l a s t  have 
sunk i n  t h e  Region i n  1979, subsequen t  t o  f i r e  and e x p l o s i o n .  Mot i n c l u d e d  i n  t h e  
above is damage i n c u r r e d  d u r i n g  s h i p  h a n d l i n g  o r  b e r t h i n g  i n  p o r t  o r  by d ragg ing  
anchors .  

Whi l s t  t h e  f a c t  t h a t  c o l l i s i o n  and grounding have t aken  p l a c e  is s e r i o u s  
enough, and t h e  consequences  cou ld  be  g r e a t ,  t h e  number o f  i n c i d e n t s  is n o t  a s  h i g h  
9 s  might have been expec ted  i n  t h e s e  c o n f i n e d  w a t e r s  and t h e r e  do n o t  appear  t o  have 
been any recorded  i n s t a n c e s  o f  major  o i l  p o l l u t i o n  caused  by s h i p p i n g  a c c i d e n t s  a t  
s e a  i n  t h e  Ragion. 



CONCLUSIONS 

The S t r a i t  o f  Hormuz, though an a r ea  through which pas se s  a h igh  percentage of  
t h e  Western World's petroleum requirements is wide and deep and, provided sh ipping  
keeps t o  t h e  t r a f f i c  Separa t ion  Lanes, no problems should occur.  

Navigation a i d s  i n  t h i s  choke poin t  a r e  s u f f i c i e n t .  

The number of s h i p s  e n t e r i n g  and l eav ing  t h e  Region has  dec l ined ,  though over  
t h e  p a s t  s i x  o r  seven yea r s  t h e  s h i p  s i z e  has  increased .  

No major i nc rease  i n  sh ipping  is expected; indeed it could d e c l i n e  f u r t h e r  i n  
t h e  s h o r t  term i f  new p i p e l i n e s  t o  be connected t o  t e rmina l s  o u t s i d e  t h e  Region 
become ope ra t iona l .  

Mew major p o r t  complexes s u i t a b l y  buoyed and c o n t r o l l e d  a r e  now a v a i l a b l e  f o r  
shipping.  Where improvements a r e  app rop r i a t e  t o  n e e t  increased  needs, s t u d i e s  a r e  
a l ready  i n  t r a i n .  

I n  t h e  p a s t  t h r e e  y e a r s  t h e r e  has  been a marked inc rease  i n  o f f sho re  l i g h t s  and 
racons  t o  a i d  mar iners  on both s i d e s  of  t h e  s s a  a r e a  of  t h e  Region. 

Fur ther  c o n t r o l  of  sh ipping  beyond t h a t  descr ibed  i n  t h e  s e c t i o n  headed 
Southern Area i n  t h e  chap te r  "Navigation Cons idera t ions  and Aids" is not  considered 
necessary a t  p resent .  

Promulgation o f  hazards  t o  sh ipping  is maintained a t  an acceptable  l e v e l .  

The number and types  of  naviga t ion  a i d s  need t o  be c o n s t a n t l y  reviewed t o  
ensure  maximum a s s i s t a n c e  f o r  s h i p s ,  p a r t i c u l a r l y  those  ca r ry ing  hazardous cargoes.  
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ABSTRACT 

This paper comments on the sources o f  o i l  s p i l l s  on the  h igh  seas. The behaviour o f  
o i l  a f t e r  i t  has been s p i l l e d  and a r a t i o n a l  approach t o  e f f e c t i v e l y  respond and 
clean-up on o i l  s p i l l .  A US Nat iona l  Academy o f  Sciences r e p o r t  on sources o f  o i l  
in t roduced i n t o  the  sea i s  c i t e d  and describes the  chemical, phys i ca l  and b i o l o g i c a l  
processes which take place a f t e r  the  o i l  has been s p i l l e d  a t  sea. I t  fu r the r  
i n d i c a t e s  the  scope of adequate p r e - s p i l l  p lann ing necessary t o  prov ide a t ime ly  
response and e f f e c t i v e  clean-up o f  an o i l  s p i l l .  



INTRODUCTION 

Protect ion and conservation of the  environment i n  general ,  and prevention and 
con t ro l  of o i l  pol lu t ion i n  p a r t i c u l a r ,  have become major i s sues  i n  today's world. 

I t  is a l l  p a r t  of the  growing concern about the  a b i l i t y  of our e a r t h  t o  
continue t o  support l i f e ,  i f  no act ion is taken t o  h a l t  de te r io ra t ion  of the  
environment caused by developments such a s  i n d u s t r i a l  and urban growth, 
technological  progress, population expansion and r i s i n g  l i v i n g  standards. 

^ 
O i l  i n  pa r t i cu la r  has been a major contr ibutor  t o  t h i s  concern. Through a l l  

phases - exploration,  production, t ranspor ta t ion,  r e f in ing  and consumption - o i l  is 
a po ten t i a l  pol lu tant .  

However, one has t o  accept the  f a c t  t h a t  our modern i n d u s t r i a l  socie ty  needs 
vas t  q u a n t i t i t e s  of o i l .  World-wide t ranspor ta t ion systems function primarily on 
o i l  and w i l l  continue t o  do so  f o r  the  coming decades. Industry requ i res  o i l  a s  a 
source of energy and raw mater ia l  f o r  end-products such a s  p l a s t i c s  and f e r t i l i z e r s .  

A s  a consequence, one should not expect a change i n  the  huge q u a n t i t i e s  of o i l  
which a r e  exported from the  oil-producing countr ies ,  nor a decrease i n  offshore  o i l  
operations.  In o the r  words, the  t h r e a t  of o i l  pol lu t ion is not l i k e l y  t o  disappear 
i n  the  foreseeable future.  

a r e  

a r e  
had 
equ 

o i l  

Both t h e  public and p r iva te  s e c t o r s  of our socie ty  a r e  aware of t h i s  f a c t  and 
responding with a var iey  of measures: 

- Governments have adopted l e g i s l a t i o n ;  

- National and in te rna t iona l  agencies have been es tabl ished t o  deal  with the  
problem; 

- The o i l  industry i t s e l f  has increased its e f f o r t s  t o  prevent and control  o i l  
pol lu t ion.  

However, one has t o  r e a l i z e  t h a t  approximately 75 per cent  of a l l  o i l  s p i l l s  
d i r e c t l y  o r  i n d i r e c t l y  a t t r i b u t a b l e  t o  human e r r o r .  This means t h a t  even i f  we 

a perfect  technology and could prevent a l l  malfunctions o r  breakdowns of 
p e n t ,  o i l  pol lu t ion resu l t ing  from negligence and human e r r o r  would continue. 

Furthermore, we have t o  accept the  f a c t  t h a t  each s p i l l  is unique. The type of 
the  locat ion,  the  volume of the  s p i l l  and, i n  pa r t i cu la r ,  the  weather t 

circumstances usually vary from s p i l l  t o  s p i l l .  I t  is even poss ible  t h a t  a va r i e ty  
of response ac t ions  is necessary i n  the  area  af fected by one s p i l l  due t o  changes i n  * 
weather and the  character  of t h e  s p i l t  o i l .  

NOW we a r e  a l l  together i n  a c e n t r a l  place i n  the  Kuwait Action Plan Region. 
This area ,  where the  presence of o i l  has been known f o r  over 2,000 years,  expor ts  

Ã 

approximately 60 per cen t  of the  world's o i l  supply. 

So f a r  the  Region has  a remarkably good record i n  respect  t o  o i l  pollution.  
Nevertheless, i t  is considered t o  be an a rea  with one of t h e  higheat o i l  pol lu t ion 
r i s k s  i n  the  world due to: 

- The high concentrat ion of offshore  exploration and production f a c i l i t i e s ,  
and inshore tanker loading terminalsf  



- The volume and density of marine t r a f f i c ;  

- The coincidence between areas which have economic, ecological or 
recreational significance and areas t o  which the o i l ,  sp i l l ed  from potential  
pollution sources, is l ike ly  t o  d r i f t .  

The aim of t h i s  paper is to  contribute t o  the workshop discussions by 
commenting on the following subjects: 

- The sources of o i l  s p i l l s  on the high seas; 

- Behaviour of o i l  a f t e r  it has been s p i l t  a t  sea; 

- Rational approach t o  prevent and control o i l  pollution. 

THE SOURCES OF OIL SPILLS ON THE HIGH SEAS 

The United States  Academy of Sciences published a study i n  1975 which estimated 
tha t  approximately 6 million tonnes of o i l  f ind t he i r  way in to  the seas  of the  world 
each year. This o i l  comes from the following sources: 

- Land instal la t ions:  2.6 million tonnes (43 per cent) 

This includes r iver  and urban run-off and coastal  f a c i l i t i e s  such a s  sewage 
plants,  re f iner ies ,  e tc .  f o r  example: i t  is  estimated that  the r iver  Rhine 
ca r r i e s  annually approximately 70,000 tonnea of o i l  t o  the North Sea. 

- Atmospheric transport: 600,000 tonnes (10 per cent) 

Sole petroleum hydrocarbons i n i t i a l l y  go in to  the atmosphere and then a re  
carried down by precipi ta t ion into the oceans. 

- Natural seepage: 600,000 tonnea (10 per cent) 

Sc ien t i s t s  have found evidence tha t  for  many centur ies  o i l  has oozed from 
cracks i n  the seabed. Apparently, the oil-loving micro-orqanisms tha t  l i v e  
i n  sea-water a r e  capable of handling t h i s  seepage. 

- Offshore production: 100,000 tonnes ( 2  per cent) 

I t  is estimated tha t  75 per cent of t h i s  small amount comes from s p i l l s  of more 
than 50 barrels.  The remaining 25 per cent is from lesser s p i l l s  and normal 
discharges during d r i l l i ng  and production operations. 

- Tanker transport: 2 million tonnes (35 per cent) 

Approximately one th i rd  of the t o t a l  mount of o i l  entering the seas  of the 
world comes from transportation ac t i v i t i e s .  However, the share a t t r ibu tab le  t o  
tanker accidents, the most newsworthy source, is only one tenth of t h i s  amount. 
Certainly not a bad r e c o r d i f  one knows t h a t  a t  any given time approximately 
100 million tonnes of o i l  a r e  on board tankers on the high seas. The remaining 
90 per cent  is caused by operational discharges. A 8  these usually occur during 
t emina l  operations, which means close t o  shore, they can cause qu i te  a l o t  of 
danaqe in  the imnediate vicini ty .  



The data g iven above werev as p rev ious l y  stated,  pub l ished i n  1975, and a re  
v a l i d  f o r  t he  t o t a l  o f  t he  wor ld 's  waters. 

Taking i n t o  account t h a t  there  has been q u i t e  an increase i n  t ranspor ta t i on  o f  
o i l  by sh ips  and a great  increase i n  the s i z e  o f  the  sh ips  themselves s ince 1975, 
one may s a f e l y  assume t h a t  the  impact o f  t ranspor ta t i on  on o i l  p o l l u t i o n  i n  the  KAP 
Region i s  much biqqer. Unconfirmed sources c la im  even a percentage o f  85. 

BEHAVIOUR OF OIL AFTER I T  HAS BEEN SPILT AT SEA 
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For  a proper response t o  the  t h r e a t  o f  o i l  p o l l u t i o n  i t  i s  e s s e n t i a l  t o  
understand the behaviour o f  o i l  a f t e r  i t  has been s p i l t  a t  sea. As soon as o i l  has 
been s p i l t  many physical ,  chemical and b i o l o g i c a l  processes beg in  a t  once. 

Spreading 

Usua l ly  the f i r s t  observable phenomenon f o l l o w i n q  an o i l  s p i l l  i s  the  
h o r i z o n t a l  spreading o f  o i l  on water. I t  i s  caused by the  fo rce  o f  g r a v i t y  and 
the  d i f f e r e n c e  i n  sur face tens ion o f  o i l  and water. As the  o i l  spreads, the 
l a y e r  th ickness w i l l  decrease and the i n f l uence  o f  q r a v i t y  w i l l  d iminish.  I n  
most cases the  spreading due t o  g r a v i t y  i s  a matter  o f  one hour only. The 
spreading caused by the  d i f f e rence  i n  sur face tens ion takes much longer. 

Movement o f  the  o i l  s l i c k  

An o i l  s l i c k  w i l l  move i n  the same d i r e c t i o n  and a t  the  same speed as the  
surface water. So cu r ren ts  and winds a re  the governing f a c t o r s  and determine 
the new d i rec t i on .  I n  general  an o i l  s l i c k  w i l l  move a t  a r a t e  o f  
approximately 3 per  cent  o f  t he  wind v e l o c i t y .  Winds i n  excess o f  3 on the  
Beaufor t  sca le  usua l l y  cause the  o i l  s l i c k  t o  break up i n t o  wind-rows. 

Although there  i s  a l a r g e  v a r i e t y  i n  d i r e c t i o n s  and s t rengths  o f  the  t i d a l  
cu r ren ts  i n  the  KAP region,  one should a lso  bear i n  mind the general movement 
o f  sur face water i.e. west-north-west a long the I r a n i a n  Coast and 
east-south-east a long the coasts o f  Saudi Arabia, Bahrain, Qa ta r  and the 
Emirates. This means t h a t  the general  d i r e c t i o n  o f  s p i l t  o i l  over a p e r i o d  o f  

- 
t ime i s  approximately south-east. This should be remembered i f  one knows t h a t  
i t  c o n s t i t u t e s  a t h r e a t  t o  the f o l l o w i n g  s i g n i f i c a n t  areas: 

- Economic s i g n i f i c a n c e  

Cent ra l ized and coastal -or iented i n d u s t r i a l i z a t i o n  and u rban iza t i on  i n  Saudi Ã‡ 

Arabia, Bahrain, Qa ta r  and the Emirates. 

- Eco log ica l  s ign i f i cance  
JÃ 

High s a l i n i t y ,  h i g h  temperatures, shal low water, poor c i r c u l a t i o n  etc., i n  the 
area o f  Saudi Arabia, Bahrain, Qatar ,  and the Emirates. 

- Recreat ional  s ign i f i cance  

Beaches o f  Bahrain and i n  the  Emirates. 



The process  of  weatf.iirinq 

The weathering of o i l  s t a r t s  immediately a f t e r  i t  h a s  been s p i l  t and occurs  
s imultaneously wi th  t h e  spreading and movement of  an o i l  s l i c k .  The weathering of 
o i l  is a progress ive  series o f  changes i n  t h e  p r o p e r t i e s  o f  t h e  s p i l t  o i l .  I t  
proceeds a t  r a t e s  which vary according t o  t h e  type of  o i l  and t h e  p r e v a i l i n g  weather 
condi t ions .  Major processes  which c o n t r i b u t e  t o  t h i s  weathering are :  

Evaporat ion 

In  most c a s e s  25-50 p e r  c e n t  o f  t h e  s p i l t  o i l  d i s appea r s  dur ing  t h e  f i r s t  
24 hours  a f t e r  t h e  s p i l l ,  due t o  t h e  evapora t ion  of  t h e  l i g h t  components i n  
t h e  o i l .  The consequences a r e  increased  s p e c i f i c  g r a v i t y  and v i s c o s i t y  of  
t h e  remaining mixture. 

D i s s o l u t i o n  

Some components o f  o i l  a r e  s l i q h t l y  s o l u b l e  i n  water  but t h i s  is 
a time-consuming process  which t a k e s  c a r e  o f  on ly  a minute q u a n t i t y  of  
t h e  s p i l t  o i l .  

Oxidat ion 

The chemical combination o f  hydrocarbons i n  t h e  s p i l t  o i l  with oxygen is 
c a l l e d  "atmospheric oxidat ion".  U l t r a v i o l e t  r a d i a t i o n  from s u n l i g h t  a l s o  
a i d s  i n  t h e  ox ida t ion  of  hydrocarbons p re sen t  i n  t h e  s p i l t  o i l .  This 
ox ida t ion  is c a l l e d  "photo-oxidation". O i l  w i l l  ox id i ze  more r a p i d l y  when 
i t  is spread  i n  a t h i n  f i lm.  The presence of su lphur  compounds i n  t h e  
s p i l t  o i l  t ends  t o  decrease  t h e  r a t e  of ox ida t ion .  Usually ox ida t ion  is a 
slow process ,  s i n c e  only a l i m i t e d  amount o f  oxygen is capable  of  
pene t r a t i ng  t h e  o i l  s l i c k .  

Biodegradat ion 

Many s p e c i e s  o f  marine b a c t e r i a  w i l l  ox id i ze  petroleum hydrocarbons by 
us ing  t h e s e  compounds a s  food. I t  was discovered t h a t  t he se  
petroleum-eating micro-organisms tend t o  be most abundant i n  waters  where 
o i l  is cont inuous ly  o r  i n t e r m i t t e n t l y  p re sen t  (e .9.  c l o s e  t o  p l aces  where 
n a t u r a l  seepage occurs ) .  I t  has  been c a l c u l a t e d  t h a t  complete deqrada t ion  
of  one l i t r e  of  crude o i l  r e q u i r e s  a l l  t h e  d isso lved  oxygen i n  
approximately 400,000 l i tres of  sea-water. The micro-organisms can only  
a t t a c k  t h a t  p a r t  o f  t h e  o i l  which is i n  con tac t  wi th  t h e  water.  

Emul s i f i ca t i on  

Emuls i f ica t ion  is t h e  process  by which one l i q u i d  is  d i spe r sed  i n t o  another  
l i q u i d  i n  t h e  form of smal l  d r o p l e t s .  In t h e  c a s e  o f  o i l ,  t h e  r e s u l t i n q  
emulsion can be e i t h e r  " o i l  i n  water" o r  "water i n  o i l " .  Both a r e  formed 
a s  a r e s u l t  o f  wave ac t ion .  

" O i l  i n  water" emulsions u sua l ly  come about i n  f r e s h l y  s p i l t  o i l .  I t  can 
on  occas ions  remove a l l  v i s u a l  t r a c e s  of  an o i l  s p i l l .  The p e r s i s t e n c e  of  
t h i s  emulsion is encouraged by t h e  presence o f  so-ca l led  " su r f ace  a c t i v e  
agents"  (waves o r  d i s p e r s a n t s ) .  Once o i l  i n  water emulsions a r e  formed 
o t h e r  weathering processes  a r e  acce l e r a t ed .  



"Water i n  o i l "  emulsions can be formed when water i s  mixed w i t h  v iscous 
o i l .  Water i n  o i l  emulsions con ta in ing  50-80 per  cent  o f  water are  most 
common and are  usua l l y  c a l l e d  "chocolate mousse". When t h i s  "chocolate 
mousse" reaches the shore i t  tends t o  p i c k  up sand and w i l l  form t a r  b a l l s  
a f t e r  t he  water has evaporated. 

( f )  Sedimentation 

Sedimentation occurs when the s p e c i f i c  g r a v i t y  o f  the  s p i l t  o i l  exceeds 
t h a t  o f  the  water. A f t e r  disappearance o f  the  l i g h t e r  components o f  the  
o i l  due t o  the weathering process a residue o f  smal ler  and denser o i l  
p a r t i c l e s  i s  l e f t .  These can adhere t o  inorgan ic  sediment, whereafter the 
o i l  w i l l  s ink. This process i s  most s i g n i f i c a n t  i n  nearshore areas. 

One cannot b u t  s t ress  the  importance o f  a good understanding o f  the  processes 
described above. This i s  essen t ia l  f o r  the eva lua t i on  o f  t he  ex tent  and nature  o f  
t he  th rea t  posed by a p a r t i c u l a r  o i l  s p i l l  and f o r  the  choice of  the  f i r s t  response 
a c t  ions. 

RATIONAL APPROACH TO PREVENT AND CONTROL OIL POLLUTION 

The key t o  an e f f e c t i v e  o i l  s p i l l  response i s  sound contingency p lann ing i n  
advance. O i l  s p i l l s  a re  unpredictable and usua l l y  do n o t  occur du r ing  workinq hours 
on weekdays, o r  under i d e a l  weather cond i t ions .  I n  view o f  the  l i m i t e d  t ime 
a v a i l a b l e  f o r  the  s e t t i n g  up o f  an adequate response once an o i l  s p i l l  i s  
threatening,  one has t o  organize i n  advance. 

Such contingency p lann ing i s  n o t  s imply a l i s t i n g  o f  names, addresses and 
telephone numbers. I t  goes much f u r t h e r  and should aim a t  a s i t u a t i o n  where one can 
decide wi thout  be ing under pressure o f  an o i l  s p i l l  th reat .  

To i n d i c a t e  the scope o f  adequate p r e - s p i l l  p lann ing we l i s t e d  a number o f  
quest ions and tasks which need response and ac t ion .  This l i s t  i s  by  no means 
complete. 

What and where a re  the p o t e n t i a l  o i l  p o l l u t i o n  sources? 

The blow-out o f  an o i l - w e l l  usua l l y  means a continuous discharge of o i l  f o r  a 
per iod  o f  t ime and w i l l  r e q u i r e  a response which i s  q u i t e  d i f f e r e n t  from a 
tanker accident where one may expect the instantaneous re lease of  a l a r g e  
quan t i t y  o f  o i l .  

What types o f  o i l  can be s p i l t  from these sources? 

Composition, s p e c i f i c  g r a v i t y ,  v i scos i t y ,  sulphur and wax contents and pour 
p o i n t  o f  o i l  a re  important  data. They can i n d i c a t e  which response i s  opt imal .  
For instance, whether one should take no a c t i o n  a t  a l l  because evaporat ion w i l l  
do the j ob  ( a v i a t i o n  fue l ) ,  use o f  d ispersants w i l l  have the best  e f f e c t  ( f r e s h  

crude o i l ) ,  o r  mechanical clean-up i s  impera t ive  ( f u e l  o i l ) .  

Also important  t o  know i s  whether, i n  a d d i t i o n  t o  the  o i l ,  poisonous gas may be 
released. I f  t h i s  i s  the  case, l i f e  support equipment, sa fe  working distances 
e tc .  should be spec i f ied .  



What is a r e a l i s t i c  es t imate  of t h e  maximum s p i l l  possible? 

The o i l  s p i l l  r e su l t ing  from a tanker accident is usually much l a r g e r  than the  
s p i l l  caused by the  burs t ing of a cargo-hose during loading of a tanker. The 
amount of  o i l  t h a t  is s p i l t  each hour a f t e r  a blow-out and the time required 
f o r  capping operations can usually be reasonably estimated. 

What a r e  the most probable movement pa t t e rns  under various meteorological * 
conditions? 

I t  is poss ible  t o  have t h i s  problem solved by computer. In Europe, Det Norske 

A 
Ver i t a s  developed, i n  co-operation with t h e  Continental Shelf I n s t i t u t e  and a 
number of o i l  companies, t h e  O i l s i m  Computer Program which can p red ic t  the  
physical behaviour of o i l  s p i l l s  a t  sea. Input data  include r a t e  of r e l ease ,  
loca t ion  of the  s p i l l ,  evaporation da ta ,  current  and wind data ,  e t c .  

I t  is a t  present  used t o  study t h e  impacts of poss ible  o i l  s p i l l s  from severa l  
North Sea o i l f i e l d s .  

What a r e  the  a reas  which have economical, ecological  o r  r ec rea t iona l  
s ignif icance?  

Having seen the  beaches of  Bahrain and the  Emirates, p a r t  of the  cen t ra l i zed  
and coastal-oriented i n d u s t r i a l i z a t i o n  and urbanization,  and knowing about the  
high s a l i n i t y ,  water temperatures, shallow water areas ,  poor c i r c u l a t i o n  etc. ,  
a d e t a i l e d  survey of the  whole western and southern coas t  of the  sea  area  of 
the  KAP Region w i l l  probably be  necessary. 

After  completion of t h i s  survey one should agree which is the  bes t  way t o  
protect  these  areas.  Always bearing i n  mind the f a c t  t h a t  so  f a r  the  beach has 
always been the  bes t  oil-boon and a l s o  the  f i n a l  one. 

One should fu r the r  agree on p r i o r i t i e s  i n  the  event t h a t  more loca t ions  a r e  
threatened a t  the  same time. 

Are- the re  any nau t i ca l ,  geographical o r  meteorological circumstances which may 
influence po l lu t ion  combat-operations? 

For example: 

- During recent pol lu t ion combat opera t ions  i n  the  Region the  presence of 
c o r a l  r e e f s  proved t o  be a g rea t  handicap. 

- The non-existence of  access  roads t o  the  northern beach made beach cleaninq 
a d i f f i c u l t  and cos t ly  operation i n  Greece e a r l i e r  t h i s  year. 

Â 

What is the  a v a i l a b i l i t y  of a i r c r a f t  and a i r s t r i p s  t o  f a c i l i t a t e  a e r i a l  
reconnaissance and dispersant  spraying? 

Ã Aerial reconnaissance is e s s e n t i a l  during ant i -pol lu t ion operations.  I t  g ives  

a t o t a l  p i c t u r e  ( b i r d ' s  eye view) of t h e  extent  of t h e  s p i l l  and the  
e f fec t iveness  of the combat operations.  I t  should be s t r e s s e d  t h a t  o i l  
de tec t ion  p o s s i b i l i t i e s  from surface  vessels a r e  very l imited.  On the  o the r  
hand one has  t o  remember t h a t  usual ly  t h e  p i c t u r e  from the  a i r  is much more 
dramatic. 



- During the anti-pollution operations i n  Bantry Bay ( I re land)  an i d e a l l y  
s i t u a t e d  landing s t r i p  c lose  t o  the  source of the  s p i l l  made i t  poss ible  t o  
carry  out  a e r i a l  d ispersant  spraying i n  a very e f f e c t i v e  way. 

What is  the  a v a i l a b i l i t y  of s u i t a b l e  support c r a f t ?  

During ant i -pol lu t ion operations a va r i e ty  of c r a f t  may be required. Apart 
from small c r a f t  such a s  rubber boats with outboards and small workboats A 

( l i f e b o a t  s i z e ) ,  the  following l a rge r  c r a f t  may be r e w i r e d  f o r  opera t ions  
taking place offshore: 

- o i l  s to rage  barges; 

- vesse l s  with offshore l i f t i n g  f a c i l i t i e s  (5-10 tonnes); 

- supply boat-type vesse l s  with l a r g e  aftdeck,  roll-on s t e r n  and winch f o r  
boom launching and recovery. 

Accommodation, proper navigation and communication f a c i l i t i e s  on board these 
vesse l s  a r e  e s s e n t i a l .  

There a r e  a number of companies i n  the  KAP Region which operate these types of 
vessels .  However, i t  would seem t h a t  most vesse l s  a r e  chartered t o  the  various 
o i l  companies. I t  is therefore  d i f f i c u l t  t o  comment on a v a i l a b i l i t y .  

What is the  a v a i l a b i l i t y  of support se rv ices  and supplies? 

A few important items are:  

- t ranspor t  f a c i l i t i e s ;  

- l i f t i n g  f a c i l i t i e s ;  

- welding and burning and general repai r  f a c i l i t i e s ;  

- supply of ropes, wires, shackles,  rubber boats,  outboards, p l a s t i c  baqs and 
sheeting e tc . ;  

- disposal  a reas  f o r  recovered o i l .  

After a l l  information requested i n  the  foregoing items is ava i l ab le ,  documented 
and s tored i n  an access ible  way, i t  is poss ible  t o  decide i n  a r a t i o n a l  way which 
po l lu t ion  combat equipment is most s u i t a b l e  t o  handle o i l  po l lu t ion  st the  various 
1 oca t i o n s  . 

However, the pre-spi l l  planning is not yet complete. Further work includes: * 

- Assignment o f  qua l i f i ed  personnel t o  s p e c i f i c  o i l  s p i l l  response tasks;  

- The designation of au thor i ty  during anti-pollution opera t ions  and the  
Ã 

i d e n t i f i c a t i o n  of  the  chain of  command; 

- I d e n t i f i c a t i o n  of  agencies and persons t o  be n o t i f i e d  immediately i n  the  
event o f  an o i l  s p i l l ;  

- Precise  descr ip t ion of a l l  jobs ( i n  order of p r i o r i t y )  t o  be ca r r i ed  out  i n  
case  of an o i l  s p i l l ;  



- The s e t t i n g  up of a communications network t o  assure  co-ordination of 
e f f o r t s  and e f f e c t i v e  response; 

- Deciding on a t r a in ing  programme; 

- Deciding whether one requires  t o t a l  in-house capab i l i ty  t o  handle each 
s p i l l ,  o r  only a f i r s t - a i d  package s u f f i c i e n t  t o  handle day-to-day s p i l l s  
with, i n  addi t ion,  an arrangement with a r e l i a b l e  and experienced s p i l l  
contractor .  

The foregoing p re - sp i l l  planning is a l l  aimed a t  a r a t i o n a l  control  of o i l  
s p i l l s .  

With regard t o  o i l -pol lu t ion prevention only the  following th ree  items w i l l  
be mentioned here: 

- In  some 
firmly 
moment. 

way o r  o ther ,  masters of tankers  which run i n t o  problems have t o  be 
persuaded or  ins t ruc ted  t o  seek ass i s t ance  a t  the e a r l i e s t  poss ible  

This g ives  more time f o r  ac t ion (Amoco Cadiz). 

- P o r t s  of refuge should be es tabl ished a t  s t r a t e g i c  points  along tanker 
routes ,  where s t r i cken  tankers,  which o f t en  present  a pol lu t ion r i s k ,  can be 
brought t o  and d e a l t  with. Tradi t ional ly  a vessel  would be c e r t a i n  of being 
given a por t  of refuge whenever she was i n  trouble.  Even during wartime, a 
por t  of refuge would be granted i n  neutra l  countr ies  t o  naval vesse l s  t o  
e f f e c t  emergency repai rs .  Nowadays a s t r i cken  tanker can become a maritime 
leper  because i t  has been declared "a grave and imminent danger of po l lu t ion  
t o  the  coasts" (Andros P a t r i a  off  Spain, e a r l y  1979). 

- A l l  t ankers  and other  c a r r i e r s  of  dangerous goods, o ld  and new, should be 
c m p u l s o r i l y  equipped forthwith with a simple device,  both forward and a f t ,  
t o  enable tugs,  e spec ia l ly  under adverse weather condit ions,  t o  make a 
towage connection quickly, e f f i c i e n t l y  and with minimum ass i s t ance  from the  
s t r i c k e n  ship. 
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ABSTRACT 

The paper describes the resu l t s  o f  the two conferences convened by IMO i n  1978; The 
In te rna t iona l  Conference on Tanker Safety and Po l l u t i on  Prevention (TSPP) and the 
In te rna t iona l  Conference on the Standards o f  Training, C e r t i f i c a t i o n  and 
Watch-Keeping f o r  Seafarers (STCW). The paper d e t a i l s  the requirements a r i s i ng  out 
o f  TSPP f o r  i n e r t  gas systems, s teer ing gear, radar and c o l l i s i o n  avoidance aids, 
and inspect ion and c e r t i f i c a t i o n .  The provis ions o f  the Convention adopted by the 
STCW conference r e l a t i n g  t o  app l i cab i l i t y ,  cont ro l ,  watch-keeping, c e r t i f i c a t i o n ,  
qua l i f i ca t i ons  and t r a i n i ng  are de ta i led  as we l l  as those marine safety or iented 
resolut ions. The paper goes on t o  describe other work a t  I M O  i n  the areas o f  
s t a b i l i t y ,  manoeverability, t r a f f i c  separation schemes and c o l l i s i o n  avoidance 
systems. The status o f  coming i n t o  force o f  the instruments a r i s i ng  out o f  these 
conferences are reviewed. 
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INTRODUCTION 

This  paper was prepared t o  be prasentsd  a t  t h i s  workshop t o  review and 
h igh l igh t  those  recent  marine s a f e t y  a c t i v i t i e s  a t  IMO which have a  d i r e c t  bear ing  
on marine p o l l u t i o n  prevention.  The relevancy of  its con ten t s  and philosophy of 
purpose is based on t h e  s t rong  interdependence of  marine s a f e t y  a c t i v i t i e s  and 
marine p o l l u t i o n  prevention.  Marine s a f e t y  and p o l l u t i o n  prevention h w e  been t h e  
terms of r e f e r ence  f o r  t h e  o rgan iza t ion  s i n c e  its incep t ion  i n  1953. 

During t h e  twenty-two yea r s  of its ex i s t ence ,  number of  codes,  
recommendations, and conventions have been developed and adopted. This  paper w i l l  
d i s c u s s  t h e  more r ecen t  of t he se  t h a t  were d i r e c t e d  t o  p o l l u t i o n  prevent ion ,  o r  t h a t  
have a  s t rong  in f luence  on, o r  c o n t r i b u t e  t o ,  t h e  reduct ion  of marine po l lu t i on .  

Discussed i n  substance w i l l  b-? t h e  I n t e r n a t i o n a l  Convention on Standards  of  
Tra in ing ,  C e r t i f i c a t i o n ,  and Watchkeeping f o r  S e a f a r e r s  1973 (STCW 1973). and t h e  
I n t e r n a t i o n a l  Conference on Tanker Safe ty  and P o l l u t i o n  Prevention 1973, (TSPP). 
Recent codes of  s a f e t y  f o r  s p e c i f i c  s h i p  a p p l i c a t i o n s  w i l l  be reviewed a s  wel l  a s  a  
d i s cus s ion  of o t h e r  a c t i v i t i e s ,  both ongoing and r e c e n t l y  completed, w i th in  t h e  
s t r u c t u r e  of IMO1s t a c h n i c a l  coinmittees. Las t  comes a  review of t h e  more 
s i g n i f i c a n t  a c t i v i t i e s  and t h e i r  s t a t u s  f o r  coming i n t o  fo rce .  

STCW 1973 

I n  e a r l y  1971, an IMO working group r epo r t ed ,  " t h a t  i n  view of t h e  cont inuing  
alarming r i s e  i n  maritime c a s u a l t i e s ,  i t  is necessary f o r  urgent  a c t i o n  t o  be  taken,  
aimed a t  s t rengthening  and improving s t anda rds  and p ro fe s s iona l  q u a l i f i c a t i o n s  of  
mar iners  a s  a means of  s ecu r ing  b e t t e r  guarantees  of s a f e t y  a t  s ea  and p ro t ec t ion  of 
t h e  marine environment ." 

Accordingly, i n  1971, t h e  Subcommittee on Standards  of  Training and 
Watchkeeping was e s t a b l i s h e d  and given t h e  t a s k  of  s tudying  t h e  s u b j e c t  and 
prepar ing  a  p o s i t i o n  t o  be  considered a t  t h e  j o i n t  IMO/ILO Committee on Tra in ing  o r ,  
a s  app rop r i a t e ,  i n  connect ion with o t h e r  members of t h e  United Nations family. This  
Subcommittee met on a r egu la r  b a s i s  and produced a  d r a f t  convention which was 
considered by t h e  I n t e r n a t i o n a l  Conference on Tra in ing  and C e r t i f i c a t i o n  of 
S e a f a r e r s  he ld  i n  London i n  June 1978 under t h e  ausp i ces  of  IMO and ILO, 
( I n t e r n a t i o n a l  Labour Organisa t ion) .  

A t  t h e  conference,  72 n a t i o n s  agreed on t h e  t e x t  of t h ?  wor ld ' s  f i r s t  
i n t e r n a t i o n a l  convention e s t a b l i s h i n g  b a s i c  requirements  on t r a i n i n g ,  c e r t i f i c a t i o n  
and watchkeeping f o r  mas ters ,  o f f i c e r s  and crews of  s5aqoing merchant ves se l s .  

STCW 1973 has t h e  s t a t e d  purpose: " t o  promote s a f e t y  of l i f e  and proper ty  a t  
s e a  and tha  p ro t ec t ion  of t h e  marine environment." Based on s t a t i s t i c a l  da t a  t h a t  
human e r r o r  i n  some a s p e c t s  is a  c o n t r i b u t i n g  f a c t o r  i n  over  W pe r  c e n t  o f  mari t ime 
acc iden t s ,  t h e  improved t r a i n i n g  and q u a l i f i c a t i o n  s t anda rds  when implemented should 
b e t t e r  q u a l i f y  personnel  on board s h i p s  t o  avoid maritime c a s u a l t i e s .  

The p r i n c i p a l  p rov i s ions  i n  t h e  a r t i c l e s  of  t h e  convention p e r t a i n  t o  t h e  
i ssuance  of c e r t i f i c a t e s  t o  s e a f a r e r s  and t o  t he  e x e r c i s e  of c o n t r o l  with r e spec t  t o  
such c e r t i f i c a t e s  on a l l  s h i p s  when i n  t h e  p o r t s  of a p a r t y  t o  t h e  convention. 
Ex i s t i ng  c e r t i f i c a t e s  and those i s sued  under n a t i o n a l  p r a c t i c e  t o  s e a f a r e r s  who 



began t h e i r  sea  se rv ice  before the  en t ry  i n t o  force  of the  convention, w i l l  continue 
t o  be recognized. I f  an exceptional  necess i ty  a r i s e s ,  and under very l imi ted  and 
s p e c i f i c  condit ions,  a dispensation t o  permit a sea fa re r  t o  serve  i n  a capacity f o r  
which he does not hold the  appropriate c e r t i f i c a t e  may be granted. Dispensations 
w i l l  not  be granted t o  masters and chief  engineers except i n  cases  of extreme 
emergency. The control  procedures w i l l  enable an administrat ion t o  a sce r t a in  t h a t  
s e a f a r e r s  on sh ips  a r r iv ing  i n  t h e i r  por t s  w i l l  comply with the  convention. A s h i p  
may be detained i n  cases  of  non-compliance with t h e  provisions of  t h i s  convention, 

+ 
i n  regard to  f a i l u r e  of s e a f a r e r s  required t o  hold a c e r t i f i c a t e ,  t o  have an 
appropriate c e r t i f i c a t e  o r  va l id  dispensation,  o r  f a i l u r e  of navigational  o r  
engineering watch arrangements t o  conform to  the  requirements spec i f i ed  f o r  the  s h i p  

ff 
by the  f l a g  S ta te .  

Tha annex t o  the convention conta ins  t h e  regu la t ions  which e s t a b l i s h  s tandards  
f o r  c e r t i f i c a t i n g  masters, deck and engineering o f f i c e r s ,  and f o r  i ssuing authorized 
documents t o  unlicensed r a t i n g s  i n  the  deck department. Requirements f o r  sea  
service ,  t r a in ing ,  profess ional  examination, and physical  f i t n e s s  were incorporated 
t o  ensure t h a t  the  l eve l  of q u a l i f i c a t i o n  f o r  s e a f a r e r s  is uniformly a t t a ined  i n  a l l  
countries.  Additionally, requirements were es tabl ished i n  regard t o  the  t r a i n i n g  of 
masters, o f f i c e r s  and r a t i n g s  f o r  o i l ,  chemical and l i q u i f i e d  gas  c a r r i e r s .  These 
l a t t e r  provisions were adopted by t h e  conference l a rge ly  a s  a r e s u l t  of a r e so lu t ion  
adopted by the  February 1978 Conference on Tanker Safety and Pol lu t ion Prwent ion  
(TSPP). 

A t  t h i s  point  i t  would be well t o  review the  substance of t h e  requirements of 
t h i s  Convention. 

APPLICABILITY 

C e r t i f i c a t i o n  of deck o f f i c e r s  app l i e s  on a l l  vesse l s  over 200 gross  r eg i s t e red  
tons  (CRT) and t o  masters only on vesse l s  under 201 GRT. The requirements f o r  
engineer o f f i c e r s  app l i e s  on vesse l s  with over 750 k i lowat t s  propulsion power. 

WATCHKEEPING 

The p r inc ip les  of watchkeeping a r e  appl icable  t o  a l l  ships.  The bas ic  
p r inc ip les  t o  be observed i n  keeping a navigational  o r  engineering watch a r e  defined 
a s  follows: 

1. Maintain a s a f e  navigational  watch; 

2. Be p a r t i c u l a r l y  concerned t o  avoid s t randing and c o l l i s i o n ;  

3. Establ ish  watch arrangements: 

4. A l l  o f f i c e r s  s h a l l  be f i t  f o r  duty; 

5. The voyage should be planned i n  advance. 



CERTIFICATION REQUIREMENTS 

The mandatory minimum requirements  f o r  c e r t i f i c a t i o n  a r e  a s  fol lows:  

1. Masters  and mates must be  above a minimum age; pas s  a  w r i t t e n  examination; 
a t t e n d  a f i r e f i g h t i n g  course;  pa s s  a  medical examination; and have t h e  
s t i p u l a t e d  s ea  s e r v i c e .  

2. Chief and second engineer  must meet t h e  same types  of mandatory minimum 
requirements  a s  mas ters  and mates a s  well a s  t h e  t echn ica l  knowledge f o r  
t h e  t ype  of  machinery and propulsion f o r  which they  a r e  c e r t i f i e d .  

3. Watchkeeping o f f i c e r s ,  both naviga t ion  and engineer ,  must have t h e  same 
c e r t i f i c a t i o n  requi red  f o r  mas ters  and c h i e f s  except  t h a t  l e s s  in-depth 
t echn ica l  knowledge is requi red .  Deck and engineer ing  r a t i n g s  forming 
p a r t  o f  a  watch must have completed the  s p e c i f i e d  s ea  s e r v i c e  o r  have 
s u c c e s s f u l l y  undergone s p e c i a l  t r a i n i n g  and have exper ience  o r  t r a i n i n g  
which inc ludes  f i r e f i q h t i n q ,  f i r s t  a i d ,  s u r v i v a l  techniques ,  and personal  
s a f e t y .  

REQUAL IF ICAT ION 

Masters,  deck and engineer  o f f i c e r s  must a l s o  meet t h e  mandatory minimum 
requirements  t h a t  ensure continuad p ro f i c i ency  and updated knowledge. The 
admin i s t r a t i on  must be s a t i s f i e d  t h a t  o f f i c e r s  a r e  medical ly f i t  and p ro fe s s iona l ly  
competmt f o r  t h e i r  approved se rv i ce .  I f  s e a  s e r v i c e  is inadequate,  o f f i c e r s  must 
pass  an approved t e s t  o r  course  of i n s t r u c t i o n  o r  undertake s e r v i c e  i n  a  
supernumerary capac i ty .  

TRAINING 

O f f i c e r s  i n  charge  of a  watch must achieve t h e  necessary t h e o r e t i c a l  knowledge 
and p r a c t i c a l  experience through t r a i n i n g  founded on t h e  b a s i c  p r i n c i p l e s  o f  
watchkaeping a s  noted above and upon t h e  r e l evan t  i n t e r n a t i o n a l  r e g u l a t i o n s  and 
recommendations. I t  is mandatory t h a t  f i r e f i g h t i n g  be  p a r t  o f  t h i s  t r a i n i n g .  
Fu r the r ,  deck o f f i c e r s  must demonstrate t h e i r  p ro f i c i ency  with r ada r  by a t tendance  
a t  an approved course  of i n s t r u c t i o n .  

There a r e  mandatory minimum requirements  f o r  t h e  t r a i n i n g  and q u a l i f i c a t i o n  of  
mas ters ,  o f f i c e r s ,  and r a t i n g s  of  o i l  t anke r s ,  chemical c a r r i e r s ,  and l i q u i f i a d  gas  
t anke r s .  O f f i c e r s  and r a t i n g s  having s p e c i f i c  d u t i e s  and r e s p o n s i b i l i t i e s  r e l a t e d  
t o  cargo  and cargo  equipment on t anke r s  s h a l l  complete a  shore-based f i r e f i g h t i n g  
course  and an app rop r i a t e  per iod  of superv ised  shipboard s e r v i c e  t o  acqu i r e  
knowledge of s a f e  ope ra t ing  p r a c t i c e s ,  o r  complete an approved f a m i l i a r i z a t i o n  
course  including s a f e t y ,  p o l l u t i o n  prevention,  types  of t a n k r s  and cargoes  and 
t h e i r  hazards, handling equipment, gene ra l  ope ra t iona l  sequence, and terminology. 

Masters,  ch i e f  engineers ,  ch i e f  mates, and second engineers ,  i n  add i t i on  t o  t h e  
above requirements ,  must have r e l evan t  experienc2 app rop r i a t e  t o  t h e i r  d u t i e s  and 
have completed a s p e c i a l i z e d  t r a i n i n g  course.  



RESOLUTIONS 

The conference a l s o  adopted 23 resolut ions  which re in fo rce  the  convention by 
recommending addi t ional  procedures and inv i t ing  fu r the r  development of appropriate 
t r a i n i n g  requirements of IMO. The 23 reso lu t ions  do not form a pa r t  of the  
convention a s  they a r e  recommendations only. 

A 

Some of the  more s i g n i f i c a n t  r e so lu t ions  include: 

Operational guidance f o r  o f f i c e r s  i n  charge of a navigational  watch; 

Operational guidance f o r  engineer o f f i c e r s  i n  charge of an engineering 
watch; 

Recommendations on p r inc ip les  and operational  guidance f o r  deck o f f i c e r s  
and engineer o f f i c e r s  tending a watch i n  por t ;  

Sas ic  guidel ines  and opera t ional  guidance r e l a t i n g  t o  sa fe ty  radio  
watchkeeping f o r  radio  o f f i c e r s  and radiotelephone operators;  

Recommendations on the  t r a i n i n g  and q u a l i f i c a t i o n s  of o f f i c e r s  and r a t i n g s  
on o i l  tankers. 

The reso lu t ions  were q u i t e  de ta i l ed  and took up considerably more volume than 
t h e  bas ic  convention i t s e l f .  F u l l  j u s t i c e  t o  a l l  of t h e  d e t a i l  i n  the  reso lu t ions  
is not given here  because the  mater ia l  contained i n  the  reso lu t ions  has  enough 
content  f o r  a separa te  paper i n  its own r i g h t .  

IMPLEMENTATION 

The Convention w i l l  come i n t o  fo rce  12 months a f t e r  25 nat ions ,  with combined 
merchant f l e e t s  cons t i tu t ing  50 per  cent  of the  gross  tonnage of t h e  world's 
merchant shipping, have e i t h e r  signed without reservat ion o r  deposited an instrument 
of  r a t i f i c a t i o n ,  acceptance, accession o r  approval. The e f f e c t  of  its benef i t s  may 
be rea l ized much sooner s i n c e  many of t h e  more es tabl ished maritime nat ions  t h a t  
have already evolved s tandards  comparable t o  the  convention requirements intend t o  
work towards implementing the  provisions before the  convention conies i n t o  force. 
However, the re  a r e  many major maritime nat ions  (based on reg i s t e red  tonnage) t h a t  do 
not have a system similar t o  t h a t  prescribed by t h e  convention, o r  have no system a t  
a l l .  These na t ions  a r e  faced with a major e f f o r t  t o  develop and implement a 

Q workable system f o r  t h e  issuance and renewal of l i c e n s e s  and c e r t i f i c a t e s  f o r  t h e i r  
seafarers .  

TSPP CONFERENCE 

During the  winter of 1976/77, the re  occurred a number of  tanker accidents  off  
t h e  coast  of the  United S t a t e s  which resu l t ed  i n  considerable public and 
governmental concern. The United S t a t e s  Government r ea l i zed  t h a t  while the  
accidents  had occurred i n  United S t a t e s  waters, t h e  problem of tanker sa fe ty  was an 
in te rna t iona l  one. Consequently it turned t o  IMO when proposing a s e r i e s  of 



measures which were designed t o  improve tanker s a f e t y  and prevent  po l lu t ion .  WO 
responded t o  t h i s  reques t  promptly and agreed t o  convene a conference i n  February 
1973 t o  cons ider  t h e  United S t a t e s  proposal  and any o t h e r s  t h a t  member n a t i o n s  would 
c a r e  t o  put  forward. 

The I n t e r n a t i o n a l  Conference on Tanker Sa fe ty  and Po l lu t ion  Prevention 1973 
(TSPP) he ld  i n  London was t h a  culmination of  t a n  months' work by member na t ions  m d  
t h e  It40 s e c r e t a r i a t .  The purposa of  t h e  conference was t o  cons ider  proposals  t h a t  
had been developed with a view t o  improving t h e  I n t s r n a t i o n a l  Convention f o r  t h e  
Prevention of Po l lu t ion  from Ships,  1973 (MARPOL 1973). These conventions were i n  
ex i s t ence  but  had not  ye t  bean implemented i n t e r n a t i o n a l l y .  The conference 
ob jec t ive  was t o  r e i n f o r c e  these  e a r l i e r  conventions t o  provide more e f f e c t i v e  
regula tory  regimes f o r  o i l  tankers ,  p a r t i c u l a r l y  i n  t h 3  l i g h t  of t h e  number of  
s e r i o u s  tanker acc iden t s  which had occurred s i n c e  the  conventions had been adopted. 
Another purpose was t o  modify t h e  conventions s o  a s  t o  encourage t h e i r  acceptance 
and r a t i f i c a t i o n  by Governments and thus  he lp  b r i n g  t h e  conventions i n t o  fo rce  on an 
acce l e ra t ed  bas i s .  

The TSPP Conference adopted two ins t ruments ,  commonly r e f e r r e d  t o  a s  t h e  SOLAS 
Protocol  and t h e  MARPOL Protocol .  The SOLAS Protocol  con ta ins  new measures and 
procedures which supplement SOLAS 197%. The MARPOl Protocol  a l s o  con ta ins  new 
measures and procedures but  i nco rpora t e s  and modifies  MARPOL 1973. The conference 
a l s o  adopted 18  r e s o l u t i o n s  p e r t a i n i n g  t o  the  p ro toco l s  and o the r  r e l a t e d  mat te rs .  

The two p ro toco l s  a r e  d i f f e r e n t  i n  t h e i r  s t r u c t u r e  i n  r e l a t i o n  t o  t h e i r  parent  
conventions. Because SOLAS 1974. had been r a t i f i e d  by over h a l f  of  t h e  number of  
c o u n t r i e s  necessary t o  b r i n g  i t  i n t o  fo rce ,  t h e  pro tocol  was made a s e p a r a t e  
instrument. Therefore, t o  b r ing  i t  i n t o  fo rce ,  t h e  parent  convention must be  
r a t i f i e d  a s  a p r e r e q u i s i t e  t o  r a t i f y i n g  t h e  pro tocol  al though both instruments  may 
be  r a t i f i e d  simultaneously. Because very  few Governments had r a t i f i e d  MARPOL 1973, 
i t  was merged i n t o  its protocol  and became one instrument f o r  r a t i f i c a t i o n  purposes. 

The SOL4S 1974 Convention brought up t o  d a t e  t h e  r e g u l a t i o n s  f o r  s a f e t y  of  l i f e  
a t  sea  i n  l i g h t  of  t h e  amendments t h e r e t o  adopted i n  1966, 1967, 1963, 1969, 1971, 
1973, by t h e  Assembly pursuant  t o  t h e  I n t e r n a t i o n a l  Convention f o r  t h e  Safa ty  o f  
L i f e  a t  Sea 1960, and t o  provide improved a s  well a s  acce l e ra t ed  amendment 
procedures. Upon en t ry  i n t o  force ,  SOLAS 1974 w i l l  r ep l ace  and abrogate  SOLAS 1960. 

The marine s a f e t y  measures a r i s i n g  out  o f  TSPP inc lude  i n e r t  gas  systems f o r  
p r o t e c t i o n  of  cargo  tanks ,  s t e e r i n g  gear  requiraments ,  r ada r  and c o l l i s i o n  avoidance 
a i d s  and strengthened in spec t ion  and c e r t i f i c a t i o n  requirements. Where des ign  
f e a t u r e s  and f i t t i n g  of  equipment a r e  requi red  f o r  new o i l  t anke r s ,  t hese  a r e  
def ined  by t h e  fol lowing dates:  

1. Tankers which have a c o n t r a c t  d a t e  a f t e r  1 June 1979, o r  i n  t h e  absence o f  
a bu i ld ing  con t r ac t ;  

2. Tankers which have t h e i r  kee l  l a i d  a f t e r  1 January 1930; o r  

3. Tankers which a r e  de l ive red  a f t e r  1 June 1992. 

Tankers which do  not  conform t o  t h e  above c r i t e r i a  a r e  def ined  a s  e x i s t i n g  
sh ips .  



IMERT GAS SYSTEMS 

SOLAS 197% required i n e r t  gas systems t o  be f i t t e d  in new o i l  tankers  over 
100,000 DWT and i n  new combination c a r r i e r s  over 50,000 D!4T. The SOLAS Protocol 

Ã 
extends the  i n e r t  gas system requirements to: 

1. A l l  new tankers over 20,010 DWT; 

2. A l l  ex i s t ing  crude o i l  c a r r i e r s  over 20,003 DWT and a l l  ex i s t ing  product 
c a r r i e r s  over 40,000 DWT; 

3. A l l  ex i s t ing  tankers of  20,000 DWT and above, where high capacity washing 
machines a r e  f i t t e d  (50 cubic metres par hour o r  q r sa te r ) ;  

4. A l l  tankers ifhere crude o i l  washing is f i t t a d .  

I n e r t  gas systems o re  required within two years  of t h e  SOLAS Protocol coming 
i n t o  force  f o r  tankers of 79,009 DWT and above, and a fu r the r  period of two core  
y a m s  f o r  crude o i l  c a r r i e r s  of  20,000 OUT and above, and product c a r r i e r s  of 4'1,000 
DWT and above. 

STEERING GE4R 

SOLAS 197% contained requirements f o r  s t e e r i n g  gear f o r  both passenger and 
cargo vessels .  TSPP formulated spec ia l  requirements f o r  tankers,  which a r e  
con ta imd i n  the  protocol. These include: 

1. 411 tankers of 13,009 gross tons and above must have two remote s t e e r i n g  
gear  control  systems, each operable separa te ly  from the navigating bridge. 

2. Pie main s t ee r ing  gear of new tankers of 10,000 I R T  and above, must be 
comprised of two o r  more i d e n t i c a l  power un i t s ,  and be capable of 
operating the rudder while operating with one o r  more power un i t s .  Ships 
so q u i p p e d  must a l s o  have an alarm on the  navigating bridge t o  warn of 
system f a i l u r e  and an a l t e r n a t i v e  power supply t h a t  w i l l  s t a r t  
automatically within 45 seconds of a f a i l u r e .  

The above requirements must be implemented within two years  of t h e  da te  of 
ent ry  of the  protocol f o r  ex i s t ing  tankers. 

s 

The conference a l s o  formulated spec ia l  requirements r e l a t i n g  t o  con t ro l ,  
communication, and loca l  operation and t e s t i n g  of s t ee r ing  gear a t  s t i p u l a t e d  
in te rva l s .  These requirements apply t o  both new and ex i s t ing  tankers. 
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The conference a l s o  formulated spec ia l  requirements r e l a t i n g  t o  con t ro l ,  
communication, and l o c a l  operation of s t e e r i n g  gear a s  well a s  procedures and d r i l l s  
covering the  operation and t e s t i n g  of s t e e r i n g  gear a t  s t i p u l a t e d  in te rva l s .  These 
requirements apply t o  both new and ex i s t ing  tankers. 



RADARS 

The conference agreed t h a t  a l l  s h i p s  between 1,600 QRT and 10,000 GRT be f i t t e d  
wi th  r ada r ,  whi le  a l l  s h i p s  above 10,000 GRT and above must be f i t t e d  with two 
r ada r s ,  each capab le  of  independent opera t ion .  These s h i p s  must be  s o  equipped on 
t h e  day t h e  S9LAS Protocol  comes i n t o  fo rce .  

INSPECTION AND CERTIFICATION 

One of t h e  major i s s u e s  and t h e  more s i g n i f i c a n t  development of t h e  TSPP 
Conference was t h e  a r ea  of i n spec t ion  and c e r t i f i c a t i o n .  The requirements  conta ined  
i n  SOLAS 1974 were s t rengthened  and a d d i t i o n a l  requirements  were formulated. The 
main changes i n  subs tance  were: 

In  add i t i on  t o  t h e  pe r iod i c  surveys  s p e c i f i e d  i n  SOLAS 1974. 
admin i s t r a t i ons  must i n s t i t u t e  unscheduled in spec t ions  o f  a l l  s h i p s  u n l e s s  
mandatory annual  surveys  a r e  c a r r i e d  out .  These i n spec t ions  s h a l l  ensure  
t h a t  t h e  s h i p  and a l l  of its equipment remain i n  a l l  r e s p e c t s  s a t i s f a c t o r y  
f o r  its intended se rv i ce .  The admin i s t r a t i ons  a r e  obl iged  t o  f u l l y  
guarantee  t h e  completeness and e f f i c i e n c y  of  t he se  i n spec t ions  and surveys 
and t o  make t h e  necessary  p r a c t i c a l  arrangements t o  s a t i s f y  t h i s  
ob l iga t ion .  

Naw procedures were developed which must be  followed when d e f e c t s  a r e  
found dur ing  unscheduled inspec t ions .  In  b r i e f ,  they r e q u i r e  t h a t  t h e  
des igna ted  surveyor o r  i n spec t ing  o rgan iza t ion  ensure t h a t  c o r r e c t i v e  
a c t i o n  is taken. 

Administrat ions w i l l  be r equ i r ed  t o  provide a c l e a r e r  d e f i n i t i o n  of  t h e  
a u t h o r i t y  they de l ega t e  t o  non-governmental bodies  t o  a c t  on t h e i r  beha l f .  
A s  a minimum, any nominated surveyor o r  recognized o rgan iza t ion  s h a l l  be  
empowered t o  r e q u i r e  r e p a i r s  t o  a s h i p  and c a r r y  ou t  i n spec t ions  and 
surveys  i f  reques ted  by t h e  a u t h o r i t i e s  of  a p o r t  S t a t e .  

SOLAS 1974 r e q u i r e s  surveys  f o r  s a f e t y  equipment c e r t i f i c a t e s  t o  be 
c a r r i e d  ou t  every two years .  A requirement f o r  an annual survey f o r  
t a n k e r s  of t e n  yea r s  of  age o r  over  was added. 

SOLAS 1974 does not  spec i fy  a per iod  of  v a l i d i t y  f o r  Cargo Ship Sa fe ty  
Cons t ruc t ion  C e r t i f i c a t e s .  Under t h e  SOLAS Protocol ,  t he se  c e r t i f i c a t e s  
a r e  v a l i d  up t o  a maximum per iod  of  f i v e  years .  There is  a l s o  a 
requirement f o r  an i n t e rmed ia t e  Cargo Ship Sa fe ty  Cons t ruc t ion  C e r t i f i c a t e  
survey f o r  t anke r s  o f  t e n  y e a r s  of  age o r  over .  

The Cargo Ship Sa fe ty  Construct ion C e r t i f i c a t e  survey requirements  have 
been extended t o  inc lude  cargo  pumping, p ip ing ,  and vent ing  arrangements. 

The o b l i g a t i o n  t o  maintain s h i p s  and t h e i r  equipment i n  a s a t i s f a c t o r y  
cond i t i on  between surveys  has  been more c l e a r l y  def ined .  

More e x p l i c i t  requirements  f o r  r e p o r t i n g  acc iden t s  and d e f i c i e n c i e s  and 
t h e  manner i n  which admin i s t r a t i ons  a r e  requi red  t o  a c t  on t h i s  
information were adopted. 



Corresponding a d d i t i o n s  and mod i f i ca t i ons  were incorpora ted  i n t o  t h e  MARPOL 
Protocol;  i n  p a r t i c u l a r ,  no ex tens ion  of  t h e  f ive-year  per iod  of  v a l i d i t y  of t h e  
I n t e r n a t i o n a l  O i l  P o l l u t i o n  Prevention C e r t i f i c a t e  is  permi t ted .  

RESOLUTIONS 

The TSPP Conference a l s o  adopted e ighteen  r e s o l u t i o n s  covering a  wide range of  
6 t o p i c s  which supplement t h e  requirements  o f  t h e  p ro toco l s  and g i v e  d i r e c t i o n  t o  t h e  

f u t u r e  work of  IMO. A summary of those  r e s o l u t i o n s  which a r e  marine-safety-oriented 
a r e  a s  fol lows:  

1. A t a r g e t  d a t e  f o r  e n t r y  i n t o  f o r c e  of SOLAS 1974 and its 1978 p ro toco l  was 
s e t  a t  June 1979. Governments were t o  ensure  t h a t  t h e  p rov i s ions  o f  t h e  
pro tocol  were appl ied  t o  new and e x i s t i n g  t a n k e r s  according t o  t h e  d a t e s  
e s t ab l i shed .  Governments were i n v i t e d  t o  put i n t o  e f f e c t  t h e  requirements  
f o r  i n e r t  ga s  systems on e x i s t i n g  t a n k e r s  of  70,000 DWT and above by June 
1991; on e x i s t i n g  t anke r s  of  20,000-'40,000 DWT and those  of  20,000 DWT and 
above f i t t e d  with h igh  capac i ty  washing machines by June 1933; and t h e  
requirements  f o r  s t e e r i n g  gear  f o r  e x i s t i n g  t a n k e r s  by June 1931. 

2. IMO is t o  s tudy t h e  requirements  r e l a t i n g  t o  i n e r t  g a s  systems i n  
r egu la t i on  62 of chap te r  11-2 of SOLAS 1974 and develop g u i d e l i n e s  t o  
supplement those  requirements .  

3. Governments were urged t o  implement t h e  procedures a s  set ou t  i n  
r e s o l u t i o n  432l(IX) adopted i n  1975 f o r  t h e  c o n t r o l  of  s h i p s  i n  r e spec t  o f  
t h e  1961 SOLAS Convention and t h e  1966 Load Lines  Convention. IMO was 
i n v i t e d  t o  develop t h e s e  g u i d e l i n e s  and procedures f u r t h e r .  

4. The c r i t i c a l  importance of t h e  human f a c t o r  i n  t h e  s a f e  ope ra t ion  of s h i p s  
was poin ted  out  and IMO was i n v i t e d  t o  b r ing  t h e  a t t e n t i o n  o f  t h e  1978 
I n t e r n a t i o n a l  Conference on Tra in ing  and C e r t i f i c a t i o n  o f  S e a f a r e r s  t o  t h e  
need f o r  adoption of  p rov i s ions  concerning t h e  adequate t r a i n i n g  and 
c e r t i f i c a t i o n  of  t i n k e r  crews. 

5. Both p r o t o c o l s  provide f o r  mod i f i ca t i ons  t o  p rov i s ions  r e l a t i n g  t o  
i n t e r v a l s  of  surveys  and in spec t ions  and i n  p a r t i c u l a r  al low f o r  t h e  
i n t roduc t ion  of  unscheduled in spec t ions  o r  mandatory annual  surveys. The 
r e s o l u t i o n  recognizes t h a t  t h e  e f f i c i e n c y  of such procedures depends upon 
t h e  r u l e s  promulgated by National Administrat ions.  A t  p r e sen t  t h e r e  a r e  
d i f f e r e n t  t ime pe r iods  o f  v a l i d i t y  f o r  c e r t i f i c a t e s  i s sued  under t h e  
SOLAS, MARPOL, and Load Lines  Conventions. The r e s o l u t i o n  i n v i t e s  IMO t o  
take  e a r l y  a c t i o n  t o  s t anda rd i ze  t h e  pe r iods  of  i n spec t ion  and 
c e r t i f i c a t i o n  a s  well a s  developing g u i d e l i n e s  f o r  t h e  e x t e n t ,  frequency, 
and p a r t i c u l a r s  of  pe r iod i c  and in te rmedia te  i n s p e c t i o n s  and surveys.  

6. I t  was recognized t h a t  many c o u n t r i e s  found i t  d i f f i c u l t  t o  ensu re  t h e  
complete observance of  t h e s e  i n t e r n a t i o n a l  s t anda rds  due t o  a  sho r t age  o f  
t r a i n e d  marine s a f e t y  exper t s .  They recognized f u l l y  t h a t  t h e i r  un ive r sa l  
observance was e s s e n t i a l  f o r  t h e  p r o t e c t i o n  of  t h e i r  own maritime 
i n t e r e s t s ,  i nc lud ing  t h e  marine environment. IMO das t h e r e f o r e  reques ted  
t o  for i tu la te  arrangements f o r  making advice  and a s s i s t a n c e  a v a i l a b l e  by 
t h e  es tab l i shment  of  a  marine s a f e t y  c o r p s  c o n s i s t i n g  of a  team of e x p e r t s  
i n  va r ious  marine d i s c i p l i n e s .  



7. The changes t o  the technical  provisions of SOLAS 1974 concarning improved 
s t ee r ing  gear standards apply only t o  tankers  of 10,000 GRT and above. 
Improved s t ee r ing  gear arrangements f o r  cargo and passenger vessels  a r e  
contained i n  resolut ion A325(IX) adopted by t h e  organization i n  1975. 
These a r e  i n  the form of recommendations only and do not have the  
mandatory e f f e c t  of convention requirements. IMO was the re fo re  requested, 
a s  a matter of urgency, t o  r edra f t  the s t e e r i n g  gear s tandards  f o r  cargo ^ 
and passenger vessa l s  i n  resolut ion A325(IX), taking i n t o  account t h e  
provisions of the  SX4S Protocol.  IMO was a l s o  requested t o  study the  
nesd f o r  making the  requirements i n  the  SOLAS Protocol, which apply t o  

Â 
tankers  only, a l s o  appl icable  t o  o the r  sh ips  and t o  consider the  adoption 
of t h e  improved s t e e r i n g  gear s tandards  together with o ther  provisions f o r  
machinery and e l e c t r i c a l  i n s t a l l a t i o n s  a s  amendments t o  chapter 11-1 of 
SOLAS 1974 upon i ts entry  i n t o  force.  This ac t ion  would give  such 
standards the  des i red  mandatory e f f e c t .  

8. IMO was c a l l e d  upon t o  develop performance standards f o r  c o l l i s i o n  
avoidance a i d s  (CAA) a s  a matter  of urgency and t o  prepare 
requirements f o r  the  c a r r i a g e  of  such a i d s  on a l l  sh ips  of  10,000 G R T  and 
upwards. CAA a r e  e l ec t ron ic  systems o r  devices which add t o  o r  
enhance the  information ava i l ab le  from conventional radars. They 
a r e  intended t o  a s s i s t  the  navigating o f f i c e r  i n  assessing the  r i s k  of 
c o l l i s i o n  and the  s u i t a b i l i t y  of any manoeuvre t o  avoid co l l i s ion .  

IMPLEMENTATION 

The procedural arrangements f o r  bringing the  SOL45 Convention and its Protocol 
and the  MARPOL Protocol i n t o  force  were based on the  need t o  ensure t h a t  t h e i r  
s a f e t y  and pol lu t ion prevention requirements were implementad a t  the  e a r l i e s t  
poss ib le  time. The SOLAS 1974 Protocol w i l l  come i n t o  fo rce  s i x  months a f t e r  being 
accepted by 15 nat ions  whose combined f l e e t s  t o t a l  a t  l e a s t  50 per  cent  of the  
world's gross  tonnage of merchant shipping. The conference recommended a t a r g e t  
d a t e  of h e  1979 f o r  en t ry  i n t o  fo rce  of SOLAS 1974. Its protocol should be 
r a t i f i e d  a t  t h e  same time a s  the  parent convention o r  a s  soon a s  poss ible  
the rea f t e r .  The MARPOL Convention was merged i n t o  its protocol and, because of 
technical  problems with annex I1  of t h e  parent convention, t h e  conference agreed t o  
delay f o r  th ree  years  the  coining i n t o  force  of annex I1  a f t e r  the  coming i n t o  force  
of the  MARPOL Protocol. The protocol w i l l  come i n t o  force  a year a f t e r  being 
accepted by 1 5  nat ions  whose combined f l e e t s  t o t a l  a t  l e a s t  50 per  cent  of the  
world's gross  tonnage. The t a r g e t  da te  f o r  coming i n t o  force  of the  MARPOL Protocol 
is June 1981. & 

CODES OF SAFETY Ã 

In te rna t iona l  conferences a r e  r a the r  momentous occasions i n  an organization 
l i k e  IMO. They receive a l o t  of a t t e n t i o n  and deservedly so ,  but IMO's marine 
s a f e t y  a c t i v i t i e s  a r e  not confined t o  conferences and conventions. There a r e  many 
subcommittees and working groups of  exper t s  within the technical  committee s t r u c t u r e  
of IMO which a r e  developing other  instruments of in te rna t iona l  consensus which do 
not have such a broad and sweeping scope a s  a convention, but a r e  applied t o  a 
s p e c i f i c  sh ip  type o r  se rv ice  o r  a marine technical  d i s c i n l i n e  area. These 



ins t ruments  a r e  t echn ica l  codes  which have t h e  s t a t u s  of  recommendations. Severa l  
of  t h e s e  codes have been developed i n  r ecen t  y e a r s  and have been adopted o r  a r e  
under cons ide ra t i on  f o r  adoption. These i nc lude  t h e  Code f o r  t h e  Cons t ruc t ion  and 
Equipment of  Ships  Carrying Dangerous Chemicals i n  Bulk, Code f o r  t h e  Cons t ruc t ion  
and Equipment of  Ships  Carrying L iqu i f i ed  Gases, and t h e  Code of  Sa fe ty  f o r  Muclear 
Merchant Ships.  Both t h e  bulk chemical code and t h e  g a s  c a r r i e r  code have been 

.. adopted by t h e  4ssembly and have been issued.  These codes a r e  a t  p r e sen t  i n  t h e  
form of recommendations and a r e  not  binding i n t e r n a t i o n a l l y ,  a l though a number of  
n a t i o n s  have implemented t h e i r  p rovis ions .  The Nuclear Merchant Ship Code has  been 
c l e a r e d  a t  t h e  working group l e v e l  and is pass ing  through t h e  va r ious  l e v e l s  o f  
h i e r a r chy  leading  t o  review and adoption by t h e  Assembly. 
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These t e c h n i c a l  codes a r e  a l i k e  i n  t h a t  they have a s p e c i f i c  a p p l i c a t i o n  and 
a r e  very d e t a i l e d  i n  t h e i r  requirements  f o r  des ign ,  cons t ruc t ion ,  equipment 
ope ra t ion ,  and maintenance of  t h e s e  p a r t i c u l a r  t ypes  of  ves se l s .  

There is a cons ide ra t i on  wi th in  IMO t o  make both t h e  bulk chemical code and t h e  
g a s  c a r r i e r  code mandatory under SOLAS 1974. This  would be i n  t h e  form of an 
amendment t o  t h a t  Convention. However, work remains i n  t h e  harmonization of  t h e  two 
codes,  and a t t e n t i o n  must be given t o  procedura l  m a t t e r s  i n  t h e  way of  
implementation. Work is i n  progress  towards t h i s  end. 

OTHER MARINE SAFETY ACTIVITIES 

Fur the r  down i n  t h e  s c a l e  of marine s a f e t y  a c t i v i t i e s  comes t h e  work of 
i nd iv idua l  t e c h n i c a l  sub-committees o r  working groups which is gene ra l ly  confined t o  
a p a r t i c u l a r  d i s c i p l i n e  o r  a s p e c i f i c  technologica l  app l i ca t i on .  A l l  of t h i s  work 
provides  a broad base of e x p e r t i s e  upon which l a r g e r  a c t i v i t i e s  can draw d h i l e  
i nd iv idua l  problems can be s t u d i e d  i n  d e t a i l  and resolved.  

For  example, t h e  Subcommittee on F i r e  P r o t e c t i o n  has  completed a set of  
g u i d e l i n e s  on i n e r t  g a s  systems f o r  o i l  t a n k e r s  a s  was c a l l e d  f o r  i n  r e s o l u t i o n  5 of 
t h e  TSPP Conferance. These have been approved by t h e  Maritime Sa fe ty  Committee and, 
a s  d i r e c t e d  by t h e  Assembly, t hey  a r e  being p r i n t e d  and c i r c u l a t e d  t o  a l l  t h e  
Governments concerned. The o t h e r  p a r t  o f  t h a t  r e s o l u t i o n  which c a l l e d  f o r  a 
re-examination of  r e g u l a t i o n  62 of chap te r  11-2 of SOLAS 1974 has  a l s o  been 
accomplished, a r ev i sed  t e x t  f o r  t h a t  r e g u l a t i o n  has  been adopted and Governments 
a r e  being urged t o  implement t h e  r ev i sed  r egu la t i on .  

These g u i d e l i n e s  i nc lude  a d i s cus s ion  of  t h e  phys i ca l  p r i n c i p l e s  o f  i n e r t  ga s  
systems,  t h e i r  func t ion ,  des ign ,  and opera t ion .  S p e c i f i c  a p p l i c a t i o n  requirements  

'Ã f o r  ca rgo  tank o p e r a t i o n s  on both product  c a r r i e r s  and combination c a r r i e r s  a r e  
given wi th  s e c t i o n s  on emergency procedures,  maintenance and t e s t i n g ,  t r a i n i n g  of 
ope ra t ing  personnel ,  i n s t r u c t i o n  manuals, and s a f e t y  cons ide ra t i ons .  A l l  i n  a l l ,  a 
very comprehensive t reatment  o f  t h i s  s u b j e c t .  

Ã  ̂

Another a c t i v i t y  r e l a t e d  t o  t h e  TSPP Conference was t h e  development of  a set o f  
performance s t anda rds  f o r  automatic  r ada r  p l o t t i n g  a i d  by t h e  Sub-committee on 
Safe ty  of Navigation. This  was i n  response t o  t h e  TSPP r e s o l u t i o n  c a l l i n g  f o r  
performance s t anda rds  o f  c o l l i s i o n  avoidance a i d s .  This  s e t  o f  s t anda rds  was 
approvsd by t h e  Maritime Sa fe ty  Committee and s e n t  t o  t h e  Assembly i n  r e s o l u t i o n  
form. 



The Subcommittee on Ship Design and Equipment is a l s o  working i n  the  area  of 
s t e e r i n g  gear systems and is making progress towards meeting the  complex 
recommendations t h a t  came out  of  t h e  TSPP Conference resolut ion f o r  s t ee r ing  gear. 

S t i l l  another a c t i v i t y  of the  Navigation Subcommittee is the  development of 
t r a f f i c  separa t ion schemes. In the  region of i n t e r e s t  t o  t h i s  workshop a r s  those i n  
t h e  S t r a i t  of  Honnuz, Tunb-Farur, and i n  the  approaches t o  Ras Tanura and Ju'aymah. 
A four th  t r a f f i c  separa t ion scheme was approved f o r  off  Ras A 1  Hadd by t h e  Maritime 
Safety Committee i n  November of 1979 and became e f f e c t i v e  i n  February 1990. 

The procedure of the  introduction of t r a f f i c  separation schemes has been 
s impl i f ied  and is contained i n  r eso lu t ion  A376(X) and resolut ion A377(X). Br ief ly ,  
adjacent maritime S t a t e s  can introduce a scheme which is reviewed by the  
Subcommittee on Navigation and when approved by t h e  Maritime Safety Committee, 
becomes e f f e c t i v e  four months a f t e r  the  da te  of adoption. The schemes must meet the  
requirements of  resolut ion A373(X) and vessel  operation within the  scheme is 
governed by r u l e  10 of the  In ternat ional  Requlations f o r  Preventing Col l i s ions  a t  
Sea, 1972. 

The a c t i v i t i e s  mentioned here a r e  but a few of t h e  numerous and diverse  
technical  a reas  which a r e  under study,  review, amendment, o r  development. Other 
a reas  include such th ings  a s  bas ic  requirements i n  s t a b i l i t y ,  vessel  
manoeuvrability, f i r e  protect ion,  and l ife-saving appliances. The whole spectrum of 
marine sa fe ty  i n t e r e s t s  is i n  the  hands of  the  groups of marine sa fe ty  exper ts  t o  
ensure t h a t  the  ins t runents  of  in te rna t iona l  co-operation a r e  the  most responsive t o  
in te rna t iona l  needs and a r e  a t  the  forefront  of ava i l ab le  technology. 

The ins t runents  which r e f l e c t  IMO marine sa fe ty  a c t i v i t i e s  have been described 
i n  some d e t a i l  above. These ins t runents ,  when implemented, w i l l  have an impact on 
the  global  problems of marine s a f e t y  and marine po l lu t ion  t h a t  a r e  extant  today. 
There should be a s i g n i f i c a n t  reduction i n  both the  r a t e  and sever i ty  of marine 
c a s u a l t i e s  and t h e i r  a t tendant  po l lu t ion  problems. The t imetable f o r  the  coming 
i n t o  force  of these  instruments has  been indicated and i t  is noted t h a t  these  
t imetables  f o r  r a t i f i c a t i o n  a r e  qu i t e  ambitious. This r e f l e c t s  the  i n t e n s i t y  of 
purpose of the  pa r t i c ipan t s  a t  those Conferences and of the  member nat ions  of  the  
It40 Assembly. The concern is a l s o  c a r r i e d  over i n t o  the  revised procedures within 
IMO t o  streamline rev i s ions  and implementation of recommendations. 

The ac tua l  r a t i f i c a t i o n  process f o r  the conventions and protocols has not been 
q u i t e  on schedule, but considering t h a t  these  instruments w i l l  require  the  major 
overhaul of some nat ions '  maritime s a f e t y  organizat ions  o r  the  c rea t ion  of o t h e r s  
which had not previously exis ted ,  the  implementation has been r e l a t i v e l y  
expeditious. The SOLAS 1974 Convention came i n t o  force  on 25 May, 1939. The SOLAS 
1974 Protocol has been r a t i f i e d  by 14 countr ies  with over 49 per  cent  of the  world's 
t o t a l  merchant s h i p  tonnage. Another s ignature  should bring i t  i n t o  force. The 
MARPOL 1973 Protocol,  which was adopted with t h e  MARPOL 1973 Convention, has been 
r a t i f i e d  by seven countr ies .  Unfortunately, STCW 1973 has not  fared nearly a s  well,  
having been r a t i f i e d  by only one coint ry  t o  date .  

The amendment procedures t o  these bas ic  documents have been streamlined over 
the  more cumbersome procedures of the  pas t ,  so  t h a t  fu tu re  amendments and revis ions  
can be made i n  a more timely fashion. But, i n  order t o  implement these  newer 
procedures, the  bas ic  instruments must be rati f ied anti r-am- in+- p---- 
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ABSTRACT 

The ob jec t  o f  t h e  paper i s  t o  g i v e  a comprehensive summary of IMO's r e s p o n s i b i l i t y  
w i t h i n  the  UN system f o r  t h e  prevent ion  and c o n t r o l  o f  p o l l u t i o n  from ships. I n  
g l o b a l  terms, sh ips  discharge a greater  p ropor t i on  o f  o i l  du r ing  r o u t i n e  operat ions 
t h a t  occurs as a r e s u l t  o f  acc identa l  sp i l l ages .  This i s  r e f l e c t e d  i n  the  greater  
emphasis g iven t o  the  development o f  t he  I n t e r n a t i o n a l  Convention f o r  the  Prevent ion 
o f  P o l l u t i o n  from Ships. The work programme o f  the  Marine Environment P ro tec t i on  
Committee cons is t s  o f  concentrated e f f o r t s  on the  s p e c i f i c a t i o n  o f  equipment 
requirements r e l a t i n g  t o  improved p o l l u t i o n  prevent ion  measures i n  tankers such as 
o i l  discharge moni tor ing  and c o n t r o l  systems, crude o i l  washing, and segregated 
b a l l a s t  tanks. However, a c t i v e  cons idera t ion  i s  be ing g iven by t h e  MEPC t o  
improving c a p a b i l i t i e s  f o r  responding t o  major o i l  sp i l l ages ,  p r i n c i p a l l y  i n  the  
p u b l i c a t i o n  o f  a comprehensive a n t i - p o l l u t i o n  manual. I n  the  development o f  
reg iona l  arrangements f o r  o i l  s p i l l  response, I M O  has, f o r  example, been invo lved i n  
the  establ ishment o f  t he  Marine Emergency Mutual Aid Centre i n  the  Kuwait Act ion 
P lan Area. IMO's ongoing techn ica l  assistance programme i s  a l so  described. This 
inc ludes the  conduct o f  seminars, symposia and workshops i n  cooperat ion w i t h  UNEP, 
UNDP and t h e  Swedish I n t e r n a t i o n a l  Development Agency. 



OBJECTIVES, FUNCTIONS '\NO STRUCTURE 3F IMO 

Objec t ives  and func t ions  

The I n t e r n a t i o n a l  Maritime Organizat ion is  a s p e c i a l i z e d  agency o f  t h e  United 
Nations whose a c t i v i t i e s  a r e  e n t i r e l y  i n  t h e  maritime f i e l d .  The Organ iza t ion ' s  
o b j e c t i v e s ,  a s  provided f o r  i n  a r t i c l e  1 of its Convention ( a s  amended i n  1975) a r e ,  

+ 

i n t e r  a l i a ,  t o  provide machinery f o r  co-operat ion among Governments i n  t h e  f i e l d  of 
governmental r e g u l a t i o n s  and p r a c t i c e s  r e l a t i n g  t o  t s c h n i c a l  m a t t e r s  o f  a l l  k inds  
a f f e c t i n g  sh ipping  engaged i n  i n t e r n a t i o n a l  t r a d e ,  t o  encourage t h e  genera l  adoption 

-*, 
of  t h e  h ighes t  p r a c t i c a b l e  s t anda rds  i n  m a t t e r s  concerning maritime s a f e t y  and 
e f f i c i e n c y  of  naviga t ion  and t h e  prevent ion  and c o n t r o l  of marine p o l l u t i o n  from 
s h i p s ,  and t o  dea l  with l e g a l  m a t t e r s  r e l a t e d  t he re to .  

One of  t h e  important  func t ions  of  IMO is t o  provide f o r  t h e  d r a f t i n g  of 
conventions,  agreements o r  o t h e r  s u i t a b l e  ins t ruments ,  and t o  convene conferences t o  
adopt such instruments .  A t  p r e sen t  t h e r e  a r e  51  conventions and s i m i l a r  ins t ruments  
f o r  which IMO performs depos i t a ry  o r  s e c r e t a r i a t  func t ions .  

Of t he se ,  11 conventions and ins t ruments  r e l a t e  t o  t h e  prevention and c o n t r o l  
of  marine p o l l u t i o n ,  a  list o f  which is a t t ached  a s  annex I .  Conventions r e l a t i n g  
t o  maritime s a f e t y  a l s o  c o n t r i b u t e  t o  t h e  prevention of acc iden ta l  po l lu t i on .  

In a d d i t i o n ,  t h e r e  a r e  a  number of  codes,  recommendations and gu ide l ines ,  many 
of  which r e l a t e  t o  t h e  prevention and c o n t r o l  of ope ra t iona l  and a c c i d e n t a l  
po l lu t i on .  

Membership 

IMO is open t o  membership by a l l  S t a t e s  Members o f  t h e  United Nations and by 
t h e  o t h e r  S t a t e s  i n  accordance with t h e  admission procedures conta ined  i n  t h e  IMO 
Convention. There a r e  a t  p resent  125 f u l l  members of t h e  Organizat ion and one 
a s s o c i a t e  member, which inc lude  p r a c t i c a l l y  a l l  n a t i o n s  i n  t h e  world i n t e r e s t e d  i n  
maritime a f f a i r s .  

P r i n c i p a l  Organs o f  IMO 

The fol lowing a r e  t h e  p r i n c i p a l  organs of  IMO: 

- Assembly 

- Council 

- Maritime Sa fe ty  Committee (Msc) 

- Marine Environment P ro t ec t ion  Committee (MEPC) 

- Legal  Committee 

- F a c i l i t a t i o n  Committee 

- Committee on Technical Co-operation 

The Assembly is t h e  supreme governing body o f  t h e  Organizat ion.  I t  determines 
t h e  po l i cy  of  t h e  Organizat ion,  dec ides  upon t h e  work programme and v o t e s  t h e  budget 
t o  which members of  t h e  Organiza t ions  con t r ibu t e .  I t  recommends t o  member S t a t e s  



the adoption of requlations concerninq maritime safety and prevention and control of 
marine pollution. The Assembly is composed of all States members of 1 W  and 
normally meets once avery two years. 

The Council consists of member States alected by the Assambly for a term of two 
years. Subject to the authority of the Assembly, it supervises the "xecution of the 
work programme of the Organization and perform ths functions of the Governing Body 
between sessions of the Assembly. - 

The Maritime Safety Committee (MSC) is open to all IMO member States. It is 
responsible for the technical work of the Organization, concerning in particular 
maritime safety and efficiency of navigation. It performs its functions mainly with 

Ã‡ the assistance of sub-committees and other subsidiary bodies which are also 
generally open to participation by all States members of the Organization. 

At present there are 11 subsidiary bodies of the Maritime Safety Committee, 3s 
follows: 

- Sub-Committee on Safety of Navigation (X4V) 

- Sub-Committee on Radiocommunications (COM) 

- Sub-Committee on Life-Saving Appliances (~54) 

- Sub-Committee on Standards of Training and Watchkeeping (STW) 

- Sub-Committee on the Carriage of Dangerous goods (COG) 

- Sub-Committee on Containers and Cargoes (BC) 

- Sub-Committee on Fire Protection (FP) 

- Sub-Cammittea on Ship Design and Equipment (OE)  

- Sub-Committee on Subdivision, Stability and Load Lines (STAB) 

- Sub-Committee on Safety of Fishing Vessels (SFV) 

- Sub-Committee on Bulk Chamicals (BCH) (which is a subsidiary body of 
MSC and MEPC) 

The work programme of the Organization relating to maritime safety and 
efficiency of navigation is performed by the Maritime Safety Committee and its 
subsidiary bodies in accordance with the provisions of the IMO Convention. A list 
of the main items to be dealt with by the subsidiary bodies of MSC is attached as 

s annex 11. 

The Marine Environment Protection Committee (MfPC) is a permanent subsidiary 
organ of the Assembly, established by resolution A.297(VIII) (copy attached as annex 

Ã 111). Membership is open to all States members of IMO as well as to States which 
are parties to the conventions in respect of which the Committee performs functions. 
It is responsible for administering and co-ordinating the activities of IMO relating 
to the prevention and control of marine pollution from ships, vessels and other 
equipment operating in the marine environment. The work of the MEPC is summarized 
later in this paper. 



The Legal Committee is a subs id i a ry  body of t h e  Council and is charged with the  
cons ide ra t ion  o f  l e g a l  m a t t e r s  of  concern t o  t he  Organization. The Legal Committee 
is open t o  p a r t i c i p a t i o n  by a l l  S t a t e s  members of  IMO. 

The F a c i l i t a t i o n  Committee is a subs id i a ry  body of  t h e  Council e s t ab l i shed  t o  
adv i se  t h e  Council on ma t t e r s  r e l a t i n g  t o  t h e  f a c i l i t a t i o n  of maritime t r a f f i c .  I t  
a l s o  provides advice t o  t h e  Secretary-General of  t h e  Organizat ion i n  r e l a t i o n  t o  h i s  
func t ions  under t h e  Convention f o r  t h e  F a c i l i t a t i o n  of I n t e r n a t i o n a l  Maritime - 
T r a f f i c ,  1965. Membership of t h i s  Committee is open t o  a l l  members of  IMO a s  well 
a s  t o  S t a t e s  p a r t i e s  t o  t h e  F a c i l i t a t i o n  Convention. 

The Committee on Technical Co-operation is a subs id i a ry  body o f  t h e  Council and ,. 
performs advisory func t ions  i n  r e spec t  o f  IMO's programme o f  t echn ica l  a s s i s t a n c e  t o  
developing coun t r i e s .  Membership of t h e  Committee is open t o  a l l  S t a t e s  members of  
IMO. 

In  add i t i on ,  IMO provides s e c r e t a r i a t  s e r v i c e s  f o r  Consul ta t ive  Meetings of  
Cont rac t ing  P a r t i e s  t o  t h e  Convention on t h e  Prevention of Marine Po l lu t ion  by 
Dumping of Wastes and Other Matter (LDC). 

I t  should be noted t h a t  most o f  t h e  conventions and o t h e r  ins t ruments  r e f e r r e d  
t o  e a r l i e r  con ta in  provis ions  Ã§i~hic c a l l  upon IMO organs t o  perform func t ions  i n  
r e l a t i o n  t o  such instruments .  For i n s t ance ,  t h e  IMO Assembly, MSC o r  MEPC is 
des ignated  a s  an organ t o  adopt amendments t o  t h e  r e l evan t  convention. Thus t h e r e  
is a c l o s e  l i n k  between t h e  a c t i v i t i e s  of  t h e  IMO organs and the  adminis t ra t ion  of  
conventions. 

Functions and r e s p o n s i b i l i t y  o f  t h e  s e c r e t a r i a t  

The main func t ions  and r e s p o n s i b i l i t y  of  t h e  s e c r e t a r i a t  a r e  t o  provide 
s e r v i c e s  t o  c a r r y  ou t  t h e  work programme of t h e  Organizat ion,  which inc lude  t h e  
following: 

t o  provide t h e  normal s e c r e t a r i a t  and o t h e r  f a c i l i t i e s  requi red  i n  
prepara t ion  f o r  conferences,  meetings of IMO bodies  and o t h e r  meetings 
convened by IMO and f o r  t h e  work o f  those  meetings. These f a c i l i t i e s  
inc lude ,  i n  p a r t i c u l a r ,  t h e  provis ion  of background documentation and 
conference f a c i l i t i e s  of  a l l  kinds;  

t o  organize  t h e  necessary follow-up a c t i o n  a r i s i n g  from the  work of  t h e s e  
meetings; 

t o  perform depos i ta ry  and o t h e r  func t ions  confsr red  upon t h e  
Secretary-General i n  respect o f  conventions and o t h e r  instruments;  

. 
t o  provide appropr i a t e  information and s e r v i c e s  t o  Governments i n  
connection wi th  consequent ia l  a c t i o n  necessary t o  implement d e c i s i o n s  o r  
recommendations by, o r  a r i s i n g  from t h e  work of  It40 organs,  bodies  and 
conferences;  a 

t o  p a r t i c i p a t e  i n  t h e  work of i n t e r n a t i o n a l  o rgan iza t ions  o u t s i d e  IMO, 
inc luding  r ep resen ta t ion  a t  meetings and conferences convened by such 
organiza t ions ;  

t o  organize  symposia, seminars  and t r a i n i n g  cour ses  and ca r ry  out  o t h e r  
programmes t o  f u r t h e r  t h e  o b j e c t i v e  of  t h e  Organization; 



( 7 )  t o  organize  and execute  t h e  t e c h n i c a l  co-operat ion programme e i t h e r  by 
secu r ing  and co-ord ina t ing  c o n t r i b u t i o n  of e x p e r t s ,  and donor agencies  and 
Governments o r ,  where necessary  o r  app rop r i a t e ,  by providing t h e  r e t i r e d  
t echn ica l ,  l e g a l  o r  admin i s t r a t i ve  e x p e r t i s e  t o  Governments and 
i n s t i t u t i o n s .  

SCOPE OF THE WORK OF It40 IN THE FIELD OF PREVENTION W 
CONTROL OF MARINE POLLUTION 

Â¥ The work programme of  IMO i n  t h e  f i e l d  of  marine environment p r o t e c t i o n  is 
d i r e c t e d  towards t h e  following: 

( 1 )  t o  develop and adopt t h e  h ighes t  p r a c t i c a b l e  s t anda rds  f o r  
t h e  prevention and c o n t r o l  of  o p e r a t i o n a l  and a c c i d e n t a l  
p o l l u t i o n  from s h i p s  and o t h e r  equipment ope ra t ing  i n  t h e  
marine environment ; 

( 2 )  t o  encourage Governments i n  t h e  e f f e c t i v e  implementation and 
enforcement of i n t e r n a t i o n a l l y  accepted s t anda rds  and o t h e r  
r e l a t e d  measures; 

( 3 )  t o  promote co-operat ion among Governments, p a r t i c u l a r l y  a t  
reg ional  l e v e l ,  f o r  combating p o l l u t i o n  i n  c a s e s  of  
emergencies; 

( 4 )  t o  provide a s s i s t a n c e  t o  developing c o u n t r i e s  i n  o r d e r  t o  
meet t h e  o b j e c t i v e s  of  IMO mentioned i n  ( 2 )  and (3) above. 

I n  t h e  fo l lowing  s e c t i o n s  a r e  b r i e f  d e s c r i p t i o n s  of  t h e  i n t e r n a t i o n a l  
conventions i n  t h i s  f i e l d  developed and depos i ted  with IMO, o r  f o r  which IMO is 
performing s e c r e t a r i a t  f unc t ions ,  and work being c a r r i e d  ou t  by t h e  MEPC and o t h e r  
bodies  f o r  t h e  prevent ion  and c o n t r o l  of  marine po l lu t i on .  

INTERNATIONAL CONVENTIONS RELATING TO MARINE POLLUTION 

I n t e r n a t i o n a l  Convention f o r  t h e  Prevention of  P o l l u t i o n  of  
t h e  Sea by O i l ,  1954, a s  amended i n  1962 and 1969 

The f i r s t  major s t e p  towards t h e  i n t e r n a t i o n a l  c o n t r o l  of  marine p o l l u t i o n  was 
taken  i n  1954 when a conference he ld  i n  London adopted t h e  I n t e r n a t i o n a l  Convention * 
f o r  t h e  Prevention o f  P o l l u t i o n  of  t h e  Sea by O i l .  The Convention was p rov i s iona l ly  
depos i ted  with t h e  United Kingdom Government u n t i l  IMO was e s t a b l i s h e d  i n  1959, when 
t h e  depos i ta ry  func t ions  were taken over  by t h e  Organizat ion.  The p r i n c i p a l  o b j e c t  

1 
of  t h e  1954 Convention was t h e  p r o t e c t i o n  of  t h e  s e a s  from o i l  p o l l u t i o n ,  which was 
achieved by p re sc r ib ing  c e r t a i n  "prohib i ted  zones" extending t o  a t  l e a s t  50 miles 
from t h e  n e a r e s t  l and ,  w i th in  which t h e  d i scha rge  of o i l  o r  o i l y  mixtures  
(conta in ing  100 p a r t s  o f  o i l  per  m i l l i o n  p a r t s  o f  mixture o r  more) was prohib i ted .  

I n  1962 IMO convened a Conference which adopted amendments t o  t h e  1954 
Convention, p a r t i c u l a r l y  by extending its a p p l i c a t i o n  t o  i nc lude  s h i p s  o f  lesser 
g r o s s  tonnage and by extending t h e  zones i n  which t h e  d i scha rge  of  o i l  was 
p roh ib i t ed .  



In 1969 t h e  IMO ,Assembly adopted f u r t h e r  ex t ens ive  amendments which p r o h i b i t  
o i l  d i scharge  through t h e  normal ope ra t ion  of  a s h i p ,  except  under t h e  fol lowing 
condi t ions :  

( 1 )  t he  t o t a l  quan t i t y  of  o i l  which a  tanker  may d i scha rge  i n  
any b a l l a s t  voyage must no t  exceed 1/15,00(1 of t h e  t o t a l  
cargo  ca r ry ing  capac i ty  of  t h e  ves se l ;  

( 2 )  t h e  r a t e  a t  which o i l  may be discharged must no t  exceed 60 
l i tres per  mile t r a v e l l e d  by t h e  sh ip ;  and 

( 3 )  no d ischarge  of any o i l  whatsoever must be made from t h e  
cargo  spaces  of  a  tanker  wi th in  50 mi les  of  t h e  nea re s t  
1 and. 

The 1969 Amendments provide f o r  a  new form of o i l  record book which is designed 
t o  show t h e  movement of cargo  o i l  and its r e s i d u e s  from loading t o  d ischarg ing  on a  
tank t o  tank b a s i s .  These amendments should cons iderably  reduce t h e  o v e r a l l  t o t a l  
quan t i t y  of o i l  discharged i n t o  t h e  s e a  and achieve  s i g n i f i c a n t  progress  towards t h e  
u l t i m a t e  goa l  of complete e l imina t ion  of  ope ra t iona l  o i l  po l lu t i on .  

The 1969 Amendments t o  t h e  1954 Convention en tered  i n t o  fo rce  on 20 January 
1978 f o r  its 64 p a r t i e s .  The combined tanker  f l e e t  o f  52 p a r t i e s  t o  t h e  Convention 
covers  more than 38 per  c e n t  by number, and 94 pe r  cen t  by g ros s  tonnage of t h e  
world o i l  t anker  tonnage. 

In  1971, t h e  IN0 Assembly adopted two f u r t h e r  amendments t o  t h e  Convention. 
One of t h e  amendments is aimed a t  providing s p e c i a l  p ro t ec t ion  f o r  t h e  Grsat  B a r r i e r  
Reef a r e a ,  i n  view of its unique s c i e n t i f i c  and environmental s i g n i f i c a n c e ,  by 
regard ing  t h e  a r e a  a s  i f  i t  were a  p a r t  o f  t h e  land .  The o t h e r  one concerns tank 
arrangement and l i m i t a t i o n  of t h e  s i z ?  of  i nd iv idua l  tanks  of  a t anke r ,  aimed a t  
minimizing t h e  amount of  o i l  which could escape a s  a  r e s u l t  of mari t ime acc iden t s ,  
p a r t i c u l a r l y  t hose  involv ing  very l a r g e  tankers .  

Although t h e  1971 Amendments have no t  formal ly  en t e r ed  i n t o  f o r c e ,  it has been 
recommended t h a t  they  be put  i n t o  e f f e c t  n a t i o n a l l y  and they a r e  observed i n  s e v e r a l  
maritime coun t r i e s .  

I n t e r n a t i o n a l  Convention f o r  t h e  Prevention of  Po l lu t i on  
from Ships,  1973 

Notwithstanding t h e  foregoing a c t i o n  by IMO t o  dea l  with o i l  p o l l u t i o n ,  
fa r - reaching  developments i n  modern i n d u s t r i a l  p r a c t i c e s  have introduced t h e  need 
f o r  f u r t h e r  a c t i o n  on a much l a r g e r  s c a l e  and cons iderably  broader  i n  scope than has  
been requi red  h i t h e r t o .  This  s i t u a t i o n  was recognized by t h e  IMO Assembly ,+hen, i n  
1969, i t  decided t o  convene an i n t e r n a t i o n a l  conference f o r  t he  purpose of prepar ing  
a  s u i t a b l e  i n t e r n a t i o n a l  agreement f o r  p lac ing  r e s t r a i n t s  on t h e  contaminat ion of 
t h e  s e a ,  land and a i r  by s h i p s ,  v e s s e l s  and o t h e r  equipment ope ra t ing  i n  t h e  marine 
environment . 

The i n t e r n a t i o n a l  conference,  which met i n  London i n  October 1973, adopted a  
new I n t e r n a t i o n a l  Convention f o r  t h e  Prevention of  Po l lu t i on  from Ships ,  1973, which 
is not  y s t  i n  f o r c e ,  t o  r ep l ace  t h e  1954 O i l  P o l l u t i o n  Convention. 

The new Convention cove r s  a l l  t h e  t echn ida l  a spec t s  of p o l l u t i o n  from s h i p s ,  
except  d i sposa l  of land-generated waste i n t o  t h e  s ea  by dumping. I t  a p p l i e s  t o  
s h i p s  of a l l  types  inc luding  hydrofo i l  boa ts ,  a i r -cushion  veh ic l e s ,  submersibles ,  



f l o a t i n g  c r a f t ,  and f i x e d  o r  f l o a t i n g  p la t forms ope ra t ing  i n  t h e  marine environment. 
The Convention does  n o t ,  however, apply t o  p o l l u t i o n  d i r e c t l y  a r i s i n g  out  of  t h e  
exp lo ra t i on  and e x p l o i t a t i o n  o f  sea-bed mineral  resources .  

The Convention c o n s i s t s  o f  a r t i c l e s ,  two p ro toco l s  dea l ing  r e s p e c t i v e l y  wi th  
r e p o r t s  on i n c i d e n t s  involv ing  harmful subs tances  and a r b i t r a t i o n ,  and f i v e  annexes 
which con ta in  r e g u l a t i o n s  f o r  t h e  prevent ion  of :  

.. 
( 1 )  p o l l u t i o n  by o i l ;  

( 2 )  p o l l u t i o n  by noxious l i q u i d  subs tances  c a r r i e d  i n  bulk;  

( 3 )  p o l l u t i o n  by harmful subs tances  c a r r i e d  i n  packages, 
p o r t a b l e  tanks ,  f r e i g h t  con ta ine r s ,  o r  road o r  r a i l  tank 
wagons e t c . ;  

($1 p o l l u t i o n  by sewage from sh ips ;  and 

( 5 )  p o l l u t i o n  by garbage from sh ips .  

The main p rov i s ions  of t h e  1973 Convention, *supplemented a s  app rop r i a t e  by t h e  
r e l a t e d  dec i s ions  of  t h e  Conference, a r e  summarized i n  t h e  fol lowing paragraphs. 

Prevention of  p o l l u t i o n  by o i l  (annex I )  

The Convention main ta ins  t h e  o i l  d i scharge  c r i t e r i a  prescr ibed  i n  t h e  1959 
Amendments t o  t h e  1954 O i l  Po l lu t i on  Convention, without  s u b s t a n t i a l  changes, except  
t h a t  t h e  maximum quan t i t y  of o i l  which is permi t ted  t o  be discharged i n  a  b a l l a s t  
voyage of new o i l  t a n k e r s  has  been reduced from 1/15,000 on t h e  cargo  capac i ty  t o  
1/30,000 of t h e  amount of cargo  c a r r i e d .  These c r i t e r i a  apply equa l ly  both t o  
p e r s i s t e n t  (b lack)  and non-psrs i s ten t  (whi te )  o i l s .  4 naw and important f e a t u r e  of 
t h e  1973 Convention is t h e  concept of  " spec i a l  areas". Spec i f i ed  a r e a s  considered 
t o  be p a r t i c u l a r l y  vu lne rab l e  t o  p o l l u t i o n  by o i l  have been des igna ted  a s  " s p e c i a l  
a reas"  i n  which o i l  d i s cha rges  have been completely p roh ib i t ed ,  wi th  minor and wel l  
def ined  exceptions.  The main s p e c i a l  a r a s  i n  t h e  Convention a r e  t h e  Mediterranean 
Sea Area, t h e  Black Sea Area, t h e  B a l t i c  Sea Area, t h e  Red Sea a r e a  and t h e  Kuwait 
Action Plan Region. 

A l l  o i l - ca r ry ing  s h i p s  w i l l  be requi red  t o  be  capable  of  ope ra t ing  with t h e  
method of r e t e n t i o n  on board i n  a s s o c i a t i o n  with t h e  "load-on-top" system o r  
d ischarge  t o  r ecep t ion  f a c i l i t i e s .  To e f f e c t  t h i s ,  a l l  new and e x i s t i n g  o i l  t anke r s  
and o t h e r  s h i p s  w i l l ,  wi th c e r t a i n  except ions ,  be requi red  t o  be f i t t a d  with 
app rop r i a t e  equipment, which x i11  inc lude  an o i l  d i scharge  monitoring and c o n t r o l  
system, o i l y  water s epa ra t ing  equipment o r  f i l t e r i n g  system, s l o p  tanks ,  s l udge  
tanks,  p ip ing  and pumping arrangements. . 

With regard  t o  t h e  cons t ruc t iona l  a s p e c t s  of o i l  t anke r s ,  two important  
p rov i s ions  have been incorpora ted  i n  t h e  1973 Convention. F i r s t l y ,  new o i l  t anke r s ,  
i . e .  those  f o r  which t h e  bu i ld ing  c o n t r a c t  is placed a f t e r  31 December 1975, of  

Ã 
70,000 tons  deadweight and above, w i l l  be requi red  t o  meet subdiv is ion  and damage 
s t a b i l i t y  requirements  s o  t h a t  they can su rv ive  a f t e r  c o l l i s i o n  o r  s t r and ing  damage 
whatever t h e  load condi t ions .  

P rov i s ions  of  t h e  1973 Convention, i n  p a r t i c u l a r  t hose  of  annex I ,  have been 
bean modifiad by t h e  Protocol  of  197'3 ( s ee  s e c t i o n  on " I n t e r n a t i o n a l  Conference on 
Tanker Safe ty  and Po l lu t i on  Prevention,  1978" below.) 



Control  of p o l l u t i o n  by noxious l i q u i d  subs tances  (annex 11) 

The Convention sets o u t  d e t a i l e d  requirements  f o r  t h e  d i s cha rge  c r i t e r i a  and 
measures f o r  c o n t r o l  of  p o l l u t i o n  by noxious l i q u i d  subs tances  c a r r i e d  i n  bulk. For  
t h i s  purpose noxious l i q u i d  subs tances  a r e  d iv ided  i n t o  four  c a t e g o r i e s  depending 
upon t h e i r  hazard t o  marine resources ,  human h e a l t h ,  amen i t i e s  and o t h e r  l e g i t i m a t e s  
u se s  of  t h e  sea .  Some 251 subs tances  have been eva lua ted  and included i n  t h e  list 
appended t o  t h e  Convention and a d d i t i o n a l  subs tances  a r e  being eva lua ted  a s  a  
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cont inuing  t a sk  with a v i ed  t o  updat ing t h e  Convention when i t  has  en t e r ed  i n t o  
force .  The d ischarge  of r e s i d u e s  con ta in ing  such subs tances  is allowed only t o  
r ecep t ion  f a c i l i t i e s ,  u n t i l  c e r t a i n  concen t r a t i ons  and cond i t i ons ,  w'iich vary with 
t h e  ca tegory  o f  subs tances ,  a r e  complied with. In  any ca se  no d ischarge  of r e s i d u e s  
con ta in ing  noxious subs tances  is permi t ted  wi th in  12  mi l e s  from t h e  n e a r e s t  l and  i n  Â 

a  depth  of water o f  l e s s  than 25  metres. The B a l t i c  Sea Area and Black Sea 4rea a r e  
des igna ted  a s  s p e c i a l  a r e a s  i n  which s t r i c t e r  r e s t r i c t i o n s  a r e  appl ied  f o r  the 
d i scha rge  of noxious l i q u i d  substances.  

With regard  t o  t h e  design,  cons t ruc t ion ,  equipment and ope ra t ion  of chemical 
t anke r s ,  t h e  Government of  each Pa r ty  is obl iged  t o  i s s u e  d e t a i l e d  requirements  
which con ta in  a t  l e a s t  a l l  t h e  p rov i s ions  o f  t h s  Code f o r  t h e  Construct ion and 
Equipment of Ships  Carrying Dangerous Chemicals i n  Bulk ( I M O  Assembly r e s o l u t i o n  
A.212(VII), a s  amended). 

Prevention o f  p o l l u t i o n  by harmful subs tances  c a r r i e d  i n  
packaged form, o r  i n  f r e i g h t  c o n t a i n e r s  o r  p o r t a b l e  t anks  o r  
road and r a i l  tank wagons (annex 111). 

The Convention con ta in s  genera l  requirements  r e l a t i n g  t o  t h e  prevention of  
p o l l u t i o n  by harmful subs tances  c a r r i e d  by s e a  i n  packaged form o r  i n  f r e i g h t  
c o n t a i n e r s ,  p o r t a b l e  t anks  o r  road and r a i l  tank wagons. Deta i led  requirements  on 
packaging, marking and l a b e l l i n g  documentation, stowage, q u a n t i t y  l i m i t a t i o n s  and 
o t h e r  a spec t s  aimed a t  p revent ing  o r  minimizing p o l l u t i o n  of t h e  marine environment 
by such subs tances  have been developed and c i r c u l a t e d  among t h e  Governments 
(MEPC/Circ.SD of 14  Ju ly  1977) and updated (MEPC/Circ.73 of 19 September 1979). I t  
is recommended t h a t  t h e  C i r cu l a r  be used a s  g u i d e l i n e s  i n  i n t e r im  measures t o  
p r o t e c t  t h e  marine environment from p o l l u t i o n  by t h i s  form of t r a n s p o r t  of goods. 
This  c i r c u l a r ,  t oge the r  wi th  axper ience  gained,  w i l l  form t h e  b a s i s  f o r  f u t u r e  
r e v i s i o n  of t h e  I n t e r n a t i o n a l  Maritime Dangerous Goods Code t o  cover  t h e  p o l l u t i o n  
aspec ts .  

Prevention of p o l l u t i o n  by sewage and garbage (annexes IV and V )  

Ships  w i l l  no t  be permit ted t o  d i s cha rge  sewage wi th in  four  m i l e s  from the  
nea re s t  land un le s s  they  have i n  ope ra t ion  an approved t rea tment  p l an t ;  between fou r  
and twelve m i l e s  from land,  sewage must be comminuted and d i s i n f e c t e d  before  
d ischarge .  The Organizat ion has formulated e f f l u e n t  s t anda rds ,  which sewage Ã 

t rea tment  p l a n t s  should achieve  f o r  d i s cha rge  wi th in  t hese  l i m i t s ,  and g u i d e l i n e s  
f o r  t e s t  procedures f o r  approval of  such p l a n t s  by Administrat ions ( r e s o l u t i o n  
MEPC.2(VI)). 

Ã  ̂

As r ega rds  garbage, s p e c i f i c  minimum d i s t a n c e s  from land  have been s e t  f o r  t h e  
d i s p o s a l  of a l l  t h e  p r i n c i p a l  k inds  o f  garbage. The d i sposa l  of  a l l  p l a s t i c s  is 
prohib i ted .  



I n t e r n a t i o n a l  Conference on Tanker Safety and P o l l u t i o n  
Prevention, 1973 

I n  March 1977 the Uni ted States, a f t e r  a s e r i e s  o f  tanker accidents i n  o r  near 
Un i ted  States coas ta l  waters i n  t h e  w in ter  o f  1976/77, requested IMO t o  take 
i n t e r n a t i o n a l  a c t i o n  t o  improve tanker sa fe ty  and p o l l u t i o n  prevention. A f t e r  
i n tens i ve  prepara t ion  by i t s  t echn ica l  bodies, I M O  convened, i n  February 1978, t h e  
I n t e r n a t i o n a l  Conference on Tanker Safety and P o l l u t i o n  Prevent ion (TSPP). The 
Conference adopted the Pro toco l  o f  1978 r e l a t i n g  t o  the  I n t e r n a t i o n a l  Convention f o r  

+ the Safety o f  L i f e  a t  Sza, 1974 (SOLAS Protocol)  and the  Pro toco l  o f  1978 r e l a t i n g  
t o  the  I n t e r n a t i o n a l  Convention f o r  the Prevent ion o f  P o l l u t i o n  from Ships, 1973 
(MARPOL Protocol) .  

p The SOLAS Pro toco l  conta ins  i n  i t s  annex requirements f o r  improved s tee r ing  
gear c o n t r o l  systems, the  ca r r i age  o f  second radar f o r  a l l  sh ips  o f  10,000 gross 
r e g i s t e r  tons and above, and i n e r t  gas systems (IGS) f o r  tankers o f  20,000 tons 
deadweight and above, w i t h  t he  except ion o f  c e r t a i n  e x i s t i n g  tankers o f  l e s s  than 
43,000 tons deadweight. 

The MARPOL Protocol ,  which i s  merged w i t h  the  o r g i n a l  Convention and should be 
read and i n t e r p r e t e d  together w i t h  t h a t  Convention as a s i n g l e  instrument, w i l l  
enable the  Governments t o  accept and implement t h e  p rov i s ions  o f  annex I t o  the 
Convention, as modi f ied  by the  Protocol ,  by d e f e r r i n g  the implementation of  annex I1 
f o r  a per iod  o f  t h ree  years. C e r t a i n  techn ica l  problems r e l a t e d  t o  annex 11, which 
have made i t  d i f f i c u l t  f o r  Governments t o  accept the  Convention, a re  expected t o  be 
resolved i n  those three years o f  grace. 

The annex t o  the  MARPOL Protoco l  conta ins  p rov i s ions  i n t e r  a l i a  r e q u i r i n g  o i l  
tankers t o  operate w i t h  segregated b a l l a s t  tanks (SBT), dedicated c lean b a l l a s t  
tanks (CBT) and/or crude o i l  washing systems (COW) as fo l lows:  

a l l  new crude o i l  tankers o f  20,000 tons  deadweight and 
above must be f i t t e d  w i t h  p r o t e c t i v e l y  located SBT and COW; 

a l l  new product  o i l  c a r r i e r s  o f  30,000 tons  deadweight and 
above must be provided w i t h  p r o t e c t i v e l y  located SBT; 

a l l  e x i s t i n g  crude o i l  tankers o f  40,000 tons  deadweight 
and above must be provided w i t h  SBT, C9T o r  COW; 

a l l  e x i s t i n g  product  c a r r i e r s  o f  40,000 tons  deadweight and 
above must be provided w i t h  SBT o r  CBT. 

CBT r e f e r r e d  t o  i n  ( 3 )  and (4)  above i s  a system whereby appropr ia te  cargo 
tanka are  designated f o r  the  ca r r i age  o f  c lean b a l l a s t  on l y  and i s  recognized as an 
i n t e r i m  measure f o r  e x i s t i n g  tankers o f  70,001 tons deadweight and above f o r  two 

* years a f t e r  the  en t r y  i n t o  fo rce  o f  t he  Pro toco l  and f o r  f o u r  years f o r  those o f  
between 40,000 and 70,000 tons  deadweight. 

The SOLAS and MARPOL Pro toco ls  de f i ne  a "new o i l  tanker" f o r  t he  purposes o f  

u t he  implementation o f  SOT, CBT, COW, IGS and s tee r ing  gear requirements, as  an o i l  
tanker t o  which any o f  the  f o l l o w i n g  dates apply: 

- Contract  p laced a f t e r  1 June 1979; 

- Keel  l a i d  a f t e r  1 January 1980; 

- De l i ve ry  a f t e r  1 June 1982; 



except t h a t  t h e  d e f i n i t i o n  of  "new sh ip"  i n  r egu la t i on  L(6) of annex I of  t h e  M4RPO'- 
Convention remains unchanged f o r  t h e  a p p l i c a t i o n  of  SIT requirements  t o  new o i l  
t m k e r s  of 70,000 dwt and above. Both P ro toco l s  l a y  down more s t r i n g e n t  i n spec t ion ,  
survey and c e r t i f i c a t i o n  requirements  f o r  o i l  t anke r s ,  i n  p a r t i c u l a r  those  of 10 
yea r s  of age and over. 

The Conference a l s o  adopted a number of  r e s o l u t i o n s ,  i nc lud ing  two which s e t  
t a r g e t  d a t e s  f o r  t h e  e n t r y  i n t o  f o r c e  of  t h e  197t  SOLAS Convention (June 1979),** 
t h e  SOLAS Protocol  (same time a s  t h e  e n t r y  i n t o  f o r c e  of  t h e  Convention o r  a s  soon *- 

a s  p o s s i b l e  t h e r e a f t e r )  and t h e  MRRPOL Convention and Pro tocol  ( June  1991). 

In  order  t o  make t h e  t echn ica l  imp l i ca t ions  o f  t h e  P ro toco l s  widely known, a 
t echn ica l  seminar on TSPP was he ld  a t  IMO headquar te rs  i n  London from 16-17 October 
1978. Also, t o  make the  outcome of  t h e  TSPP Conference and the  I n t e r n a t i o n a l  
Conference on Training and C e r t i f i c a t i o n  of S e a f a r e r s  f u l l y  understood by a l l  
c o u n t r i e s  concerned, r eg iona l  seminars  f o r  4 s i a  were he ld  i n  Japan i n  February 1979, 
f o r  La t in  America i n  January 1980 and f o r  Afr ica  i n  e a r l y  1931. A booklet  e n t i t l e d  
"The I n t e r n a t i o n a l  Conference on Tanker Sa fe ty  and P o l l u t i o n  prevention" was a l s o  
prepared and d i s t r i b u t e d  among t h e  member S t a t e s  and i n t e r e s t e d  o rgan iza t ions .  The 
booklet  s e t s  ou t  t h e  p rov i s ions  of  t h e  SOLAS and MARPOL Pro toco l s  i n  non-technical  
te rms  and is  provided with many i l l u s t r a t i o n s  and explanatory diagrams. 

Legal Conventions 

I n  1957 t h e  IMO Council recognized t h a t  t h e  Torrey Canyon d i s a s t e r  had a l s o  
brought t o  l i g h t  new problems o f  p o l l u t i o n  c o n t r o l  which were e s s e n t i a l l y  l e g a l  i n  
cha rac t e r .  The Council t h e r e f o r e  e s t a b l i s h e d  a Legal Committee wi th  t h e  mandate of 
s tudying  and recommending a c t i o n  on a l l  t h e  l e g a l  problems brought t o  l i g h t  by t h e  
d i s a s t e r .  

A s  a r e s u l t  o f  t he  Legal Committee's work, two I n t e r n a t i o n a l  Legal Conferences 
were convened by IMO i n  Brusse ls ,  Belgium i n  November 1969 and December 1971. These 
Conferences adopted t h r e e  I n t e r n a t i o n a l  Conventions: 

( 1 )  The I n t e r n a t i o n a l  Convention r e l a t i n g  t o  In t e rven t ion  on t h e  High Seas i n  
Cases o f  O i l  P o l l u t i o n  C a s u a l t i e s  (Pub l i c  Law). This  concerns t h e  e x t e n t  
t o  which a S t a t e ,  d i r e c t l y  t h r ea t ened  o r  a f f e c t e d  by a c a s u a l t y  which 
t a k e s  p l ace  o u t s i d e  its t e r r i t o r i a l  s e a ,  can t ake  measures t o  p r o t e c t  its 
c o a s t l i n e ,  harbours ,  t e r r i t o r i a l  s e a  o r  ameni t ies ;  

( 2 )  The I n t e r n a t i o n a l  Convention on C i v i l  L i a b i l i t y  f o r  O i l  Po l lu t i on  Damage 
( P r i v a t e  Law). Piis provides  f o r  t h e  l i a b i l i t y ,  s u b j e c t  t o  c e r t a i n  
cond i t i ons ,  of a shipowner f o r  p o l l u t i o n  damage r e s u l t i n g  from an i n c i d e n t  
i n  which h i s  s h i p  is involved up t o  a l i m i t  o f  US $169 p e r  t on  o r  US $17.8 
mi l l i on ,  whichever is t h e  l e s s e r ;  

( 3 )  The I n t e r n a t i o n a l  Convention on t h e  Establ ishment  o f  an I n t e r n a t i o n a l  Fund 
f o r  Compensation f o r  O i l  P o l l u t i o n  Damage. This  Convention supplements 
t h e  L i a b i l i t y  Convention and provides  f o r  t h e  compensation of  v i c t ims  o f  
o i l  p o l l u t i o n  damage beyond t h e  l i m i t  o f  t h e  shipowners'  l i a b i l i t y .  The IF 

** The 1974 SOLAS Convention en t e r ed  i n t o  f o r c e  on 25 May 1980; MARPOL 73/73 is 
due t o  e n t e r  i n t o  fo rce  on 2 October 1983. 



Fund's o b l i g a t i o n s  a r e ,  however, l imi t ed ,  s o  t h a t  t he  t o t a l  amount payable 
t o  v i c t ims  s h a l l  not  exceed U5 $57.1 million*** f o r  any one inc iden t .  

The In t e rven t ion  Convention and the  C i v i l  L i a b i l i t y  Convention entered  i n t o  
f o r c e  on 6 May 1975 and 19 June 1975 r e spec t ive ly  and the  Fund Convention entered  
i n t o  f o r c e  on 16 October 1971. 

Â¥Ã In 1976, p a r t i e s  t o  t he  C i v i l  L i a b i l i t y  and Fund Conventions adopted P ro toco l s  
t o  t hese  Conventions which r ep lace  t h e  limits o f  compensation s p e c i f i e d  i n  gold 
Poincarfe f r a n c s  by Spec ia l  Drawing r i g h t s  a s  def ined  by t h e  I n t e r n a t i o n a l  Monetary 
Fund. 

WORK PROGRAMME OF THE MARINE ENVIRONMENT PROTECTION COMMITTEE 

Within its terms o f  re ference  and with a view t o  implementing the  dec i s ions  and 
recommendations o f  t h e  1973 Marine Po l lu t ion  Conference, t h e  Marine Environment 
P ro tec t ion  Committee (MEPC), a t  its f i r s t  s e s s ion  (4-3 March 1974), agreed on an 
Action Plan which inc ludes  an i n d i c a t i o n  of app ropr i a t e  p r i o r i t i e s  f o r  conducting 
its work. The Action Plan has  been reviewed i n  the  l i g h t  of  progress  made and such 
new developments a s  t he  TSPP Conference and t h e  4moco Cadiz d i s a s t e r .  The c u r r e n t  
progress  and f u t u r e  p l ans  f o r  dea l ing  with some of t h e  p r i n c i p a l  items of  i n t e r e s t  
a r e  descr ibed  i n  t h e  fol lowing paragraphs. 

I n t e r p r e t a t i o n  o f  and amendments t o  t he  p rov i s ions  of t h e  1973 ?44RPOL 
Convention a s  modified by t h e  Protocol  of 1973 t h e r e t o  (MARPOL 75/73) 

The MEPC is reviewing va r ious  p o i n t s  o f  i n t e r p r e t a t i o n  of  t h e  p rov i s ions  of  
MARPOL 75/73 which may r e q u i r e  c l a r i f i c a t i o n  o r  g i v e  rise t o  d i f f i c u l t i e s  i n  
implementation and f o r  which i t  would be d e s i r a b l e  t o  develop a uniform and 
a u t h o r i t a t i v e  i n t e r p r e t a t i o n  o r  cons ider  a f u t u r e  amendment. 

In 1992, t h e  Organizat ion published t h e  t e x t  of  annex I o f  MARPOL 73/79 
toge the r  with agreed amendments and u n i f i e d  i n t e r p r e t a t i o n s  adopted by t h e  MEPC. 
This  t e x t  provides an up-to-date r e fe rence  t o  t he  MARPOL requirements f o r  t hose  
concerned i n  government adminis t ra t ion ,  sh ipping  and s h i p  bu i ld ing  i n d u s t r i e s  and 
o t h e r  r e l a t e d  a c t i v i t i e s .  The pub l i ca t ion  is e n t i t l e d  "Regulat ions f o r  t h e  
Prevention of Po l lu t ion  by O i l "  (IMO r e f .  No. 525 32.19.E IS3N 92-801-1148-5). 

Reception f a c i l i t i e s  f o r  r e s i d u e s  

Under t h e  r e spec t ive  annexes o f  t h e  MARPOL 73/73 Convention, p a r t i e s  accept  a 
genera l  o b l i g a t i o n  t o  ensure  t h e  provis ion  and maintenance of adequate f a c i l i t i e s  i n  . p o r t s  f o r  t h e  r ecep t ion  of  r e s i d u e s  from o i l ,  noxious chemical substances,  sewage 
and garbage. Cer ta in  a d d i t i o n a l  o b l i g a t i o n s  apply t o  p a r t i e s  i n  r e spec t  o f  s p e c i a l  
a r e a s  a s  designated i n  t h e  Convention. With regard t o  o i l  po l lu t ion ,  f o r  example, 
annex I of  t h e  Convention r e q u i r e s  t h a t  t h e  Governments o f  p a r t i e s  t h e  c o a s t l i n e s  o f  

Â¥Ã 

which border  on t h e  Mediterranean Sea, t h e  Black Sea o r  t h e  B a l t i c  Sea a reas ,  s h a l l  
ensure  t h a t ,  no t  l a t e r  than 1 January 1977, r ecep t ion  f a c i l i t i e s  a r e  provided i n  a l l  
o i l  loading t e rmina l s  and r e p a i r  p o r t s  i n  t h e  area .  These must be adequate f o r  t he  

*** The o r i g i n a l  l i m i t  of  450 mi l l i on  f r a n c s  o r  38 mi l l i on  US d o l l a r s  was increased  
t o  675 mi l l i on  f r a n c s  o r  57.1 mi l l i on  d o l l a r s  by a dec i s ion  of  t h e  second Fund 
Assembly i n  Apri l  1979. 



recept ion  and treatment  o f  a l l  t h e  d i r t y  b a l l a s t  and tank washing water from o i l  
t anke r s  a s  w e l l  a s  o t h e r  o i l y  mixtures  o r  r e s idues  from a l l  sh ips .  S imi lar  
requirements  w i l l  a l s o  be appl ied  i n  o t h e r  s p e c i a l  a r e a s ,  such a s  t h e  Red Sea a rea  
and t h e  Kuwait Action Plan Region, a s  from a d a t e  t o  be e s t ab l i shed  by t h e  
Organizat ion a t  t h e  appropr i a t e  time. 

With a view t o  a s s i s t i n g  Governments concerned i n  meeting t h i s  o b l i g a t i o n ,  t h e  
Organizat ion prepared Guidel ines on ensur ing  t h e  Provision and Maintenance of  .s 

adequate Reception F a c i l i t i e s  i n  P o r t s  on t h e  b a s i s  of  s t u d i e s  c a r r i e d  out  i n  
s e v e r a l  c o r n t r i e s  on t h e  technologica l ,  economic and o t h e r  imp l i ca t ions  o f  t h e  
Convention requirements  i n  t h i s  respec t .  P a r t  I  of t h e s e  Guidel ines r e l a t i n g  t o  
o i l ,  P a r t  I1  r e l a t i n g  t o  noxious l i q u i d  subs tances  and P a r t  111 on sewage and IT 

garbage, were published i n  1977, 1991 and 1973 r e spec t ive ly .  

O i l  d i scharge  monitoring and c o n t r o l  system 

Annex I o f  MARPOL 73/73 r equ i r e s  t h a t  t anke r s  and o t h e r  v e s s e l s  s h a l l  be f i t t e d  
wi th  o i l  d ischarge  monitoring and c o n t r o l  systems approved by t h e  Administrat ion 
concerned. To f a c i l i t a t e  compliance with t h i s  requirement t h e  Organizat ion is 
c o l l e c t i n g  information on t h e  a v a i l a b i l i t y  of such equipment not  only wi th  r e spec t  
t o  p e r s i s t e n t  o i l s  bu t  a l s o  f o r  use with a wide range o f  l i g h t  r e f ined  o i l s  which 
f a l l  wi th in  t h e  d e f i n i t i o n  of  "o i l "  a s  s e t  ou t  i n  t h e  Convention. 

In  1971 t h e  Organizat ion developed a Recommendation on I n t e r n a t i o n a l  
Performance S p e c i f i c a t i o n s  f o r  Oi ly  Water Separa t ing  Equipment and O i l  Content 
Meters ( r e s o l u t i o n  A.233(VII)). In  t h e  l i g h t  o f  experience gained s i n c e  its 
adoption and t o  provide f o r  t h e  new requirements  contained i n  t h e  1975 Convention, 
t h i s  s p e c i f i c a t i o n  was r ev i sed  and adopted by t h e  t e n t h  Assembly of  t h e  Organizat ion 
( r e s o l u t i o n  A.393(X)). In November 1979 t h e  e leventh  Assembly of t h e  Organizat ion 
adopted a recommendation concerning t h e  i n s t a l l a t i o n  of  oi ly-water  s epa ra t ing  
equipment under t h e  I n t e r n a t i o n a l  Convention f o r  t h e  Prevention o f  Po l lu t ion  from 
Ships,  1973 a s  modified by t h e  Protocol  o f  1973 r e l a t i n g  t h e r e t o  ( r e s o l u t i o n  
A.U4(XI)). I n  November 1931 t h e  t w e l f t h  Assembly adopted Guidel ines and 
S p e c i f i c a t i o n s  f o r  O i l  Discharge Monitoring and Control  Systems f o r  O i l  Tankers 
( r e s o l u t i o n  A.496(XII)) which al lows f o r  varying implementation requirements 
depending on s i z e  and d a t e  o f  cons t ruc t ion  of  t anke r s ) .  

Work being c a r r i e d  o u t  under t h i s  item inc ludes  c o l l e c t i o n  of  information on 
approved equipiaent, development o f  g u i d e l i n e s  f o r  approval by Governments o f  o i l  
d ischarge  monitoring and c o n t r o l  systems, s p e c i f i c a t i o n s  f o r  an o i l /water  i n t e r f a c e  
d e t e c t o r ,  e t c .  

Crude O i l  Washing (COW) and Clean B a l l a s t  Tank (CBT) 
S p e c i f i c a t i o n  and Operation Manuals 

a 

In  response t o  r e s o l u t i o n  1 5  of  t h e  TSPP Conference, MEPC h a s  reviewed t h e  
Spec i f i ca t ion  f o r  t h e  Design, Operation and Control  of  Crude O i l  Washing System. 
The Revised Spec i f i ca t ions ,  which were adopted by t h e  Assembly i n  November 1979, 
i nco rpora t e  amendments prepared i n  t h e  l i g h t  o f  exper ience  gained s i n c e  t h e  TSPP tf 

Conference and agreed i n t e r p r e t a t i o n  of  some o f  t h e  provis ions .  

Every s h i p  ope ra t ing  with crude  o i l  washing is requi red  t o  c a r r y  a COW 
Operat ions and Equipment Manual developed and approved f o r  t h a t  sh ip .  A s  t he  
purpose of t h e  Operat ions and Equipment Manual is not  only t o  provide guidance t o  
t h e  crew of t h e  s h i p  but  a l s o  t o  provide information on the  system and its 
ope ra t iona l  procedures f o r  i n s p e c t o r s  going on board f o r  inspect ion  i n  p o r t s ,  t h e  
MEPC developed a s tandard  format f o r  t h e  manual spec i fy ing  t h e  information t o  be 



contained i n  17 sec t ions  of the  Manual ( r e so lu t ion  MEPC.~~(XII) )  adopted on 3d 
November 1979). 

The Revised Specif ica t ions  and t h e  Standard Format, together with Specimen 
Manuals and the  Guidelines f o r  In-port Inspection of Crude O i l  Washing have 
subsequently been published by IMO i n  one volume (IMO r e f .  No. 613.32.04.E ISBM 
92-311-1133-7) 

Ã Similar ly  t h e  MEPC has  revised the  Spec i f i ca t ions  f o r  O i l  Tankers with 
Dedicated Clean Ba l l a s t  Tanks contained i n  TSPP reso lu t ion  14 and has developed a  
standard format f o r  the  CBT Operations Manual. These were adopted by t h e  twelf th  
Assembly ( reso lu t ion  A.495(XII)) i n  November 1981 and have been published by t h e  - Organization (IMO r e f .  No. 619.32.11.E ISBN 92-801-1139-6). 

Reporting systems 

A s  one of the  lessons  learned from the  Amoco Cadiz d i s a s t e r ,  various IMO bodies 
a r e  considering l e g a l  and technical  problems involved i n  imposing ob l iga t ions  on 
masters t o  repor t  t o  the  a u t h o r i t i e s  of the  f l a g  S t a t e ,  the  coas ta l  S t a t e s  (within 
a c e r t a i n  d is tance  from the  ship)  and the  c l a s s i f i c a t i o n  soc ie ty  concerned i n  
circumstances i n  which t h e  s a f e  and e f f i c i e n t  navigation of the  s h i p  is impaired by 
reasons of damage. 

The MEPC has recommended t h a t  a l l  member S t a t e s  should e s t a b l i s h  a  pol lu t ion 
report ing system a s  l a i d  down i n  protocol I  of the  1971 MARPOL Convention without 
waiting fo r  the  ent ry  i n t o  force  of the Convention. The MEPC has  developed Interim 
Guidelines f o r  repor t ing Incidents  Involving Harmful Substances, which were adopted 
by the  IMO Assembly i n  November 1979 ( reso lu t ion  A.W(XI)) .  

Enforcement of  convention provisions 

The Organization is considering ways and means of a s s i s t i n g  Governments i n  
detect ing infringements of Convention requirements and improving enforcement of  the  
provisions.  These include the  development of:  

improved arrangements f o r  the  inspection of tankers  a t  o i l  
loading terminals and repa i r  por t s  i n  order t o  a s c e r t a i n  
whether res idues  have been discharged a t  sea  i n  breach of 
the  Convention; and 

a  standard method of i d e n t i f i c a t i o n  of t h e  source of 
discharged o i l  by such means a s  "tagging" cargoes with 
c e r t a i n  i d e n t i f i a b l e  mater ia ls ,  and improved methods and 
ana lys i s  of o i l y  water mixtures. 

With regard t o  (1)  above, the  t en th  Assembly of IMO adopted a  Resolution on 
a Procedures f o r  the  Control of Discharges under the  In ternat ional  Convention f o r  the  

Prevention of Pol lu t ion of t h e  Sea by o i l ,  1954 ( a s  amended i n  1962 and 19691, 
s e t t i n g  out guidel ines  f o r  the  enforcement of the  Convention ( reso lu t ion  A.391(X)). 
The MEPC has recognized the  need t o  update the  control  procedures p r i o r  t o  the  en t ry  

6 i n t o  force  of  t h e  1973 MARPOL Convention a s  modified by t h e  Protocol, 1978 ( t a r g e t  
da te  June 1981). In view of t h e  complexity of the  problems involved i t  was agreed 
t h a t  the  f i r s t  s t e p ,  t h e  d r a f t  con t ro l  procedure, should be l imi ted  t o  sh ips  and 
c e r t i f i c a t i o n  and t o  control  of discharge of o i l .  



Evidence of v i o l a t i o n  

A r t i c l e  X( l )  of t h e  I n t e r n a t i o n a l  Convention f o r  t h e  Prevention o f  P o l l u t i o n  of  
t h e  Sea by O i l ,  1954, a s  amended i n  1962 and 1969, provides  procedures f o r  
fu rn i sh ing  t o  f l a g  S t a t e s  information about con t r aven t ions  o f  t h e  Convention so t h a t  
t h e  f l a g  S t a t e s  could t ake  l e g a l  proceedings a g a i n s t  t h e  owner o r  master  o f  t h e  
sh ip .  Experience has  shown, however, t h a t  t h e  informat ion  furn ished  by t h e  c o a s t a l  
o r  p o r t  S t a t e s  is o f t a n  i n s u f f i c i e n t  t o  enable  t h e  f l a g  S t a t e  t o  cause  proceedings. 

Ã‡ 

The MEPC has  t h e r e f o r e  developed "G'~ ide1ines  f o r  Coas ta l  and Po r t  S t a t e s  f o r  
Reporting t o  Flag S t a t e s  on Alleged Contraventions of  t h e  I n t e r n a t i o n a l  Convention 
f o r  t h e  Prevention of  P o l l u t i o n  of  t h e  Sea by O i l ,  1954, a s  amended i n  1962 and 
1969" (See r e p o r t  of t h e  fou r t een th  s e s s i o n  of  t h e  Committae (MEPC XIV/U. Annex 

r^ 

1 0 )  f o r  t h e  t e x t ) .  The Guidel ines i d e n t i f y  information which is o f t e n  needed by th?  
f l a g  S t a t e  f o r  t h e  prosecut ion  of such a l l eged  cont ravent ion  and a r e  supplementary 
t o  t h e  Procedures f o r  t h e  Control  of  Discharges r e f e r r e d  t o  above. 

Comprehensive manual on o i l  p o l l u t i o n  

MEPC has  been engaged i n  t h e  p repa ra t ion  of  a  comprehensive manual on o i l  
p o l l u t i o n  with a view t o  providing g u i d e l i n e s  t o  a s s i s t  Governments, p a r t i c u l a r l y  
t h o s e  of developing c o u n t r i e s ,  i n  e s t a b l i s h i n g  n a t i o n a l  marine p o l l u t i o n  c o n t r o l  
programmes. The Manual w i l l  comprise f i v e  s ec t ions :  

I .  Prevent ion  of  o i l  p o l l u t i o n  from s h i p s  

11. Contingency planning f o r  combating o i l  s p i l l s  

111. Salvage o f  o i l  from s h i p s  

I V .  P r a c t i c a l  information on means of  dea l ing  wi th  o i l  s p i l l s  

V .  Legal a s p e c t s  

Sec t ions  I ,  I 1  and t h e  rev ised  and updated ve r s ion  of  s e c t i o n  IV were published 
i n  1976, 1973 and 1930 r e spec t ive ly .  Sec t ion  I11 h a s  subsequently been published i n  
1933. Sec t ion  I  of t h e  Manual has  been r ev i sed  and re-published i n  1993 t o  i nc lude  
t e c h n i c a l  d e t a i l s  o f  p o l l u t i o n  prevent ion  arrangements of  s h i p s  while  a t  b e r t h  and 
dur ing  ship-to-ship t r a n s f e r  and changes consequent t o  t h e  en t ry  i n t o  f o r c e  o f  
MARPOL 73/79. The Organizat ion has  a l s o  published Guide l ines  developed j o i n t l y  by 
IMO and UNEP on O i l  S p i l l  Dispersant  Applicat ion and Environmental Cons idera t ions  
(IMO r e f .  No. 575.82.18.E). 

Also under cons ide ra t i on  by MEPC is t h e  widening of t h e  scope of t h e  Manual t o  
i nc lude  a s e c t i o n  on p r a c t i c a l  information on means o f  dea l ing  with s p i l l a g e s  of  
harmful chemicals.  

.u 

Survey and c e r t i f i c a t i o n  

Resolut ion 10 of t h e  TSPP Conference c a l l e d  upon IMO t o  develop g u i d e l i n e s  f o r  
Administrat ions,  a s  t o  t h e  e x t e n t ,  p a r t i c u l a r s  and frequency of i n t e rmed ia t e  surveys  - 
and in spec t ions  of  s h i p s  having due regard  t o  t h e i r  cons t ruc t ion ,  machinery, 
squipment and age,  and a l s o  con ta in ing  requirements  f o r  t h e  frequency and scope of  
unscheduled in spec t ions  and t h e  scope o f  mandatory annual surveys conducted i n  l i e u  
of unscheduled in spec t ions .  

In  response t o  t h e  above, g u i d e l i n e s  on mandatory annual surveys,  unscheduled 
in spec t ions ,  i n t e rmed ia t e  surveys  o f  a l l  s h i p s  under annex I  o f  t h e  MARPOL Protocol  



a r e  being developed by t h e  =PC. Similar  Guidelines under t h e  SOLAS Convention and 
Protocol have been developed by the  Maritime Safety Committee and adopted by the  
eleventh Assembly of t h e  Organization ( reso lu t ion  A.413(XI)). 

The Sub-committee on Bulk Chemicals 

The Sub-committee on Bulk Chemicals was es tabl ished i n  1976 a s  a subsidiary  
+ body of both t h e  Marine Environment Protect ion Committee and the  Maritime Safety 

Committee t o  deal  with t h e  problems associated with the  bulk ca r r i age  of chemicals. 
I t s  p r inc ipa l  function is t o  consider problems r e l a t i n g  t o  t ranspor t  of chemicals i n  
bulk, including those r e l a t i n g  t o  annex I 1  of the  1973 Convention. The - Sub-Committee's work programme i n  the  marine environment protect ion includes the  
following: 

- Standards f o r  procedures and arrangements f o r  the  discharge 
of noxious l i q u i d  substances required by regula t ion 3 of annex 
I1  of the  MARPOL Convention; 

- Hazard evaluation of noxious substances on the  b a s i s  of 
advice from GESAMP (see  below) and review and updating of 
the  lists of substances contained i n  annex I1  of 
MARPOL 73/79 and the  annex t o  the  1973 Intervent ion 
Protocol; 

- Review of the  Code f o r  the  Construction and Equipment of 
Ships Carrying Dangerous Chemicals i n  Bulk t o  ensure t h a t  
marine po l lu t ion  aspects  a r e  f u l l y  covered and a r e  
consis tent  with tho provisions of the  MARPOL Convention; 

- Carriage of MARPOL annex I  and annex I1  substances 
simultaneously on a s \ i p  and mixtures of annex I and 
annex I1 substances. 

Work r e l a t i n g  to  GESAMP 

IMO, together with f40, UNESCO, WMO, WHO, IAEA, the  United Nations and UNEP, is 
a sponsoring agency of the  Jo in t  Group of Experts on the S c e i n t i f i c  Aspects of 
Marine Pol lu t ion (GESAMP). This Group, f o r  which IMO provides the  Administrative 
Secretary and a Technical Secretary,  is a mult i-disciplinary body composed of 
independent exper t s  which considers various s c i e n t i f i c  mat ters  upon which t h e  
sponsoring agencies require  expert  advice.**** A t  the  request of IMO, GESAMP has  
provided such advice on numerous questions,  including,  i n  pa r t i cu la r :  

- the  development of a r a t i o n a l e  f o r  evaluating the  hazards of  
harmful substances c a r r i e d  by ships ;  

- the  continuing task of evaluating those substances i n  
accordance with t h e  ra t iona le ;  

- the  development of guidel ines  f o r  iden t i fy ing  p a r t i c u l a r l y  
s e n s i t i v e  sea  a reas  including the  f a c t o r s  t o  be taken i n t o  
account i n  such iden t i f i ca t ion .  

**** The r e s u l t s  of work and the  outcome of considera t ions  of GES4MP a r e  published 
i n  REPORTS AND STUDIES which a r e  ava i l ab le  upon request from the  IMO Technical 



REGIONAL ARRANGEMENTS FOR DEALING WITH MARINE POLLUTION EMERGENCIES 

I n  o rde r  t o  prepare  f o r  marine p o l l u t i o n  emergencies, each count ry  should 
e s t a b l i s h  a n a t i o n a l  contingency p l an  and provide  adequate manpower equipment and 
m a t e r i a l  f o r  combating po l lu t i on .  The MEPC recognized t h a t  r eg iona l  a n t i - p o l l u t i o n  
arrangements a r e  a va luable  and economical way of  supplementing n a t i o n a l  
arrangements i n  t h e  e f f e c t i v e  combating of major s p i l l a g e s  of  o i l  and o t h e r  harmful + 

substances.  Resolut ion A.443(XI ) adopted by t h e  Assembly u rges  Governments t o  
develop o r  improve n a t i o n a l  contingency arrangements and develop j o i n t  contingency 
arrangements a t  a reg ional / subregional  l e v e l ,  i f  they have no t  a l ready  done so. - 

IMO has  co-operated with UNEP i n  r eg iona l  s e a s  programmes, i n  p a r t i c u l a r  i n  
developing reg ional  co-operat ion i n  combating marine p o l l u t i o n  a s  fol lows.  

The Mediterranean 

The Conference o f  P l e n i p o t e n t i a r i e s  o f  t h e  Coas ta l  S t a t e s  o f  t h e  Mediterranean 
Region on t h e  P ro t ec t ion  of  t h e  Mediterranean Sea, which took p l ace  i n  Barcelona i n  
February 1976, adopted t h e  fol lowing instruments:  

- Convention f o r  t h e  P ro t ec t ion  of  t h e  Mediterranean Sea 
aga ins t  Po l lu t i on ;  

- Protocol  f o r  t h e  Prevention of  P o l l u t i o n  of  t h e  
Mediterranean Sea by dumping from Ships and A i r c r a f t ;  

- Protocol  concerning Co-operation i n  Combating P o l l u t i o n  of  
t h e  Mediterranean Sea by O i l  and o t h e r  Harmful Substances i n  
Cases of Emergency. 

The Conference a l s o  decided t o  e s t a b l i s h  a r eg iona l  o i l  combating c e n t r e  i n  
Malta, and reques ted  t h e  Executive D i rec to r  o f  UNEP, a f t e r  c o n s u l t a t i o n  wi th  t h e  
Government of Malta and IMO, t o  a s s i s t  i n  t h i s  undertaking.  IMO was e n t r u s t e d  wi th  
t h e  func t ions  and r e s p o n s i b i l i t i e s  a s  Co-operating Agency f o r  t h e  es tab l i shment  and 
ope ra t ion  of t h i s  Centre  f o r  which an app rop r i a t e  p r o j e c t  document was agreed by IMO 
and UNEP. Accordingly IMO e s t a b l i s h e d  t h e  Centre i n  December 1975, t h e  i n i t i a l  
o b j e c t i v e s  of which are:  

- t o  s t r eng then  t h e  c a p a c i t i e s  of  t h e  c o a s t a l  S t a t e s  o f  t h e  a r e a  and 
t o  f a c i l i t a t e  co-operat ion among them i n  order  t o  cambat massive 
p o l l u t i o n  by o i l ,  e s p e c i a l l y  i n  c a s e s  of  emergencies; 

- t o  a s s i s t  c o a s t a l  S t a t e s  i n  t h e  development of  t h e i r  own n a t i o n a l  
c a p a b i l i t i e s  t o  combat o i l  p o l l u t i o n  and t o  f a c i l i t a t e  information 
exchange, technologica l  co-operat ion and t r a i n i n g .  

With t h e  above o b j e c t i v e s  i n  view, t h e  Malta Centre  is engaged in :  

- c o l l e c t i o n  and d isseminat ion  of information;  

- prepa ra t ion  and keeping up-to-date of emergency p l a n s  f o r  
combating o i l  po l lu t i on ;  

- development of  coimnunication/information system; and 

- development and encouragement o f  technologica l  co-operat ion 
i n  t r a in ing .  



Notable a c t i v i t i e s  of t h e  Centre inc lude  t h e  o rgan iza t ion ,  i n  co-opsrat ion with 
Governments of t h e  reg ion ,  of t r a i n i n g  courses  on o i l  p o l l u t i o n  prevention and 
con t ro l .  The Centre has  a l s o  provided f i n a n c i a l  a s s i s t a n c e  t o  send p a r t i c i p a n t s  
from t h e  Mediterranean c o a s t a l  S t a t e s  t o  t r a i n i n g  courses  tak ing  p lace  o u t s i d e  of 
t h e  region.  An IMO/UNEP Workshop on O i l  Po l lu t i on  Contingency Planning f o r  t h e  
Mediterranean Sea was he ld  a t  t h e  Centre i n  September 1973. The Centre main ta ins  
i n v e n t o r i e s  o f  o i l  p o l l u t i o n  equipment and e x p e r t i s e  and publ i shes  a News l e t t e r  
where by na t iona l  foca l  p o i n t s  a r e  r e g u l a r s ,  updated on t r ends  and development. 

Common c o a s t a l  region of  Oman, United Arab Emirates ,  Q a t a r ,  
Bahrain, Saudi Arabia, I r a q  and I r a n  

IMO a l s o  p a r t i c i p a t e d  i n  t h e  prepara tory  work f o r  t he  Kuwait Regional 
Conference of P l e n i p o t e n t i a r i e s  on the  P ro t ec t ion  and Development of  t h e  Marine 
Environment, which was he ld  i n  Kuwait from 15-24 Apr i l  1973, and adopted an Action 
Plan r e l a t i n g  t o  t he  Region and t h e  fol lowing l e g a l  instruments:  

- Kuwait Regional Convention f o r  Co-operation on t h e  P ro t ec t ion  of 
t h e  Marine Environment from P o l l u t i o n ;  and 

- Protocol  concerning Co-operation i n  Combating P o l l u t i o n  by O i l  and 
o t h e r  Harmful Substances i n  Cases o f  Emergancy. 

The Conference a l s o  agreed t o  e s t a b l i s h  a fund t o  implement t h e  Action Plan. 

A s u b s t a n t i a l  con t r ibu t ion  has  been made by t h e  Organizat ion p a r t i c u l a r l y  i n  
t h e  p repa ra t ion  of  t h e  above-mentioned Pro tocol  and concerning t h e  proposed 
development of  a Marine Emergencies Mutual Aid Centre t o  be e s t a b l i s h e d  thereunder .  

The Gulf of  Guinea 

IMO has  co-operated with UNEP i n  t h e  development of a d r a f t  a c t i o n  p lan  and i n  
prepar ing  a d r a f t  l e g a l  instrument  f o r  reg ional  co-operat ion i n  combating marine 
p o l l u t i o n  i n  c a s e s  of emergency i n  t he  Gulf of Guinea. The d r a f t  Action Plan f o r  
t h e  reg ion  was f i n a l i z e d  a t  a Meeting of Government Experts  i n  L i b r e v i l l e ,  Gabon, 5 
t o  1 0  November 1979. The Meeting recommended t h a t  a reg ional  convention should b s  
drawn up, t oge the r  with a pro tocol  on emergency co-operation. A meeting of l e g a l  
e x p e r t s  was convened dur ing  1930 t o  f i n a l i z e  t h e  d r a f t  convention and pro tocol  i n  
r ead ines s  f o r  t h e  P l en ipo ten t i a ry  Conference he ld  i n  March 1931. IMO prepared the  
f i r s t  d r a f t  o f  t h e  p ro toco l ,  and a l s o  implemented an O i l  Po l lu t i on  Overview Study 
f o r  t h e  Region. 

Red Sea 

Coas ta l  p o l l u t i o n  surveys have been conducted by IMO f o r  Saudi Arabia (FIT 
agreement with t h e  Saudi Arabian Government), Egypt and Jordan (FIT agreement with 
ALECSO). Fu r the r  surveys a r e  p ro j ec t ed  f o r  Sudan and N. Yemen and i t  is expected 
t h a t  l i a i s o n  w i l l  s h o r t l y  be r e - e s t ab l i shed  with ALECSO concerning d e t a i l e d  
arrangements. Following t h e  convening of a Meeting of Experts  t o  fol low up t h e  
recommendations of  t h e  Jeddah I 1  Conference (January 19761, inc luding  f i n a l i z a t i o n  
of t h e  Jeddah Convention and its Pro toco l s ,  a P l en ipo ten t i a ry  Conference was he ld  i n  
Jeddah e a r l y  i n  1992 a t  which t h e  a c t i o n  p lan  and reg ional  l e g a l  i n s t r u n e n t s  were 
adopted. 

E. Asian Waters 

The r eg iona l  s e a s  programme is confined t o  t h e  sea a rea  of t h e  f i v e  ASEAN 



c o u n t r i e s  ( Indones ia ,  Malaysia, Ph i l i pp ines ,  Singapore and Thailand).  A Meeting of 
Government Experts  t o  cons ider  an a c t i o n  p lan  f o r  t he  region took p l ace  f roq  15 t o  
20 June 1931 i n  Baquio, Ph i l i pp ines .  Tha outcome of  t he  IMD/'JMEP Meetinq i n  
J a k a r t a ,  7 t o  9  January 1999 concerning t h e  development of sub-regional  o i l - s p i l l  
contingency arrangements i n  t he  Celebes (Sulawesi)  Sea was repor ted  t o  t he  Baguio 
Meeting, toge ther  with progress  on t h e  IMQ/UVEP p r o j e c t  on t o x i c i t y  of o i l  
d i spe r sen t  che i i ica l s  on t r o p i c a l  and sub - t rop i ca l  spec i e s  (Ph i l i pp ines )  and progress  
with t he  I n t e r n a t i o n a l  Workshop on t h e  prevent ion ,  abatzment and cornbating of + 
p o l l u t i o n  from s h i p s  which was he ld  i n  t h e  Ph i l i pp ines  i n  Movember 1930. 
(P repa ra t ion  f o r  t h e  Workshop included t h e  p repa ra t ion  of  an O i l  Po l lu t i on  Overview 
Study f o r  t h e  Region, which is expsctsd t o  be completed by e a r l y  1931.) 

Caribbean 

Long-term p l ans  f o r  t h e  Wider Caribbean have followed on from the  UNEP Meeting 
of Government Experts  which took p l ace  i n  Caracas i n  January 193'1. However, i n  t h e  
immediate f u t u r e ,  1140's main involvement is with t h e  94S/IYD/UNEP i n i t i a t i v e  t o  
develop O i l - s p i l l  Contingency Plans  f o r  t h a  I s l and  c o u n t r i e s  of  t h e  Caribbean. \a a 
f i r s t  s t a g e ,  IMO's Inter-Regional Marine Po l lu t i on  consu l t an t  conducted a  s tudy  
( j o i n t l y  with t h e  OAS) on t h e  s p e c i a l  problems of  t h e  smal le r  i s l a n d  c o u n t r i e s ,  t h e  
outcome of which was d iscussed  a t  a Meeting of Government Representa t ives  a t  Puerto 
Rico, 1 5  t o  20 June 1980. This Meeting was followed by a meeting i n  Barbados i n  
December 1990 a t  which a l l  t h e  i s l a n d  c o u n t r i e s  were i n v i t e d  t o  a t t end .  

5. E. P a c i f i c  

UNEP w i l l  execute its programme i n  t h i s  reg ion  i n  co-operat ion with t h e  
Permanent Commission f o r  t h e  South P a c i f i c  (CPPS). The a c t i o n  p lan  has involved t h e  
conduct of  an IMO/UNEP Workshop on t h e  Combating of Marine Po l lu t i on  from Ships  and 
the  development of  reg ional  contingency p lans .  

S. W .  P a c i f i c  

Informal d i s cus s ions  have been held with IJMEP concerning IMO's involvement i n  
t h e  programme, which is most l i k e l y  t o  t ake  t h e  form of t h e  development of  r eg iona l  
arrangements f o r  combating p o l l u t i o n  a r i s i n g  from emergencies. I t  is  f e l t  t h a t  i n  
t h e  immediate f u t u r e ,  c o n t a c t s  with such bodies  a s  South P a c i f i c  (SPC) and t h e  South 

should be u t i l i z e d  a t  every oppor tuni ty  s o  a s  t o  
o rgan iza t ions  t h e  b e n e f i t s  which may accrue  from 

contingency arrangements which can be 

TECHNICAL ASSISTANCE TO DEVELOPING COUNTRIES 

I 

Measures f o r  preventing,  c o n t r o l l i n g  and combating p o l l u t i o n  from s h i p s  i nvo lve  
complex t echn ica l  problems which a r e  o f t e n  beyond t h e  c a p a b i l i t i e s  of  developing 
c o u n t r i e s  t o  reso lve .  For t h i s  reason,  IMO h a s  a t t ached  g r e a t  importance t o  t h e  ST 

promotion of t echn ica l  a s s i s t a n c e  t o  developing c o u n t r i e s  i n  t h e  f i e l d  of marine 
po l lu t i on .  The IMO Assembly i n  1975 aff i rmed t h e  d e s i r a b i l i t y  of  cont inuing  t o  
enhance t h e  a c t i v i t y  of t h e  Organizat ion i n  t h e  f i e l d  of  t e c h n i c a l  a s s i s t a n c e  on 
marine po l lu t i on .  Such t echn ica l  a s s i s t a n c e  a c t i v i t y  is pursued by: 

- t h e  implementation o f  n a t i o n a l  and r eg iona l  t e c h n i c a l  a s s i s t a n c e  programmes 
with f i n a n c i a l  suppor t  by t h e  United Nations Development Programme (UNDP) , 



the  United Nations Environment Programme (U\EP) o r  na t iona l  a i d  
o rgan iza t ions ,  a s  app rop r i a t e ;  

- the  u t i l i z a t i o n  by S t a t e s  seekinq advice of t h e  e x p e r t i s e  a v a i l a b l e  3mong 
t h e  member S t a t e s ;  and 

- consu l t a t i on  among Governments wi th in  t h e  r e l evan t  organs of IMO, such a3 
HEPC, i n  order  t o  s tudy t h e  ways and means of promoting t echn ica l  
co-operation. 

Major problems which inve  been i d e n t i f i e d  a s  r e q u i r i n g  t echn ica l  a s s i s t a n c e  
* includa:  

( 1 )  implementation of t he  1969 Amendments t o  t he  1954 O i l  Po l lu t i on  Convention 
and of t h e  1975 Marine Po l lu t i on  Convention a s  modified by t h e  1978 
Pro tocol ,  p a r t i c u l a r l y  on t h e  provis ion  of r ecep t ion  f a c i l i t i e s ;  

contingency planning f o r  combating s p i l l a g e s ,  inc luding  reg ional  o r  
subregional  arrangements; 

methods o f  dea l ing  with s p i l l a g e s ,  inc luding  t h e  a v a i l a b i l i t y  of  equipment 
and ma te r i a l s ;  

t r a i n i n g  of personnel ;  

p revent ion  of maritime acc iden t s ,  inc luding  t r a f f i c  s epa ra t ion  schemes and 
provis ion  of a i d s  t o  naviga t ion .  

With regard t o  ( 1 )  above, cou r se s  f o r  Maritime Adminis t ra tors  on Prevention of 
P o l l u t i o n  from Ships  were he ld  from 3-19 August 1977, from 7-19 4uqust 1973 a t  t h e  
Merchant Marine Academy, Malmtt, Sweden, d i t h  t h e  f i n a n c i a l  a s s i s t a n c e  of t h e  Swedish 
I n t e r n a t i o n a l  Development Authori ty.  The purpose of t h e  courses  was t o  i d e n t i f y  
problems encountered i n  t h e  implementation and admin i s t r a t i on  of t h e  1973 Convention 
and t o  inform them of t h e  exper ience  of  B a l t i c  Saa c o u n t r i e s  i n  so lv ing  these  
problems. Seventeen p a r t i c i p a n t s  from 13  IMO member S t a t e s  took p a r t  i n  t h e  f i r s t  
course ,  14 p a r t i c i p a n t s  from 14 members S t a t e s  i n  t h e  second cou r se  and 19 
p a r t i c i p a n t s  from 18 IMO member S t a t e s  took p a r t  i n  t h e  t h i r d  course.  

With regard  t o  ( 2 )  above, t h e  Malta Centre  ( s e e  s e c t i o n  on t h e  Mediterranean i n  
t h e  chap te r  on Regional Arrangements f o r  dea l ing  wi th  Marine Po l lu t i on  Emergencies, 
above) organized a  r eg iona l  contingency planning seminar on t h e  s u b j e c t  from 4-7 
September 1973. With regard  t o  ( 3 )  above, an IMO/UNEP I n t e r n a t i o n a l  Workshop on 
Prevent ion ,  Cornbating and Abatement of  P o l l u t i o n  from Ships i n  t he  Gulf of  Guinea 
and Adjacent Coas ta l  Areas was he ld  i n  Douala, Cameroon, 12-15 December 1977. A 
s i m i l a r  workshop was he ld  i n  Cartagena, Colombia from 23-27 Dctober 1973 f o r  

s 

p a r t i c i p a n t s  from Caribbean coun t r i e s .  

A number of t e c h n i c a l  a s s i s t a n c e  programmes have been pursued o r  a r e  planned by 

m 
IMO i n  response t o  t h e  r eques t s  by developing c o u n t r i e s ,  and t h e m  inc lude  t h e  
fol lowing:  

( 1 )  t e chn ica l  advice by IMO e x p e r t s  on combating s p i l l a g e s  fo l lowing  maritime 
acc iden t s ,  such a s  Metula, S t .  P e t e r ,  e t c . ;  

( 2 )  exper t  miss ions  t o  i nd iv idua l  c o u n t r i e s  t o  a s s i s t  i n  r e so lv ing  problems 
involved i n  t h e  implementation of conventions r e l a t i n g  t o  marine 
p o l l u t i o n ,  i n  developing na t iona l  l e g i s l a t i o n ,  a d m i n i s t r a t i v e  arrangements 
and contingency planning; 



(3) development o f  reg iona l  arrangements f o r  co-operation t o  combat p o l l u t i o n  
i n  cases o f  emergency; 

( 4 )  t echn ica l  workshops, t r a i n i n g  courses and study programmes r e l a t i n g  t o  
prevent ion  and c o n t r o l  o f  marine p o l l u t i o n ;  

(5 )  i n t r o d u c t i o n  o f  p o l l u t i o n  prevent ion  and abatement courses i n t o  t r a i n i n g  
programmes o f  e x i s t i n g  and planned mar i t ime academies. 

PREVENTION OF MARINE POLLUTIOM 5Y DUMPING OF WASTES AND OTHER MATTER 

I n  1972, the Convention on the Prevent ion o f  Marine P o l l u t i o n  by Dumping o f  
Wastes and Other Matter, was adopted by the  Inter-Governmental Conference on the  
Dumping o f  Wastes a t  Ssa, convened i n  London by the Government o f  t he  Un i ted  
Kingdom. 

The Convention, genera l ly  known as the London Dumping Convention, p rov ides fo r  
c o n t r o l  of "any de l i be ra te  d isposa l  a t  sea o f  wastes o r  o ther  matter  from vessels, 
a i r c r a f t ,  p l a t f o r m  o r  o ther  man-made s t ruc tu res  a t  sea" and any d e l i b e r a t e  d isposa l  
o f  such vessels, a i r c r a f t ,  e tc .  themselves. The prevent ion  o f  marine p o l l u t i o n  
emanating from the normal operat ions o f  vessels, a i r c r a f t ,  etc., o r  d i r e c t l y  a r i s i n g  
from the exp lo ra t i on  and e x p l o i t a t i o n  o f  sea-bed minera l  resources, i s  sxcluded from 
the scope o f  the Convention. 

The London Dumping Convention entered i n t o  fo rce  on 30 August 1975 and i n  
December 1975 I M O  was designated as the  organ iza t ion  responsib le f o r  t he  s e c r e t a r i a t  
dut ies.  

Since i t s  des ignat ion  as the  o rgan iza t i on  responsib le f o r  the  s e c r e t a r i a t  
d u t i e s  i n  r e l a t i o n  t o  the London Dumping Convention, I M O  has convened annual 
Consu l ta t ive  Meetings o f  Cont rac t ing  Par t i es .  A t  these Consu l ta t ive  Meetings the  
con t rac t i ng  p a r t i e s  have taken a c t i o n  on severa l  very substant ive  mat ters  a r i s i n g  
from the Convention, such as the  development o f  n o t i f i c a t i o n  procedures r e l a t e d  t o  
the  issue o f  permi ts  f o r  dumping, records o f  t he  type and q u a n t i t i e s  o f  wastes and 
o ther  mat ter  a c t u a l l y  dumped, moni to r ing  a c t i v i t i e s  and the dumping o f  m a t e r i a l s  i n  
emergency s i t ua t i ons .  The c o n s u l t a t i v e  meetings f u r t h e r  developed procedures f o r  
the implementation o f  t echn ica l  assistance and co-operation r e l a t i n g  t o  the  d isposa l  
o f  wastes a t  sea. The con t rac t i ng  pa r t i es ,  a t  t h e i r  meetings, made considerable 
progress i n  the  implementation o f  many i tems o f  t h e i r  Ac t ion  Plan es tab l ished a t  t he  
F i r s t  Consu l ta t ive  Meeting, i n c l u d i n g  the fo l lowing:  

the  development of s p e c i f i c  procedures t o  c o n t r o l  i n c i n e r a t i o n  a t  sea 
which have been inc luded i n  annexes I and I 1  o f  t he  Convention; these 
amendments were adopted by the  Th i rd  Consu l ta t ive  Meeting i n  1978; the  
Four th  Consu l ta t ive  Meeting i n  1979 adopted techn ica l  gu ide l i nes  on 
i nc ine ra t i on ;  

the  adopt ion o f  amendments t o  the  Convention concerning procedures f o r  the  
set t lement o f  d isputes w i t h  respect  t o  i n t e r p r e t a t i o n  and a p p l i c a t i o n  o f  
the  Convention; 

t he  development o f  gu ide l i nes  on the  i n t e r p r e t a t i o n  o f  the  terms " t race  
contaminants" and " r a p i d l y  rendered harmless", which i nc lude  a  
c o n s u l t a t i o n  procedure and recommend c e r t a i n  b i o l o g i c a l  tes ts ;  



(4) t h e  development of  genera l  g u i d e l i n e s  f o r  c l a s s i f i c a t i o n  of  subs tances  i n  

annexes I and I 1  t o  t h e  Convention; and 

( 5 )  t h e  cons ide ra t i on  of  P rov i s iona l  D e f i n i t i o n  and Recommendations concerning 
t h e  Dumping of Radioact ive Wastes and Other Matter which have been 
prepared by t h e  I n t e r n a t i o n a l  Atomic Energy Agency (IAEA). 

a 
Other work which had t o  be c a r r i e d  out  f o r  t h e  implementation of t h e  Convention 

inc ludes  t h e  d e f i n i t i o n  and i n t e r p r e t a t i o n  of  terms such a s  " t r a c e  contaminants", 
" r ap id ly  rendered harmless" and " s i g n i f i c a n t  amounts" (e.9. o f  hazardous subs tances  
which r e q u i r e  s p e c i a l  c a r e  i f  conta ined  i n  wastes  intended t o  be dumped). 

* 
For  providing s c i e n t i f i c  advice  and f o r  t h e  p repa ra t ion  of  p roposa l s  and d r a f t s  

concerning t h e  procedures mentioned above, t h e  F i r s t  Consu l t a t i ve  Meeting has  
e s t a b l i s h e d  t h e  -Sc i en t i f i c  Group on Dumping. Advice on s p e c i f i c  t o p i c s  had 
been given t o  t h e  c o n s u l t a t i v e  meetings by t h e  fo l lowing  two advisory groups: 

( 1 )  t h e  Ad Hoc Group on Inc ine ra t i on  a t  Sea; and 

( 2 )  t h e  A c L h c  Group o f  Legal Exper t s  on Dumping. 

Considerable work r e l a t e d  t o  s c i e n t i f i c  a s p e c t s  of  dunping has  a l s o  been 
c a r r i e d  out  by GESAMP. 

The work c u r r e n t l y  under cons ide ra t i on  by t h e  Ad Hoc S c i e n t i f i c  Group on 
Dumping inc ludes  t h e  following: 

( 1 )  t h e  review of  subs tances  l i s t e d  i n  annexes I and I1  t o  t h e  Convention 
(b lack  and grey  l i s t s )  ; 

( 2 )  t h e  review of c r i t e r i a  t o  be considered when permi ts  on dumping a r e  i s sued  
a s  s e t  o u t  i n  annex 111 t o  t h e  Convention: 

( 5 )  t h e  development o f  procedures f o r  t h e  exchange o f  new land-based t rea tment  
techniques which may prevent  o r  m i t i g a t e  p o l l u t i o n  caused by dumping; and 

(4) t h e  development of  g u i d e l i n e s  on monitoring t h e  cond i t i on  of  t h e  s e a  f o r  
t h e  purposes o f  t h e  London Dumping Convention. 

During t h e  course  o f  d i s cus s ions ,  c o n t r a c t i n g  p a r t i e s  have f u r t h e r  recognized 
t h a t  many ques t ions  on dumping a r e  a l s o  r e l a t e d  c l o s e l y  t o  t h e  a c t i v i t i e s  o f  no t  
on ly  o t h e r  IMO bodies  bu t  s e v e r a l  o t h e r  i n t e r n a t i o n a l  organiza t ions .  With t h i s  i n  
view, c l o s e  co-operat ion has baen e s t a b l i s h e d  with o r g a n i z a t i o n s  d e a l i n g  wi th  t h e  
prevent ion  of  marine p o l l u t i o n ,  such a s  UNEP, t h e  Oslo Commission and t h e  P a r i s  
Commission. 



Annex I 

LIST OF STATES WHICH HAVE ACCEPTED CONVENTIONS RELATING TO MARINE 
POLLUTION IN RESPECT OF WHICH IMO PERFORMS DEPOSITARY OR 

SECRETARIAT FUNCTIONS (as at 9 December 1982) 

* Parties to the 1978 MARPOL Protocol undertake to give effect also to the provisions 
of the 1973 MARPOL Convention subject to the modifications and additions set out in 
the Protocol. 



* See footnote on page 1. 



Japan 

Jordan 

Kenya 
A 

Kiribati 

Kuwait 

Liberia 

1 Libyan Arab Jamahiriya 

Madagascar 
- - -  - 

Maldives 

Malta' 

Mexico 

Monaco 

Morocco 

Nauru 

Netherlands 

New Zealand 

Nigeria 

Norway 

Papua New Guinea 

Peru 

Philippines 

1 Poland 

I Portugal 

TT Amendment e 



Republic of Korea 

Saudi Arabia 

Senegal 

1 Singapore 
South Africa 

Spain 

Suriname 

Sweden 

Switzerland 

Syrian Arab Republic 

Tunisia 

Tuvalu 

Ukrainian SSR 

United Arab Rnirates 

USSR 

United Kingdom 

United States 

Uruguay 

Venezuela 

Yemen 

Yugoslavia 

* See footnote on page 1. 



SUMMARY OF THE PRESENT STATUS OF THE ABOVE CONVENTIONS 
AT 9 DECEMBER 1982 

Amendments 

CM i-̂  
Ã ‡ n  

ACT\ + a  

K ? P  n o  O h  1 
o * ^ - a  ^Ã‘- a -4 

gal d 

m a  & S  S Â d w d m  1-1 d 

Number of signatures 

Number of ratifications, 
acceptances, approvals 68 26 
or accessions 

Number of ratifications, 
etc. necessary for entry - 46 
into force 

Number of IMO Members 
having ratified, etc. 66 26 
the instrument 

Number of non-IMO Members 
having ratified, e-bc. 2 0 
the instrument 
Number of IMO Members 
not having ratified, etc. 56 96 
the instrument 



Annex 11 

M4IN ITEMS OF THE WORK PXOGR\MMES OF MSC SUB-COWITTEES 

* 
Safe ty  of naviga t ion  

- Routing of sh ips :  adoption of new t r a f f i c  s epa ra t ion  scliames, 
amendments and updat ing of procedures 

- Ship  movement r epo r t i ng  systems 

- Performance s t anda rds  f o r  nav iga t iona l  a i d s  and r e l a t e d  
equipment, equipment r e l i a b i l i t y  

- Review of  t h e  1972 C o l l i s i o n  Regula t ions  

- Mat te r s  concerning sea rch  and rescue ,  i nc lud ing  follow-up of 
t h e  I n t e r n a t i o n a l  Conference on Ssarch  and Rzscue, 1979 

- Guidel ines  on b r idge  des ign  and layout  

S tandards  of t r a i n i n q  and ~ a t c h k e e p i n g  

Follow-up o f  t h e  I n t e r n a t i o n a l  Conference on Tra in ing  and C e r t i f i c a t i o n  of 
S e a f a r e r s  (14  June t o  7  J u l y  19731, i n  p a r t i c u l a r :  

- Train ing  and c e r t i f i c a i t o n  of  craws o f  f i s h i n g  v e s s e l s  ( i n  
co-operat ion with t h e  Sub-committee on Safe ty  of  F ish ing  
Vessels)  

- Train ing ,  q u a l i f i c a t i o n  and ope ra t iona l  procedures f o r  maritime 
p i l o t s  

- Manning of  sea-going s h i p s  

- Train ing  and q u a l i f i c a t i o n s  of  crews on mobile of f - shore  
u n i t s  

Life-saving app l i ances  

- Prepa ra t ion  of a complete r e v i s i o n  o f  chap te r  111 of  t h e  197% 
Sa fe ty  Convention 

- Prepa ra t ion  o f  a  Code o f  P r a c t i c e  f o r  t h e  eva lua t ion  o f  new 
t y p e s  and pro to type  tests o f  l i f  e-saving appl iances  and 
arrangements 

- Surviva l  i n  c o l d  water 

- Development o f  t h e  Maritime D i s t r e s s  System 

- Opera t iona l  S tandards  f o r  shipborne r a d i o  equipment 



- I n t e r n a t i o n a l  co-ordinat ion of  promulgating nav iga t iona l  
warnings f o r  sh ipping  

- Prepa ra t ion  f o r  t h e  Mobile World Adminis t ra t ive  Radio 
Conference, 1932 

- Prepa ra t ion  f o r  CCIR Study Group 9 

- Life-saving  r ad io  equipment 

- Ship  r e p o r t i n g  format and procedures 

C m r i a q e  of danqerous q w d s  

- I n t e r n a t i o n a l  Maritime Dangerous Goods Code; adoption,  
implementation and amendments; i n c l u s i o n  of p o l l u t a n t s  
t h e r e i n  (updat ing  of  MRPC/Circ. 73) 

- Emergency procedures f o r  s h i p s  c a r r y i n g  dangerous goods 

- P o r t a b l e  t anks  and road tank v e h i c l e s  f o r  dangerous goods 

- Revision of  t h e  "Medical F i r s t  Aid Guide f o r  Use i n  Accidents 
involving Dangerous Soods" 

Conta iners  and carqoes  

- I n t e r n a t i o n a l  Convention f o r  Safe  Conta iners ,  i n t e r p r e t a t i o n s ,  
implementation procedures and amendments 

- Code of  Safe  P r a c t i c e  f o r  Bulk Cargoes; amendments and up- 
da t ing ;  i nc lus ion  of  p o l l u t a n t s ;  c a r r i a g e  of s o l i d  
dangerous subs tances  i n  bulk 

- Code o f  Safe  p r a c t i c e  f o r  Ships  c a r r y i n g  Timber Deck Cargoes, 
amendments and implementation 

- Carr iage  of  g r a i n ;  d i spensa t ion  from trimming requirements; 
s t a n d a r d s  of  trimming; s ecu r ing  of  g r a i n  su r f aces ;  s t r e n g t h  o f  
g r a i n  f i t t i n g s  

Bulk ctiemicals 

- Updating 

- Car r i age  

- Handling 
p o r t s  

t h e  Bulk Chemical code and Gas C a r r i e r  Code 

bulk  chemicals  i n  deep t anks  of  dry  cargo  s h i p s  

l i q u i d  chemicals  and l i q u e f i e d  gases  i n  bulk i n  

Ship  des ign  and equipment 

- Safe ty  measures f o r  s p e c i a l  purpose s h i p s  

- Review o f  t h e  Code o f  Sa fe ty  f o r  nuc lear  merchant s h i p s  

- Requirements f o r  manoeuvrabi l i ty  o f  s h i p s  



- Safety measures f o r  diving systems 

- Noise and v ib ra t ion  l e v e l s  aboard sh ips  

- Review of Dynamically Supported Vessel Code 

- Review of Mobile Off-shore D r i l l i n g  Unit Code 

Subdivision, s t a b i l i t y  and load l i n e s  

- Improved i n t a c t  s t a b i l i t y  c r i t e r i a  

- Subdivision and damage s t a b i l i t y  of dry cargo sh ips  including 
roll-on/roll-of f sh ips  

- Hannonization of subdivision and s t a b i l i t y  requirement3 i n  various 
Conventions and Codes 

- Improvement of  the  1966 Load Line Convention 

F i r e  protect ion 

- F i r e  s a f e t y  measures f o r  sh ips  carrying dangerous goods, 
ro l l -ordrol l -off  sh ips ,  spec ia l  purpose ships ,  s h i p s  carrying 
chemicals i n  bulk and l iquef ied  gases 

- Safety measures f o r  tankers  against  f i r e  and/or explosion, 
including i n e r t  gas  systems 

- Formulation of f i r e  t e s t  procedures 

Safe ty  of f i s h i n q  vesse l s  

- S t a b i l i t y  of f i sh ing  vesse l s  

- Review of guidel ines  f o r  the  design, 
r e n t  of small f i sh ing  vesse l s  

const ruct ion and equip- 

- Collect ion and ana lys i s  of  casual ty  records and i n t a c t  s t a b i l i t y  
ca lcula t ions ,  e spec ia l ly  f o r  decked f i sh ing  vesse l s  of l e s s  
than 24 metres i n  length. 
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Annex I I1  

Adopted on 23 November 1973 

ESTABLISHMENT OF A MARINE ENVIRONMENT PROTECTION COMMITTEE 

THE ASSEMBLY, 

TAKING NOTE of A r t i c l e  1 of t h e  IMO Convention regarding t h e  purposes of  t h e  
Organization. 

BEIVG AWARE of t h e  inc reas ing  ex ten t  and importance of t h e  a c t i v i t i e s  o f  t h e  
Organizat ion r e l a t i v e  t o  t h e  prevention of  p o l l u t i o n  of  t h e  land ,  s e a  o r  a i r  by o r  
from sh ips ,  v e s s e l s  and o t h e r  c r a f t s  ope ra t ing  i n  t h e  marine environment ( h e r e a f t e r  
r e f e r r e d  t o  a s  s h i p s ) ,  

TAKING ACCOUNT of t h e  recommendations of  t h e  United Nations Conference on t h e  
Human Environment (Stockholm, 5-16 June 19721, o f  t h e  prepara t ion  f o r  t h e  Third Law 
of the  Sea Conference and of r e l evan t  Resolu t ions  adopted by t h e  United Nations and 
a l s o  of t h e  r o l e  of  t h e  United Nations Environment Programme e s t a b l i s h e d  by 
Resolut ion 2997 (XXVII) of t h e  General Assembly, 

RECOGNIZING t h a t  i n  t h e  environmental f i e l d ,  a c t i v i t i e s  of t h e  Organizat ion a r e  
becoming inc reas ing ly  involved with r e l a t e d  a c t i v i t i e s  of  o t h e r  United Nations 
bod ie s  and o rgan iza t ions  and t h a t  t h e  Organizat ion is beinq c a l l e d  upon t o  p lay  a 
more s i g n i f i c a n t  r o l e  i n  t h i s  f i e l d ,  

NOTING with apprec i a t ion  t h a t  t h e  p r i n c i p a l  burden a r i s i n g  from 
r e s p o n s i b i l i t i e s  of  t he  Organizat ion f o r  dea l ing  with marine p o l l u t i o n  from s h i p s  
has  h i t h e r t o  been c a r r i e d  by t h e  Maritime Safe ty  Committee i n  add i t i on  t o  its 
important  and extens ive  s t a t u t o r y  o b l i g a t i o n s  r e l a t i v e  t o  t h e  s a f e t y  of  l i f e  and 
proper ty  a t  s e a ,  

BELIEVING neve r the l e s s  t h a t  o v e r a l l  e f f i c i e n c y  of  t h e  Organizat ion w i l l  be 
g r e a t l y  enhanced i n  t h e  f u t u r e  i f  m a t t e r s  r e l a t i n g  t o  t h e  p ro t ec t ion  o f  t h e  marine 
environment a r e  undertaken by 3 body s p e c i f i c a l l y  assigned f o r  t h i s  purpose, t hus  
enabling the  Maritime Safe ty  Committee t o  concent ra te  more e s p e c i a l l y  on t h e  work 
r e l a t i n g  t o  maritime s a f e t y  which is a l s o  inc reas ing  i n  importance and magnitude, 

HAVING NOTED t h e  outcome of  t h e  It40 Conference on Marine Po l lu t ion  (London, 8 
October - 2 November 19731, p a r t i c u l a r l y  wi th  r e spec t  t o  t h e  conclusion o f  t h e  
I n t e r n a t i o n a l  Conventions f o r  t h e  Prevention of  Po l lu t ion  from Ships,  1973 and t h e  
adoption of a s soc ia t ed  Conference Resolut ions,  

HAVING CONSIDERED t h e  Recommendations of  t h e  Council and its Ad Hoc Working 
Group on Marine Environment P ro tec t ion  with r e spec t  t o  t h e  f u t u r e  r o l e  and 
a c t i v i t i e s  of t h e  Organizat ion i n  t h i s  f i e l d ,  

NOTING A r t i c l e s  12 and 16 (c )  of t h e  IMO Convention concerning the  es tab l i shment  
of subs id iary  bodies,  



RECOGNIZING t h a t  t h e  o b j e c t i v e s  w i l l  be most e f f e c t i v e l y  and e f f i c i e n t l y  
achieved by t h e  es tab l i shment  of  a permanent C o m i t t e e  t o  execute  and co-ord ina te  
a l l  a c t i v i t i e s  o f  t h e  Organiza t ions  r e l a t i n g  t o  t h e  prevent ion  and c o n t r o l  o f  
p o l l u t i o n  of t h e  marine environment from sh ips .  

DECIDES t o  e s t a b l i s h  a Marine Environment P r o t e c t i o n  Committee a s  a p e r t i n e n t  

f1 subs id i a ry  body of t h e  Assembly pursuant  t o  A r t i c l e  16 (c )  of t h e  IMO Convention, 
wi th  t h e  fo l lowing  Terms o f  Reference: 

"To a s s i s t  IMO i n  its c o n s u l t a t i o n s  with o t h e r  bod ie s  wi th in  t h e  
United Nations system, e s p e c i a l l y  t h e  United Nations Environment 
Programme, and with o t h e r  i n t e r n a t i o n a l  o rgan iza t ions  and expe r t  
bodies  i n  t he  f i e l d  of  marine p o l l u t i o n ,  and t o  co-ordinate and 
adminis te r ,  i n  c o n s u l t a t i o n  a s  app rop r i a t e  wi th  o t h e r  bodies  of IMO, 
t h e  a c t i v i t i e s  o f  t h e  Organizat ion concsrn ing  t h e  prevent ian  and 
c o n t r o l  o f  marine p o l l u t i o n  from s h i p s  and i n  p a r t i c u l a r :  

t o  perform such f u n c t i o n s  a s  a r e  o r  may be  confer red  upon t h e  Organizat ion 
under i n t e r n a t i o n a l  conventions f o r  t h e  prevent ion  and c o n t r o l  of  
p o l l u t i o n  from s h i p s ,  p a r t i c u l a r l y  with r e spec t  t o  t h e  adopt ion  o r  
amendment o f  r e g u l a t i o n s  o r  o t h e r  p rov i s ions ,  a s  provided f o r  i n  such 
convent ions; 

t o  cons ide r  app rop r i a t e  measures t o  f a c i l i t a t e  t h e  enforcement of  t h e  
Conventions r e f e r r e d  t o  i n  paragraph ( a )  above; 

t o  provide  f o r  t h e  a c q u i s i t i o n  and d isseminat ion  of  s c i e n t i f i c ,  t e c h n i c a l  
and any o t h e r  p r a c t i c a l  information on t h e  prevent ion  and c o n t r o l  o f  
marine p o l l u t i o n  from s h i p s  t o  S t a t e s ,  p a r t i c u l a r l y  developing c o u n t r i e s ,  
and, where app rop r i a t e ,  t o  make recommendations and t o  develop gu ide l ines ;  

t o  promote co-operat ion wi th  r eg iona l  o rgan iza t ions  concerned wi th  t h e  
prevent ion  of  marine p o l l u t i o n  from sh ips ;  

t o  cons ide r  and t ake  app rop r i a t e  a c t i o n  wi th  r e s p e c t  t o  any o t h e r  m a t t e r s  
f a l l i n g  wi th in  t h e  scope o f  t h e  Organizat ion which would c o n t r i b u t e  t o  t h e  
prevent ion  and c o n t r o l  o f  marine p o l l u t i o n  from s h i p s  i nc lud ing  
co-operat ion on environmental m a t t e r s  wi th  o t h e r  i n t e r n a t i o n a l  
organizat ions. ' '  

DECIDE: FURTHER t h a t :  

Membership of  t h e  Committee s h a l l  be open t o  a l l  S t a t e s  Members of t h e  
Organizat ion and t o  o t h e r  S t a t e s  P a r t i e s  t o  Conventions i n  r e spec t  o f  
which t h e  Committee performs func t ions ,  provided t h a t  a S t a t e  no t  a Member 
of t h e  Organizat ion may vote  only  when t h e  Committee performs f u n c t i o n s  i n  
r e s p e c t  o f  a Convention t o  which i t  is a p a r t y  a s  provided i n  t h a t  
Convention. However, t h e  adoption of  amendments t o  a Convention s h a l l  be  
i n  accordance with t h e  procedures s e t  f o r t h  i n  t h e  Convention under 
cons ide ra t  ion; 

t h e  Committee s h a l l ,  except  a s  s p e c i f i c a l l y  provided o therwise  i n  its 
Terms o f  Reference, f o r  example paragraph ( a )  t he reo f ,  r epo r t  t o  t h e '  
Assembly through t h e  Council. The Council s h a l l  t ransmi t  r e p o r t s  of  t h e  
Committee t o  t h e  Assembly, t oge the r  with its own c o m e n t s  and 
recommendations. A s  regards  budgetary and o t h e r  o rgan iza t iona l  ma t t e r s ,  
t h e  Council s h a l l  e x e r c i s e  t h e  same func t ion  and c o n t r o l  a s  i t  does over  
nth-- oor~t"rii~a n f  tho  niÃˆnaniÂ¥~at inn i**n~k-  



(c) the Committae shall follow the Rules of Procedures of Assembly except in 
so far as the Committee with approval of the Assembly, adopts other rules. 
The Committee is empowered to adopt and apply its own rules in relation to 
the following subjects: sessions, credentials, publicity, agenda, election 
of officers, summary records and languages. The quorum for the meetings 
of the Committee shall be determined by the Committee itself. 

-^ 

REQUESTS the Secretary-General to take all necessary steps for the inauguration 
of the Committee early in 1974, 

REQUESTS the Council, the Maritime Safety Committee and the Legal Committee to - 
provide all possible assitance and co-operation with the work of the Committee. 





POLLUTION IN THE SHIPPING INDUSTRY 

- PREVENTION IS BETTER THAN CURE 

by 
T. P. Hebden 

The Bahrain Petroleum Company Limited, 
S i t ra ,  Bahrain 

ABSTRACT 

The only ce r t a i n  method o f  con t ro l l i ng  p o l l u t i o n  i s  t o  prevent i t s  occurrence. 
The Nat ional  Academy o f  Science report, based on 1973 f igures, estimated t ha t  6.1 
m i l l i o n  tonnes o f  o i l  entered the seas each year, and o f  t h i s  35 per cent came from 
sh ip sources. 

The In te rna t iona l  Maritime Organization (IMO) has addressed i t s e l f  t o  the 
problem o f  reducing marine accidents and p o l l u t i o n  and the Naut ical  I n s t i t u t e  
supports i t s  aims, p a r t i c u l a r l y  i n  the area o f  substandard ships and crews. 

This paper discusses the danger areas and the methods t ha t  are and could be 
employed as preventative measures. 

It a lso  looks a t  the cost/benef i t  aspect, h i gh l i gh t i ng  the eventual enormous 
costs of p o l l u t i o n  accidents t ha t  could have been avoided by proper ly con t ro l led  
investment i n  higher standards o f  equipment and personnel. 



POLLUTION I N  THE SHIPPING INDUSTRY - PREVENTION IS BETTER T H A N  CURE 

There a r e  various methods of dealing with o i l  pollution.  I t  can be l e f t  t o  
d isperse  na tu ra l ly ,  i t  can be dispersed by chemicals, i t  can be diver ted  froii 
s e n s i t i v e  a reas  by booms o r  i t  can be recovered; but by f a r  the  bes t  method of 
dealing with o i l  po l lu t ion  is t o  prevent its occurrence. 

w- 

A l l  t he  aforementioned methods of dealing with po l lu t ion  a r e  cos t ly .  Even 
where na tu ra l  d ispers ion is t h e  course of ac t ion,  a considerable amount of money can 
be spent on monitoring the  o i l  s l i c k ' s  progress from a i r c r a f t .  

m 

Prevention is expensive, but where prevention is the  r e s u l t  of condi t ions  and 
ac t ions  ca re fu l ly  pre-planned and control led ,  i t  is f a r  more economical. Clean-up 
measures which a r e  hurr iedly  ca r r i ed  out under emergency condit ions deprive the  
on-scene commander of t h e  most e f f e c t i v e  control .  I t  therefore  follows t h a t  the  
primary object ive  of an Environmental Management Programme must be t o  prevent 
pol lu t ion.  

This paper w i l l  not  deal  i n  d e t a i l  with every prevention ac t ion  t h a t  can be 
taken, time and circumstances do not allow f o r  t h a t ,  but i t  w i l l  cover some of t h e  
main aspects  i n  respect  of the  Marine Industry. 

In a clean-up a c t i o n  not only is a g r e a t  deal  of money spent but  the  ecology is 
damaged and the  o i l  is l o s t ,  even recovered o i l  having l i t t l e  value. The o i l  of the  
Amodo Cadiz a t  today's  p r i ces  would be worth about $37 mil l ion,  p l u s  the  value of 
t h e  s h i p  a t  $9 mil l ion,  apa r t  from the  2.1 b i l l i o n  d o l l a r s  i n  claims. 

I m u l d  suggest t h a t  t h e  money involved would have provided the  cos t  
d i f f e r e n t i a l  of a l l  tankers  having two engines, p rope l l e r s  and two independently 
opera t ing rudders. I f  the  Amoco Cadiz had been s o  f i t t e d ,  she  would not have been 
lost and t h e  s i t u a t i o n  would not have occurred. 

Causes of  o i l  enter ing the  sea: 

1. Natural seepage 

2. Shipping accidents: 

( a )  Di r ty  b a l l a s t  and tank cleaning; 

(b) S p i l l a g e  through explosion; 

( c )  S p i l l a g e  whi ls t  loading/discharging; 

( d) Pumping b i l g e s  overboard; 

( e l  Sp i l l age  through collisiodstrandings/loss; 

( f )  Submarine p ipe l ine  leaks.  

3. Shore terminal  s p i l l a g e  

4 I n e f f i c i e n t  shore-based separa to r s  

3. Disposal of  d i r t y  lube o i l  



6. Of f-shore d r i l l i n g  blou-outs 

Of the above s i x  l i s t e d  causes, No. 2 "Shipping accidents" and No. 6 "Off-shore 
d r i l l i n g  blow-outs" involving the  Marine Industry a r e  t h e  ones I intend t o  deal  with 
i n  t h i s  paper. 

Shipping Accidents 

Dirty b a l l a s t  and tank c leaning 

The Internat ional  Maritime Organization (IMO) has  addressed i t s e l f  t o  t h e  
problem of reducing marine accidents  and po l lu t ion  s ince  1967. 

The 1975 Marine Pol lu t ion Convention (MARPOL), modified by add i t iona l  
protocols  i n  1973, provides f o r  the  f i t t i n g  of segregated b a l l a s t  tanks  i n  
new tankers  over 30,000 DWT. I t  provides f o r  crude o i l  washing i n  new 
crude c a r r i e r s  above 20,000 t o n s  and the  in t roduct ion of crude o i l  washing 
systems i n  e x i s t i n g  tonnage on a phased b a s i s  down t o  40,000 tons  within 
t h e  near future.  

An a u t h o r i t a t i v e  es t imate  made by t h e  National Academy of Science, based 
on 1975 f igures ,  is t h a t  approximately 6.1 mi l l ion tonnes of o i l  e n t e r s  
the  sea annually. I t  was a l s o  estimated t h a t  some 18 per  cent  of  t h i s  
input  was from normal tanker operations.  That is about 1.1 mil l ion 
t onnes . 
When the  load-on-top (LOT) system was introduced i n t o  tank cleaning 
operations,  t h e  amount of  o i l  going i n t o  the  sea  was reduced t o  about I D  
per cent  of  the  o r i g i n a l  f igure .  That means a saving of 900,000 tonnss o f  
pol lu tant .  The cos t  of  implementing the  load-on-top system was neg l ig ib le  
but the  saving of 900,000 tonnes of  o i l  per annum a t  present-day p r i c e s  
makes the  cos t /benef i t  aspect  very a t t r a c t i v e .  The introduction of  crude 
o i l  washing w i l l  b r ing down t h e  amount of opera t ional  po l lu t ion  t o  a very 
low level .  

I f  the  MARPOL Convention with t h e  1973 protocols  were t o  be adopted, then 
the  operational  discharge would be v i r t u a l l y  eliminated. The in t roduct ion 
of crude o i l  washing, segregated b a l l a s t  and a t tendant  i n e r t  gas  
i n s t a l l a t i o n  is very c o s t l y  and the  law of diminishing r e t u r n s  takes  a 
hand. OCIMF produced the  following t a b l e  of Cost/Benefit Relationships 
based on the  1969 Amendments which a r e  less demanding than t h e  MARPOL 
Convention and protocols.  

Reduced 
Capi ta l  Cost Discharge Cost /Benef i t*  

$ Mill ions  Thousand Tomes $/Tonne 

Fully implement 1969 
Amenhen ts Msqligible 1,205 Megligible 

Crude O i l  Wash ( a l l  
tankersover l50,0011dwt)  200 39 5,100 

R e t r o f i t  Segregated 
Ba l l a s t  ( a l l  tankers 
over 70,000 dwt) <t ,500 

I t  should be noted t h a t  t h i s  cos t /benef i t  f i g u r e  represen t s  t h e  c a p i t a l  
expenditure necessary t o  prevent one tonne of o i l  per annm from enter ing 
1-1-tO #.---.. 



(b )  S p i l l a g e  through explos ion  

MARPOL provides  f o r  i n e r t  g a s  systems on new t a n k e r s  over  20,000 tonnes  
and tile f i t t i n g  of i n e r t  ga s  on 3 phased b a s i s  on e x i s t i n g  tankers .  This  
w i l l  reduce t h e  dangers  of  explosion and goes hand-in-hand wi th  crude o i l  
washing a s  t h e  tanks  need t o  be  made i n e r t  aga ins t  t h e  dangers  o f  s t a t i c .  

Had t h e  Betelouesa been f i t t e d  wi th  an i n e r t  g a s  system, t h a  explos ion  and 
l o s s  of  t he  tanker ,  t e rmina l  and f i f t y  l i n e s  a t  Bantry Bay might never 
have happened. The tanker  would still have been badly damaged 
s t r u c t u r a l l y  a s  s h e  was sub-standard due t o  metal  wastage and was not  even 
f i t t e d  with a s t r e s s  c a l c u l a t o r  - an inexpensive item compared with t h e  
value of a sh ip .  

There is no doubt t h a t  many explos ions  and l o s s e s  would not  have occurred 
i f  t h e  s h i p s  concerned had been f i t t e d  with i n e r t  gas  systems,  al though 
here  a note  of  warning should be sounded. 

The e x i s t e n c e  of an i n e r t  ga s  system on board is dangerous i f  i t  is  no t  
maintained and opera ted  proper ly ,  p a r t i c u l a r l y  i f  t h e  o f f i c e r s  a r e  unaware 
t h a t  i t  is no t  func t ioning  proper ly  and, a r e  happi ly  o b l i v i o u s  o f  t h e  
danger, c a r r y i n g  ou t  t h e  c rude  o i l  washing i n  a tank t h a t  has  not  been 
made i n e r t .  

Increas ing  acc iden t s  on t a n k e r s  f i t t e d  with i n e r t  ga s  systems have caused 
concern, and t h e  Naut ica l  I n s t i t u t e  has r e c e n t l y  published an a r t i c l e  i n  
t h e i r  journa l  Seaways by an i n s t a l l a t i o n  consu l t an t  c i t i n g  four teen  c a s e s  
of improper and dangerous mishandling, lack  of  maintenance and even 
i n c o r r e c t  i n s t a l l a t i o n .  

( c )  S p i l l a g e  wh i l s t  loading/d ischarg ing  

This  r a r e l y  occu r s  due t o  equipment f a i l u r e  but  u sua l ly  happens because of  
human f a i l u r e ;  and where equipment f a i l u r e  does occur,  human f a i l u r e  t ends  
t o  compound i t .  Inadequate manpower, i n a t t e n t i o n  t o  duty,  and unt ra ined  
personnel  a r e  t h e  main causes  of  s p i l l s  by overf lows o r  improperly secured  
s e a  va lves .  About V} pe r  cen t  o f  s p i l l s  i n  p o r t  a r e  caused i n  t h i s  way. A 
prime example o f  t h i s  was t h e  tanker  Enerqy Concentrat ion breaking i n  two 
because t h e  cargo  was off- loaded from amid s h i p s  w h i l s t  t h e  end tanks  ware 
f u l l .  

(d )  Pumping of b i l g e s  overboard 

Thousands of  s h i p s  and small  c r a f t  d a i l y  pump t h e i r  b i l g e s  overboard, 
mostly water bu t  o f t e n  with a smal l  quan t i t y  of  o i l .  This  accounts  f o r  2 
pe r  c e n t  of t he  s p i l l s .  In ou r  own p o r t  ope ra t ions ,  our  t ugs  and launches 
pump t h e i r  b i l g e s  ashore  t o  s l o p  tanks.  

( e )  S p i l l a g e  through c o l l  i s i o n s / s t  randings / loss  

Every year  t h e r e  a r e  numerous c o l l i s i o n s  and s t r a n d i n g s  r e s u l t i n g  i n  
s p i l l a g e  and someti-nes t o t a l  l o s s .  Although i t  is es t imated  t h a t  t h e s e  
acc iden t s  a r e  r e spons ib l e  f o r  only 3 pe r  cen t  o f  t h e  o i l  e n t e r i n g  t h e  s ea ,  
they cause a l a r g e  amount o f  o i l  t o  be s p i l t ,  i n  a concent ra ted  a r ea ,  i n  a 
concent ra ted  per iod  of  time. These i n c i d e n t s ,  l i k e  a l l  t h a  aforementioned 
sh ipping  acc iden t s ,  a r e  a l l  t oo  f r equen t ly  i n c i d e n t s  i n  which " f l a g  of  
convenience ves se l s "  a r e  involved. 



The s a f e  operation of tankers  r equ i res  t h a t  they a r e  owned and operated by 
responsible management who w i l l  man t h e i r  sh ips  with well-qualif ied and 
well- trained crews, and maintain the  v e s s e l s  and equipment t o  a high 
standard. 

There is a shortage of  well-qualif ied,  well- trained seamen and many today 
a r e  s a i l i n g  the s e a s  with c e r t i f i c a t e s  of dubious o r i g i n  o r  with a dubious 
r i g h t  t o  hold them. 

There should be a uniform standard f o r  manning, construction,  equipment 
etc. ,  and the standards should be uniformly applied i r r e spec t ive  of f l ag .  

Governments and Class i f i ca t ion  Soc ie t i e s  have the  respons ib i l i ty  i n  t h i s  
respect .  Often c l a s s i f i c a t i o n  s o c i e t i e s  a r e  unwitt ingly a id ing and 
abet t ing s u b s t a n d a r d  shipowners by not penalizing them on t h e i r  insurance 
premiums, a s  opposed t o  the responsible owner who spends money on 
maintaining h i s  sh ip ,  only t o  f ind t h a t  he is lacking cargoes because the  
sub-standard shipowner is  ab le  t o  under-cut him on f re igh t  cos t s .  

The a t t i t u d e  of insure r s  towards seaworthiness is puzzling. One would 
expect them t o  take a very c lose  i n t e r e s t  i n  the  condit ion of the  vessel  
t h a t  has become t h e i r  l i a b i l i t y ,  but they appear not  t o .  Their p lea  is 
t h a t  they cannot af ford  t o  because of competition, but sure ly  the  u l t imate  
v i c t o r s  i n  t h i s  competition w i l l  be those i n s u r e r s  who devote some money 
t o  insurance research.  Any other  form of business has  t o  devote some of 
its money t o  research o r  i t  l o s e s  out t o  those who do. 

Governments could br ing about b i g  changes i n  the  s i t u a t i o n  by r a t i f y i n g  
the conventions t h a t  IMO has brought i n t o  being; but they should do more, 
because l e g i s l a t i o n  on its own is not s u f f i c i e n t ;  i t  must be enforced 
before the  i n t e r e s t s  of sa fe ty  can be served. 

Governments have a r igh t  t o  inspect  vesse l s  enter ing t h e i r  p o r t s  and 
refuse en t ry  i f  not acceptable. Saudi Arabia does not accept vesse l s  over 
f i f t e e n  years o l d  but t h i s  appears t o  be somewhat a r b i t r a r y  a s  a neglected 
sh ip  can go t o  ru in  i n  10 yea rs  whereas a well-maintained vessel  can be 
e f f i c i e n t l y  run f o r  over 20 years.  

A more r e a l i s t i c  approach would be e f f i c i e n t  inspect ions  by Governments of 
coun t r i e s  owning sh ips  and the  Governments of those coun t r i e s  where the  
s h i p  wants t o  trade.  These inspect ions  would become more searching a s  the  
s h i p  ages. 

( f )  Submarine p ipe l ine  leaks 

The seabed is becoming increasingly criss-crossed by submarine pipel ines  
and a l l  too o f t e n  the  exact  loca t ion  of t h e  p ipel ines ,  a s  they snake t h e i r  
way across  the  seabed, is not known. During d r i l l i n g  opera t ions  e tc . ,  
d ive r s  can go down t o  ensure t h a t  anchors a r e  not dropped on pipel ines ,  
but sh ips  do not have t h a t  f a c i l i t y  and marking l a r g e  a reas  on c h a r t s  with 
the  nota t ion "Anchoring Prohibited i n  This Area" is not a foolproof 
precaution. A vessel  could f ind  i t s e l f  i n  the  pos i t ion  of being broken 
down and d r i f t i n g  i n  bad weather towards a d r i l l i n g  r ig ,  thus  being faced 
with the  r i s k  of dropping an anchor i n  an area where p ipe l ines  a r e  vaguely 
known t o  e x i s t  o r  c o l l i d i n g  with the  r ig .  More accurate  marking of 
p ipe l ine  loca t ions  would a s s i s t  s a f e  anchoring. 



Offshore d r i l l i n g  blow-outs 

Whilst,  s t r i c t l y  speaking,  t h e s e  do not  e n t e r  i n t o  t h e  sphere  of  t h e  sh ipping  
indus t ry ,  they a r e  marine a c t i v i t i e s  and a r e  mentioned here  t o  keep t h e  problems of 
p o l l u t i o n  by s h i p s  i n  perspec t ive .  They a r e  less f requent  than s p i l l a g e s  from o t h s r  
sou rces  but they a r e  r a t h e r  spec t acu la r .  4 bad one was r e c e n t l y  experienced i n  
Nigeria  but  t h e  supreme s p i l l  was t h e  I x t o c  I i n  t h e  Gulf of Mexico: 140 m i l l i o n  
g a l l o n s  (about  3 1/2 mi l l i on  b a r r e l s )  which makes t h e  1 1/2 mi l l i on  b a r r e l s  of  t h e  . 
Amoco Cadiz seem small .  The flow of o i l  was of  course  over a per iod  of 295 days. 
I t  i n i t i a l l y  s t a r t e d  ou t  a t  30,000 b a r r e l s  per  day over  t h e  f i r s t  two months, 
decreas ing  t o  10,000 b a r r e l s  per  day over  t he  next  t h r e e  months down t o  2,110 
b a r r e l s  per  day i n  t h e  f i r s t  q u a r t e r  of 1930 and then down t o  $30 b a r r e l s  oe r  day. 

'Ã  ̂
Of t e n  you might s e e  newspaper head l ines  "The Gulf could not  cope wi th  Major S p i l l s  
say experts ."  The e x p e r t s  were r i g h t .  I f  t h e  s p i l l  is b i g  enough no one can cope, 
i f  coping means prevent ing  t h e  o i l  from reaching t h e  shore .  

Rscently a well-blow-out i n  Saudi Arabian waters  c o s t  3 s c o r e  of l i v e s  and then 
gave t h e  Region its b igges t  p o l l u t i o n  problem t o  da t e ,  t h e  clean-up of  which w i l l  
need m i l l i o n s  of  d o l l a r s .  Money can be  rep laced ,  l i v e s  cannot ,  and t h e  damage t o  
t h e  ecology a f f e c t s  peop le ' s  l i ve l ihoods .  

Many mar iners  advocate t h a t  w e l l s  being d r i l l e d  and wellhead zones should be 
p ro t ec t ed  by a dedica ted  p o l l u t i o n  and d i s a s t e r  response c r a f t ,  and not  merely a tug  
s tanding  by wi th  a few drums of  d i spe r san t .  This  is accep tab l e  a s  an immediite 
f i r s t  response,  bu t  what is r e a l l y  needed is a s u i t a b l y  l d r q e  v e s s e l  capable  o f  
a r r i v i n g  quick ly  on t h e  scene,  from which f i r e - f i g h t i n g ,  well-capping and 
po l lu t i on -con t ro l  o p e r a t i o n s  can be c a r r i e d  ou t .  Such a c r a f t  would b e  expensive,  
bu t  i f  t he  c o s t  was j o i n t l y  borne by o i l  companies ope ra t ing  o f f sho re ,  t h e  burden 
could be  shared according t o  product ion wealth,  which is i n  r e l a t i o n  t o  t h e  element 
o f  r i s k .  

A s  t h i s  Region is bounded by e i g h t  c o u n t r i e s ,  t h e s e  v e s s e l s  should f l y  t h e  f l a g  
of  t h e  United Nations and be given freedom of movement through t h e  va r ious  
t e r r i t o r i a l  waters ,  with s p e c i a l  Customs and ~ m m i g r a t i o n  t rea tment .  

The Mexican Company Peinex spent  about $133.5 mi l l i on  on t h e  s p i l l  response. 
About 25 pe r  c e n t  o f  t h i s  amount was spen t  on environmental p r o t e c t i o n  measures, 
inc luding  d i spe r san t  spraying ,  o i l  recovery,  and beach clean-up. Only 4.5 pe r  cen t  
of  t he  o i l  was recovered,  50 pe r  cen t  burned a t  t h e  well  s i t e .  

The l o s s  of  $103 m i l l i o n  d o l l a r s  i n  o i l  p lu s  t h e  $133.5 mi l l i on  spent  on t h e  
s p i l l  response, p l u s  t h e  c o s t  of  t h e  damage t o  t h e  environment, would seam t o  
J u s t i f y  more expendi ture  on r e sea rch  and f a i l - s a f e  equipment t o  avoid s i m i l a r  
acc idents .  

To conclude t h i s  paper ,  t h e  hope is expressed t h a t  no one w i l l  d i s ag ree  with a 

t h a  premise t h a t  o i l  s p i l l  clean-up is never a s  e f f e c t i v e  a s  prevent ing  t h e  s p i l l  
from happening. Unfortunately,  p revent ion  is  n o t  nea r ly  s o  spec t acu la r  a s  clean-up 
and i f  p revent ion  management is t o t a l l y  e f f i c i e n t ,  i t  w i l l ,  1s time pas se s  and 
memories fade,  genera te  r e s i s t a n c e  t o  p reven ta t i ve  expendi ture  a s  t h e  r e s u l t s  become .. 
d i f f i c u l t  t o  measure. 

Governments should a l s o  be c a l l e d  upon t o  ensure  progress  by a s s i s t i n g  IMO wi th  
its work and r a t i f y i n g  its conventions and then,  above a l l ,  implementing them. 
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ABSTRACT 

Although most countr ies place great importance on the i dea l  o f  combating o i l  
wh i l s t  i t  i s  s t i l l  on the sea, the serious l i m i t a t i o n s  o f  most of fshore response 
techniques o f t en  resu l t  i n  extensive contamination o f  shorelines. Despite 
increasing acceptance o f  the v i r t u a l  i n e v i t a b i l i t y  o f  t h i s  i n  the event o f  a major 
o i l  s p i l l ,  the problems o f  cleaning up shorelines and disposing o f  the recovered o i l  
and o i l y  debr is remain generally neglected. 

The paper reviews a number o f  of fshore and onshore clean-up techniques w i t h  
pa r t i cu l a r  emphasis on those which have proved e f fec t i ve  i n  pract ice.  The 
importance o f  an organizat ion and management structure,  combined w i t h  adequate 
p r e - s p i l l  planning and t ra in ing,  w i l l  a lso be discussed. 



When o i l  is s p i l t  a t  sea  i t  undergoes a number of physical  and chemical 
changes, some of which lead t o  its d i s s i p a t i o n  whilst o t h e r s  c3uss i t  t o  p e r s i s t  on 
the  sea  surface.  A s  a general  ru le ,  provided an o i l  remains a t  sea  long enough, the  
d i s s ipa t ing  processes a r e  ab le  t o  overcome the  others .  However, i t  is an V. 

unfortn~nate f a c t  o f  l i f e  that many o i l  s p i l l s  occur c l o s e  t o  coas ta l  areas  rfhich may 
be  of x o l o g i c a l  importance o r  amenity value and i f  these  a r e  t o  be protected,  some 
form of response is required t o  combat t h e  o i l  before it can cause damage. Although 
g rea t  emphasis is of ten  placed on combating the  o i l  a t  sea ,  the  l i m i t a t i o n s  of  most u 

of fsliore response techniques f requent ly  r e s u l t  i n  extensive  contamination of 
shorel ines .  The purpose of t h i s  paper is t o  review a number of offshore  and onshore 
clean-up techniques with p a r t i c u l a r  emphasis on those itfhich have found widespreid 
use. 

COW 41 WENT 

Because of t h e  na tu ra l  tendency of o i l  t o  spread on water, i t  is of ten  
des i rab le  t o  t r y  t o  confine a s p i l l  t o  t h e  a rea  of the  discharge. The purpose of 
containment is not only t o  l o c a l i z e  the  spill and thus  minimize the  area a f fec ted  
but a lso  t o  f a c i l i t a t e  removal of t h e  o i l  by concentrat ing i t  on t h e  water surface.  
Containment is, however, usual ly  inadvisable i n  the  case  of s p i l l s  of f r e s h  crude 
o i l s  and ref ined products i n  s i t u a t i o n s  t h a t  would present  a f i r e  hazard. 

Many d i f f e r e n t  types of o i l  containment b a r r i e r s  have been developed. These 
include f l o a t i n g  booms, sorbent b a r r i e r s ,  a i r  o r  water streams, a i r  o r  bubble 
b a r r i e r s  and chemical ba r r i e r s .  The most commonly used a r e  the  commercially 
ava i l ab le  f l o a t i n g  booms. These vary i n  design depending on the  p a r t i c u l a r  
manufacturer but  normally have the  following four bas ic  components: a f l o t a t i o n  
chamber f i l l e d  with a i r  o r  s o r e  buoyant material ;  a freeboard t o  prevent waves from 
washing o i l  over the  top; a s k i r t  t o  prevent o i l  from being dragged underneath and a 
longi tudinal  support member t o  allow t h e  boom t o  withstand the forces  of winds, 
waves and currents .  In addi t ion,  many booms a l so  have weights o r  water- f i l led  
chambers t o  keep them perpendicular t o  the  water surface  and some system f o r  joining 
s e c t i o n s  together and f o r  a t t ach ing  o r  anchoring them. 

Booms tend t o  be used i n  d i f f e r e n t  ways i n  d i f f e r e n t  s i t u a t i o n s .  Offshore the  
approach f requent ly  adopted requ i res  the  u t i l i z a t i o n  of a l a r g e  boom i n  a U- o r  
V-shaped configuration downwind and c l o s e  t o  the source of t h e  s p i l l  i n  an attempt 
t o  prevent spreading and t o  concentrate t h e  o i l  p r i o r  t o  recovery. 

The second approach t o  the  use of  booms offshore  is t o  deploy s h o r t e r  lengths  
f r o  a vesse l  o r  a p a i r  of v e s s e l s  i n  a sweeping mode. Because of its grea te r  
n o b i l i t y  t h i s  method can be p a r t i c u l a r l y  appropr ia te  when t h e  o i l  is forced i n t o  
individual  windrows, o r  where wind and water movements cont inual ly  a l t e r  the  
d i r e c t i o n  of o i l  m w m t .  

In  more she l t e red  waters inshore,  i n  e s t u a r i e s  and i n  harbours, booms can be 
used i n  a v a r i e t y  of ways. They can be deployed i n  an attempt t o  prevent o r  reduce 
t h e  ingress  of  o i l  i n t o  s e n s i t i v e  areas; they can be used t o  contain o i l  i n  a 
harbour o r  along a shore l ine  p r i o r  t o  o r  during recovery operations,  o r  they can be 
anchored i n  a diversionary mode. The l a t t e r  is frequent ly  the  most successful  
method of operation,  a s  ca re fu l  consideration of the  most appropr ia te  angle and 



posi t ion of deployment can reduce the  current  fo rces  on t h e  boom s u f f i c i e n t l y  t o  
d e f l e c t  the  o i l  t o  a she l t e red  s i t u a t i o n  from h e r e  it can be recovered. 

Unfortunately, a l l  booms s u f f e r  from some bas ic  l i m i t a t i o n s  brought about by 
the  forces  of wind, waves, t i d e s  and currents .  These frequently r e s u l t  i n  the  
f a i l u r e  of booms and l o s s  of o i l .  One of the  most commonly observed causes of  boom 
f a i l u r e  a r i s e s  from the  f a c t  t h a t  a boom held i n  moving water tends t o  a c t  a s  a dam, 
with the r e s u l t  t h a t  the  res t ra ined  surface  water tends t o  be diver ted  downwards i n  
an attempt t o  follow t h s  water flowing underneath. A t  low current  v e l o c i t i e s  a 
small quanti ty of o i l  d rop le t s  from underneath the  bulk of o i l  trapped by the  boom 
w i l l  tend to  pass under the  boom. A s  t he  current  flow beneath the  boom reaches a 
c r i t i c a l  velocity,  o i l  w i l l  be drawn from the surface  and w i l l  escape under t% 
boom. The current  veloci ty  i n i t i a t i n g  such an e f f e c t  w i l l ,  t o  some ex ten t ,  vary 
depending upon s k i r t  depth, the  thickness of the  o i l  f i lm and the  p roper t i e s  of t h e  
o i l .  However, a s  a general  r u l e ,  t h e  c r i t i c a l  veloci ty  a t  r i g h t  angles t o  t h s  boom 
can be taken t o  be of t h e  order of 16 cm/sec (0.7 knots) .  When using booms i n  a U 
o r  V configuration offshore it becomes necessary t o  allow them t o  move a t  a  speed 
r e l a t i v e  t o  the  o i l  so  t h a t  the  c r i t i c a l  cu r ren t  veloci ty  is not excaeded. Strong 
water movements a l s o  frequently l i m i t  the  e f fec t iveness  of booms anchored downwind 
o r  around the  vessel  o r  i n s t a l l 3 t i o n .  

The performance of booms can a l s o  be reduced severely by short-period waves 
t h a t  break on the  s t r u c t u r e  causing a splash-over of water and o i l .  Depending upon 
the  construction and deployment of the  booms, submergence o r  r o l l i n g  over may a l s o  
occur. Wind too can put considerable pressures  on booms espec ia l ly  i f  the  d i r e c t i o n  
is d i f f e r e n t  from t h a t  of surface  currents .  This can a l s o  r e s u l t  i n  d i f f i c u l t i e s  of 
deployment and alignment t o  the  o i l .  

Whilst some of the  problems caused by winds, waves and cur ren t s  can be overcome 
by increasing the  s t rength  and dimensions of boom construction,  too much development 
i n  t h i s  d i r e c t i o n  can hinder the  s torage and rapid  deployment of booms, thus 
reducing t h e i r  value. 

Improvised booms constructed of straw, th ick  buoyant rope, f i r e  hoses, logs  o r  
any other mater ia l  formed i n t o  a f l o a t i n g  b a r r i e r  can be of value i n  protect ing o r  
d ive r t ing  o i l  away from s e n s i t i v e  areas .  However, the  bas ic  l imi ta t ion  of such 
systems is t h a t  they normally lack s u f f i c i e n t  freeboard o r  s k i r t  t o  prevent the  o i l  
from going over o r  underneath. As an emergency measure o r  a s  a supplement t o  
commercially ava i l ab le  booms they can, however, be useful .  In c e r t a i n  circumstances 
(e.9. a t  the mouth of a small es tuary  o r  lagoon with l i t t l e  water movement) a 
physical dam of sand o r  some other  r ead i ly  ava i l ab le  mater ia l  may be the  most 
appropriate so lu t ion ,  although considerable thought has t o  be given t o  the  
environmental consequences of a l t e r i n g  the  water flow p a t t e r n s  of the  area. 

Booms and b a r r i e r s  constructed with mater ia l  ab le  t o  absorb o i l  can be valuable 
i n  some circumstances especia l ly  when the  o i l  l aye r  is t h i n ,  o r  during rock washing 
operations. 

Natural ma te r i a l s  such a s  peat  o r  straw can be used, o r  syn the t i c  ma te r i a l s  of 
a highly o leoph i l i c  nature ( p r e f e r e n t i a l l y  wetted by o i l ) .  Generally the  use of 
such booms is l imi ted ,  however, a s  the  method of const ruct ion normally means t h a t  
they cannot withstand more than very l imi ted  pressures.  In addi t ion,  w'ien 
contaminated, t h e i r  handling and disposal  can c r e a t e  problems. 

Bubble b a r r i e r s  produced when a i r  is pumped through a perfora ted  pipe located 
below the water surface  can produce a surface  cur ren t  t h a t  prevents o i l  from 
crossing. Such systems have t o  be i n s t a l l e d  a s  permanent f e a t u r e s  and a r e  most 



s u i t e d  f o r  surroundinq tanker  b e r t h s  where t h e i r  presence does  n o t  impede t h e  
movement of ves se l s .  Hodever, they a r e  c o s t l y  t o  i n s t a l l  and main ta in  and r a q u i r e  
cons ide rab l e  amounts o f  power t o  opera te .  S i l t a t i o n  of  t h e  bottom o r  s t r o n g  winds 
can ' i lso reduce t h e i r  e f f ec t ivenes s .  

Ce r t a in  chemicals  t h a t  a c t  a s  s u r f a c e  t ens ion  mod i f i e r s  w i l l  i n h i b i t  t h e  spread  
of o i l .  When sprayed i n  low concen t r a t i ons  on t o  t h e  s u r f a c e  o f  t h e  sea around a 
s l i c k  thay w i l l  t end  t o  concen t r a t e  t h e  o i l  and t h u s  f a c i l i t a t e  recovery. They can 
a l s o  be used t o  p r o t e c t  s u r f a c e s  and s h o r e l i n a s  by prevent ing  the  o i l  from adhering. 
They work most e f f e c t i v e l y  wi th  f r e s h  o i l s  bu t  a r e  no t  capable  of  ho ld ing  o i l  
a g a i n s t  c u r r e n t s .  

F i n a l l y ,  i n  some c i r c ~ m s t a n c e s ,  h igh  p re s su re  a i r  o r  water strews can be 
deployed t o  d e f l e c t  o i l  from s e n s i t i v e  a r e a s ,  t o  f l u s h  i t  from i n a c c e s s i b l e  a r e a s  o r  
from c e r t a i n  t ypes  of  s h o r e l i n e s  3nd s t r u c t u r e s ,  o r  t o  move i t  towards recovery 
devices.  They can, however, encourage t h e  formation of  both water - in-o i l  and 
oi l - in-water  anu l s ions  which may have adverse consequences. They a l s o  r e q u i r e  
cons t an t  a t t e n t i o n  when employed i n  a  containment o r  d e f l e c t i o n  mode. 

RECOVERY 3F OIL 

Recovery of  s p i l t  o i l  from t h e  s e a  s u r f a c e  o r  from s h o r e l i n e s  is c l e a r l y  t h e  
i d e a l  so lu t ion .  Three b a s i c  approaches a r e  ava i l ab l e :  t h e  use  o f  mechanical 
devices ;  t h e  use of so rben t s  o r  manual recovery supplemented by non-special ized 
equipment. 

Mechanical recovery 

Numerous s p e c i a l i z e d  mechanical recovery dev ices  ( f r equen t ly  termed "skimmers") 
a r e  a v a i l a b l e  f o r  removing f l o a t i n g  o i l ,  ranging from purpose-buil t  v e s s e l s  o f  many 
hundreds of  t o n s  t o  small  p i eces  o f  equipment t 5 a t  can be used from makeshift  
ve s se l s .  Although des igns  vary ,  t h e  p r i n c i p l e s  upon which t h e  pick-up c a p a b i l i t y  is 
based a r e  r e l a t i v e l y  few, wi th  d i f f e r e n c e s  i n  t h e  phys i ca l  p r o p e r t i e s  of  o i l  and 
water  being u t i l i z s d  i n  an at tempt t o  achieve  a  h igh  recovery r a t e  o f  o i l  with a  
minimum amount of water. 

Weir-type dev ices  a r e  i n  many r e s p e c t s  t h e  s imples t  design a s  they  aim t o  
e x p l o i t  t h e  f a c t  t h a t  o i l  f l o a t s  on t h e  water su r f ace .  Separa t ion  o f  t h e  two phases 
over  a  weir o r  dam is followed by continuous removal o f  t h e  o i l  from a hold ing  tank. 
In  o rde r  t o  achieve  t h e  maximum o i l  and minimum water recovery r a t e ,  many des igns  
i nc lude  s e l f - l e v e l l i n g  and a d j u s t a b l e  skimming-depth f e a t u r e s  i n  an a t tempt  t o  
maintain t h e  t o p  edge of  t h e  f l o a t i n g  weir a t  t h e  o i l -wa te r  i n t e r f a c e .  The most 
s e r i o u s  problem with t hese  t ypes  of  skimmer is t h e i r  s u s c e p t i b i l i t y  t o  wave a c t i o n  
dhich causes  t h e  dev ice  t o  suck a i r  o r  water a l t e r n a t e l y .  This  can be  p a r t i c u l a r l y  
a c u t e  i n  dev ices  i nco rpo ra t ing  a  long weir. Their  a f f e c t i v e  use t ends  t h e r e f o r e  t o  
b e  l i m i t e d  t o  very calm cond i t i ons  such a s  a r e  found in  harbours  o r  r i v e r s ,  u n l e s s  
s u f f i c i e n t  tank  s t o r a g e  can be made a v a i l a b l e  t o  accept  t h e  volume of  o i l  and water 
c o l l e c t e d  and t o  permit its sepa ra t ion .  They a r e  a l s o  adverse ly  a f f e c t e d  by d e b r i s  
and tend  t o  perform very badly with v iscous  o r  heavi ly  weathered o i l s .  

Suc t ion  skimmers  a r e  i n  some r e s p e c t s  s i m i l a r  t o  de i r - t yps  dev ices  3nd tend t o  
be  s u s c e p t i b l e  t o  t he  same problems, s i n c e  t h e i r  e f f i c i e n t  u se  a l s o  r e q u i r e s  them t o  
f l o a t  a t  t h e  o i l -wa te r  i n t e r f a c e .  Th3 head o f  such skim'ners is usua l ly  only  an 
enlargement o f  t h e  end of  a  s u c t i o n  hosz t o  i nc rease  t h e  s u r f a c e  a r e a  over  h i c h  t h e  



suct ion of an external  pump operates.  They a r e  simple t o  operate and can 
e f f e c t i v e l y  recover a wide range of o i l  types. Because of t h e  adverse e f f e c t  of 
rfaves, they a r e  most a f f e c t i v e  i n  calm condi t ions  where t h e  o i l  can be boomed and 
concentrated. In harbours, bays and other  a reas  where o i l  concentrates na tu ra l ly ,  
vacuum trucks which a r e  normally employed f o r  o the r  purposes such a s  sewage 
c o l l e c t i o n  o r  pumping farm manure may be the  most appropriate form of suct ion 
system. These vehic les  have the  advantage of o f t en  being readi ly  ava i l ab le ,  but 
s u f f e r  from the f a c t  t h a t ,  unless  t h e  o i l  is very th ick ,  the  recovery of l a r g e  
amounts of water is unavoidable a s  the  hoses used normally have no specia l ized head. 
This problem can t o  a l a r g e  extent  be overcome, however, by allowing the  recovered 
mixture t o  s e t t l e  i n  the  receiving tank s o  t h a t  the  water can be drawn off  the  
bottom whilst still on location.  

One common type of skimmer r e l i e s  upon the  adhesion of the  o i l  t o  the surface  
of a moving drun, d i sc ,  b e l t  o r  rope which is continuously moved through the  o i l .  
O i l  co l l ec ted  on the  surface  is removed by a system of sc rapers  o r  r o l l e r s  and is 
deposited in to  some s torage f a c i l i t y .  The mater ia l  of which the  adhering surface  is 
made va r ies  considerably depending upon design, but is normally o leophi l ic .  
Mater ia ls  used include metals, p l a s t i c s  and t r ea ted  fabr ics .  Devices i n  exis tence  
vary from small skimmers capable of deployment by hand t o  purpose-built vessels .  
Many of the  designs,  however, have the  problem t h a t  the r o t a t i o n a l  ac t ion  upon which 
t h e i r  operation depends tends t o  force  t h e  o i l  away from the c o l l e c t i n g  surfaces.  
This can be overcome t o  some extent  by decreasing the speed of r o t a t i o n  o r  by 
ensuring tha t  they a r e  always maintained i n  a th ick  pool of o i l .  Systems t h a t  a r e  
self-propelled through t h e  water, whi ls t  su f fe r ing  the  same problem, a r e  ab le  t o  
manoeuvre t o  the heaviest  concentrat ion of o i l .  The eff ic iency of the  d i f f e r e n t  
designs v a r i e s  considerably rfith d i f f e r e n t  types  of o i l s .  Many work bes t  with 
medium v i scos i ty  o i l s  and f a i l  t o  e f f i c i e n t l y  recover very viscous o i l s  o r  
w ~ t e r - i n - o i l  emulsions where the  presence of high concentrat ions of water l i m i t s  t h e  
adhesion t o  the surface.  The fabr ic  or  rope typz devices tend t o  work e f f e c t i v e l y  
with a wider range of o i l s .  Debris can a l s o  be a problem with many such systems, 
especia l ly  those using ro ta t ing  drums o r  d i scs .  A recent ly  developed system t h a t  
can be considered t o  be a va r i a t ion  within t h i s  category of o i l  recovery device 
u t i l i z e s  an ar ray of o leoph i l i c  rope mops t h a t  a r e  towed behind a vessel .  4 
paravane is attached to  the assembly t o  spread the  rope mops over a wide area  and 
keep them c l e a r  of the  wake and track of the  vessel .  When the  rope mops a r e  
near-saturated w i t h  o i l  they a r e  recovered on board the vessel  and the  o i l  squeezed 
out  p r i o r  t o  redeployment. 

4 number of devices have been developed t h a t  incorporate an incl ined r o t a t i n g  
b e l t  t h a t  forces  the  o i l  beneath the  water surface  a s  the  vessel  moves forward. 
Because of t h e  method of operation,  these  devices tend t o  be l a r g e  and 
self-propelled.  The o i l  forced downward by the  be1 t passes t o  a c o l l e c t i o n  well 
under t h e  vessel  from where i t  is pumped t o  s torage.  The concentrat ion of such 
devices tends t o  be g r e a t e s t  with low s p e c i f i c  g rav i ty  o i l s  t h a t  a r e  more buoyant, 
and reduced considerably by th ick  weathered o r  highly emulsif ied o i l s .  Many have 
screens  t o  counteract  the  e f f e c t s  of debr is .  

A number of skimmers based upon t h e  cen t r i fuga l  separa t ion of o i l  and water a r e  
i n  existence.  These devices draw th3  o i l  i n t o  a c o l l e c t i o n  area  where i t  is 
concentrated i n  a vortex and subsequently pumped t o  an oil /water separa tor  o r  
s torage tank. These skimmers a r e  l imi ted  by waves and cur ren t s  t h a t  tsnd t o  prevent 
t h e  ingress  of o i l  i n  a s imi la r  way t o  weir-type skimmers. A high recovery of water 
o r  fornat ion of oil- in-water emulsions can a l s o  r e s u l t .  

In addi t ion t o  the  bas ic  designs described,  a nunber of o the r  approaches have 
been developed t h a t  u t i l i z e  g r i d s  and conveyor b e l t s .  A l l  devices, however, s u f f e r  



t o  a g rea te r  o r  l e s s e r  extent  from a number of fundamental l i m i t a t i o n s  when they a r e  
deployed a t  sea.  F i r s t  they w i l l  not opera te  e f f e c t i v e l y  i n  anything but r e l a t i v e l y  
calm conditions. For most skimmers, waves i n  excess of about one metre will r e s u l t  
i n  the  recovery of a f a r  g rea te r  quant i ty  of  water than o i l .  S imilar ly ,  the  s a f s  
operation of many devices is impossible i n  anything approaching moderate t o  rough 
seas.  For both reasons t h e i r  e f f e c t i v e  use is usually r e s t r i c t e d  t o  she l t e red  water 
a reas  a s  found near the coas t  o r  i n  harbours and e s t u a r i e s *  Most devices a r e  a l s o  
l imi ted  i n  the  range of o i l s  they w i l l  e f f e c t i v e l y  recover. Since many depend upon 3 

the  operation of ex te rna l  pumps, the  l i m i t a t i o n s  of such systems t o  handle viscous 
and highly weathered o i l s  can be a severe  handicap. Screw pumps can overcome these  
l imi ta t ions .  The e f f e c t s  of debr i s  on the  opzration of many skimmers and the  
l o g i s t i c s  of handling and s to r ing  racovered o i l  impose f u r t h e r  r e s t r i c t i o n s  on t h e i r  r 
use. 

However, the  bas ic  l imi ta t ion  of o i l  recovery equipment used out  a t  sea  r e s u l t s  
from the  na tu ra l  tendency of most o i l s  t o  spread rapidly  on the  sea  surface  and f o r  
s l i c k s  t o  becme fragmented. The r e s u l t  is t h a t  the  o i l  encounter r a t e  of f i e  
skimmer a t  the  necessar i ly  slow operating speeds w i l l  almost invariably be so  low 
t h a t  recovery of s i g n i f i c a n t  q u a n t i t i e s  of o i l  w i l l  be v i r t u a l l y  impossible. Whilst 
booms may be used i n  a U o r  V configuration i n  an attempt t o  overcome t h i s  
l imi ta t ion ,  t h e i r  deployment, operation and control  a r e  frequently very d i f f i c u l t  
and of ten  require  a minimuro of th ree  vesse l s ,  t r a ined  personnel and considerable 
l o g i s t i c  support, including a i r c r a f t  f o r  d i r e c t i o n  and control .  To have any chance 
of being e f f e c t i v e  they must a l s o  be deployed within hours of  the  o i l  r e l ease  
occurring and before spreading and weathering a r e  advanced. Such a response is 
the re fo re  ra re ly  e f f e c t i v e  f o r  dealing with a l a r g e  instantaneous re lease ,  although, 
depending upon water movements and weather condit ions,  it may be a f a r  more 
p r a c t i c a l  proposit ion i n  the  event of a continuously leaking tanker o r  o i l  r i g  where 
the re  should be adequate time t o  mobilize the  required equipment and l o g i s t i c  
suppo r t . 

The approach of using recovery devices o r  some form of pump i n  associa t ion with 
shor t  lengths of boom, ne t s ,  f l o a t i n g  'bags' o r  o leoph i l i c  ropes deploysd from a 
s i n g l e  vessel  and used i n  a sweeping mode along individual  windrows i n  many respec t s  
presents  a more r e a l i s t i c  and f l e x i b l e  approach t o  co l l ec t ion  of o i l  a t  sea. 
However, encounter r a t e s  a r e  again almost invar iably  low and a l a r g e  number of such 
s i n g l e  sh ip  sweeping systems would have t o  be on the scene rapidly  i n  a major o i l  
s p i l l  and control led  from a i r c r a f t  o r  he l i cop te r s  overhead i f  a  s i g n i f i c a n t  benef i t  
Has l i k e l y  t o  be achieved. A speedy response would a l s o  be e s s e n t i a l  before 
weathering processes rendered the  o i l  unpumpable. 

Most of the  ca tegor ias  of recovery device described above a r e  designed t o  
c o l l e c t  f l o a t i n g  o i l  t h a t  is i n  a r e l a t i v e l y  l iqu id  form. There is f i r  l e s s  
specia l ized equipment ava i l ab le  t h a t  is designed t o  cope with o i l  once i t  is 
stranded on shorel ines  and has perhaps become mixed with seaweed and o the r  debr is .  
Suction devices o r  sludge pumps may be useful  i f  the  o i l  is th ick o r  can be 
concentrated in  p i t s  o r  trenches. Devices t h a t  incorporate conveyor be1 ts, 
o leoph i l i c  rope mops o r  o the r  mater ia l  to  which o i l  adheres can a l s o  on occasion 
prove valuable i f  the  stranded o i l  can be dislodged from the  underlying subs t ra te  
and moved towards the  recovery device through the  use of steam, hot  water and high 
pressure  water hoses. General debr i s  c o l l e c t i n g  equipment employing rotary  o r  
v ibra t ing screens  can a l s o  e f fec t ive ly  c o l l e c t  t a r  b a l l s  o r  highly weathered o i l  
from sandy beaches. However, l i t t l e  s p e c i a l i z ~ d  equipment is cur ren t ly  ava i l ab le  
f o r  co l l ec t ing  f resh  o i l  o r  r e l a t i v e l y  f l u i d  emulsions deposited on shorel ines .  

A recent ly  developed piece of equipment based upon sand washing machinery used 
i n  the  water industry aims t o  l i b e r a t e  the  o i l  from contaminated beach mater ia l  



through vigorous mixing with ho t  water i n  s i t u .  The o i l  is separa ted  o f f  and taken 
away f o r  processing,  l e av ing  the  cleaned beach m a t e r i a l  t o  be  redepos i ted  d i r e c t l y  
back from where i t  was obta ined ,  t h u s  avoiding t h e  need t o  remove and d ispose  of 
l a r q e  q u a n t i t i e s  of  contaminated ma te r i a l .  Study is a l s o  under way i n  va r ious  p a r t s  
of  t h e  world on mobile equipment t h a t  w i l l  s e l e c t i v e l y  pick up s t r anded  o i l  throuqh 
adherence t o  s p e c i a l l y  desiqned su r f aces .  Once aqa in ,  however, t h e  type  of 
s h o r e l i n e ,  na tu re  of  t h e  beach d e p o s i t s  and s t randed  o i l  w i l l  be c r u c i a l  f a c t o r s  i n  
determining e f f ec t ivenes s .  

Sorbents  

The second major approach t o  t h e  recovery of  s p i l  t o i l  is by use  of so rben t s .  
These work e i t h e r  by adsorp t ion  (adherence t o  su r f aces )  o r  by absorp t ion  (uptake 
i n t o  t h e  s t r u c t u r e  of  t h e  ma te r i a l ) .  There a r e  t h r e e  b a s i c  c a t e q o r i e s  of  sorbents :  
n a t u r a l  o rganic  m a t e r i a l s  such a s  s t raw,  pea t  and sawdust; mineral-based m a t e r i a l s  
such a s  volcanic  ash and ve rmicu l i t e ;  and s y n t h e t i c  orqanic  subs tances  such a s  
rubber ,  po lys tyrene  and polyurethane.  These l a t t e r  m a t e r i a l s  tend t o  be most 
favoured because o f  t h e  g r e a t e r  capac i ty  f o r  o i l  i n  r e l a t i o n  t o  t h e i r  volume and the  
f a c t  t h a t  they a r e  o f t e n  reusable .  

In gene ra l ,  s o r b e n t s  do not  p lay  a  major r o l e  i n  t he  i n i t i a l  s t a g e s  o f  t h e  
clean-up of a  major s p i l l  on t h e  sea.  In  t h e  main, t h i s  is because o f  t h e  
d i f f i c u l t i e s  o f  applying and recoverinq s u f f i c i e n t  of  t h e  ma te r i a l  t o  c o l l e c t  a  
s i g n i f i c a n t  q u a n t i t y  of o i l .  Sorbents  a r e  t h e r e f o r e  most commonly used dur inq  t h e  
f i n a l  s t a g e s  of  a  clean-up ope ra t ion  t o  remove small  amounts o f  o i l  remaininq on 
water  su r f aces ,  s h o r e l i n e s  o r  o t h e r  a r e a s  where o t h e r  techniques a r e  i napprop r i a t e  
o r  imprac t ica l .  They a r e  sometimes a l s o  used i n  order  t o  a f f o r d  some p ro t ec t ion  t o  
s h o r e l i n e  a r e a s  where o i l  is l i k e l y  t o  s t r and .  

The recovery capac i ty  and l i m i t a t i o n  of  t h e  d i f f e r e n t  products  vary 
considerably.  Many o f  t h e  n a t u r a l  subs tances  tend t o  absorb water a s  wel l  a s  o i l  
u n l e s s  t r e a t e d  wi th  an o l e o p h i l i c  compound, wi th  t h e  consequence t h a t  they tend t o  
s i n k  when s a t u r a t e d ,  makinq clean-up impossible .  Other m a t e r i a l s  absorb o i l  r ap id ly  
but  do no t  r e t a i n  i t  when picked up. 

F ine ly  powdered so rben t s  a r e  o f t e n  d i f f i c u l t  t o  d i s t r i b u t e  and t o  recover ,  
e s p e c i a l l y  on t h e  open s e a  where containment and c o n t r o l  a r e  d i f f i c u l t .  Shee ts ,  
booms o r  pads of  s y n t h e t i c  organic  m a t e r i a l ,  wh i l s t  r eusab le  and e a s i e r  t o  c o n t r o l ,  
can,  l i k e  a l l  so rben t s ,  c r e a t e  problems f a r  a f i e l d  i f  no t  recovered. Disposal of 
t h e  oil-soaked m a t e r i a l  can a l s o  p re sen t  cons ide rab l e  problems e s p e c i a l l y  i f  burninq 
is no t  f e a s i b l e  o r  no t  allowed because of  environmental concern. 

Manual recovery 

Most major spills a r e  u l t ima te ly  cleaned up by t h e  manual recovery of o i l  us ing  
a  v a r i e t y  of  unspec ia l ized  equipment. For example, t h e  removal of  o i l  from 
r e l a t i v e l y  i n a c c e s s i b l e  rocky a r e a s ,  i f  considered necessary,  can usua l ly  only  be  
accomplished by personnel  us ing  shovels ,  scoops and buckets .  S imi l a r ly  t h e  removal 
of  bulk o i l  from marsh a r e a s ,  where phys i ca l  d i s tu rbance  is f r equen t ly  more damaging 
than t h e  o i l ,  may aga in  r e q u i r e  t h e  use  o f  s t r i c t l y  c o n t r o l l e d  teams o f  workers 
using shovels  t o  remove t h e  o i l  and bags t o  t r a n s p o r t  i t  away. This  is e s p e c i a l l y  
t h e  ca se  i f  t h e  o i l i n g  is s l i g h t  and s c a t t e r e d  over  a  wide a r ea .  The removal of 
bulk o i l  from hand-packed sand beaches may r e q u i r e  t h e  use  o f  mechanical g r ade r s ,  
front-end l o a d e r s  and bul ldozers ,  a l though c o n t r o l  of  t h e  ope ra t ions  is e s s e n t i a l  i f  
excess ive  removal of  beach m a t e r i a l  is t o  be  avoided. 



Mechanical removal o f  o i l  from stone and cobble beaches presents many more 
problems and i n v a r i a b l y  i nvo l ves  the  removal o f  l a r q e  volumes o f  beach ma te r ia l .  I n  
such instances o ther  approaches, i n c l u d i n q  leav ing the o i l  t o  weather and deqrade 
n a t u r a l l y ,  w i l l  have t o  be considered i f  the  adverse consequences o f  clean-up a re  
n o t  going t o  outweigh the  b e n e f i t s  o f  removing the o i l .  

CHEMICAL DISPERSANTS 

The use o f  chemical d ispersants t o  combat o i l  s p i l l a g e s  a t  sea remains the  
sub jec t  o f  considerable controversy. I n  p a r t  t h i s  i s  a r e s u l t  o f  a l a c k  o f  
understanding o f  t h e i r  mode o f  ac t ion ,  t h e i r  i n c o r r e c t  usaqe dur ing  past  o i l  s p i l l s  
and the m i s i n t e r p r e t a t i o n  o f  the  r e s u l t s  o f  necessar i l y  a r t i f i c i a l  t o x i c o l o q i c a l  
l abo ra to ry  experiments by those who have l i t t l e  knowledqe o f  the  problems posed by a 
major o i l  s p i l l .  

Dispersants n e i t h e r  destroy nor  s ink  o i l  b u t  s imply enhance the n a t u r a l  process 
o f  d ispers ion by breakinq up the  o i l  i n t o  smal l  d i s c r e t e  d rop le ts  t h a t  can become 
d i s t r i b u t e d  i n  a l a r g e  volume o f  the  sea throuqh the  a c t i o n  o f  waves, currents,  and 
o ther  water movements and do n o t  recombine t o  form a surface s l i c k .  The increase i n  
sur face area brought about by d rop le t  format ion a l so  enhances the n a t u r a l  
degradation process t h a t  r e s u l t s  eventua l ly  i n  the removal o f  t he  o i l  from the 
environment . 

Dispersants can i n  general  be c l a s s i f i e d  i n t o  two categories: those which a re  
hydrocarbon solvent-based and intended f o r  neat a p p l i c a t i o n  t o  o i l  and those which 
are  a lcoho l  o r  g l y c o l  solvent-based and which can be app l ied  neat o r  p re -d i l u ted  
w i t h  sea-water. Those o f  the  l a t t e r  type are  commonly r e f e r r e d  t o  as concentrates. 

The successful  use o f  d ispersants a t  sea depends upon the e f f i c i e n t  
d i s t r i b u t i o n  o f  the  chemical on t o  the f l o a t i n g  o i l ,  fo l lowed by adequate mix inq t o  
form an o i l - in -water  d ispers ion i n  the upper l a y e r s  o f  the  sea. The most commonly 
used equipment t o  date i s  t h a t  designed by the  Warren Spr ing Laboratory (WSL) i n  the 
Un i ted  Kinqdan, which d e l i v e r s  chemical a t  a f i x e d  r a t e  through midships-mounted 
spray booms and u t i l i z e s  surface breaker boards towed behind the sprayinq vessel t o  
prov ide the  mix ing energy. 

The new generat ion o f  d ispersant  concentrates now ava i lab le ,  i f  used undi luted,  
do n o t  r e q u i r e  the  same degree o f  mix ing  as the  o lde r  type o f  products, and o f t e n  
the n a t u r a l  movement o f  the  sea i s  s u f f i c i e n t .  This has opened up t h e  p o s s i b i l i t y  
o f  app ly inq  dispersant  over the bows o f  vessels w i thout  t he  use o f  sur face breaker 
boards. Such an approach n o t  on l y  s i m p l i f i e s  the  equipment b u t  q i ves  the  spraying 
vessels greater  manoeuvrabi l i ty. I n  add i t ion ,  they a re  ab le  t o  operate a t  h iqher  
speeds s ince the adverse e f f e c t  o f  the  bow wave i n  d i v e r t i n q  the o i l  from the 
midships-mounted spray system i s  obviated. 

Despi te such improvements, vessel  spraying techniques w i l l  always have ser ious  
l i m i t a t i o n s ,  n o t  l e a s t  o f  which a re  the  r a t e  o f  treatment o f  o i l  and the inherent  
d i f f i c u l t y  o f  de tec t i ng  those s l i c k s  most r e q u i r i n g  treatment from the br idges o f  *Â 

ships. 

The e f f i c a c y  o f  und i l u ted  concentrates, however, a l so  makes a e r i a l  a p p l i c a t i o n  
techniques feas ib le ,  which overcome most o f  the  problems associated w i t h  shipborne 
systems. There can be l i t t l e  doubt t h a t  the  technique o f  a e r i a l  a p p l i c a t i o n  o f f e r s  
the  most e f f e c t i v e  response f o r  combating many o f f sho re  o i l  s p i l l s .  The advantages 



of an a i rbo rne  opera t ion  a r e  speed of response,  r ap id  t reatment  r a t e  and hiqh deqree  
of  c o n t r o l ,  r e s u l t i n g  i n  opt imal  use of d i spe r san t .  Althouqh t h e  technique has  ye t  
t o  be f u l l y  exp lo i t ed ,  i t  has  been employed succes s fu l ly  usinq smal l  a q r i c u l t u r a l  
spraying  a i r c r a f t .  However, t he se  a i r c r a f t  a r e  u sua l ly  sinqle-engined machines with 
l i m i t e d  payloads, and a1 though well s u i t e d  t o  combatinq r e l a t i v e 1  y  minor s p i l l s  
c l o s e  inshore ,  they  have seve re  l i m i t a t i o n s  when cons ider inq  the  response t o  l a r q e r  
o f f sho re  s p i l l s .  There is no reason why t h e  technique should not be  extended t o  

if , l a r g e r  multi-enqined a i r c r a f t .  He l i cop te r s  a l s o  have a  r o l e  t o  p lay ,  t h e  main 
advantage being t h e i r  a b i l i t y  t o  ope ra t e  from any l o c a t i o n  where f u e l  and d i s p e r s a n t  
can be s i t e d ,  and t h e i r  g r e a t e r  manoeuvrabi l i ty .  

This a l l  sugges ts  t h a t  t h e r e  is no s i n g l e  a i r c r a f t ,  f i x e d  winq o r  r o t a r y  wing, 
s u i t a b l e  fo r  a l l  o i l  s p i l l  s i t u a t i o n s  and s e v e r a l  t ypes  may be necessary  t o  provide 
a  complete response package. Nevertheless ,  i t  seems c e r t a i n  t h a t  a i r c r a f t  w i l l  be  
used more and more i n  t h e  f u t u r e  and may even tua l ly  r ep l ace  s u r f a c e  v e s s e l s  f o r  a l l  
bu t  minor s p i l l s  i n  p o r t s  and harbours. 

I r r e s p e c t i v e  o f  method of a p p l i c a t i o n ,  d i s p e r s a n t s  have t h e i r  l i m i t a t i o n s  when 
used on o i l  a t  s ea .  Thus, wh i l s t  a s  a  qene ra l  r u l e  they a r e  capable  o f  d i spe r s inq  
most l i q u i d  o i l s  and l i q u i d  water-in-oil  emulsions, they a r e  no t  s u i t a b l e  f o r  
dea l ing  with s t a b l e ,  v i scous  water- in-oi l  emulsions (mousse) o r  o i l s  whose pour 
p o i n t s  a r e  near  t o  o r  above t h a t  of  t h e  ambient temperature. 

In p r a c t i c e  t h i s  can mean t h a t  d i s p e r s a n t s  have l i t t l e  o r  no r o l e  t o  play i n  
s p i l l s  of heavy f u e l  o i l s  o r  i n  i n c i d e n t s  where crude o i l s  have had time t o  weather. 
In such c a s e s  a  response based on d i s p e r s a n t  a p p l i c a t i o n  may b e  of  no s i q n i f i c a n t  
b e n e f i t  24 hours  o r  s o  a f t e r  t h e  i n i t i a l  s p i l l a g e .  

Dispersants  can,  however, have a  r o l e  t o  p lay  i n  shore  clean-up, p a r t i c u l a r l y  
on l i g h t l y  o i l e d  beaches o r  a s  a  f i n a l  s t a g e  i n  c l ean ing ,  a f t e r  t h e  bulk o i l  has  
been removed by manual o r  mechanical techniques.  Hydrocarbon solvent-based 
d i s p e r s a n t s  a r e  usua l ly  most app rop r i a t e  i n  t he se  circumstances s i n c e  they provide  
b e t t e r  pene t r a t i nq  power f o r  t h e  more weathered o i l s  u sua l ly  encountered on shore.  
Where poss ib l e ,  spraying  should be c a r r i e d  out  on an incoming t i d e  not  more than  20 
minutes before  immersion t o  avoid pene t r a t i on  o f  t h e  o i l  i n t o  t h e  beach and t o  
minimize t he  p o s s i b i l i t y  of  adverse e f f e c t s  on i n t e r - t i d a l  organisms. Usually, s u r f  
a c t i o n  is s u f f i c i e n t  t o  g ive  adequate d i spe r s ion  bu t ,  i n  very calm cond i t i ons ,  
a d d i t i o n a l  a g i t a t i o n  from f i r e  hoses may be  requi red .  

A v a r i e t y  of  e c p i p e n t  is a v a i l a b l e  f o r  applying d i s p e r s a n t s  t o  beaches, from 
small  back pack spray  u n i t s  t o  amphibious v e h i c l e s  f i t t e d  with spray  booms. They 
can a l s o  be appl ied  i n  conjunct ion with hot-water washing and high-pressure water 
s t reams.  I f  beaches a r e  i n a c c e s s i b l e  by road,  d i s p e r s a n t  can be app l i ed  from t h e  
s ea  usinq shal low-draft  v e s s e l s ,  such a s  landing-craf t ,  and f l o a t i n g  hoses. When 
r e s i d u a l  o i l s  a r e  depos i ted  on rocks  and on man-made s t r u c t u r e s ,  d i s p e r s a n t  is no t  
u sua l ly  very e f f e c t i v e  s i n c e  i t  runs  o f f  t h e  contaminated s u r f a c e  be fo re  havinq 
s u f f i c i e n t  time t o  pene t r a t e  t h e  o i l .  This  problem can be  overcome by g e l l i n g  
hydrocarbon solvent-based d i s p e r s a n t  s o  a s  t o  i nc rease  con tac t  t i m e  between t h e  
d i s p e r s a n t  and t h e  o i l .  The g e l  is prepared i n  s i t u  and sprayed d i r e c t l y  on t o  t h e  
o i l  s u r f a c e  where i t  is l e f t  i n  con tac t  with t h e  o i l  f o r  s e v e r a l  hours ,  a f t e r  which 
time i t  is removed, e i t h e r  by t i d a l  a c t i o n  o r  hosing down. 

The most c o n t r o v e r s i a l  a spec t  o f  d i s p e r s a n t  usaqe r e l a t e s  t o  t h e  t o x i c i t y  o f  
t h e  products  to marine l i f e  and t o  t h e  b a s i c  f a c t  t h a t  use  o f  t h e  technique r e q u i r e s  
t h e  add i t i on  t o  t h e  sea  o f  another  p o l l u t a n t .  Over t h e  l a s t  decade or so ,  a  
cons ide rab l e  amount o f  development work and experimentat ion on t h e  e f f e c t i v e n e s s ,  
f a t e  and e f f e c t s  o f  d i s p e r s a n t s  and of  o i l / d i s p e r s a n t  mixtures  has  been c a r r i e d  ou t  



with t h e  r e s u l t  t h a t  most modern products  have a  cons iderably  reduced t o x i c i t y  t o  
marine organisms, a s  determined by s t anda rd  l abo ra to ry  b ioassay  procedures. 
However, t h e  debate  on t h e  advantages and d isadvantages  of us inq  d i s p e r s a n t s  
con t inues  i n  i n t e r n a t i o n a l  f o r a ,  t h e  s c i e n t i f i c  community and t h e  media. 

I t  must be apprec ia ted  t h a t  v i r t u a l l y  a l l  subs tances  a r e  t o x i c  t o  l i f e  under 
c e r t a i n  cond i t i ons .  The e f f e c t  o f  a  subs tance  on a  marine organism o r  on a 
b i o l o g i c a l  community depends b a s i c a l l y ,  no t  on ly  upon its inhe ren t  t o x i c i t y ,  bu t  on 
t h e  concent ra t ion  and l eng th  of  time o f  exposure. In t h e  ca se  o f  d i s p e r s a n t s  used 
a t  s ea  o r  on shore ,  t h e  r a t e  of  d i s p e r s i o n  and d i l u t i o n  is t h e r e f o r e  of  paramount 
importance. The hydrographic cond i t i ons ,  method of a p p l i c a t i o n ,  a s  well a s  t h e  
p a r t i c u l a r  b i o l o g i c a l  c h a r a c t e r i s t i c s  o f  t h e  a r e a ,  w i l l  a l s o  be c r u c i a l  f a c t o r s  
determining whether s i g n i f i c a n t  damage w i l l  be caused by t h e  d i spe r san t  o r  by t h e  
r e s u l t i n g  o i l / d i s p e r s a n t  mixture. 

However, t h e  d e c i s i o n  on d i s p e r s a n t  usage w i l l  r a r e l y  depend s o l e l y  on whether 
o r  no t  t h e r e  a r e  l i k e l y  t o  be  adverse environmental e f f e c t s .  Ul t imate ly ,  i t  w i l l  be 
a  balanced dec i s ion  r e l a t e d  t o  p r i o r i t i e s  f o r  p ro t ec t ion ,  t h e  probable e f f e c t i v e n e s s  
o r  t h e  o t h e r  responses  a v a i l a b l e  (e.g. mechanical recovery) and the  p r o b a b i l i t y  o f  
damage t o  o t h e r  p a r t s  o f  t h e  marine environment, amen i t i e s  o r  i n d u s t r i e s  l i k e l y  t o  
be  caused by t h e  o i l  i f  nothinq is done. The chances a r e  t h a t  such d e c i s i o n s  w i l l  
a l s o  be based on compromise, a s  a l l  i n t e r e s t s  cannot  be  served t o  t he  same deqree. 
For example, p ro t ec t ion  o f  amenity beaches o r  b i r d  co lon ie s  c l o s e  t o  t h e  shore  miqht 
c a l l  f o r  t h e  ex t ens ive  use of d i s p e r s a n t s  even a t  t h e  r i s k  of  damaqinq marine l i f e  
o r  f i s h  s t o c k s  f u r t h e r  of fshore .  Conversely, i f  p r o t e c t i o n  of t h e  f i s h e r i e s  is 
considered of  primary importance, then  damage t o  b i r d s ,  s h o r e l i n e s ,  c o a s t a l  
amen i t i e s  and i n d u s t r i e s  through contaminat ion with o i l  would have t o  be accepted 
even i f  t h e  r i s k  t o  f i s h  and s h e l l f i s h  s t o c k s  was considered minimal. C lea r ly ,  
t h e r e f o r e ,  t h e  dec i s ion  w i l l  be  a  ma t t e r  o f  b a s i c  po l i cy  agreed i n  advance. 

Despi te  i n t e r n a t i o n a l  d i f f e r e n c e s  on t h e  s u b j e c t ,  i t  is becominq inc reas ing ly  
recognized t h a t  d i s p e r s a n t s ,  i f  app l i ed  c o r r e c t l y  i n  a  c o n t r o l l e d  manner and a f t e r  
cons ide ra t i on  of  t h e  p a r t i c u l a r  circumstances of  t h e  i n c i d e n t ,  have a  r o l e  t o  p lay  
i n  combating marine o i l  s p i l l s .  They should,  t h e r e f o r e ,  be  p a r t  o f  t h e  armoury 
a v a i l a b l e  t o  o i l  s p i l l  c lean-up c o n t r o l l e r s ,  but  never regarded a s  a  panacea f o r  a l l  
ills. 

SINKING 

S ince  many of t h e  problems caused by o i l  r e s u l t  from i t  f l o a t i n q  on t h e  s u r f a c e  
o f  t h e  s ea ,  an  a t t r a c t i v e  s o l u t i o n  is t o  i nc rease  its d e n s i t y  s u f f i c i e n t l y  s o  t h a t  
i t  s i n k s  t o  t h e  s e a  bed. This  b a s i c  concept r e s u l t e d  i n  t h e  development of  
techniques  f o r  apply ing  a  wide range of  dense m a t e r i a l s  t o  o i l  on t h e  s u r f a c e  of  t h e  
sea .  To be  e f f e c t i v e  t h e  ma te r i a l  ha s  t o  b e  o l e o p h i l i c  so t h a t  i t  w i l l  a t t a c h  
i t s e l f  f i rmly  t o  t h e  o i l ;  and r e l a t i v e l y  f ine-grained s o  t h a t  it is both easy  t o  
apply and provides  a  l a r g e  s u r f a c e  a r e a  f o r  adsorp t ion  of  o i l .  Common s ink ing  
agen t s  i nc lude  chemical ly t r e a t e d  sand, cha lk ,  f l y  ash  and cement. 

Whilst t h e  technique has  been shown t o  be e f f e c t i v e  i n  some s i t u a t i o n s ,  t h e r e  
a r e  a l s o  a  number o f  problems a s soc i a t ed  wi th  its use. Thus t h e  sunken o i l  may 
r e s u r f a c e  i n  time o r  may move under t h e  a c t i o n  o f  bottom c u r r e n t s  and contaminate 
s e n s i t i v e  a r ea s .  Since t h e  b iodegrada t ion  of  sunken o i l  is slow, t h e  o i l  can 
p e r s i s t  f o r  long per iods ,  damaging o r  contaminat ing bottom-living organisms a s  wel l  
a s  f i s h i n g  gea r ,  e s p e c i a l l y  t r awl s ,  l i n e s  and p o t s  t h a t  a r e  used on o r  near  t h e  s e a  



f l o o r .  For t he se  reasons  t h e  d e l i b e r a t e  s ink ing  of  o i l  is g e n e r a l l y  no longer  
f avoured . 

GELLING 

Gel l ing  agen t s  a r e  chemicals  which i n c r e a s e  t h e  v i s c o s i t y  o f  o i l  and thereby  
reduce its r a t e  of  spread  over  t h e  water  su r f ace .  By forminq a g e l ,  o i l  on t h e  
s u r f a c e  of t h e  s e a  might be  converted i n t o  a form t h a t  could be  recovered by s imple  
mechanical techniques  (e.g. n e t s ,  g r i d s ) .  In add i t i on ,  i f  o i l  i n  a ruptured  tank 
could  be converted i n t o  t h i s  form, no outf low would occur due t o  t h e  increased  
v i s c o s i t y .  

Whilst an a t t r a c t i v e  prospec t ,  t h e  technique has  never  been u t i l i z e d  dur inq  a 
major s p i l l  a t  sea .  This  is b a s i c a l l y  because o f  t h e  cons ide rab l e  d i f f i c u l t i e s  i n  
i n t i m a t e l y  mixing t h e  agent  with t h e  s p i l t  o i l .  The l a r g e  q u a n t i t i e s  o f  g e l l i n g  
agent  requi red  and t h e  time taken f o r  t h e  g e l l i n g  p roces s  t o  occur  a l s o  l i m i t  its 
app l i ca t i on .  

BURN I NG 

Burning of o i l  on t h e  s e a  o f t e n  appears  t o  t h e  layman a s  t h e  most obvious 
method of t rea tment  because o f  t h e  known f lammabil i ty  o f  many hydrocarbon products .  
Unfortunately,  a s  o i l  weathers  and t h e  more v o l a t i l e  components a r e  l o s t  throuqh 
evapora t ion ,  an o i l  s l i c k  becomes p rog re s s ive ly  more d i f f i c u l t  t o  i q n i t e .  Spreading 
a l s o  i nc reases  t h e  d i f f i c u l t i e s  and i t  becomes v i r t u a l l y  imposs ib le  t o  i q n i t e  and 
s u s t a i n  combustion o f  a t h i n  l a y e r  ( l e s s  than 3 mm t h i c k )  of c rude  o i l  on water 
because of t h e  cons ide rab l e  cool ing  e f f e c t  o f  t h e  water underneath. I f  combustion 
is achieved it is usua l ly  incomplete and can g i v e  r i s e  t o  troublesome t a r r y  r e s idue  
and seve re  a i r  po l lu t i on .  Numerous agen t s  have been developed t o  promote i q n i t i o n  
and combustion but  have never proved succes s fu l  a t  s p i l l s  on t h e  few occas ions  they  
have been t r i e d  on o i l  on t h e  open sea .  

The i g n i t i o n  o f  o i l  i n  confined s i t u a t i o n s  and around a s t randed  tanker  is 
c l e a r l y  undes i r ab l e  f o r  s a f e t y  reasons  and t o  be  avoided i n  v i r t u a l l y  a l l  
s i t u a t i o n s .  

Burning is sometimes employed dur inq  sho re  clean-up, bu t  is d i f f i c u l t ,  
e s p e c i a l l y  i f  t h e  o i l  is highly  weathered o r  has  a h igh  water  con ten t .  The use o f  
h igh  temperature flame-throwers may a s s i s t ,  bu t  incomplete combustion can r e s u l t  i n  
a more v iscous  r e s idue  t o  d e a l  with. Heating may a l s o  cause t h e  o i l  t o  become less 
v i scous  and t o  pene t r a t e  i n t o  t h e  s u b s t r a t e .  The a i r  p o l l u t i o n  r e s u l t i n q  from such 
o p e r a t i o n s  can a l s o  cause problems. 

BIOLOGICAL AGENTS 

Biodegradat ion o f  o i l  by b a c t e r i a ,  f ung i  and yeas t  u l t i m a t e l y  removes s p i l t  o i l  
from t h e  marine environment. Unfortunately,  t h e  process  is slow, e s p e c i a l l y  f o r  
c e r t a i n  hydrocarbon components, and is l i m i t e d  by temperature,  n u t r i e n t s  and t h e  
d i s so lved  oxygen i n  t h e  surrounding waters .  



A number o f  commercial p r epa ra t ions  have been developed t o  enhance n a t u r a l  
biodegradat ion.  Freeze-dried micro-orqanisns capable  of  u t i l i z i n q  c e r t a i n  
hydrocarbon components a r e  a v a i l a b l e  f o r  a p p l i c a t i o n  t o  o i l  s l i c k s  on t h e  sea.  
O leoph i l i c  n u t r i e n t s  have a l s o  been developed. However, cons ide rab l e  problems 
remain a s  r ega rds  d i s t r i b u t i o n ,  mixing and keeping t h e  b a c t e r i a  and n u t r i e n t s  
a s soc i a t ed  with t h e  o i l .  Even i f  achieved,  t h e  r a t e  o f  biodeqradat ion o f  f l o a t i n q  
s l i c k s  of o i l  o r  water-in-oil  emulsion would be  extremely slow and un l ike ly  t o  
achieve a  s i g n i f i c a n t  reduct ion  i n  volume i n  t h e  time s c a l e  r equ i r ed  t o  minimize 
damage t o  threa tened  sho re l ines .  

The technique is a l s o  of  l i t t l e  b e n e f i t  f o r  dea l inq  with s t r anded  o i l  ou t  of 
c o n t a c t  with water s i n c e  t h e  micro-orqanisms can only  func t ion  a t  t h e  o i l -water  
i n t e r f a c e .  I t  may be  of  some s l i g h t  b e n e f i t  f o r  dea l ing  with o i l  s t randed  i n  
environmental1 y s e n s i t i v e  a r e a s  i n  which a  n u t r i e n t - r i c h  environment can be 
provided. However, oxygen a v a i l a b i l i t y  and temperature a r e  l i k e l y  t o  remain 
l i m i t i n g .  

DISPOSAL OF RECOVERED OIL 

A d i s cus s ion  o f  clean-up methods would be incomplete without cons ide ra t i on  of  
what can be done with any o i l  c o l l e c t e d .  Unless o i l  is d i spe r sed  a t  s e a ,  e i t h e r  
n a t u r a l l y  o r  through t h e  use o f  chemicals ,  t h e  volume of  ma te r i a l  t o  be d e a l t  with 
i n  a  major s p i l l  is o f t e n  cons ide rab l e  and sometimes i n  exces s  of  t h e  amount 
o r i g i n a l l y  l o s t ,  due t o  t h e  formation o f  water- in-oi l  emulsions and incorpora t ion  o f  
sand,  seaweed and o the r  d e b r i s .  Disposal  of o i l  and o i l y  d e b r i s  recovered dur inq  
clean-up ope ra t ions  a t  s ea  and on shore  remains a  very s i g n i f i c a n t  problem and a 
p o t e n t i a l  l i m i t a t i o n  t o  t h e  use o f  some techniques.  

The procedures a v a i l a b l e  f o r  dea l inq  with recovered o i l  and o i l y  d e b r i s  a r e  
many but  a l l  have l i m i t a t i o n s .  Re la t i ve ly  uncontaminated o i l  may on occas ions  be  
accepted by l o c a l  o i l  r e f i n e r i e s ,  e s p e c i a l l y  i f  t hey  possess  s l o p  r ecep t ion  
f a c i l i t i e s  and t h e  l i k e .  However, t h e r e  is f r equen t ly  cons ide rab l e  r e luc t ance  t o  
take  l a r g e  q u a n t i t i e s  i n  view of  t he  f a c t  t h a t  water and s a l t  contaminat ion may 
i n t e r f e r e  with t h e  normal ope ra t ions  of  t h e  p l an t .  The o i l  havinq l o s t  its l i g h t  
ends  through evapora t ion  is a l s o  of  reduced va lue  and may only  b e  worth process inq  
a f t e r  blendinq with naphtha o r  o t h e r  petroleum products  r i c h  i n  low b o i l i n q  
components. Commercial re -processors  of  waste o i l  w i l l  f r equen t ly  reqard  t h e  
t rea tment  o f  o i l  recovered from clean-up ope ra t ions  a s  uneconomic f o r  s i m i l a r  
reasons.  Reclamation is t h e r e f o r e  r a r e l y  a  v i a b l e  method f o r  d i spos ing  of l a r q e  
amounts of o i l  and is c e r t a i n l y  no t  t h e  economic p ropos i t i on  i t  is  sometimes made 
o u t  t o  be, e s p e c i a l l y  i f  t r a n s p o r t  and s t o r a q e  a r e  c o s t l y .  

The h igh  v i s c o s i t y ,  p a r t i c u l a r l y  of  weathered o i l  and emulsions, can in t roduce  
seve re  problems i n  pumping and handling c o l l e c t e d  o i l ,  t hus  i n h i b i t i n g  e f f e c t i v e  
d i sposa l .  Some r e l i e f  can be qiven by t h e  use of  chemical emulsion breakers ,  which 
have t h e  e f f e c t  o f  reducing t h e  v i s c o s i t y  of many o i l -water  mixtures.  These 
a d d i t i v e s  do not  always achieve  complete phase s epa ra t ion  of emulsions,  but  t h e  
reduct ion  i n  v i s c o s i t y  is o f t e n  s u f f i c i e n t  t o  improve pumpinq ope ra t ions  a f t e r  
recovery.  In i n s t ances  where t h e  o i l  is too  v iscous  t o  pump and manual recovery is 
t h e  only  p r a c t i c a l  s o l u t i o n  f o r  c o l l e c t i o n ,  emulsion b reake r s  can be used i n  a  ba t ch  
process  t o  render  t he  ma te r i a l  pumpable p r i o r  t o  f i n a l  d i sposa l .  

Probably t h e  most f requent  procedure f o r  d i sposa l ,  p a r t i c u l a r l y  of  heav i ly  
contaminated o i l ,  is b u r i a l .  However, s e l e c t i o n  of  t h e  s i t e  is c r i t i c a l  i f  



contaminat ion o f  ground water s u p p l i e s  and o t h e r  de t r imen ta l  e f f e c t s  a r e  t o  be 
avoided. Considerat ion of  t h e  soil cond i t i ons ,  qeo loq ica l  s t r u c t u r e  and s u r f a c e  
topography is a l s o  v i t a l  i n  o rde r  t o  determine t h e  p o t e n t i a l  f o r  t h e  o i l  t o  miqra te  
i n  a l l  d i r e c t i o n s .  Because o f  t he se  and o t h e r  r e l a t e d  problems, land  d i s p o s a l  is an 
unava i l ab l e  opt ion  i n  some c o u n t r i e s  o r  s p e c i f i c  l oca t ions .  

Burning of  recovered o i l  is a commonly used technique,  e s p e c i a l l y  where i n  s i t u  
d i sposa l  is advantaqeous because of  t r a n s p o r t  d i f f i c u l t i e s .  However, h e a v i l y  
weathered o r  emuls i f ied  o i l s  w i l l  r a r e l y  burn e a s i l y  and may need t h e  a d d i t i o n  o f  
some wickinq agent .  Once burning,  a l l  o i l s  can a l s o  produce t h i c k  b lack  smoke which 
may c a r r y  with i t  d r o p l e t s  o f  unburnt r e s i d u e s  caus inq  an unacceptable degree o f  a i r  
p o l l u t i o n  and p o s s i b l e  contaminat ion of  nearby a r e a s  by "black ra in ."  The l o c a t i o n  
a t  which burning is c a r r i e d  out  t h e r e f o r e  has t o  be chosen with c a r e ,  e s p e c i a l l y  i f  
pene t r a t i on  o f  t h e  s u b s t r a t e  by t h e  heated o i l  is a l s o  t o  be  avoided. 
Low-temperature burning w i l l  a l s o  tend t o  l eave  a  t a r r y  r e s idue  which may cause  
subsequent d i sposa l  problems. 

Inc ine ra t i on  o f  recovered o i l  overcomes many of  t h e s e  problems. However, 
s u i t a b l e  i n c i n e r a t o r s  a r e  r a r e l y  a v a i l a b l e  t o  dea l  with l a r g e  q u a n t i t i e s  and 
co r ros ion  problems can be  caused t o  t h e  s t r u c t u r e  by water  and sa l t - l aden  ma te r i a l .  
Small po r t ab l e  i n c i n e r a t o r s  o f  s imple cons t ruc t ion ,  bu t  with l i m i t e d  capac i ty ,  have 
been developed f o r  use i n  s i t u .  These can be va luable ,  p a r t i c u l a r l y  i n  remote 
l o c a t i o n s  where o t h e r  d i sposa l  op t ions  may be  absent .  

Procedures t h a t  make use of  n a t u r a l  o r  a r t i f i c i a l l y  enhanced b iodeqrada t ion  
processes  have been found t o  be succes s fu l  i n  some ins tances .  One approach is t o  
spread t h e  ma te r i a l  on l and ,  followed by f  e r  ti1 i z e r s  and repeated plouqhing t o  
ensure  adequate a e r a t i o n  and high r a t e  of  biodegradat ion.  Commercial p r epa ra t ions  
o f  b a c t e r i a  may be  added but  o f t e n  n a t u r a l l y  occu r r ing  popula t ions  s u f f i c e .  A s  with 
b u r i a l ,  land farming should only b e  c a r r i e d  out  a f t e r  a  c a r e f u l  cons ide ra t i on  o f  
s o i l  type,  dra inage  p a t t e r n s ,  c l i m a t i c  cond i t i ons  and na tu re  o f  contaminated 
ma te r i a l .  Whilst i t  has  been proved t h a t  such procedures can r e s u l t  i n  r a p i d  
removal of o i l  and t h e  growth o f  c rops  only  months a f t e r  t rea tment ,  i t  remains 
a p p l i c a b l e  only t o  l i g h t l y  o i l e d  ma te r i a l  and s o  c o n t r i b u t e s  l i t t l e  i n  i n s t ances  of 
ex t ens ive  and seve re  contamination. S imi la r  comments apply t o  compostinq techniques  
where contaminated o i l  is mixed i n  l a y e r s  with o t h e r  organic  m a t e r i a l s  and 
f e r t i l i z e r s .  

Use of  l i g h t l y  contaminated sand and s h i n q l e  i n  road cons t ruc t ion ,  land 
reclamation and s i m i l a r  works has  a l s o  on occas ions  proved succes s fu l ,  given p r i o r  
d e t a i l e d  i n v e s t i g a t i o n  o f  t h e  p a r t i c u l a r  s i t e s  involved. The use of  quickl ime 
(calcium oxide) ,  which r e a c t s  with t h e  water t o  produce calcium hydroxide and a t  t h e  
same time a c t s  a s  an e f f i c i e n t  c loaking  agent ,  h a s  been found t o  make such 
approaches more v i ab l e .  The r e a c t i o n  with water  is  s t r o n g l y  exothermic and t h e  hea t  
produced renders  t h e  technique s u i t a b l e  f o r  v i scous  r e s i d u e s  and heavy f u e l  o i l s .  
I t s  succes s fu l  use on a  l a r g e  s c a l e  dur ing  two r ecen t  major i n c i d e n t s  has  r e s u l t e d  
i n  t he  development o f  procedures f o r  t h e  e f f i c i e n t  mixinq of t h e  contaminated 
ma te r i a l  with t h e  c o r r e c t  p ropor t i ons  of  quicklime and t h e  reduct ion  of  secondary 
p o l l u t i o n  problems. 

A s  a  consequence of  t h e  l i m i t a t i o n s  o f  a l l  t he  techniques  a v a i l a b l e ,  recovered 
o i l  and o i l y  d e b r i s  f r equen t ly  remain i n  temporary s t o r a q e  f o r  many y e a r s  fo l lowing  
a major o i l  s p i l l .  Whilst t h e  s u b j e c t  con t inues  t o  be s tud i ed  by many Governments 
and o the r  o rgan iza t ions ,  novel approaches a r e  r a r e  and t h e  p o t e n t i a l  problem of 
d ispos ing  of l a r g e  q u a n t i t i e s  o f  m a t e r i a l  remains o f  paramount importance f o r  a  
number of coun t r i e s .  



SELECT ION OF RESPONSE 

Having demonstrated the  wide range o f  techniques and equipment a v a i l a b l e  f o r  
combating o i l  s p i l l s  and the absence o f  any un ive rsa l  panacea, i t  should be apparent 
t h a t  i n  order t o  determine the most appropr ia te  response i n  the  event o f  an o i l  
s p i l l ,  i t  w i l l  always be necessary t o  c a r r y  out  a r a p i d  and d e t a i l e d  eva luat ion  o f  
t h e  nature o f  t he  p a r t i c u l a r  i nc iden t .  This eva luat ion  w i l l  r e q u i r e  d e t a i l e d  '-Â¥- 

cons idera t ion  o f  a wide v a r i e t y  o f  f a c t o r s  and, i n  order t o  be c a r r i e d  out  
e f f e c t i v e l y  w i t h i n  the  t ime sca le  required,  w i l l  be dependent upon the existence o f  
much bas i c  in format ion  i n  the form o f  a well-prepared contingency plan. O f  pr imary 
importance w i l l  be  cons idera t ion  o f  the  l o c a t i o n  o f  t he  i nc iden t ,  t h e  probable r a t e  
and d i r e c t i o n  o f  movement o f  the s p i l t  o i l  by t h e  p r e v a i l i n g  winds and cur rents ,  and 
i t s  l i k e l y  pers is tence on the sea surface. I t  w i l l  a l so  be important  t o  o b t a i n  the  
best  est imate o f  the  quan t i t y  o f  o i l  a l ready s p i l t  and t o  p r e d i c t  the  ex tent  and 
nature  o f  poss ib le  f u t u r e  releases. Once t h i s  has been determined, the  short -  and 
long-term t h r e a t  t o  the resources o f  the  area can be es tab l ished and the most 
appropr ia te  response i d e n t i f i e d ,  by  t a k i n q  i n t o  account the p r i o r i t i e s  f o r  
p ro tec t i on ,  t he  probable e f fec t iveness o f  t he  treatment methods a v a i l a b l e  and the 
probable damaqe t o  the resources o f  t he  area l i k e l y  t o  r e s u l t  from the o i l  alone o r  
any treatment method. 

Whi ls t  t h i s  paper has discussed var ious  techniques f o r  combatinq o i l  s p i l l s ,  i t  
should n o t  be fo rgo t ten  t h a t  occas iona l ly  t h e  best  course o f  a c t i o n  w i l l  be t o  
s imply moni tor  the  movement o f  t he  o i l  w h i l s t  i t  i s  a t  sea, because a combination o f  
r a p i d  n a t u r a l  d i s s i p a t i o n  and d is tance from resources r e q u i r i n q  p r o t e c t i o n  w i l l  
render treatment unnecessary. There w i l l  a lso  be occasions when mounting an 
e f f e c t i v e  a c t i v e  response a t  sea w i l l  prove impossib le due t o  a combination o f  the 
na tu re  and quan t i t y  o f  t he  o i l ,  weather and sea condi t ions,  and the p rox im i t y  o f  the  
source t o  shorel ines.  I n  such cases the  most appropr iate response may be t o  accept 
the  i n e v i t a b l e  and devote a l l  e f f o r t  t o  the prepara t ion  o f  t he  response forces  f o r  
t he  p r o t e c t i o n  and clean-up o f  inshore waters and shorel ines.  Even once the  o i l  has 
come ashore, there  w i l l  be occasions when the best  and l e a s t  damaqinq response w i l l  
be  t o  do no th ing  b u t  t o  leave the m a j o r i t y  o f  t he  o i l  t o  d i ss ipa te  and deqrade 
n a t u r a l l y .  

Because o f  presures from p o l i t i c i a n s ,  t he  pub l i c ,  t he  media and o ther  
i n te res ts ,  t h e  o p t i o n  o f  d e l i b e r a t e l y  r e f r a i n i n q  from a c t i v e l y  respondinq w i l l  never 
prove easy. Therefore, on occasions du r ing  past  major o i l  s p i l l  inc idents ,  a 
response has been i n i t i a t e d  mainly i n  order t h a t  something could be seen t o  have 
been done, even though a l l  t echn ica l  op in ion was i n  agreement t h a t  i t  would do no 
s i g n i f i c a n t  good and cou ld  even do harm. 

CONCLUSIONS 

I r r e s p e c t i v e  o f  t he  response selected, i t  i s  probable t h a t  an event as 
unpred ic tab le  as a major o i l  s p i l l  w i l l  always present  considerable problems, 
g i ven  the ex tent  o f  t he  impact on the popu la t ion  and resources o f  a country 
and the l ack  o f  a f u l l y  s a t i s f a c t o r y  techno log ica l  so lu t ion .  I t  i s  genera l ly  
recognized t h a t  an a b i l i t y  t o  deal  e f f e c t i v e l y  w i t h  o i l  w h i l s t  i t  i s  ou t  a t  sea 
would be idea l ,  as  i t  would prevent eco log ica l ,  amenity, f i s h e r i e s ,  i n d u s t r i a l  and 
general  economic demaqe associated w i t h  severe contamination o f  inshore 
waters and shorel ines.  The need f o r  expensive and time-consuming shore clean-up 
operat ions would a lso  be removed and p u b l i c  d i s q u i e t  lessened. With t h i s  qoal, a 



qreat  deal  o f  e f f o r t  has been devoted t o  the attempted development o f  an 
o f f sho re  response t h a t  can be mobi l i zed r a p i d l y  when an inc iden t  occurs. I n  
some coun t r i es  the  response i s  based on the use o f  c o l l e c t i o n  devices, whereas 
o the rs  have r e l i e d  mainly on shipborne d i spe rsa l  techniques. Both, however, have 
been shown t o  have severe opera t iona l  l i m i t a t i o n s  i n  major s p i l l s  a t  sea, due t o  
the  n a t u r a l  tendency o f  o i l  t o  spread on the sea surface, t o  move under the 
i n f l uence  o f  wind and cur rents  and t o  break up i n t o  windrows, patches o r  o ther  
uneven con f igu ra t i ons  due t o  the fo rces  o f  wind, waves and currents.  The r e s u l t  i s  
t h a t  s p i l t  o i l  has the  p o t e n t i a l  t o  r a p i d l y  cover an enormous area, thus c a l l i n q  f o r  
bo th  a very r a p i d  response and one s u f f i c i e n t  t o  cover a great  area. 
Unfor tunately,  experience from past major s p i l l s  suqqests t h a t  c o l l e c t i o n  devices o r  
shipborne d i spe rsa l  systems, along w i t h  the  requ i red  l o g i s t i c  support and c o n t r o l  
p lat forms, can o f t e n  n o t  be mobi l i zed w i t h i n  the t ime a v a i l a b l e  before  i t  reaches 
shore. 

The use o f  a i r c r a f t  t o  spray und i l u ted  concentrate d ispersants does overcome 
some o f  the  l i m i t a t i o n s  o f  bo th  c o l l e c t i o n  devices and shipborne dispersant  
spraying systems and p o t e n t i a l l y  o f f e r s  the most e f f e c t i v e  response f o r  combatinq 
many o f fshore  o i l  s p i l l s .  However, there  s t i l l  remain the  l i m i t a t i o n s  imposed by 
a v a i l a b i l i t y  o f  the  c o r r e c t  a i r c r a f t  f o r  the p a r t i c u l a r  s i t ua t i on ;  speed o f  
mob i l i za t i on ;  e f f e c t s  o f  weatherinq. e m u l s i f i c a t i o n  and spreadinq; and lack  of  
acceptance i n  some coun t r i es  o f  the  widespread use o f  d ispersants.  

This leads t o  the conclusion tha t ,  f o r  the foreseeable fu ture ,  extensive 
contamination o f  shore l ines  remains v i r t u a l l y  i n e v i t a b l e  i n  the  event o f  a 
major o i l  s p i l l  i n  coas ta l  waters, unless winds and cur rents  p r e v a i l  t o  take the  o i l  
o f f sho re  where i t  can d i s s i p a t e  n a t u r a l l y  w i thout  i n te rven t ion .  Despi te increas ing 
acceptance o f  t h i s  unpalatable f a c t  by  many administ rat ions,  the  techn ica l  and 
organ iza t iona l  problems o f  c lean ing up shore l ines  and disposing o f  c o l l e c t e d  o i l  
and o i l y  deb r i s  have been genera l ly  neglected. 

There is a lso  a con t inu ing  l ack  o f  apprec ia t ion  o f  the  f a c t  t h a t  t he  b a s i s  o f  
e f f e c t i v e  clean-up response i s  a combination o f  good continqency p lann ing 
organ iza t ion  and con t ro l .  No amount o f  soph is t ica ted equipment.wil1 compensate i f  
one o r  a l l  a re  lack inq.  
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ABSTRACT 

The paper reviews and evaluates e x i s t i n g  techn ica l  resources, t r a i n e d  manpower, 
communication and i n f r a s t r u c t u r e  capac i t i es  o f  bo th  i n d u s t r i a l  and Governmental 
e n t i t i e s  i n  the  Region t o  respond t o  major o i l  sp i l l ages .  Conclusions are  drawn 
concerning the  r e l a t i v e  r o l e s  MEMAC might p lay  i n  improving o i l  s p i l l  resoonse i n  
the  Region. 



INTRODUCTION 

The Kuwait Action Plan Reqion comprises the  marine environment and coas ta l  
a reas  of Bahrain, I ran ,  I raq ,  Kuwait, Oman, Qa ta r ,  Saudi Arabia and the United Arab 
Emirates (UAE), and encompasses the  l a r g e s t  offshore  o i l f i e l d ,  and the  l a r g e s t  o i l  
exporting terminal, i n  the  world. As such, the  Reqion must be considered a s  one of 
the  hiqhest  r i s k  a r e a s  of  the  world from the point  of view of o i l  pollution.  
Po ten t i a l  pol lu t ion sources i n  the  Region include offshore exploration and 
production f a c i l i t i e s ,  oi l- loading terminals  and o i l  tankers. In addi t ion t o  t h i s  
high concentrat ion of  oil-handling f a c i l i t i e s  genera l ly ,  the  sheer volune of marine 
t r a f f i c  is an added r i s k  f a c t o r  with some twenty tankers  per day movinq i n  and out 
of the  sea  a rea ,  together with a v a r i e t y  of o the r  shippinq which, i n  t o t a l ,  r e s u l t s  
i n  an overa l l  average of one vessel  movement throuqh the  S t r a i t s  of Hormuz every 22 
minutes. 

Environmental concern over the  problems caused by o i l  pol lu t ion has been 
growing s t e a d i l y  i n  the  Reqion over the pas t  ten  years  o r  so. For much of t h i s  
time, the  o i l  companies themselves have taken the i n i t i a t i v e  i n  developinq a 
response t o  o i l  pol lu t ion beginning with an "in-company" capab i l i ty  t o  deal  with 
purely l o c a l  s p i l l a q e s  occurring during rout ine  opera t ions  and then expanding t h i s  
t o  a Regional co-operative c a p a b i l i t y  through the  aqency of the  Gulf Area O i l  
Companies Mutual Aid Organization (GAOCMAO). The very rapid  increase i n  i n d u s t r i a l  
a c t i v i t y  evident throughout the  Region during the l a s t  four t o  f i v e  years has  been 
pa ra l l e l ed  by a corresponding increase i n  environmental concern, and t h i s  has  
involved a much g rea te r  degree of governmental involvement than was apparent before. 
Despite t h i s  increas ing involvement i n  environmental a f f a i r s  by Governments, the  
primary opera t ional  r e spons ib i l i ty  f o r  o i l  pol lu t ion clean-up remains w i t h  the  o i l  
companies and t h i s  s i t u a t i o n  is only slowly chanqinq. 

This paper seeks t o  review the  c a p a b i l i t i e s  of the  var ious  concerned aqencies 
i n  the  Reqion t o  respond e f fec t ive ly  t o  pol lu t ion incidents  r e su l t inq  from o i l  
s p i l l a g e s  and t o  assess  t h e  t o t a l  aqqreqate c a p a b i l i t y  on a Regional bas is .  The 
p r inc ipa l  organizations involved i n  o i l  pol lu t ion control  and clean-up a r e  the  
nat ional  Governments of  the  coun t r i e s  bordering the Reqion and the o i l  companies 
operating i n  those countr ies .  In addi t ion t o  these  a r e  the  various commercial 
organizat ions  which supply po l lu t ion  con t ro l  equipment and mater ia ls ,  and the  
con t rac to r s  who s p e c i a l i z e  i n  pol lu t ion con t ro l  equipment and clean-up a c t i v i t i e s .  
Information was gathered from a s  wide a se lec t ion  of these  aqencies a s  was possible.  
During the  preparation of  t h i s  study, t h e  Reqion experienced two major o i l  s p i l l s  
which almost c e r t a i n l y  caused more concern t o  more countr ies  than have any o the r  
s p i l l a g e s  i n  t h e  Region f o r  the  past  t e n  years o r  more. Most of t h e  information 
upon which t h i s  paper was based r e l a t e s  t o  the  s i t u a t i o n  p r io r  t o  t h i s  recent o i l  
po l lu t ion  and hence may now be out  of date .  However, t h e  s i t u a t i o n  revealed by the  
study, compared with what it now is subsequent t o  t h a t  pol lu t ion,  should provide a 
useful  s t a r t i n g  point  f o r  determining what lessons  were learned a s  a r e s u l t  of t h e  
s p i l l a g e s  and t o  what extent  Regional o i l  s p i l l  response c a p a b i l i t y  w i l l  be improved 
i n  the  f u t u r e  a s  a r e s u l t  of  recent  events. In preparinq t h i s  study,  requests  f o r  
i n f o m a t i o n  Mere forwarded by letter and cable  t o  the  re levant  m i n i s t r i e s  i n  the  
Governments of  the  Reqion and t o  the  o i l  companies. These requests  were l a t e r  
followed up by v i s i t s  by t h e  consultant  t o  Bahrain, Kuwait, Qa ta r ,  Saudi Arabia and 
the  United Arab Emirates. Visits were not  made t o  I ran ,  I raq  and Oman. The r e s u l t s  
o f  t h e  study, although inconplete,  may be ind ica t ive  of the  l e v e l  of preparedness 
which e x i s t s  i n  the Region, a t  l e a s t  i n  those coun t r i e s  v i s i t e d .  
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Regional response c a p a b i l i t y  is dependent upon t h e  c a p a b i l i t y  of  i nd iv idua l  
c o u n t r i e s  i n  t h e  Region t o  respond t o  o i l  s p i l l s .  National  c a p a b i l i t i e s  i n  t h e  
Region vary w i th in  very wide l i m i t s  and i n  most c a s e s  t h e  func t iona l  r e s p o n s i b i l i t y  
f o r  p o l l u t i o n  clean-up, when it occurs ,  is e s s e n t i a l l y  given t o  t h e  o i l  company o r  
o i l  companies ope ra t ing  i n  t h e  country.  A b r i e f  summary of  t h e  c u r r e n t  s i t u a t i o n  i n  
each of t h e  c o r n t r i e s  o f  t h e  Region follows: 

Bahrain 

In  t he  S t a t e  o f  Bahrain, r e s p o n s i b i l i t y  f o r  o i l  p o l l u t i o n  c o n t r o l  and clean-up 
on t h e  n a t i o n a l  s c a l e  l ies  e s s e n t i a l l y  wi th  t h e  Minis t ry  o f  Health. A permanent 
i n t e r - m i n i s t e r i a l  environmental p ro t ec t ion  committee is c u r r e n t l y  being e s t a b l i s h e d  
with t h e  primary aims o f  co-ordinat ing na t iona l  o i l  s p i l l  response a c t i v i t i e s  and 
prepar ing  a National  O i l  S p i l l  Contingency Plan. A t  t h e  p re sen t  time, a l l  o i l  
p o l l u t i o n  e x p e r t i s e  r e s i d e s  w i th in  t h e  Bahrain Petroleum Company Limited (BAPCO) and 
f o r  t h i s  reason the  S t a t e ' s  o i l  s p i l l  response func t ion  has been temporar i ly  
de lega ted  t o  t h a t  Company under t h e  gene ra l  d i r e c t i o n  o f  t h e  Government o f  Bahrain 
with t h e  h e l p  of  government personnel ,  equipment, and m a t e r i a l s  when necessary.  
Owing t o  t h e  small  s i z e  of  t h e  count ry ,  communication between va r ious  M i n i s t r i e s  and 
BAPCO a r e  good and a very h igh  degree o f  co-operation and co-ordinat ion can be 
achieved; t h i s  was well  demonstrated dur ing  t h e  r ecen t  o i l  p o l l u t i o n  i n c i d e n t s  i n  
Bahrain and an e x c e l l e n t  r appor t  is ev iden t  between BAPCO and t h e  p r i n c i p a l  
government agenc i e s  involved i n  p o l l u t i o n  c o n t r o l .  

No formal o i l  p o l l u t i o n  watch is maintained t o  d e t e c t  o i l  s l i c k s  i n  t h e  Bahrain 
a r e a  and thereby g i v e  e a r l y  warning of any p o l l u t i o n  t h r e a t .  M i l i t a r y  and c i v i l i a n  
a i r c r a f t  and coastquard v e s s e l s  main ta in  r o u t i n e  s u r v e i l l a n c e  and a r e  expected t o  
r e p o r t  s i q h t i n g s  o f  o i l  s l i c k s  t o  t h e  duty  Secu r i t y  Of f i ce r  o f  BAPCO and t h i s  is 
re layed  t o  t h e  Environmental Conservation Group. Recent events ,  however, have shown 
t h a t  t h i s  informal  system of s u r v e i l l a n c e  and r epo r t i nq  is no t  wholly e f f e c t i v e .  

The only  o i l  p o l l u t i o n  c o n t r o l  equipment and m a t e r i a l s  permanently a v a i l a b l e  i n  
Bahrain comprise those  owned and u t i l i z e d  by BAPCO. The equipment c o n s i s t s  of  a 
v a r i e t y  o f  d i s p e r s a n t  sp ray  sets, containment and recovery systems, s o r b e n t s  and 
va r ious  r ad io  communications u n i t s .  Active cons ide ra t i on  is being given t o  
i nc reas ing  equipment hold ings  t o  inc lude  an o f f sho re  o i l - recovery  system, a e r i a l  
spray  systems, a d d i t i o n a l  o f f sho re  booms, and a beach-cleaninq t r a c t o r .  No 
s p e c i a l i z e d  equipment is c u r r e n t l y  a v a i l a b l e  from government sou rces  a l thouqh 
e s s e n t i a l  back-up equipment such a s  earth-movers, dump t rucks ,  vacuum t anke r s ,  etc., 
can be mobilized when necessary.  

The conventional  response t o  o i l  p o l l u t i o n  a t  s e a  is normally one o f  spraying  
with low-toxici ty,  water-based d i s p e r s a n t  chemicals ,  wi th  some boom defence f o r  
e s s e n t i a l  f a c i l i t i e s .  Dispersant  spraying  is permi t ted  i n  a l l  c o a s t a l  a r e a s  where 
t h e r e  is s u f f i c i e n t  water depth t o  al low adequate mixing, wi th  t h e  one exception o f  
t h e  prawn breeding grounds, south-west o f  t h e  S i t r a  loading  terminal ;  i n  t h i s  a r e a  
spraying  is p roh ib i t ed .  Small-scale o i l  recovery o p e r a t i o n s  can  be  mounted i n  
s h e l t e r e d  inshore  waters ,  bu t  t h e r e  is  no "in-house" c a p a b i l i t y  a t  p r e sen t  t o  
recover  s u r f a c e  o i l  o f fshore .  

Beach clean-up c o n s i s t s  e s s e n t i a l l y  o f  manual/mechanical removal o f  
contaminated ma te r i a l  followed by renovat ion  wi th  a p p l i c a t i o n  o f  c l e a n  sand. 
Disposal  of contaminated ma te r i a l  is c a t e r e d  f o r  i n  s p e c i a l l y  des igna ted  a r e a s  
i n l and  where c o n t r o l l e d  burning of combust ible  m a t e r i a l s  would be  c a r r i e d  out  a long  



w i t h  landspreading of contaminated sand. Considerat ion i s  a l so  be inq q iven t o  the  
p o s s i b i l i t y  of  us ing  m ic rob ia l  p repara t ions  f o r  clean-up o f  l i q h t l y  contaminated 
shore l ine  areas; beach protect ion/clean-up chemicals have a l so  been used i n  s i m i l a r  
s i t ua t i ons .  

Modest stocks o f  d ispersant  concentrate chemicals and beach c lean inq chemicals 
a re  maintained by BAPCO and these can be supplemented when necessary from the 
dispersant  s t o c k p i l e  maintained under the terms o f  t he  GAOCMAO aqreement, t o  which 
BAPCO i s  a s ignatory.  

A t  the  present t ime BAPCO i s  able, when necessary, t o  c a l l  upon the serv ices  o f  
two senior  s t a f f  members who have spec ia l ized knowledqe o f ,  and t r a i n i n q  in ,  a l l  
aspects o f  o i l  p o l l u t i o n  c o n t r o l  and clean-up and some considerable f i e l d  experience 
i n  the use o f  o i l  p o l l u t i o n  c o n t r o l  equipment and d i r e c t i o n  o f  f i e l d  operations. A 
f u r t h e r  f i v e  sen ior  s t a f f  members a re  be inq g iven d e t a i l e d  t r a i n i n q  i n  o i l  p o l l u t i o n  
c o n t r o l  methods. Only one o f  these s t a f f  members works f u l l - t i m e  on environmental 
p o l l u t i o n  c o n t r o l  problems, the  o ther  members ho ld inq  var ious  o ther  superv isory 
p o s i t i o n s  i n  the  Company. 

I r a q  

No up-to-date i n fo rma t ion  was a v a i l a b l e  t o  the consu l tan t  concerning the l e v e l  
o f  s p i l l  response c a p a b i l i t y  i n  t h i s  country. Seven years aqo the I n t e r n a t i o n a l  
Mar i t ime Organizat ion engaged a consu l tan t  t o  study the  imp l i ca t i ons  f o r  I r a q  o f  t he  
" I n t e r n a t i o n a l  Convention f o r  the Prevent ion o f  P o l l u t i o n  from Ships - 1973". 
Various recommendations were made by t h a t  consu l tan t  as t o  how a minimum o i l  s p i l l  
response f u n c t i o n  should be se t  up i n  t he  country, b u t  no i n fo rma t ion  i s  c u r r e n t l y  
a v a i l a b l e  t o  determine t o  what ex ten t  these recommendations have been implemented. 
What n a t i o n a l  contingency p lans are  a v a i l a b l e  t o  deal  w i t h  marine o i l  p o l l u t i o n  
emergencies i s  unknown. 

The I r a q  Nat iona l  O i l  Company (INOC) would appear t o  have a l i m i t e d  response 
c a p a b i l i t y  according t o  data supp l ied  by GAOCMAO. Two o f fshore  d ispersant  spray 
u n i t s  and one inshore u n i t  a re  h e l d  by  INOC f o r  clean-up o f  o i l  s p i l l s ,  toqether 
w i t h  about 300 metres o f  o f f sho re  boom. As a member o f  GAOCMAO, t he  o i l  company has 
the  r i g h t  t o  c a l l  upon o ther  member companies f o r  assistance i n  cases where 
p o l l u t i o n  i nc iden ts  are  too  l a r g e  f o r  INOC alone t o  handle. It i s  presumed t h a t  
INOC have t h e i r  own o i l  s p i l l  response plan, s ince t h i s  i s  a mandatory c o n d i t i o n  of  
GAOCMAO membership, bu t  no d e t a i l s  have been obtainable.  

I r a n  

The l e v e l  o f  o i l  s p i l l  response w i t h i n  I ran ,  e i t h e r  from government sources o r  
from the o i l  companies opera t ing  i n  the country, i s  n o t  known a t  present and no 
i n fo rma t ion  i s  a v a i l a b l e  t o  the consu l tan t  upon which est imates can be made. I t  i s  
an t i c ipa ted  t h a t  under the auspices o f  the Kuwait Act ion Plan, in format ion  on s p i l l  
c o n t r o l  and clean-up resources w i l l  become more genera l ly  ava i lab le .  None o f  the  
count ry 's  o i l  companies are  members o f  GAOCMAO and hence o ther  o i l  companies i n  the  
Region have no commitment t o  render assistance i n  the event o f  major p o l l u t i o n .  

Kuwait 

Nat iona l  p lann ing f o r  marine o i l  p o l l u t i o n  i n  Kuwait i s  c u r r e n t l y  i n  a s t a t e  o f  
change and development. Several government m i n i s t r i e s  are  invo lved i n  drawing up a 
n a t i o n a l  contingency p l a n  f o r  marine p o l l u t i o n  i n c l u d i n q  the M i n i s t r i e s  o f  
Communication, Health, O i l  and Planninq, b u t  s p e c i f i c  r e s p o n s i b i l i t i e s  are n o t  a t  
present  w e l l  defined. Emergency co-ord inat ion  i n  the  event o f  a major o i l  p o l l u t i o n  



i n c i d e n t  i s  temporar i l y  t he  r e s p o n s i b i l i t y  o f  t he  M i n i s t r y  o f  O i l  bu t  t h i s  s i t u a t i o n  
w i l l  change when p lans are  f i n a l i z e d  f o r  the format ion o f  a  n a t i o n a l  environmental 
committee f o r  p o l l u t i o n  con t ro l .  This l a t t e r  committee, when establ ished, w i l l  be 
under the chairmanship o f  the  M i n i s t e r  o f  Health. The opera t iona l  c a p a b i l i t y  of 
government agencies t o  respond t o  marine o i l  p o l l u t i o n  emergencies w i t h  spec ia l i zed  
equipment i s  extremely l i m i t e d ,  on l y  the  Shuaiba Area Au tho r i t y /M in i s t r y  of O i l  
having marine c r a f t  capable o f  dea l ing  w i t h  o i l  p o l l u t i o n  by means o f  d ispersant  
spraying. 

The opera t ing  o i l  companies prov ide the major response c a p a b i l i t y  t o  marine o i l  
p o l l u t i o n  i n  Kuwait and t h e i r  combined equipment t o t a l  p laces Kuwait i n  second p lace 
i n  the Region's States i n  terms o f  maximum p o t e n t i a l  o i l -c learance capac i ty  and i n  
the  v a r i e t y  o f  p o l l u t i o n  c o n t r o l  equipment ava i lab le .  Kuwait i s  t he  on ly  Sta te  i n  
the Region t o  have any o i l - recovery  equipment (BP Vikoma system) capable o f  
opera t ing  e f f e c t i v e l y  of fshore,  and the count ry  has a  greater  number o f  a v a i l a b l e  
spray se ts  than any o ther  i n  the Region. 

Several s t a f f  members o f  the  Kuwait Nat iona l  Petroleum Company (Mina Abdulla 
Ref inery)  have received formal t r a i n i n q  i n  o i l  p o l l u t i o n  c o n t r o l  and clean-up 
technology; p e r i o d i c  t r a i n i n q  i s  q iven by the  Kuwait O i l  Company t o  i t s  marine 
personnel i n  the  use and operat ion o f  p o l l u t i o n  c o n t r o l  equipment. 

Three o f  Kuwai t 's  o i l  companies a re  members o f  GAOCMAO and there fore  have the 
r i g h t  t o  request assistance from other  member companies i n  the  event o f  t h e i r  be ing 
faced w i t h  an emergency too  l a r q e  f o r  them t o  handle i n d i v i d u a l l y .  

Oman 

Governmental r e s p o n s i b i l i t y  f o r  o i l  p o l l u t i o n  c o n t r o l  i n  the  State o f  Oman i s  
delegated t o  the  M i n i s t r y  o f  Communications a c t i n g  f o r  the Counci l  f o r  Conservation 
o f  Environment and Prevent ion o f  Po l l u t i on .  A co-ordinated n a t i o n a l  response p lan  
i s  being developed. Petroleum Development Oman (P.D. Oman) mainta ins a  p o l l u t i o n  
c o n t r o l  watch on the p o r t  o f  Mina A 1  Fahal by means o f  company marine c r a f t  and 
there i s  a  l i m i t e d  degree o f  a e r i a l  observat ion by the  c i v i l  a i r c r a f t  us ing the  
nearby a i r p o r t .  A l l  r epo r t s  o f  o i l  p o l l u t i o n  are  re layed t o  the Oman Government O i l  
Inspector  and s p i l l a q e s  occur r ing  w i t h i n  the p o r t  o f  Mina A 1  Fahal are d e a l t  w i t h  
immediately by d ispersant  sprayinq. Any widespread p o l l u t i o n  s iqh ted a t  sea o f f  t he  
nor thern  coast o f  Oman i s  on l y  t r e a t e d  when e i t h e r  f a c i l i t i e s  o r  ameni t ies are  
threatened. 

Specia l ized o i l  p o l l u t i o n  c o n t r o l  equipment i n  Oman i s  owned by P.D. Oman and 
t h i s  cons is ts  o f  th ree inshore spray u n i t s  and one o f f sho re  spray u n i t ,  a l l  
u t i l i z i n g  d ispersant  concentrate chemicals. A v a r i e t y  o f  marine c r a f t ,  i n c l u d i n q  
launches and tugboats, would be a v a i l a b l e  f o r  use i n  case o f  a major p o l l u t i o n  
emergency b u t  e x t r a  p o l l u t i o n  c o n t r o l  equipment would need t o  be acquired o r  
improvised. P.D. Oman has s i x  marine o f f i c e r s  f u l l y  experienced i n  the use o f  t he  
spraying equipment. No c a p a b i l i t y  e x i s t s  f o r  the clean-up o f  o i l  s p i l l s  by any 
method o ther  than dispersant  sprayinq. 

Qatar  

I t  would appear t h a t  there  i s  no n a t i o n a l  marine p o l l u t i o n  continqency p lan  i n  
the State o f  Qatar  a t  t he  present time. The o i l  companies have r e s p o n s i b i l i t y  f o r  
o i l  s p i l l  c o n t r o l  and clean-up i n  the  event o f  major o i l  p o l l u t i o n .  The combined 
t o t a l  o f  equipment from the o i l  companies comprises seven o f f sho re  spray u n i t s  and 
two inshore spray un i t s .  Both o i l  companies are  members o f  GAOCMAO and thus have 

the f a c i l i t y  t o  c a l l  upon most o ther  o i l  companies i n  the Reqion f o r  assistance when 
required.  



Q a t a r  Petroleum Producing Authori ty (Onshore Operat ions)  have s e v e r a l  personnel  
with s p e c i a l i z e d  knowledge o f ,  and t r a i n i n q  i n  o i l  p o l l u t i o n  c o n t r o l  techniques.  
Some of t h e s e  personnel  a r e  s u f f i c i e n t l y  experienced t o  assume t h e  r o l e  o f  p r i n c i p a l  
p o l l u t i o n  c o n t r o l  o f f i c e r ,  i f  r equ i r ed ,  w h i l s t  t h e  remainder a r e  competent f i e l d  
opera tors .  

Saudi Arabia 

A comprehensive o i l  s p i l l  response programme is c u r r e n t l y  i n  an advanced s t a q e  
of  planning i n  Saudi Arabia. The o v e r a l l  a u t h o r i t y  and r e s p o n s i b i l i t y  f o r  
implementation o f  t h e  programme is ves ted  i n  t h e  Environmental P ro t ec t ion  
Co-ordinating Committee (EPCC) whose members a r e  drawn from a l l  t h e  qovernment 
M i n i s t r i e s  l i k e l y  t o  be involved i n  any i n c i d e n t  involvinq major po l lu t i on .  The 
working s e c r e t a r i a t  f o r  EPCC is t h e  Meteoroloqy and Environmental P ro t ec t ion  
Administrat ion.  This  programme is designed t o  ensure  a  co-ordinated na t iona l  
response t o  any p o l l u t i o n  emergency which may t h r e a t e n  pub l i c  hea l th  o r  welfare.  
The p lan  a l lows  f o r  t h e  c r e a t i o n  of  two main c e n t r e s  (one f o r  t h e  Red Sea and one 
f o r  t h e  e a s t  c o a s t )  with smal le r  c e n t r e s  coverinq t h e  p r i n c i p a l  p o r t s  i n  each o f  t h e  
main a r eas .  Respons ib i l i t y  f o r  ope ra t iona l  a s p e c t s  w i l l  mainly f a l l  on t h e  Saudi 
Arabia Po r t  Authori ty and t h e  Minis t ry  o f  Petroleum i n  t h e  f i r s t  i n s t ance ,  but  i t  is 
p o s s i b l e  t h a t  even tua l ly  t h e  Royal Saudi Navy and Coastguard w i l l  a l s o  p lay  an 
a c t i v e  p a r t  i n  o i l  s p i l l  clean-up a c t i v i t i e s .  

A s  is t h e  c a s e  i n  a l l  o t h e r  c o u n t r i e s  i n  t h e  Reqion, i t  is t h e  o i l  companies 
which provide t h e  ma jo r i t y  o f  t h e  hardware f o r  use i n  s p i l l  clean-up opera t ions .  
Some p o r t  a u t h o r i t i e s  do  have equipment and more is on o rde r ,  bu t  p r e c i s e  d e t a i l s  
a r e  not  a v a i l a b l e  of  what is on hand o r  planned f o r  t h e  f u t u r e .  The Arabian 
American O i l  Company (ARAMCO) holds  t h e  l a r g e s t  s t o c k  of  o i l  p o l l u t i o n  c o n t r o l  and 
clean-up equipment i n  t h e  Region, most o f  i t  beinq d i s p e r s a n t  spray  equipment o f  one 
s o r t  o r  another .  ARAMCO i s  unique amongst t h e  o i l  companies i n  t h e  Reqion i n  havinq 
a fu l l - t ime  o i l  s p i l l  clean-up group dedica ted  t o  t h e  t a s k  of  p o l l u t i o n  c o n t r o l  i n  
and around t h e  Company's o i l  expor t ing  te rmina ls .  

The equipment he ld  by t h e  Arabian O i l  Company a t  Ras A 1  Khaf j i  i n  t h e  Divided 
Zone f u r t h e r  augments t h e  equipment ho ld ings  of  ARAMCO. 

United Arab Emirates  

A l l  m a t t e r s  concerning t h e  environment o f  t h e  United Arab Emirates  a r e  t h e  
r e s p o n s i b i l i t y  of  t h e  Higher Environmental Committee which o p e r a t e s  under t h e  
chairmanship o f  t h e  Minis te r  o f  Health. This  committee is composed of s e n i o r  
r e p r e s e n t a t i v e s  from a l l  t h e  p r i n c i p a l  m i n i s t r i e s  l i k e l y  t o  be  involved i n  
environmental ma t t e r s .  A t  t h e  p re sen t  t ime,  no n a t i o n a l  marine p o l l u t i o n  response 
p lan  is a v a i l a b l e  and r e l i a n c e  is placed e s s e n t i a l l y  upon t h e  o i l  companies of  t h e  
UAE t o  a f f o r d  p ro t ec t ion  i n  any s i t u a t i o n  where major o i l  p o l l u t i o n  t h r e a t e n s ,  
a l though t h e  UAE F r o n t i e r  and Coastguard s e r v i c e  would o f f e r  some a s s i s t a n c e .  

* 

Within t h e  UAE t h e r e  a r e  e i q h t  ope ra t inq  o i l  companies which a r e  members o f  
GAOCMAO and which, between them, can put i n t o  t h e  f i e l d  an impressive t o t a l  o f  
four teen  o f f sho re  spray  u n i t s  and s i x  inshore  u n i t s ,  p l u s  approximately 500 metres  
of  o f f sho re  boom and 300 metres  of  inshore  boom. No equipment is immediately Â¥ 

a v a i l a b l e  f o r  any phys ica l  recovery of  o i l ,  but  one s e t  o f  beach c leaning  spray  
equipment is a v a i l a b l e .  

There is no s p e c i a l  "po l lu t i on  p a t r o l "  watch kept e i t h e r  by a i r c r a f t  o r  s u r f a c e  
marine c r a f t ,  but  obviously ope ra t iona l  s p i l l s  a r e  app rop r i a t e ly  r epo r t ed  and d e a l t  
with a s  necessary.  Detect ion o f  o i l  s l i c k s  e n t e r i n q  na t iona l  waters  from o u t s i d e  



sources i s  dependent upon i n c i d e n t a l  s i g h t i n q s  by  h e l i c o p t e r s  f l y i n q  i n  the area o r  
by the  var ious  marine c r a f t  opera t ing  of fshore.  

A t o t a l  o f  s i x teen  personnel from the var ious  o i l  companies i n  the  UAE have 
received spec ia l ized t r a i n i n g  i n  o i l  s p i l l  c o n t r o l  and clean-up techniques, and 
regu la r  p r a c t i c e  exerc ises are  run  by some companies i n  order t o  ensure t h a t  boat  
crews remain f a m i l i a r  w i t h  the  dispersant  spray equipment. 

REGIONAL SPILL RESPONSE CAPABILITY 

I t  i s  obvious t h a t  the response c a p a b i l i t y  o f  the  Reqion as a  whole w i l l  be the  
sum o f  t he  c a p a b i l i t i e s  o f  t h e  i n d i v i d u a l  coun t r i es  o f  t he  Reqion, and these have 
j u s t  been summarized above. The vast  m a j o r i t y  o f  the  o i l  p o l l u t i o n  c o n t r o l  and 
clean-up equipment permanently a v a i l a b l e  i n  the  Region i s  h e l d  by t h e  opera t inq  o i l  
companies w i t h  some lesser  c o n t r i b u t i o n  from var ious p o r t  a u t h o r i t i e s .  The most 
recent  count o f  p o l l u t i o n  c o n t r o l  hardware h e l d  by those o i l  companies i n  the  
western sec t ion  o f  t he  Region who a re  members o f  the  GAOCMAO shows t h a t  t he  t o t a l  
equipment ho ld ing  i s  as i nd i ca ted  i n  t a b l e  1 below, and an i n d i c a t i o n  o f  the  nominal 
clean-up capac i ty  ava i l ab le  i s  a l so  shown i n  t h i s  tab le :  

Table 1. To ta l  O i l  P o l l u t i o n  Response Equipment h e l d  by GAOCMAO Member-Companies 

WSL Spray u n i t s  ( inshore)  
WSL Spray u n i t s  (o f fshore)  
He l i cop te r  spray u n i t s  
Beach c lean inq u n i t s  (spray) 
Containment boom 
O i l  recovery u n i t s  (skimmers) 
O i l  storage barges 

Â¥ 

3  2 12,600 
40 47,000 

4  3,800 
13 4,000 

36 = 3,300 metres - 
15 35,900 

8 = 15,600 b a r r e l s  - 

Equipment Number o f  U n i t s  Nominal Oil-Clearance 
Capacity ( bpd) 

Add i t i ona l  spraying capac i ty  i s  a v a i l a b l e  from upwards o f  t en  marine vessels i n  
the  Region which a re  permanently equipped w i t h  d ispersant  spray gear. Few d e t a i l s  
a re  a v a i l a b l e  concerning the  hardware h e l d  by government agencies i n  the  Reqion b u t  
i t  i s  improbable t h a t  t h e i r  combined c o n t r i b u t i o n  would a l t e r  the  data o f  t a b l e  1 by 
more than 10-15 p e r  cent. 

The t o t a l  response capac i ty  i n d i c a t e d  i n  t a b l e  1 above appears impressive and, 
on the bas i s  o f  t h e  data given, i t  would be n a t u r a l  t o  t h i n k  t h a t  t he  Region i s  w e l l  
prepared t o  dea l  w i t h  an o i l  p o l l u t i o n  emergency o f  q u i t e  a  s i g n i f i c a n t  scale. A 
t o t a l  nominal clean-up capac i ty  o f  103,000 b a r r e l s  o f  o i l  per day would seem t o  be 
poss ib le  i f  a l l  equipment a v a i l a b l e  i n  the area were t o  be mobi l i zed and pu t  i n  the  
f i e l d .  Such a  s i m p l i s t i c  view, however, does n o t  take i n t o  account the  many f a c t o r s  
which come i n t o  p l a y  t o  d imin ish  t h i s  apparent response c a p a b i l i t y .  



F i r s t  and foremost a s  l i m i t i n g  f a c t o r s  a r e  sea/weather cond i t i ons  which, i n  
extreme cases ,  can prevent  any form of clean-up ope ra t ion  from beinq undertaken. 
Most phys ica l  recovery systems a r e  e s p e c i a l l y  s e n s i t i v e  t o  s ea  c o n d i t i o n s  which a r e  
i n  any way rough. Dispersant  spraying  ope ra t ions  may be  conducted i n  most o f  t h e  
s ea  cond i t i ons  experienced o f f sho re  i n  t h e  Reqion, al thouqh t h e  u se fu lnes s  of  such 
o p e r a t i o n s  i n  r e a l l y  rough s e a s  is ques t ionable ,  s i n c e  n a t u r a l  break-up o f  s u r f a c e  
o i l  w i l l  occur q u i t e  r a p i d l y  under such cond i t i ons  without t h e  a i d  df sprayinq.  

A v a i l a b i l i t y  and c o s t  o f  marine v e s s e l s  f o r  deployinq a l l  t h e  po l lu t i on  c o n t r o l  
equipment is a second important  l i m i t i n q  f a c t o r .  I f  a l l  a v a i l a b l e  equipment was t o  
be  deployed a t  t h e  same time, about 120 v e s s e l s / c r a f t  o f  a l l  t ypes  would be needed 
t o  handle t he  equipment and provide necessary back-up, e t c .  The problems of  
co-ordinat inq such a l a r q e  ope ra t ion  would be enormous. 

A t h i r d  f a c t o r  t o  be considered is t h e  s u i t a b i l i t y  o f  t h e  equipment f o r  use i n  
any given s i t u a t i o n .  For example, t a b l e  1 i n d i c a t e s  t h a t  1 5  skimmer u n i t s  a r e  
a v a i l a b l e  i n  t h e  Region f o r  o i l  recovery o p e r a t i o n s  but  what is not  apparent  i n  t he  
d a t a  is t h a t  on ly  one of t h e s e  skimmers is s u i t a b l e  f o r  use i n  t h e  o f f s h o r e  
s i t u a t i o n ,  t h e  o t h e r s  beinq f o r  use only  i n  s h e l t e r e d  inshore  waters .  One f i n a l  
f a c t o r  which should not  be overlooked is t h e  s e r v i c e a b i l i t y  of t h e  equipment a t  any 
g iven  time. Atmospheric cond i t i ons  i n  t h e  Region a r e  such t h a t  d e t e r i o r a t i o n  o f  a l l  
t ypes  of mechanical equipment is r a p i d  i f  adequate maintenance is nea lec ted .  
P o l l u t i o n  c o n t r o l  equipment is l i k e l y  t o  l i e  i d l e  f o r  lonq pe r iods  o f  time and t h e r e  
is a tendency t o  overlook t h e  importance o f  r egu la r  checkinq and s e r v i c i n q  of 
equipment. This  is e s p e c i a l l y  t r u e  i n  t h e  s i t u a t i o n  where po l lu t i on  c o n t r o l  is only  
a  secondary func t ion  o f  an ope ra t ing  group and tends ,  t h e r e f o r e ,  t o  be neglec ted  
owing t o  t he  p re s su re  of  t h e  o t h e r  primary t a sks .  The f r equen t  r e s u l t  o f  t h i s  is 
t h a t ,  when p o l l u t i o n  equipment is  requi red  f o r  emerqency use,  i t  is unserv iceable  
and much va luab le  time is l o s t  wh i l s t  overhauls  o r  r e p a i r s  a r e  c a r r i e d  ou t .  This  
maintenance f a c t o r  a lone  is  l i k e l y  t o  reduce t h e  immediate nominal response capac i ty  
der ived  from t a b l e  1 by a s  much a s  25 pe r  c e n t  o r  perhaps even more. 

The predominant r o l e  played by d i s p e r s a n t  spraying  a s  a  means o f  o i l  s p i l l  
clean-up is very c l e a r l y  shown i n  t h e  d a t a  o f  t a b l e  1. . P a r t  o f  t h e  reason f o r  t h i s  
is almost c e r t a i n l y  h i s t o r i c  i n  t h a t ,  dur inq  the  e a r l y  days of  p o l l u t i o n  
consciousness i n  t h e  Region and of  co-operat ion between t h e  o i l  companies, 
d i s p e r s a n t  spraying  was t h e  only  clean-up technique o f  proven e f f e c t i v e n e s s .  The 
tendency t h e r e f o r e  was t o  b u i l d  up t h e  co-operat ive response c a p a b i l i t y  of GAOCMAfl 
around t h i s  one technique,  and l a t e r  developments i n  o i l  s p i l l  c o n t r o l  technoloqy 
were no t ,  i n  gene ra l ,  considered a s  beinq r e a d i l y  a p p l i c a b l e  i n  t h e  Region. The 
r ea sons  f o r  t h i s  were many and var ied .  P r imar i l y  it was due t o  a  d e s i r e  t o  main ta in  
a  s i n g u l a r i t y  and uniformity of  approach t o  s p i l l  clean-up by t h e  o i l  companies with 
a  s i m p l i f i c a t i o n  and s t anda rd i za t ion  of  techniques  and equipment. Also d i s p e r s a n t  
spraying  was t h e  only  known method which had widespread a p p l i c a b i l i t y  i n  both 
nearshore  and o f f sho re  waters  under a  wide v a r i e t y  o f  weather condi t ions .  Another 
probable f a c t o r  was a  gene ra l  r e luc t ance  t o  accept  t h e  very  cons ide rab l e  time and 
resource  commitment necessary t o  develop t h e  ope ra t iona l  e x p e r t i s e  which is 
e s s e n t i a l  i f  t h e  va r ious  methods o f  o i l  containment and recovery,  which l a t e r  became 
a v a i l a b l e ,  were t o  be succes s fu l ly  appl ied .  Whatever t h e  reasons,  t h e  f a c t  remains 
t h a t  t h e  p r i n c i p a l  response c a p a b i l i t y  throughout t h e  Reqion relies upon d i s p e r s a n t  
spraying ,  and a formidable a r r a y  o f  spraying  equipment is a v a i l a b l e  i n  t h e  Reqion 
f o r  use when requi red .  

A v a r i e t y  o f  o i l  booms a r e  a v a i l a b l e  from a number of  t h e  o i l  companies i n  t h e  
Region. A t o t a l  of some 3,300 metres o f  boom can be  assembled, almost 2,000 of 
which is Vikoma Seapack s u i t a b l e  f o r  o i l  containment and recovery use  o f f sho re  i n  
conjunct ion  with app rop r i a t e  skimmers. There is l i t t l e ,  i f  any, p r a c t i c a l  



experience i n  t h e  use of  booms i n  a  containment/recovery mode i n  t h e  Region and in  
s p i l l  emerqencies t h e  booms would be used p r i n c i p a l l y  i n  a  d e f l e c t i o n  mode t o  
p r o t e c t  v i t a l  f a c i l i t i e s  and amenit ies .  Some o f  t h e  boom which is a v a i l a b l e  is of  
use  only i n  s h e l t e r e d  waters  and would be used i n s i d e  harbours  o r  s i m i l a r  a r ea s .  
Like much of t h e  mechanical equipment, booms a r e  s u b j e c t  t o  d e t e r i o r a t i o n  and it is 
ques t ionable  j u s t  how much of  t h e  amount of  boom nominally a v a i l a b l e  i n  t h e  Reqion 
would a c t u a l l y  be i n  s e rv i ceab le  cond i t i on  when requi red .  

Any o f f sho re  o i l  recovery ope ra t ion  w i l l  r e q u i r e  mobile temporary s t o r a g e  
equipment f o r  in te rmedia te  s t o r a q e  of recovered o i l  p r i o r  t o  d i sposa l .  GAflCMAO 
member companies have e i q h t  o i l  s t o r a q e  barqes  which could be used f o r  t h i s  purpose, 
and t h e  Arab Ship Repair Yard i n  Bahrain has a  32,000 DWT tank-cleaninq tanker  ( n o t  
s e l f -p rope l l ed ) .  

In  add i t i on  t o  t he se  v e s s e l s  t h e r e  would be many o t h e r  small  bunkering v e s s e l s  
which could be made a v a i l a b l e  i n  a  s e r i o u s  emerqency i f  a  major phys ica l  recovery 
ope ra t  ion were contemplated. 

Apart from equipment a v a i l a b i l i t y  which has  been d iscussed  above. Reqional 
response c a p a b i l i t y  is dependent upon t h e  deqree o f  co-operation and co-ordinat ion 
which e x i s t s  between t h e  va r ious  concerned agencies  i n  t h e  Reqion. The h ighes t  
l e v e l  r e l a t i o n s h i p s  a r e  those  between n a t i o n a l  Governments and qovernmental bodies  
i n  t he  Reqion. Such r e l a t i o n s h i p s  i n  reqard  t o  o i l  s p i l l  response a r e  not  well  
developed and much is requi red  t o  be done t o  improve the  s i t u a t i o n .  A t  t h e  
ope ra t ions  l e v e l ,  this de f i c i ency  i n  inter-qovernmental co-ordinat ion f r equen t ly  
mani fes t s  i t s e l f  i n  de lays  i n  movinq u rgen t ly  needed equipment and personnel  a c r o s s  
na t iona l  boundaries ,  e t c . ,  and s e v e r a l  days may be  l o s t  wh i l s t  Customs and 
immigration f o r m a l i t i e s  a r e  s o r t e d  ou t .  In t h e  view of  t h e  consu l t an t ,  t h e  most 
e f f e c t i v e  co-operat ive o rgan iza t ion  i n  t he  a r e a  s tud i ed  is GAOCMAfl. A very 
e f f i c i e n t  communications network has  been set up between t h e  member companies o f  
t h i s  o rgan iza t ion ,  and the  very personal  l e v e l  of  c o n t a c t  which e x i s t s  between t h e  
va r ious  company r e p r e s e n t a t i v e s  o f  GAOCMAO h a s  moved inva luable  over  t h e  t e n  yea r s  
s i n c e  t h e  o rgan iza t ion  was f i r s t  formed. However, t h e  primary func t ion  of  GAOCMAO 
is not  t o  develop a Regional response c a p a b i l i t y  t o  o i l  p o l l u t i o n  but  e s s e n t i a l l y  t o  
ensure  t h a t  i nd iv idua l  member companies have a  back-up c a p a b i l i t y  t o  dea l  with o i l  
p o l l u t i o n  i n c i d e n t s  which a r e  beyond t h e i r  i nd iv idua l  capac i ty  t o  handle. 

O i l  s p i l l  clean-up c o n t r a c t o r s  have a r o l e  t o  p lay  i n  i nc reas ing  t h e  c a p a b i l i t y  
of  t h e  Region t o  respond t o  o i l  s p i l l s .  There a r e  s e v e r a l  companies i n  t h e  USA and 
Europe which o f f e r  a  world-wide response c a p a b i l i t y  t o  o i l  p o l l u t i o n  emerqencies bu t  
none, a s  y e t ,  has  e s t a b l i s h e d  a permanent ope ra t inq  base i n  t h e  Reqion. The r e s u l t  
o f  t h i s  is  t h a t  s e v e r a l  va luab le  days may be  l o s t  before  any of  t h e s e  c o n t r a c t o r s  
can become ope ra t iona l  i n  a  major s p i l l  i n  t h e  Reqion. S ince  most o f  t he se  
c o n t r a c t o r s  u t i l i z e  mechanical recovery systems a s  a  major p a r t  o f  t h e i r  s e r v i c e ,  
t h e  l o s s  o f  t h e s e  e a r l y  days g r e a t l y  reduces  t h e  o v e r a l l  e f f e c t i v e n e s s  o f  t h e i r  
opera t ions .  One o i l  s p i l l  clean-up c o n t r a c t o r  is  known t o  t h e  consu l t an t  t o  b e  i n  
t h e  process  of  e s t a b l i s h i n q  an ope ra t iona l  base i n  t h e  Reqion. 

DISPERSANT CHEMICAL SUPPLY IN THE REGION 

I t  ha s  been shown above, i n  theory  a t  l e a s t ,  t h a t  i t  is p o s s i b l e  t o  put i n  t h e  
f i e l d  a  t o t a l  spraying  capac i ty  equal  t o  an o i l  d i s p e r s i o n  c a p a b i l i t y  o f  almost 
64,000 b a r r e l s  of  o i l  per  day. This  l e v e l  of  spraying  a c t i v i t y  would r e q u i r e  a  
d a i l y  d i s p e r s a n t  usage o f  450,000 litres, assuming t h a t  concent ra ted  d i s p e r s a n t  on ly  



was used. There would be  l i t t l e  purpose i n  havinq an ewipment  c a p a b i l i t y  of  t h i s  
magnitude i f  i t  could not  be matched by a d i s p e r s a n t  supply c a p a b i l i t y  o f  
approximately equal  magnitude. A s i g n i f i c a n t  s t o c k p i l e  of  d i spe r san t  concen t r a t e  
chemical is maintained i n  t h e  Reqion, p r i n c i p a l l y  by t h e  o i l  companies ope ra t inq  
the re .  This  s t o c k p i l e  probably amounts t o  about 2 mi l l i on  l i t res  i n  a l l  a t  any 
g iven  time and t h i s  is equ iva l en t  t o  four  o r  f i v e  days '  supply,  a t  maximum usaqe 
r a t e .  In p r a c t i c e  t h i s  s t o c k p i l e  would i n i t i a l l y  l a s t  cons iderably  lonqer  than t h i s ,  
s i n c e  i t  would probably t ake  s e v e r a l  days t o  mobi l ize  t h e  maximum sprayinq e f f o r t ,  
i f  such was eve r  requi red .  t 

The l i m i t i n g  s i t u a t i o n  t o  cons ider  i n  terms o f  d i s p e r s a n t  supply is  where t h e  
s t o c k p i l e  has been t o t a l l y  deple ted  and t h e  s o l e  cont inuinq  source  of  f r e s h  
d i s p e r s a n t  is t h a t  being suppl ied  d i r e c t l y  by t h e  manufacturers .  I f  we assume t h a t  
t h e  necessary t r a n s p o r t  s i t u a t i o n  can be reso lved ,  then t h e  dec id inq  f a c t o r  is t h e  Ã 
a b i l i t y  of t h e  manufacturers  t o  produce t h e  d i s p e r s a n t  chemical i n  t h e  requi red  
quan t i t y .  The d a i l y  manufacturing c a p a b i l i t y  o f  t h e  p r i n c i p a l  d i s p e r s a n t  
manufacturers  i n  Europe and t h e  USA is d e t a i l e d  i n  t a b l e  2 below. 

Table 2. Dispersant  Chemical Supply Capaci ty - P r i n c i p a l  Manufacturers 

I Manufacturer Product Supply Capacity 
( l i t r e s  per  day) 

Dasic  I n t e r n a t i o n a l  Slickqone LTE 
Essochem Corexi t  9527 
Gamlen OSR 2000 
Pe t r o f  i na  Finasol/OSR 7 
Servo CD 2000 

I 

loo , oon 
125,nno 

30, OOO* 
130,000 

50,000 

Manufacturing capac i ty  o f  Kuwait p l a n t ,  no t  a concen t r a t e .  

These d a t a  i n d i c a t e  t h a t  i t  is probable t h a t  t h e  t o t a l  c a p a b i l i t i e s  of  a l l  
manufacturers  t o  supply d i s p e r s a n t  concen t r a t e  t o  t he  Reqion over  an extended per iod  
of  t i m e  can only  j u s t  match t h i s  t h e o r e t i c a l  maximum usaqe r a t e .  This  s i t u a t i o n  is 
no t  a s  s e r i o u s  a s  may a t  f i r s t  appear  because, f o r  reasons  s t a t e d  previous ly ,  i t  is  
most un l ike ly  t h a t  t h e  f u l l  spraying  p o t e n t i a l  o f  t h e  Reqion w i l l  ever  be  r e a l i z e d  
i n  p rac t i ce .  However, t h e  above cons ide ra t i ons  do h iqh l iqh t  t h e  f a c t  t h a t ,  on an 
o v e r a l l  Regional b a s i s ,  t h e  l e v e l  o f  d i s p e r s a n t  sprayinq  c a p a b i l i t y  is probably a t  
an  optimum, and t h a t  any f u r t h e r  i nc rease  is un l ike ly  t o  be of  any s i q n i f i c a n t  
value.  Fur ther  improvements a r e  l i k e l y  t o  come from an upgrading of ope ra t iona l  
e f f i c i e n c y  as a r e s u l t  o f  ope ra to r  t r a i n i n g  and exper ience ,  and replacement o f  o l d  
and obso le t e  equipment. + 

COMMENTS ON POSSIBLE FUTURE ACTIONS AND ROLE OF MEMAC -t 

The d a t a  presented above i n d i c a t e  t h a t  a t  t h e  present  time i t  is t h e  o i l  
companies of  t h e  Region which provide t h e  main c a p a b i l i t y  t o  respond t o  o f f sho re  o i l  
s p i l l s  and t h a t  t h i s  c a p a b i l i t y  is heav i ly  b i a sed  towards t h e  use  o f  d i s p e r s a n t  
chemicals.  Experience i n  t h e  use o f  o i l  recovery systems is gene ra l ly  lackinq  both 
i n  t h e  governmental agencies  and o i l  companies and only  one company c u r r e n t l y  has  



any recovery equipment which can be used of fshore.  O i l  containment and recovery 
systems are  expensive t o  buy and requ i re  a h i g h  l e v e l  o f  competent opera t ion  by  
personnel i f  they are  t o  perform s a t i s f a c t o r i l y  and t h i s  can on ly  be a t t a i n e d  by  
thorough t r a i n i n g  and continuous prac t ice .  In the  op in ion  o f  t he  consul tant ,  
permanent commitment o f  marine c r a f t  and personnel t o  o i l  p o l l u t i o n  c o n t r o l  
operat ions i s  necessary i n  such instances. 

The e s s e n t i a l  r o l e  of  o i l  companies i s  t o  produce o i l  and o i l  products. I t i s  
perhaps unreasonable t o  expect them t o  expand resources t o  main ta in  dedicated o i l  
s p i l l  response teams which would be invo lved i n  major o i l  s p i l l  clean-up on ly  on 
r a r e  occasions. I n  general, the  present l e v e l  o f  p o l l u t i o n  response c a p a b i l i t y  
maintained by the  o i l  companies i s  s u f f i c i e n t  t o  dea l  w i t h  the  day t o  day s p i l l s  
which occur as  a r e s u l t  o f  normal r o u t i n e  operations. Their  combined response 
c a p a b i l i t y  i n  terms o f  d ispersant  sprayinq probably does n o t  need t o  be supplemented 
f u r t h e r  by Governments o f  the  Region except t o  p r o t e c t  l o c a l  f a c i l i t i e s .  I t  i s  
suggested t h a t  i t  should be the r o l e  o f  Governments, e i t h e r  i n d i v i d u a l l y  o r  
c o l l e c t i v e l y ,  t o  undertake the task o f  p rov id ing  the  manpower and equipment 
resources necessary t o  se t  up and main ta in  a f u l l - t i m e  o i l  s p i l l  response funct ion,  
based on phys i ca l  containment and recovery, and which i s  capable o f  dea l i nq  
e f f e c t i v e l y  w i t h  the  occasional l a r g e  s p i l l s  which a f f e c t  the  Reqion. The proposed 
Marine Emergency Mutual Aid Centre (MEMAC) would seem t o  be the  i d e a l  v e h i c l e  
through which such a response cou ld  operate. 

Another area o f  opera t ion  r e q u i r i n g  improvement i n  the Reqion i s  t h a t  of  o i l  
s l i c k  su rve i l l ance  and r e p o r t i n q  general ly .  According t o  the  i n fo rma t ion  a v a i l a b l e  
t o  the consul tant ,  no formal " p o l l u t i o n  c o n t r o l "  watch i s  maintained i n  the  Reqion. 
Reports o f  o i l  s l i c k s  depend upon the casual  observat ions o f  mar iners o r  a i r c r a f t  
p i l o t s  t rave rs ing  the Reqion du r ing  t h e i r  everyday operations, b u t  there  e x i s t s  no 
c e n t r a l  r e p o r t i n g  and recording system f o r  such observations. I t  i s  suqqested t h a t  
Governments should i n s t i t u t e  a d a i l y  h e l i c o p t e r  survey o f  a l l  the p r i n c i p a l  o f f sho re  
areas a t  r i s k ,  i n  order t o  moni tor  o i l  p o l l u t i o n .  I t  i s  f u r t h e r  suqqested t h a t  a l l  
r epo r t s  o f  s i g n i f i c a n t  o i l  p o l l u t i o n  should be t ransmi t ted  immediately t o  MEMAC 
(when the  l a t t e r  i s  func t ion ing)  and t h a t  MEMAC should then use these s p i l l  r epo r t s  
t o  compile r e l i a b l e  s p i l l  s t a t i s t i c s  f o r  the  Region. I t  would be a f u r t h e r  
r e s p o n s i b i l i t y  o f  MEMAC t o  assess each r e p o r t  and t o  decide whether any s p i l l  i s  o f  
such consequence as t o  r e q u i r e  o ther  Governments i n  the  Reqion t o  be informed o f  a 
poss ib le  p o l l u t i o n  r i s k .  Upon agreement as t o  how best  t o  deal  w i t h  i t, a MEMAC 
response team could then be deployed t o  s t a r t  clean-up operations. That MEMAC 
should be ab le  t o  respond t o  s p i l l s  on i t s  own i n i t i a t i v e  i s  h i g h l y  desirable,  s ince  
r a p i d  response i s  one o f  t he  key f a c t o r s  i n  successful clean-up operations. 

To conclude t h i s  paper, the  f o l l o w i n g  suggestions are  o f f e r e d  f o r  a few o f  t he  
o ther  r o l e s  which MEMAC might p lay  i n  the  Region: 

a)  Cent ra l  in format ion  body, main ta in ing  up-to-date i n fo rma t ion  on a l l  mat ters  
r e l a t i n g  t o  marine p o l l u t i o n ,  i n c l u d i n g  developments i n  o i l  s p i l l  c o n t r o l  
technology, cu r ren t  m a t e r i a l s  and equipment ava i lab le ,  con t rac to r  response 
agencies a v a i l a b l e  etc., etc.  ; 

b)  Cent ra l  t e s t i n g  and eva luat ion  body f o r  s p i l l  equipment, mater ia ls ,  etc., t o  
evaluate new and e x i s t i n g  equipment/materials f o r  e f fec t i veness  under 
cond i t i ons  p r e v a i l i n g  i n  the Region; MEMAC cou ld  develop some "approval" system 
t o  a s s i s t  government agencies, etc., i n  ob ta in ing  the most appropr ia te  
equipment ; 

c )  Provide Regional co-ordinat ion and resource f a c i l i t a t i o n  du r inq  o i l  s p i l l  
emergencies; 



d) Provide t echn ica l  e x p e r t i s e  on a l l  m a t t e r s  r e l a t i n g  t o  marine po l lu t ion  i n  t h e  
Reqion; 

e )  Provide t r a i n i n g  f a c i l i t i e s  i n  o i l  s p i l l  c o n t r o l  and clean-up techniques  
s p e c i f i c a l l y  t a i l o r e d  t o  the  needs of  t h e  Reqion and maintain a  marine 
emergency t a sk  f o r c e  a v a i l a b l e  on a  24-hour b a s i s  f o r  response t o  s p i l l  
emerqenc ies; 

Â¥ 
f )  E f f e c t i v e l y  i n t e r f a c e  with a l l  o i l  companies i n  t h e  Region and maintain 

c l o s e  con tac t  with GAOCMAO. 
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ABSTRACT 

ARAMCO has stressed the prevention o f  o i l  s p i l l s  since i t  f i r s t  began producing 
and exporting o i l  i n  1938. S p i l l  prevention has taken two forms: 1 )  appl icat ion o f  
the best p rac t i ca l  engineering technology and 2) s t r ingent  operating cont ro ls  and 
t ra in ing.  Realizing, however, t ha t  accidents do happen even w i t h  the best 
engineering and s t r i c t e s t  controls, ARAMCO has created a resoonse organization t o  
combat o i l  s p i l l s  i n  the event o f  a release o f  o i l  on water o r  land. 

The prevention o f  o i l  s p i l l s  begins w i t h  d r i l l i n g  operations and continues 
r i g h t  through t o  the departure o f  the laden tanker from the terminal. ARAMCO has 
had only two blow-outs i n  30 years o f  of fshore operations. Pipel ines and f lowl ines 
i n  offshore areas are a l l  cathodical ly protected and undergo regular v i sua l  
inspect ion by divers. As a resu l t  o f  such measures, there have been only three 
of fshore p ipe l ine  ruptures i n  30 years. Producing platforms are designed t o  l i m i t  
operat ional  discharges. Terminal f a c i l i t i e s  are operated i n  a way t ha t  minimizes 
the p o s s i b i l i t y  o f  small o r  large o i l  releases. The SBMs have frequent hose 
renewals and the Sea Islands, soecial  s lop handling f a c i l i t i e s .  

I n  addi t ion t o  preventive measures, ARAMCO has developed a contingency o i l  
s p i l l  'plan, a fu l l - t ime p o l l u t i o n  response u n i t  and an inventory o f  soecial ized 
equipment. The response i s  based on keeping the o i l  from sens i t ive areas and 
carry ing out clean-up operations a t  sea w i th  the use o f  dispersants. There are a t  
l eas t  ten vessels f i t t e d  out w i th  spraying apparatus. ARAMCO also has the equipment 
f o r  ae r i a l  appl icat ion o f  dispersants. Special plans are made f o r  s p i l l s  where 
dispersants cannot be used. Booms and skimming equipment are keot on hand f o r  such 
cases. 



REPORT 

I n  order t o  put the  ARAMCO o i l  s p i l l  p revent ion  and response programme 
perspect ive  the  s i z e  o f  t he  e f f o r t  must b e  considered f i r s t :  

f i q u r e  I shows some ARAMCO product ion  s t a t i s t i c s  f o r  1979. As can be 
seen, an average of  9.25 m i l l i o n  b a r r e l s  per day were produced o f  
which about 30 per  cent  o r  2.7 m i l l i o n  b a r r e l s  per day were from 
of fshore  f i e l d s .  

F igure  I 1  shows the d i s t r i b u t i o n  o f  the  o f fshore  producinq areas i n  

i n t o  

r e l a t i o n  t o  the coas ta l  areas. The d is tance between Zu lu f  i n  the 
n o r t h  and Abu Safah i n  the south i s  about 210 km. 

f i q u r e  111 shows o f fshore  w e l l  and d r i l l i n q  s t a t i s t i c s  f o r  1979. 

f i q u r e  I V  shows the 1979 Terminal a c t i v i t y .  

These four  f i g u r e s  i l l u s t r a t e  the p o t e n t i a l  f o r  o i l  s p i l l s  merely i n  the 
p o r t i o n  of the  Kuwait Ac t ion  Plan Reqion i n  which ARAMCO operates. To put  t h i s  i n  a 
somewhat d i f f e r e n t  perspective, f i q u r e  V i l l u s t r a t e s  the  o i l  imports o f  western 
Europe. Saudi Arabia produces almost as much o i l  as western Europe imports. The 
do ts  on f i q u r e  V mark the  l o c a t i o n s  o f  major s p i l l s  i n  the  oast 15 years. There a re  
18 dots  represent ing 585,000 tonnes o f  s p i l l e d  o i l .  The p o t e n t i a l  problem f o r  
tanker-re lated o i l  s p i l l s  a long the Saudi Arabian coast can be sa id  t o  be i n  the 
same order as western Europe, s ince  the ARAMCO expor ts  are  i n  the same ranqe as 
European imports. Add t o  t h i s  the  p o t e n t i a l  o f  s p i l l s  from product ion and i t  
becomes apparent t h a t  a comprehensive o i l  s p i l l  s t ra teqy i s  needed. ARAMCO has l onq  
recognized t h i s  need. From the moment a d r i l l i n q  opera t ion  s t a r t s  t o  the departure 
o f  the laden tanker from the terminal ,  p revent ion  o f  s p i l l s  has been a qu id inq  
p r i n c i p l e  o f  the Company. 

The comprehensive prevent ion proqramme has proved l a r q e l y  successful.  Ourinq 
the l a s t  30 years, there  have been on ly  two o f f sho re  o i l  w e l l  blow-outs i n  Saudi 
Arabia and on ly  one o f  these caused s i g n i f i c a n t  o i l  p o l l u t i o n .  This env iab le  record  
i s  due t o  the prevent ive  measures taken. For example, i n  a l l  the d r i l l i n g  opera t inq  
undertaken by ARAMCO, crews a r e  h i g h l y  t r a i n e d  i n  c a r e f u l l y  de f ined procedures. The 
crew on a l l  ARAMCO con t rac t  r i q s  a re  requ i red  t o  a t t a i n  c e r t a i n  personnel experience 
leve ls .  I n  add i t ion ,  there  i s  an ARAMCO engineer on each con t rac t  r i q  whose job  i s  
t o  see t h a t  the  d r i l l i n q  i s  c a r r i e d  out  i n  a safe and r e l i a b l e  manner t h a t  meets 
Company s p e c i f i c a t i o n s  f o r  p o l l u t i o n  con t ro l ,  i nspec t i on  o f  sa fe ty  equipment and 
o v e r a l l  superv is ion o f  operations. The d r i l l i n q  i s  a l l  c a r e f u l l y  planned p r i o r  t o  
movinq the r i q  on s i t e ,  and t h i s  p lann inq inc ludes a review o f  seismic data and 
o ther  qeo log ica l  in format ion  t o  p r e d i c t  p o t e n t i a l  problems. 

I t  has been and continues t o  be an ARAMCO p o l i c y  t h a t  every precaut ion  be taken 
t o  ensure t h a t  a w e l l  remains under c o n t r o l  a t  a l l  times. This s t r i c t  maintenance 
o f  w e l l  c o n t r o l  o f t e n  slows down d r i l l i n g  operat ions and increases costs. But the 
div idends i n  decreased r i s k  o f  p o l l u t i o n  and o f  c o s t l y  blow-outs make i t  worth 
whi le.  A v i v i d  i l l u s t r a t i o n  o f  the impacts and costs  associated w i t h  a blow-out was 
the recent  I x toc -1  blow-out i n  Mexican waters. A t  ARAMCO a l l  e f f o r t s  are  be ing made 
t o  ensure t h a t  such an i nc iden t  does n o t  occur i n  the Reqion. For example, i n  
a d d i t i o n  t o  the s t r i c t  w e l l  c o n t r o l  procedures mentioned e a r l i e r ,  ARAMCO completes 
a l l  we l l s  above the surface, t h a t  i s ,  on a p lat form. This has d i s t i n c t  advantaqes. 
I n  the event o f  a blow-out there  i s  a qood chance t h a t  the  w e l l  can be i q n i t e d  and 
the o i l  and gas burned ins tead o f  s p i l l e d  i n t o  the water. This was demonstrated 
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recent ly  i n  the  Berri  o i l  f i e l d  where a blow-out on a six-well platform resu l t ed  i n  
only a wall amount of o i l  on the  water durinq the  two months i t  took t o  quench t h e  
w e l l .  A subsurface completion, such a s  t h e  Ixtoc  well, s p i l l s  o i l  d i r e c t l y  i n t o  the 
water when it blows and thus  is inherent ly  a much grea te r  pol lu t ion th rea t  than the  
above-surface completions. 

* 
However, even with the  best  poss ible  preventive measures, t h e r e  is always t h e  

chance of a blow-out, a s  happened with t h e  Ekofisk w e l l  i n  the  North Sea, t h e  
Ixtoc-1 w e l l  i n  t h e  Bay of Campeche and the  Hasbah-6 w e l l  i n  t h e  Kuwait Action Plan 
Region. In order t o  r e a c t  to such a s i t u a t i o n ,  ARAMCO has  ca re fu l ly  loqqed each 
well, pinpointinq both the  surface  and down-hole locations.  ARAMCO has  a l s o  noted -Ã  ̂

each wel l ' s  performance c h a r a c t e r i s t i c s  and formulated a plan f o r  the  placement of 
r e l i e f  wells. Thus, when the  Berri  Well No. 34 went out  of control ,  two r i q s  were 
inmediately rushed t o  the  scene and within 60 days were ab le  t o  k i l l  the well. This 
could not have been accomplished without forward planninq and an accurate knowledqe 
of t h e  down-hole locat ion of the  well. I t  should be borne i n  mind t h a t  it  took more 
than e ight  months t o  cap Ixtoc-1 and only a f t e r  mi l l ions  of b a r r e l s  of o i l  had been 
sp i l l ed .  

The preventive measures do not s top  with d r i l l i n q .  Each completed well is 
protected with two f a i l s a f e  valves. The platforms a r e  designed t o  meet more severe 
weather condit ions than a r e  l i k e l y  t o  occur i n  the  area ,  and both the  platforms and , 

pipe l ines  a r e  cathodically protected from external  corrosion. ARAMCO's p ipel ine  
spec i f i ca t ions  a r e  the  most s t r inqen t  i n  the  world when wet o r  sour se rv ice  is 
ant ic ipated.  In f a c t ,  when these spec i f i ca t ions ,  were f i r s t  l a i d  down, no suppl ier  
would bid on the  pipe contracts.  Even the  spec i f i ca t ions  f o r  normal crude se rv ice  
a r e  s t r i c t e r  than those s e t  by t h e  American Petroleum I n s t i t u t e .  With 855 km of 
offshore  production pipeline,  ARAMCO has t o  be riqorous. 

A t  t he  same time, the  Company is looking ahead, an t i c ipa t inq  the  p o s s i b i l i t y  of 
new pol lut ion hazards. For example, a s  the  o i l  f i e l d s  beqin t o  qo wet, the  
po ten t i a l  f o r  in te rna l  corrosion w i l l  increase,  s o  s t e p s  a r e  beinq taken now t o  
respond t o  t h i s  new problem. Desiqns a r e  being made f o r  corrosion control  chemicals 
t o  be in jected a t  the  well head. New f lowlines  and pipel ines  i n  severe se rv ice  
a r e a s  w i l l  be required t o  have an in te rna l  coatinq of polyurethane o r  epoxy. 

ARAMCO's preventive measures continue h e n  the  o i l  comes ashore from the  
offshore  we l l s  and production platforms. Many s p i l l s  a r e  caused in  and around 
marine terminals} consider,  f o r  instance,  t h e  Bantry Bay incident ,  the  tank f a i l u r e  
a t  the  Shell  terminal i n  Nigeria o r  the  many smaller  s p i l l s  o f  100 t o  200 b a r r e l s  
t h a t  occur each year i n  terminals a l l  over the  world. As the  world's l a r q e s t  
terminal operator, ARAMCO is well aware of t h e  po ten t i a l  f o r  s p i l l s  i n  these areas.  

Figure V I  g ives  some of the  tankage f igures  f o r  the  ARAMCO terminals. I t  can + 
be seen t h a t  a t  any one time the re  can be w t o  37 mil l ion b a r r e l s  of o i l  s tored 
within one kilometre of t h e  shoreline.  Where the re  is o i l  s tored there  is the  
po ten t i a l  f o r  a s p i l l ,  s o  again prevention is the  key. Each tank is individual ly  
diked and the  diked area is drained t o  an impoundment area. The system is designed /<. 

t o  hold the contents  of the  terminal ' s  l a r q e s t  tank,  thus preventinq an o i l  re lease  
i n t o  the  sea. 

From the tanks the  o i l  must be t ransferred t o  the tankers, and it is during 
t h i s  operation t h a t  the re  is an increased danqer of o i l  s p i l l .  A t  t h e  Ju'aymay 
Terminal, o i l  is pumped a t  up t o  130,000 b a r r e l s  per hour so tha t  even a small leak 
could r e s u l t  i n  a l a r g e  auant i ty  of o i l  beinq released. In order t o  reduce t h i s  
r i s k  a s  much a s  possible,  very s t r i c t  operational and inspection standards a r e  
maintained. To begin with, a l l  hoses a r e  regular ly  inspected and overhaul Bri- 
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Cur ren t lyT  the s u r f a c e  hose strirq on !%Ma is chanqed every 12  m t h s  end t h e  
subsur face  s t r i n q  is chanqed every 24  months ( though t h i s  may soon b e  reduced t o  12  
months a l s o ) .  h r i n g  an overhaulT the hose s t r i n q  is sub jec t ed  t o  a bend o r  
s t i f f n e s s  test, a v i s u a l  inspec t ion ,  a  vecum test a t  630 mm HCI and a 100 p e r  cen t  
p re s su re  test. Divers  a l s o  c a r r y  ou t  r q u l a r  i n spec t ions  on the host? c o u ~ l i n q s  and 
f l a n g e s  whi le  i n  s e r v i c e  s o  t h a t  smal l  l e a k s  can b e  de t ec t ed  be fo re  t hey  qmw 
l a r g e r .  S imi l a r  i n s p e c t i o n s  and tests a r e  c a r r i e d  out  a t  t h e  Sea I s l and  te rmina ls .  

Prevent ive  measures a r e  i n  f o r c e  a t  both t h e  Ju'aymah Terminal* where t h e  SRMs 
a r e  l oca t ed ,  and t h e  Ras Tanura Terminal* where t h e  Sea I s l and  and P i e r s  a r e  
s i t u a t e d .  A loadinq  p lan  is e s t a b l i s h e d  dur inq  d i scus s ions  between te rmina l  
personnel and t h e  o f f t a k i n q  v e s s e l  personnel .  This  loadinq  p lan  cove r s  t h e  c r i t i c a l  
loadinq r a t e s  t h a t  a r e  t o  be used and t h e  toppinq o f f  r a t e s  t h a t  can be expected. 
Actual loadinq ope ra t ions  a r e  c a r r i e d  out  wi th  every c a r e  normally a s soc i a t ed  wi th  
te rmina l  opera t ions .  

So f a r  only prevent ion  has been d iscussed .  ARAMCO a l s o  has a  response 
c a p a b i l i t y .  In f a c t *  o i l  s p i l l s  and o i l  s p i l l  response a r e  viewed i n  much t h e  same 
way a s  f i r e s  and f i r e  f i q h t i n q .  While AR4MCO does a l l  it can t o  prevent  f i r e s ,  i t  
still main ta ins  a  vas t  amount of  equipment and manpower devoted t o  f i q h t i n q  f i r e s  
t h a t  we hope w i l l  no t  occur .  S i m i l ~ r l y ~  whi le  prevention of  o i l  s p i l l s  is a b a s i c  
t e n e t  of t he  company9 s p i l l  recovery and clean-up a r e  no t  neqlec ted .  I t  is well 
known t h a t  even under t h e  most r i go rous  of  enqineer inq  and ope ra t iona l  sa fequards  
t h e r e  w i l l  be acc iden t s .  What happened a t  t h e  Three Mile I s l and  nuclear  p l an t  i n  
t h e  United S t a t e s  i n  one of t h e  most h iqhly  enqineered and requla ted  i n d u s t r i e s  i n  
t h e  world may be  quoted a s  an example. Accidents w i l l  happen and p repa ra t ions  m ~ ~ s t  
be made t o  meet them. 

ARAMCO has  prepared f o r  o i l  s p i l l s  i n  four  ways: 1 )  response p lanninq?  2 )  
equipment development, 3) t r a i n i n g  and 4) developinq and s t renqtheninq  t h e  Gulf Area 
O i l  Companies Mutual Aid Orqanizat ion (GAOCMAfl). The planninq nspect  had t o  come 
f i r s t  i n  order  t o  develop an a d e w a t e  response t o  an o i l  s p i l l .  Planninq included 
developinq a b a s i c  philosophy o r  po l i cy  of s p i l l  c o n t r o l ,  dec id inq  on t h e  s i z e  of  
s p i l l  t o  which t h e  response p repa ra t ions  should be qeared*  s e t t i n q  up an 
o rqan iza t ion  t o  respond t o  a  s p i l l  when i t  occurred and d e t a i l i n q  a s  much a s  
p o s s i b l e  what had t o  be done i n  t he  event  of  a  s p i l l .  l t  must he remembered* 
however* t h a t  each major s p i l l  is unique, and planninq,  no mat te r  how thorouqh* 
cannot cover  every conce ivable  continqency. 

A R A M C O 1 s  po l i cy  on s p i l l  c o n t r o l  has been e s t a b l i s h e d  f o r  a  number of  years .  
I t  is based on t h r e e  p r inc ip l e s :  1 )  p ro t ec t ion  of  human l i f e *  2) pro t ec t ion  of  
c r i t i c a l  f a c i l i t i e s  and 3 )  p ro t ec t ion  o f  t h e  environment. Only t h e  second p a r t  o f  
t h i s  three-pronged po l i cy  needs f u r t h e r  comment. Many s p i l l  response p l ans  do no t  
a c t u a l l y  s t a t e  t h a t  p r o t e c t i o n  of  c r i t i c a l  f a c i l i t i e s  is  a b a s i c  requirement* but  
because of  ARAMCO1s  unique r o l e  i n  world o i l  product ion,  t h i s  po in t  has  been 
s p e c i f i c a l l y  i d e n t i f i e d  a s  an i n t e g r a l  p a r t  of t h e  company's s p i l l  c o n t r o l  
philosophy. Loss of  a  major f m i l i t y  due t o  a  s p i l l  could have seve re  repercuss ions  
on world o i l  supply a s  well a s  cause economic l o s s e s  t o  t h e  Saudi Arabian 
Government. This  is why p r o t e c t i o n  of  f a c i l i t i e s  is s t r z s s e d .  

A s  mentioned previous ly ,  every th inq  about ARAMCO's  o p e r a t i o n s  is excep t iona l ly  
l a rge :  tonnaqe shipped* t a n k e r s  loaded,  o f f shq re  p i p e l i n e s *  e t c .  The p o t e n t i a l  
s p i l l  s i z e  could conceivably b e  3 t o  4 mi l l i on  b a r r e l s  i f  two t a n k e r s  c o l l i d e d .  
This*  however, is a h iqhly  un l ike ly  event  and one does no t  p lan  a  s p i J 1  proqramme t o  
meet such an occurrence;  indeed t h e  whole of  western Europe could not  handle a  
s p i l l  of such maqnitude. In s t ead ,  t h e  dec i s ion  was made t o  be  a b l e  t o  c o n t r o l  a  
s p i l l  i n  t he  50 thousand b a r r e l  range. This d e c i s i o n  was based on l i k e l y  l o s s e s  



throuqh a damaqed loadinq hose9 a winq tank of  a  KCC, an o f f s h o r e  t r u n k l i n e  o r  a  
wel l  blow-out a t  f i v e  t o  t en  thousand b a r r e l s  per  day. These a r e  t h e  types  o f  s p i l l s  
t h a t  a r e  f a r  more l i k e l y  t o  occur than a  c a t a s t r o p h i c  tanker  acc ident  l i k e  t h a t  of 
Amoco Cadiz. 

With t h e  philosophy of  t h e  s p i l l  c o n t r o l  l a i d  down and a l i m i t  placed on t h e  
maqnitude of s p i l l  t h a t  should be d e a l t  wi th ,  a  response o rqan iza t ion  was developed. 
The concept used was t o  s t r u c t u r e  t he  o rqan iza t ion  so  t h a t  i t  could handle both 
l a r g e  and small  s p i l l s .  The o rqan iza t ion  was t h e r e f o r e  compartmentalized both 
v e r t i c a l l y  and h o r i z o n t a l l y ,  s o  t h a t  on ly  c e r t a i n  seqments would be a c t i v i t a t e d  f o r  
sma l l e r  s p i l l s .  An o rqan iza t iona l  diaqram is shown i n  f i q t ~ r e  VII. Each block 
r e p r e s e n t s  a  s p e c i f i c  func t ion  which has  been d e t a i l e d  i n  a  response manual. In 
o t h e r  words, t h e r e  is a job d e s c r i p t i o n  f o r  each block i n  t h e  diaqram, with an 
ind iv idua l  and an a l t e r n a t e  assiqned t o  each func t ion .  These assiqnments a r e  fed 
i n t o  a  c m p u t e r  and qiven a q u a r t e r l y  update t o  r e f l e c t  ~ e r s o n n e l  chanqes. 

The p a r t i c u l a r  Department o r  Business Line a t  whose f a c i l i t y  a  s p i l l  occurs  is 
r e spons ib l e  f o r  t h e  clean-up ope ra t ion ,  a l thouqh t h e  a c t u a l  clean-up may b e  c a r r i e d  
ou t  with t h e  a s s i s t a n c e  of  a  l a r q e  number of d i v e r s e  departments. This 
r e s p o n s i b i l i t y  moves h igher  up t h e  company's manaqements h ie rarchy  a s  t h e  s p i l l  s i z e  
i nc rease .  For example, t h e  e n t i r e  clean-up f o r  a  20-barrel s p i l l  may be handled a t  
t h e  foreman l e v e l ,  whereas a  259000 b a r r e l  s p i l l  would involve  t h e  Administrat ive 
Area Vice-president t oqe the r  with t h e  r e p r e s e n t a t i v e s  of  va r ious  support  
o rgan iza t ions .  This  is t h e  v e r t i c a l  compartmental izat ion mentioned e a r l i e r .  The 
o i l  response teams shown i n  f i q u r e s  VIII and IX i l l u s t r a t e  how t h e  o rqan iza t ion  
would be a c t i v a t e d  i n  d i f f e r e n t  s p i l l  s i t u a t i o n s .  

The s p i l l  response plan a l s o  i nc ludes  t h e  O i l  S p i l l  Task Force whose members 
provide  t he  high-level  a u t h o r i t y  needed t o  support  an o i l  s p i l l  response a t  t h e  
expense of o t h e r  ope ra t iona l  a c t i v i t i e s .  Normally9 t h e  Task Force d u t i e s  a r e  
ass iqned  t o  a  r e p r e s e n t a t i v e  of  t h e  Adminis t ra t ive  Area Heed dur inq  an o i l  s p i l l .  
In  a d d i t i o n ,  t h e  Task Force a c t s  a s  a  manaqement qroup f o r  A R A M C O ' s  o v e r a l l  s p i l l  
p revent ion  and clean-up proc~ramme. Indiv idual  Task Force members make s u r e  t h a t  
t h e i r  r e s p e c t i v e  o rgan iza t ions  a r e  prepared t o  do t h e i r  assiqned p a r t  when c a l l e d  
upon i n  an emerqency. 

The f i n a l  aspec t  of  t h e  response plan is a qenera l  d e s c r i p t i o n  of  what a c t i o n s  
t o  take i n  t h e  event  of  a  s p i l l .  A s  a l r eady  mentioned, each s p i l l  is unique s o  t h a t  
a l l  pos s ib l e  s c e n a r i o s  cannot  be planned i n  advance. However, qenera l  c a s e s  can be 
o u t l i n e d  and q u i d e l i n e s  formulated t o  he lp  t h e  response team. These a r e  s p e l l e d  out  
i n  t h e  ARAMCO S p i l l  Response Manual, which d e t a i l s  r e p o r t i n q  procedures,  equipment 
i nven to r i e s ,  c o n t r a c t o r  information,  s p i l l  t r a j e c t o r y  f o r e c a s t s  and o the r  
information t ec ln iques .  Le t  us  i l l u s t r a t e  one o r  two i tems from t h e  S p i l l  Response 
Manual. 

One of t h e  planning items i n  t h e  manual is o i l  s p i l l  t r a j e c t o r y  e s t ima te s .  A 
set of s p i l l  t r a j e c t o r i e s  has  been modelled f o r  ARAMCO i n s t a l l a t i o n s  by t h e  
Univers i ty  of  P e t r o l e m  and Minerals  Research I n s t i t u t e .  F iqure  X shows t h e  
information suppl ied  by one of  t h e  s cena r io  models. This  type o f  information he lps  
t o  l o c a t e  a r e a s  where equipment must b e  made a v a i l a b l e  quick ly ,  t o  i d e n t i f y  t h e  most 
vu lne rab l e  a r e a s  and t o  e s t ima te  t h e  timinq of  t h e  impact o f  a  s p i l l .  The s p i l l  
t r a j e c t o r y  maps a r e  u se fu l  r e f e r ence  items i n  t h e  event  o f  a s p i l l ,  and q u i t e  
f r equen t ly  they  cm b e  used t o  d i sbu r se  men and m a t e r i a l s  i n  t h e  moat e f f e c t i v e  way. 
Other planning t o o l 8  i n  the S p i l l  Reaponse Manual a r e  t h e  c o a s t a l  v u l n e r a b i l i t y  
maps. F igure  XI i l l u s t r a t e s  one o f  t h e s e  maps f o r  a  p a r t  o f  t h e  coas t  south  of  
J u b a i l .  The d i f f e r e n t  shades i n d i c a t e  d i f f e r e n t  v u l n e r a b i l i t i e s .  The 
v u l n e r a b i l i t y  index used f o r  Saudi c o a s t a l  waters  is shown i n  f i q u r e  XII. The a r e a  
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immediately n o r t h  o f  3uba i l  i s  shown i n  f i g u r e  XI11 and i t  can be seen t h a t  t h i s  i s  
a much more va r ied  area w i t h  considerably h igher  v u l n e r a b i l i t y .  These maps have 
been used t o  p lan  s t r a t e g i e s  f o r  s p i l l  con t ro l .  They i d e n t i f y ,  f o r  example, the  
l o c a t i o n  o f  t h e  var ious  water in takes as w e l l  as e c o l o q i c a l l y  s e n s i t i v e  areas. It 
would r e q u i r e  a maximum e f f o r t  t o  ensure t h a t  o i l  would n o t  impact such areas. 
Booms would be used t o  d i v e r t  the  o i l  and o m r a t i o n s  would a t tack  the  s l i c k  f a r  
enough o f f sho re  t o  prevent o i l  from reaching the  h i q h  v u l n e r a b i l i t y  areas. 

4 
A response p lan  by i t s e l f  cannot c lean up s p i l l e d  o i l .  Men and equipment a re  

needed f o r  tha t .  Some o f  t he  men were al ready mentioned as p a r t  o f  the  
o rgan iza t i ona l  descr ip t ion .  As f o r  the equipment, ARAMCO1s c u r r e n t  p lann inq 
phi losophy s t resses the  use o f  d ispersants as the  c h i e f  weapon i n  the  response 

Y 
arsenal. Containment and recovery a r e  used on ly  i n  spec ia l ized cases. Therefore, 
t he  greater  p a r t  o f  ARAMCO1s equipment development e f f o r t s  has been devoted t o  the 
d e l i v e r y  o f  dispersants. The r a t i o n a l e  f o r  r e l y i n q  on dispersants was based on 
analyses o f  past  o i l  s p i l l  responses i n  Saudi Arabia and elsewhere. H i s t o r i c a l l y ,  
recovery operat ions i n  open waters have n o t  been very e f f e c t i v e  and requ i red much 
more techn ica l  exper t ise  , manpower and equipment than d i spe rs inq  methods. There 
have been no ser ious  environmental e f f e c t s  shown t o  be associated w i t h  the  use o f  
the  new l o w - t o x i c i t y  dispersants. They a re  easy t o  use, very e f f i c i e n t  and ARAMCO 
has found them adaptable t o  a wide v a r i e t y  o f  circumstances. 

Dispersants are  genera l ly  app l ied  by  marine c r a f t  o r  a i r c r a f t .  The e f f i c i e n c y  
o f  a d ispersant  depends on i t s  chemical cha rac te r i s t i cs ,  the  temperature, type and 
th ickness o f  the  o i l ,  and the a p p l i c a t i o n  ra te .  A t  ARAMCO we have qenera l ly  used 
a p p l i c a t i o n  r a t e s  o f  5 t o  7 ga l l ons  per acre on o i l  which has been on the water f o r  
severa l  hours and has completed i t s  i n i t i a l  r a p i d  spread. 

When the o i l  i s  t h i c k  o r  does n o t  appear t o  d isperse a f t e r  treatment, the  
a p p l i c a t i o n  r a t e  i s  increased. The dispersant  can be r e l i e d  on t o  disperse from 5 
t o  10 t imes the  volume of  o i l ,  depending on the f a c t o r s  mentioned above. For 
p lann ing purposes, a 1 t o  10 r a t i o  i s  used. 

ARAMCO has developed both  a e r i a l  and marine c r a f t  d ispersant  a p p l i c a t i o n  
c a p a b i l i t i e s .  A t  l e a s t  t e n  ARAMCO marine c r a f t  a re  always equipped f o r  d ispersant  
sprayinq operations. They range i n  s i z e  from a smal l  23 f t  boat t o  a l a r g e  harbour 
t u g  o f  243 ft. Many o f  the  vessels a re  equipped w i t h  d ispersant  tanks ho ld ing  from 
200 qa l l ons  t o  20,000 gal lons.  Pumps, eductors, hoses and booms a re  p a r t  o f  t he  
permanent equipment on these vessels. Table 1 g ives  a l i s t  o f  the  cu r ren t  vessels 
and p e r t i n e n t  data. Table 2 shows two vessels l i s t e d  w i t h  some d e t a i l s  on t h e i r  
e f f i c i e n c y .  As can be seen, some o f  the  vessels are  a t  present  on l y  s u i t a b l e  f o r  
smal l  s p i l l s  o r  i n i t i a l  a t tack  on l a r g e  s p i l l s .  ARAMCO i s  undertekinq a 
modernization o f  the marine c r a f t  d ispersant  systems. Th is  w i l l  increase the tank 
s ize ,  boom w id th  and a p p l i c a t i o n  r a t e s  on a number o f  t he  vessels. 

The marine c r a f t  a p p l i c a t i o n  o f  d ispersant  can be q u i t e  e f f e c t i v e  when used 
q u i c k l y  and t a c t i c a l l y .  Many o f  the l i k e l y  s p i l l  s i t e s  a re  w i t h i n  a hal f -hour t o  
one-hour t r i p  o f  one o f  the  dispersant-equipped vessels. This means t h a t  they can 
be on the scene and spraying before  the  o i l  has a chance t o  spread appreciably, and 
long before  spec ia l ized c r a f t  w i t h  booms and skimmers can be mobi l ized.  With newly 
ordered equipment the dispersant  dosage can be adjusted t o  apply the  dispersant  neat 
t o  very t h i c k  patches o f  o i l  around a f resh  s p i l l .  Th is  d ispatch and the a b i l i t y  t o  
t r e a t  t h i c k  patches o f  o i l  g i ve  the response e f f o r t  enormous e f f i c i e n c y .  The major 
drawbacks t o  spraying w i t h  marine c r a f t  i s  t h e i r  r e l a t i v e l y  slow speed and constant 
need f o r  d i r e c t i o n  from spo t te r  a i r c r a f t .  Therefore, an a e r i a l  spraying capac i ty  
was developed t o  augment the  marine c a p a b i l i t y .  
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NAME 

RIMTHAN 1 

RIMTHAN 2 

AL MUHTAR 

ZULUF 8 

JANA 1 

MAAGLA 6 

MAAGLA 7 

MARJAN 2 

MARJAN 4 

TARUT 2 

JARAOAH 1 

ZULUF 4 

TABLE I 
DISPERSANT APPLICATION VESSEL 

SPEED TKCAP. 
KNOT MGAL 

BOOM 
FT 

60 

60 

60 
Â 

(FIRE 
NOZZLE) 

60 

60 

60 

60 

30 

15 

60 

FLOW RATE 
GPMP? 

30110 

30110 

30110 
25/10 

40110 

10x10 

10x10 

40x10 

40X 10 

10x10 

10x10 

25/10 

DIMENSION 
L X W  

160x35 

243x59 

110x32 

86x20 

72x22 

50x15 

SOX 15 

131x36 

131x36 

23x6 

18x7 

86x20 

DRAFT 
F T  

15 

17 

14 

9 

11 

8 

8 

18 

18 

3 

0.5 

9 



RIMTHAN 2 

BOOM 60 FT. + BEAM 59 FT. 

DISPERSANT FLOW RATE 

DISPERSANT TANK CAPACITY 

MAXIMUM SPRAYING TIME 

DOSE VESSEL SPEED 
GALLONS PER ACRE KNOTS 

MARJAN 2 

BOOM 60 FT BEAM 36 FT. 

DISPERSANT FLOW RATE 

DISPERSANT TANK CAPACITY 

MAXIMUM SPRAYING TIME 

DOSE VESSEL SPEED 
GALLONS PER ACRE KNOTS 

-a SWATH 1 19 FT. 

-+ 3 GPM 

-P 1200 GALLONS 

-+ 6.6 HOURS 

AREA COVERED MAXIMUM AREA 
PER HOUR (ACRES) COVERED WITH FULL 

TANK ACRES 

-+ SWATH 96 FT 

+ 4 GPM 

-> 20,000 G 

-P 83 HOURS 

AREA COVERED MAXIMUM AREA 
PER HOUR (ACRES) COVERED WITH FULL 

TANK ACRES 



There are 13 he l icopters  now owned or under lease t o  ARAMCO inc lud inq nine B e l l  
model 2066 and four model 212. The former i s  a small hel icopter w i th  a 1,320-pound 
(600 kg) capacity and the l a t t e r  i s  a la rger  he l icopter  w i th  a 4,200-pound (1,910 
kg) capacity. The a i r c r a f t  are normally used t o  chanqe crews and inspect and 
maintain operations on of fshore f a c i l i t i e s .  Dispersant spray buckets are on hand t o  
use w i t h  the he l icopters  i n  the event o f  any o i l  s p i l l .  

ARAMCO cur ren t l y  owns four simplex spray buckets, three 300-qallon capacity 
buckets and one 150-gallon bucket. Because o f  t h e i r  small payload, the B e l l  2066 
hel icopters  have no t  been used t o  apply dispersant. They are used as spotter 
a i r c r a f t  f o r  the B e l l  212 as we l l  as the boats. The 206s can also be used t o  
t ransfer  empty buckets from one loca t ion  t o  another. 

The spray buckets now i n  use are slunq from the bottom o f  the B e l l  212 by a 
wi re  rope and are somewhat clumsy t o  use. The long distance between the bucket and 
the he l icopter  prevents the p i l o t  from seeinq the bucket and i t s  heiqht above water. 
Therefore, he must be guided by a spotter he l icopter  and a crewman a t  the door o f  
the a i r c ra f t .  Even w i t h  these l i m i t a t i o n s  the he l icopter  spray operation i s  qu i te  
e f fect ive.  Hel icopters can be mobil ized and on the scene very quickly.  They can 
move rap id l y  from one patch o f  o i l  t o  another; and, a t  j u s t  50 t o  100 fee t  o f  water, 
the p i l o t s  can see more c l ea r l y  where t o  spray. 

ARAMCO i s  reviewing new, more e f f i c i e n t  spray qear f o r  the hel icopters.  The 
new gear can be placed i n  the 212s ra ther  than slunq underneath and w i l l  hold 400 
ga l lons instead o f  300 gallons. This new equipment w i l l  reduce the qround 
operations and requi re  fewer around crew. It w i l l  also q ive the p i l o t  be t te r  
control ,  since there w i l l  be nothing hanqinq below the c r a f t  tha t  he cannot see. I t  
i s  f e l t  that  up t o  600 gal lons o f  dispersant could be applied dur inq a 10-hour 
spraying day using helicopters. A t  present, only two o f  our marine vessels ho ld  i n  
excess o f  1,500 gal lons and i t  i s  un l i ke l y  tha t  any vessel w i l l  be able t o  
e f f i c i e n t l y  apply more than 6,000 gal lons a day. Thus, the he l icopters  w i l l  
continue t o  p lay a s i gn i f i can t  r o l e  due t o  t h e i r  manoeuvrability, speed and 
f l e x i b i l i t y  t o  operate from such locat ions near the s p i l l  as offshore platforms. 

One po in t  which should be brought up a t  t h i s  juncture i s  the cost o f  
he l icopters  as compared w i t h  boats. Most o f  the technical  l i t e r a t u r e  on the subject 
suggests t ha t  he l icopters  are not  very cost-ef fect ive.  I n  ARAMCO's case t h i s  i s  not  
true. During a s p i l l  ARAMCO does not  charter a l l  the s p i l l  cont ro l  equipment, 
e i t h e r  marine o r  a i r c r a f t  from outside sources. Equipment that  i s  already owned or 
chartered f o r  other purposes i s  general ly used i n  the s p i l l  response. Thus, a s p i l l  
response merely d i ve r t s  the equipment from one use t o  another. Charqes f o r  the 
equipment use are determined Just as they would have been f o r  the o r i q i n a l  use. A 
boat costs so much per operating hour, whether i t  i s  used as a tuq or s p i l l  response 
boat. The sere condit ions apply t o  the use o f  a i r c r a f t .  Therefore, dur inq a 12-hour 
operating day, a work boat would cost 12 times the hour ly r a te  o r  i n  some cases a 
f l a t  day rate. The hel icopters,  however, are charged on an hour ly f l i g h t  t ime 
basis. During a 10-hour workday a he l icopter  might be i n  the a i r  only f i v e  o r  s i x  
hours and apply the same amount o f  chemical as an e f f i c i e n t  vessel dur ing a 12-hour 
day. The costs have been found t o  be qu i te  competitive. This would not, however, 
be the case i f  the he l icopter  had t o  be spec ia l ly  chartered o r  i f  d i f f e r e n t  
accounting and leasing methods were used. 

Dispersants are no t  the answer t o  every o i l  s p i l l  and ARAMCO has also 
considered containment and recovery. E f f ec t i ve  recovery operations requi re  not  only 
a l a rge  mount  o f  equipment and t ra ined manpower, but also qood weather and small 
areas o f  o i l .  When the o i l  i s  spread out on a f r o n t  20 ki lometres lona and the boom 
i s  only sweeping a path o f  200 metres a t  one ki lometre an hour, the l i m i t a t i o n s  o f  



recovery become apparent .  However, when t h e r e  is a t h i c k  pa t ch  o f  o i l  i n  a  windrow, 
o r  o i l  cominq from a s i n q l e  source  such a s  a  broken p i p e l i n e  o r  a  holed t anke r ,  a  
well-mounted recovery ope ra t ion  can be  q u i t e  e f f e c t i v e .  ARAMCO h a s  kept  open t h e  
recovery op t ion  f o r  such cases .  A t  p r e sen t ,  ARAMCO owns about  two thousand metres 
o f  boom which is s u i t a b l e  f o r  use i n  s e a s  up t o  about one metre. Along with t h e  
boom a r e  a  v a r i e t y  o f  skimming devices ,  pumps and o t h e r  hardware necessary  t o  c a r r y  
o u t  a  moderate recovery opera t ion .  The s c a l e  o f  t h e  recovery is c u r r e n t l y  l im i t ed  
by s t o r a q e  capac i ty .  ARAMCO has  only  one s l o p s  barge,  4,300 b a r r e l s  capac i ty ,  i n  
which t o  c o l l e c t  recovered o i l .  This  l i m i t a t i o n  can be  overcome by c h a r t e r i n q  
a d d i t i o n a l  equipment, but  t h i s  r e q u i r e s  a  few days '  l ead  time a t  t h e  minimum. 

Since t he  use of  booms and skimmers r e q u i r e s  a  f a i r l y  h iqh  deqree  o f  e x p e r t i s e  
i n  t h i s  s p e c i a l i z e d  f i e l d ,  ARAMCO planning had included c o n t r a c t o r  a s s i s t a n c e  i n  t h e  
use  of  such devices .  The O i l  S p i l l  Response Manual lists s p e c i a l i s t  o i l  s p i l l  
clean-up c o n t r a c t o r s  i n  both t h e  US and Europe who could  b e  on t h e  scene wi th in  24 
hours  of a  c a l l .  In  t h e  event  of  a  s p i l l  where t h e  recovery op t ion  would be  
e f f e c t i v e ,  ARAMCO would c a l l  on these  con t r ac to r s .  The booms, sk immers  and 
a u x i l i a r y  equipment would be prepared f o r  use dur ing  t h e  c o n t r a c t o r ' s  t r a n s i t  t i m e  
from h i s  home base. While t h i s  method is no t  q u i t e  a s  f a s t  a s  havinq on-si te  
personnel ,  t h e  a c t u a l  d i f f e r e n c e  i n  response time is only  a  few hours ,  a  de l ay  t h a t  
is more than o f f s e t  by t h e  increased  e f f i c i e n c y  o f  t h e  subsequent opera t ion .  

Response a c t i o n s  us inq  booms inc lude  p ro t ec t ion  i n  add i t i on  t o  recovery. A s  
mentioned e a r l i e r ,  t h e r e  a r e  c e r t a i n  hiqh v u l n e r a b i l i t y  a r e a s  of fshore .  Booms can 
b e  used t o  p r o t e c t  t he se  a r e a s  by prevent ing  o i l  from e n t e r i n g  i n t a k e s  o r  shal low 
bays. In t he se  circumstances t h e  booms a c t  a s  a  back-up f o r  t h e  major s p i l l  
response which may b e  a  combination of d i s p e r s a n t  a p p l i c a t i o n  and recovery. This  
back-up is c r i t i c a l ,  s i n c e  even t h e  b e s t  po l lu t i on -cmba t inq  e f f o r t  may b e  
over-taxed by t h e  s i z e  of  t h e  s p i l l ,  adverse weather,  equipment f a i l u r e  o r  a  number 
of  o t h e r  f a c t o r s .  The use of  booms a s  a  second l i n e  of  defence  o f f e r s  added 
s e c u r i t y  t o  s p e c i a l l y  vu lne rab l e  l o c a l i t i e s .  

The t h i r d  key t o  a  response programme is t r a i n i n q .  A R A M C O  t r a i n s  t h e  e n t i r e  
range of personnel  l i k e l y  t o  be  involved i n  an o i l  s p i l l ,  from execut ive  manaqers t o  
marine foremen and s k i p p e r s  who o p e r a t e  t h e  equipment. A t  t h e  management l e v e l ,  
t r a i n i n g  inc ludes  s h o r t  cou r se s  designed by s p e c i a l i s t s  t o  g i v e  t h e  o v e r a l l  p i c t u r e  
o f  o i l  s p i l l  planning and response. These cou r se s  h e l p  manaqement make d e c i s i o n s  on 
c a p i t a l  equipment expendi tures  t o  prepare f o r  a  s p i l l ,  on ope ra t iona l  techniques  and 
r e sou rces  needed t o  combat a  s p i l l  and on decision-making processes  which must b e  
implemented i n  t h e  event  o f  a  s p i l l .  While execu t ive  management is no t  g e n e r a l l y  
d i r e c t l y  involved i n  t he  day-to-day clean-up ope ra t ion ,  it h a s  been found t h a t  t h e  
advanced prepara t ion  given t o  manaqement enab le s  a  s p i l l  response t o  be  c a r r i e d  out  
more e f f e c t i v e l y .  The manaqement cou r se s  h e l p  t o  e l imina t e  t h e  need f o r  d e t a i l e d  
exp lana t ions  dur ing  a  t ime o f  c r i s i s .  

A t  t h e  mid-manaqement o r  superv isory  l e v e l ,  has  become more s p e c i f i c .  
Again t h e  s h o r t  course  approach has  been n t h i s  c a s e  t h e  cou r se s  a r e  
designed t o  cover  a c t u a l  equipment use and techniques.  There a r e  a t  l e a s t  a  dozen 
superv isory  personnel  who have p a r t i c i p a t e d  i n  s p i l l  response proqrammes ranqinq 
from 40 t o  80 c l a s s  hours. This proqramme is onqoinq with one o r  two i n d i v i d u a l s  
a t t e n d i n g  cou r se s  each year.  

A t  t h e  ope ra t ing  l e v e l ,  t r a i n i n g  is accomplished whi le  on t h e  .job. A s p i l l  
c o n t r o l  u n i t  i n  t h e  Marine Department is used a s  a  t r a i n i n q  group f o r  t h e  e n t i r e  
department. A c o r e  o f  permanent s t a f f  is kept i n  t h e  u n i t  and t r a i n e e s  from o t h e r  
u n i t s  a r e  cyc led  through t h e  s p i l l  c o n t r o l  cou r se  t o  q i v e  them p r a c t i c a l  experience.  
Tra in ing  inc ludes  deployment o f  booms, maintenance o f  equipment, a p p l i c a t i o n  o f  



dispersants and f a m i l i a r i z a t i o n  w i t h  marine opera t ions  i n  the event o f  a s p i l l .  The 
personnel i n  t h i s  u n i t  a re  a l so  q iven a f ive-hour course i n  s p i l l  c o n t r o l  t h a t  has 
been prepared on v ideo tape. This course i s  bo th  i n  Arabic and Eng l ish  and was 
adapted from a course p ro fess iona l l y  prepared i n  the  Uni ted States f o r  o i l  company 
personnel. 

The l a s t  i t em mentioned i n  the o v e r a l l  programme i n  s p i l l  continqency p lann inq 
and response was the development o f  the  G u l f  Area O i l  Companies Mutual Aid *k 

Organizat ion (GAOCMAO). ARAMCO has been w i t h  the  orqan iza t ion  s ince i t s  conception. 
Dur inq t h i s  workshop you have heard about the  h i s t o r y  and f u t u r e  development o f  
GAOCMAO. ARAMCO f e e l s  t h a t  t h i s  o rqan iza t i on  can prov ide a l l  the o i l  companies i n  
the  Gul f  w i t h  an expanded c a p a b i l i t y  t o  handle o i l  s p i l l s .  However, as  w i t h  any 

t 
orqanizat ion,  there  must be a con t inu inq  reassessment o f  s t ra tegy  and purpose. The 
opera t inq  environment has changed considerably s ince GAOCMAO was formed: the  o i l  
p roduct ion  o f  the  Reqion has increased, the  Governments have become more a c t i v e  i n  
the  f i e l d  o f  environmental p ro tec t ion ,  and experience has been qained by the  
companies. I n  order t o  be an e f f e c t i v e  orqanizat ion,  GAOCMAO needs t o  change w i t h  
the  times. To t h i s  end ARAMCO has supported changes which w i l l  make the 
o rqan iza t i on  more responsive t o  the  needs o f  i t s  members. 

I n  the  f i n a l  analysis, i t  must be asked: How successful  have ARAMCO's 
programmes been and what i s  planned f o r  the  fu ture? 

The answers a re  mixed. On the whole, when one considers the  scope o f  our 
operations, we have been f a i r l y  successful  i n  prevent ing lame-sca le  s p i l l s .  I n  the  
past  f i v e  years ARAMCO has produced i n  the order o f  15 thousand m i l  
o i l  and du r ing  t h i s  t ime there  have been on ly  th ree  o f f sho re  s p i l l s  
1,000 ba r re l s .  This r a t e  compares very  favourable w i t h  o the r  areas 
handled i n  quant i ty .  Yet there  i s  s t i l l  room f o r  improvement. Three 
s i z e  a re  s t i l l  th ree too many. 

l i o n  b a r r e l s  o f  
i n  excess o f  

i n  which o i l  i s  
s p i l l s  o f  t h i s  

The response t o  the s p i l l s  t h a t  have occurred has compared favourably w i t h  the  
response i n  o ther  areas o f  t he  wor ld b u t  f u r t h e r  improvement i s  possib le.  For t h i s  
reason ARAMCO has planned a major expansion o f  i t s  response c a p a b i l i t i e s  du r inq  
1981. Major c a p i t a l  ou t l ays  are  t o  be made f o r  new equipment t o  increase the 
c a p a b i l i t y  t o  implement a response which w i l l  handle l a r q e  s p i l l s  over a wider area. 
Th is  response w i l l  i nc lude  enhanced recovery and modernized dispersant  systems. I n  
add i t ion ,  ARAMCO w i l l  be p a r t i c i p a t i n g  w i t h  the  Saudi Arabian Government i n  the  
Na t iona l  Contingency Plan which i s  now be inq developed. 

I n  summary, ARAMCO w i l l  continue t o  improve a l l  aspects o f  o i l  s p i l l  prevent ion 
and response on a sca le  compatible w i t h  i t s  wor ld leadersh ip  p o s i t i o n  i n  o i l  
product ion.  
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I n  the  l i g h t  o f  recent  events which have a f fec ted  us  a l l ,  I was i n  two minds 
whether o r  no t  t o  d e l i v e r  the address which I had completed p r i o r  t o  the  Kuwait 
Ac t ion  P lan Reqion beinq invo lved i n  i t s  b iqqest  o i l  p o l l u t i o n  problem. Havinq read 
what I wrote a t  t he  time, I f e e l  t h a t  the  comments are  j u s t i f i a b l e  and, f o r  me a t  
l eas t ,  havinq now had the  p r a c t i c a l  experience o f  be inq involved, these comments are 
more than i n t e r e s t i n q .  With your permission therefore,  I w i l l  present  my prev ious ly  
prepared paper. 

I f  I may, and i n  order t o  r e f r e s h  your memories, I f e e l  i t  would be worth wh i l e  
t o  b r i e f l y  appraise you o f  the  s ta tus  o f  GAOCMAO. A t  t h e  present  moment, t he  
o rgan iza t i on  has 18 member companies s t r e t c h i n q  from I r a q  i n  the  nor th ,  southwards 
along the Arabian s ide  o f  the Region and then t o  the  east  t o  embrace the  Un i ted  Arab 
Emirates and Oman. Other companies w i t h i n  the  area are  a n t i c i p a t e d  t o  be j o i n i n q  
the  orqan iza t ion  i n  the  f u l l n e s s  o f  t ime as t h e i r  operat ions permi t  e l i q i b i l i t y  f o r  
membership. 

Geographical ly, the  organ iza t ion  i s  d i v ided  i n t o  th ree par ts ,  known 
respec t i ve l y  as the  'Northern',  'Cen t ra l '  and 'Southern' areas (see map). 

I t  i s  r e q r e t t e d  t h a t  companies opera t inq  i n  I ran ,  a l though havinq attended 
GAOCMAO meetings from incep t ion  i n  1972, d i d  no t  a t  the  t ime nor u n t i l  t he  present  
date, deem i t  necessary f o r  reasons o f  t h e i r  own, t o  j o i n  the  orqanizat ion.  Cer ta in  
c r i t e r i a  do, o f  course, p e r t a i n  t o  membership o f  GAOCMAO and the bas ic  cons idera t ion  
i s  one o f  a company hand l ing  o i l  through a r e f i n e r y  o r  tanker te rmina ls  which 
the re fo re  pu ts  a company ' a t  r i s k '  o f  beinq a poss ib le  p o l l u t e r  o f  t he  environment. 
A membership fee  i s  payable t o  the  orqan iza t ion  on j o i n i n g  and, the rea f te r ,  each 
member con t r i bu tes  f i n a n c i a l l y  t o  GAOCMAO on an annual basis, depending on o i l  
p roduct ion  and export  f i gu res .  Each member i s  a l s o  ob l i ged  t o  purchase and main ta in  
equipment such as spray booms f o r  example, and o ther  associated clean-up o r  o i l  
p o l l u t i o n  prevent ion  items, as w e l l  as a s t o c k p i l e  o f  d ispersant .  As the  name o f  the  
organ iza t ion  impl ies ,  the  'Mutual Aid '  concept was, and i s ,  devised f o r  assistance 
t o  be given t o  members as may be requested i n  the  event o f  ah o i l  s p i l l  t h a t  i s  
considered t o  be beyond the  c a p a b i l i t y  o f  any s i n q l e  member t o  deal  wi th.  

The o rqan iza t i on  has what i s  termed an 'Operators' Committee' which comprises 
delegates from a l l  member companies, who normal ly  meet formal ly  on an annual basis, 
o r  as o f t e n  as may be decided necessary i n  the  l i q h t  o f  events. The 'Operators' 
Committee' i n  t u r n  nominates, from i t s  members, th ree persons t o  form an 'Executive 
Committee' who serve i n  o f f i c e  f o r  one year. This 'Execut ive Committee' comprises a 
Chairman, and two Vice-Chairmen, each appointee represent inq  one o f  t h e  member 
companies i n  t h e  respect ive  geographical areas. 

Since i n c e p t i o n  i n  1972, GAOCMAO has operated successfu l ly  w i t h i n  the  
parameters conceived a t  t h a t  t ime t o  prov ide some methods o f  combatinq poss ib le  o i l  
p o l l u t i o n  w i t h i n  the Region. The bas i c  j o i n t  c a p a b i l i t y  t o  c l e a r  up o i l  s p i l l s  
which are  beyond the  c a p a b i l i t y  o f  a s i n g l e  member, i s  s t i l l ,  some e i q h t  years 
l a t e r ,  considered t o  be an i d e a l  p r i n c i p l e  which has been proved, a l b e i t  on a 
r e l a t i v e  barre lage s p i l l  d i s a s t e r  basis, t o  be e f f e c t i v e ,  and wi thout  question, 

necessary and worth while. 

With the  advent o f  VLCC and ULCC vessels and the  ever- increasinq r i s k  p o t e n t i a l  
occasioned world-wide by the  expansion of o f f sho re  d r i l l i n q  and o i l  p roduct ion  
complexes, the dangers of o i l  p o l l u t i o n  have un fo r tuna te l y  been h i g h l i q h t e d  i n  
numerous i n c i d e n t s  t o  an energy-conscious world. These f a c t o r s  have n o t  escaped t h e  
n o t i c e  of Governments and o the r  respons ib le  bodies w i t h i n  ( s p e c i f i c a l l y )  t he  Kuwait 



Action Plan (KAP) Reqion, which is the topic of our concern, and which is recoqnized 
by the meet& of this distinquished assembly here in Bahrain at this time. That 
this area has not yet experienced a major oil spill problem is somethino for which 
we are not only thankful, but which also makes us conscious that it may only he a 
matter of time before we are faced with that emerqency. 

In the light of experience gained from information resulting from other 
disasters - and that is emphasized as the riqht word to use - the awareness of 
Governments of the Reqion in conjunction with international bodies, major oil 
companies and last but by no means least, GAOCMAO itself, has qiven rise to 
considerable serious thouqht and most welcome action in an attempt to be in a 
position of limited effectiveness, and have instant response to a mutual disaster. 

As in so many things, time itself is probably the biqqest drawback to the 
implementation of means to combat the problem. None of us as individuals nor as 
corporate bodies should be under any delusion as to the maqnitude of the very real, 
minute by minute, day by day problems which are starinq us directly in the face. 

The time for action is now - before it is too late. "Very easy for you to say" 
is a comment heard quite frequently, "but how is the aim to be accomplished?". 
There are many factors which are currently recoqnized as possible 'problem areas' 
and which have to be resolved. These include, but are not necessarily limited to (1) 
international boundaries, (2) freedom of movement of personnel and equipment in the 
event of an emerqency, (3) cost, ( 4 )  availability of trained people, and ( 5 )  
communications. 

As an organization, GAOCMAO has been aware of the above, and associated, 
problem areas for some time, and in honesty to you all, it must be said that no real 
solution has been achieved, and this fact to my mind, emphasizes the point made 
earlier about the seriousness of the problem. It is no use 'buryinq one's head in 
the sand' or payinq 'lip service' to somethinq which one obviously hopes in reality 
will never happen, but nevertheless, in recognition of the distinct possibility, or 
even probability, that it will, constructive action must be taken, and taken 
quickly. 'Yes', it will cost money; 'yes' it will occupy a larqe number of people on 
a full-time basis; 'yes', it may well cause inconvenience to individuals, but when 
done properly, the results will more than justify the means when an oil spill of any 
magnitude is successfully contained and eliminated. 

It has been estimated that at this moment the collective response capability of 
GAOCMAO to deal with an oil pollution problem is in the reqion of a spillaae 
amounting to 10,000 barrels. If one accepts that statement as fact - and there is 
little or no reason to suppose it is anything other than fact - it is painfully 
apparent that with all the goodwill in the world, a virtually impossible situation 
is on our doorstep. This meeting therefore is of paramount importance in not only 
assessing and identifyinq the problems, but in initiatinq and furtherinq positive 
and speedy action to control the situation. 

At no time was it envisaged that any one member company, nor indeed the 
collective organization, would be either capable of, or responsible for, the 
protection or clean-up of the sea areas outside the operational or concessional 
areas in which its operations are centralized. 

Herein, in essence, lies an area of qreat importance for clarification and 
understanding between individual members, GAOCMAO as a whole and the respective host 
Governments of the Reqion. In a realistic appraisal of the situation, GAOCMAO is 
aware that in the event of a major spillage, Governments may well anticipate, 
request or even require that the organization, or specifically a Member Company 



could be given the task of ensuring that the spillaqe is contained or eradicated 
with a minimum of damage to the environment and property, or interruption to 
economic business. A company could even be held or deemed to be responsible for 
ensuring the above factors. This is unrealistic in practice and has to be recognized 
as such. It is perhaps relevant at this staqe to mention that the member companies 
of GAOCMAO appoint personnel - such as myself for example - to be their 
representatives to the organization as part of the job responsibilities of the 
individual, within their own framework. 

Following the increase of realization of vulnerability in the event of a 
disaster, and the considerable and welcome awareness of the Gulf Governments of the 
Region to the whole environmental and ecological situation, GAOCMAO is shortly to 
appoint a full-time Executive Secretary, directly employed by the orqanization. This 
person is expected to be based in Bahrain with effect from early 1981. 

As has been stated by a previous Chairman of GAOCMAO, and I reiterate the 
comment at this time, whatever support GAOCMAO can give to any regional agreement, 
it will. Our aim is to work with and alongside Governments in the common interest of 
the overall preservation of the environment, with special reference to the combatinq 
and prevention of oil pollution. 

We have already heard from eminent speakers about various aspects of oil 
pollution control, environmental considerations and practical operational problems 
which co-mingle to produce the intensity of awareness which responsible bodies 
accept as reality. 

Our greatest problem is in the realistic co-ordination for the common good of 
the expertise available. GAOCMAO is obviously more than interested in remaining as a 
functional body and is dedicated to furthering its own efficiency and to 
co-operating wholeheartedly with other organizations and Governments in the area. 

That gentlemen, as I said at the beginninq of my presentation, was what I had 
written some weeks prior to the events which have recently taken place. I feel even 
more strongly now that a number of points mentioned bear a very great resemblance to 
what, regrettably, has been proved from experience. The majority of us here at this 
time have been involved in this recent incident, the full repercussions of which are 
still to be felt. I sincerely hope that the very real lessons will have been learnt 
and taken to heart. 

To say that 'lightning never strikes in the same place twice' would be a doubly 
disastrous frame of mind to adopt. How much effort, time and money would have been 
saved had the correct action been taken years aqo, and consolidated Continqency 
Plans been laid! 

The logistical problems facing a plan of the magnitude that I believe is 
necessary, are enormous, but must be tackled quickly. Let us all learn from the 
experience we have recently undergone. 

If we do not act, then we will only have ourselves to blame for whatever the 
future may hold in store. 

I have recently re-read an article which specifically pointed out the 
inadequacies of the KAP Region to combat an oil spillage. A number of points raised 
are only too true. I have heard say, - and I can quite believe it, - that one of the 
major obstacles to the task confronting us, is that of the bureaucratic systems 
which surround us. The present orqanizations within the oil companies simply do not 
permit 'the systemt to be broken. Normally, no action can be implemented on anything 



u n l e s s  t h e  'Authorized s i g n a t u r e s '  a r e  shown, and then,  - but  only  then ,  - w i l l  
someone a c t u a l l y  do something. Let u s  be  r e a l i s t i c  i n  say inq  t h a t  p e r s o n a l i t i e s  
w i th in  a group o f t e n  a f f e c t  t h e  outcome o f  ac t i ons .  

People have t o  j ea lous ly  guard t h e i r  own - t o  them - important  'Empires' and 
w i l l  s t and  on t h e i r  own ' d i g n i t y '  o r  assumed importance, w h i l s t  a t  t h e  same time 

^ being t o t a l l y  unaware, - o r  even t o t a l l y  unconcerned, - of  t h e  f a c t s  n e c e s s i t a t i n g  
a c t i o n ,  - no t ,  tomorrow, - but  NOW. C a l l  i t  'human na tu re '  i f  you wish, - c a l l  it 
whatever else may b e  a p t ,  - but  never f o r g e t  o r  underest imate t h e  s t a r k  r e a l i t y  of 
it  a l l .  I t  is no t  only t h e  companies t h a t  s u f f e r  from t h e  above problems, but  
government bodies  a s  well .  

^ 
A s  commented e a r l i e r ,  gentlemen, I  r epea t  t h a t  i t  is a b s o l u t e l y  no use burying 

one ' s  head i n  t h e  sand o r  paying ' l i p  s e r v i c e '  t o  t h e  problems. 

We e i t h e r  mean t o  be  e f f e c t i v e  o r  w e  d o n ' t ,  - t h a t  is t h e  d e c i s i o n  t o  be made 
f i r s t  and foremost.  Once e s t a b l i s h e d ,  then p l ea se  le t  u s  c a r r y  i t  ou t  i n  a  
determined and p o s i t i v e  way. The warnings have been given,  and t h e  answers a r e  now, 
a t  t h i s  moment, w i th in  our grasp .  

I thank you, gentlemen, f o r  ask ing  me t o  p a r t i c i p a t e  i n  t h i s  meeting, and I 
t r u s t  t h a t  some o f  t h e  p o i n t s  r a i s e d  w i l l  be noted and ac t ed  upon t o  t h e  b e s t  o f  our  
a b i l i t y  f o r  t h e  good of a l l .  

Thank you. 



POLICIES ON THE USE OF DISPERSANTS - THE ROLE OF T O X I C I T Y  TESTING 

PROGRAMMES FOR OIL DISPERSANT CHEMICALS 

by 
K. Wilson 

Nor th  West Water Author i ty ,  
Great Sankey, Warrington, U.K. 

ABSTRACT 

O i l  d ispersants can modify the  chemical and phys i ca l  c h a r c t e r i s t i c s  o f  the  
marine environment d i r e c t l y  and by t h e i r  a c t i o n  upon o i l  t o  such an ex tent  t h a t  the  
resources o f  t h a t  environment may be de t r imen ta l l y  a f fec ted.  Marine fauna and f l o r a  
a re  p a r t i c u l a r l y  a t  r i s k .  Two methods have been developed f o r  reducing the  r i s k  o f  
environmental damage caused by the  use o f  dispersants. The f i r s t  method es tab l ishes 
the  p o l i c y  on where, when and how dispersants can be used and i t  operates through an 
ana lys i s  o f  t h e  r i s k s  t o  resources from us ing dispersants compared t o  the  r i s k s  
r e s u l t i n g  from leav ing  o i l  alone o r  us ing an a l t e r n a t i v e  method o f  treatment. The 
second method es tab l ishes c r i t e r i a  f o r  s e l e c t i n g  and l i c e n s i n g  those dispersants 
l i k e l y  t o  have minimal environmental impact. Se lec t i on  c r i t e r i a  i nc lude  t o x i c i t y ,  
e f fec t iveness and chemical composition. The f a c t o r s  important  t o  the  implementation 
o f  these methods o f  c o n t r o l  are discussed. 



INTRODUCTION 

The s t rand inq and des t ruc t i on  o f  the  Torrev Canyon i n  the approaches t o  the  
Eng l i sh  Channel i n  March 1967 was a s i g n i f i c a n t  event i n  the  annals o f  marine 
p o l l u t i o n  from several  p o i n t s  o f  view but ,  i n  p a r t i c u l a r ,  i t  was the f i r s t  t ime t h a t  
s p e c i a l l y  formulated chemicals had been used on a very extensive sca le  as a method 
o f  t r e a t i n g  crude o i l  a t  sea and on beaches. The purpose o f  the  b u l k  o f  these 
chemicals was t o  break down the o i l  i n t o  d r o p l e t s  smal l  enough t o  be dispersed by 
water cur rents  and wave ac t ion ,  thereby avo id ing contamination o f  beaches important  
f o r  holiday-makers. Between mid-March and the end o f  A p r i l  some 22,000 tonnes o f  
d ispersants (as  the  chemicals were ca l l ed )  comprising a wide v a r i e t y  of  fo rmula t ions  
were app l ied  t o  many d i f f e r e n t  types o f  o i l  and o i l /wa te r  emulsions i n  a v a r i e t y  o f  
environmental s i t u a t i o n s  and us ing a v a r i e t y  o f  methods. Not su rp r i s ing l y ,  w i t h  so 
many d i f f e r e n t  c i rcunstances involved,  i t  was d i f f i c u l t  t o  assess the  o v e r a l l  
success o f  t he  method i n  achievinq i t s  o b j e c t i v e  b u t  i t  was c l e a r  from an e a r l y  
stage t h a t  the widespread use o f  d ispersants had r e s u l t e d  i n  damaqe and death t o  
p l a n t s  and animals, p a r t i c u l a r l y  on the shore. The adverse p u b l i c i t y  surrounding 
t h e i r  use l e d  t o  a genera l ly  h e l d  b e l i e f  t h a t  t he  environmental e f f e c t s  of 
d ispersants were worse than the e f f e c t  o f  o i l ,  and indeed t h i s  a t t i t u d e  undoubtedly 
l e d  many n a t i o n a l  a u t h o r i t i e s  t o  e f f e c t i v e l y  ban the use o f  dispersants. However, 
t he re  were circumstances where the use o f  d ispersants caused no detec tab le  
environmental damaqe. Fur ther  i t  was found t h a t  some dispersants alone and w i t h  o i l  
were much l e s s  damaqing t o  the marine environment than others. On the o ther  hand, 
d ispersants d i d  n o t  always work e f f e c t i v e l y  t o  d isperse the o i l  o r  o i l / w a t e r  
emulsions, thouqh some dispersants were more e f f e c t i v e  than others. 

Despite the d i f f i c u l t i e s  t h a t  accompanied the use o f  d ispersants du r ing  the 
Torrey Canyon inc iden t ,  t he  UK Government s t i l l  f i r m l y  be l i eved  t h a t  d ispersants had 
an important r o l e  t o  p lay  i n  i t s  o v e r a l l  s t ra tegy  f o r  dea l inq  w i t h  acc identa l  o i l  
s p i l l s  a t  sea and i t  s e t  out  t o  opt imize t h a t  r o l e  i n  the l i q h t  o f  the  experience 
gained. Two complementary methods commended themselves. The f i r s t ,  here c a l l e d  
environmental con t ro l ,  was concerned w i t h  spec i f y inq  the cond i t i ons  o f  t he  
environmental arena i n  which dispersants cou ld  be used t o  maximum e f f e c t ,  b u t  w i t h  
minimal o r  acceptable environmental impact. I t  was the re fo re  concerned w i t h  
d e f i n i n q  where and when dispersants cou ld  o r  should be used, how they should be 
app l ied  and i n  what quan t i t i es .  The second method was concerned w i t h  i d e n t i f y i n g  
those dispersants which cou ld  be used i n  the environmental arena and i t  was 
the re fo re  concerned w i t h  the  c h a r a c t e r i s t i c s  o f  the d ispersant  - i t s  chemical 
composition, safety,  e f fec t i veness  and i t s  t o x i c i t y  t o  users and marine orqanisms - 
genera l ly  i n  r e l a t i o n  t o  a number o f  p a s s - f a i l  c r i t e r i a .  This l a t t e r  method i s  here 
r e f e r r e d  t o  as l abo ra to ry  c o n t r o l  s ince most o f  the  eva lua t i on  o f  a d ispersant  was 
based on standardized labora tory  tes ts .  

Th is  general approach o f  environmental c o n t r o l  combined w i t h  l abo ra to ry  c o n t r o l  
has now been adopted more wide ly  i n  the  world, thouqh i t  has been c o n t i n u a l l y  
updated i n  response t o  p r a c t i c a l  a p p l i c a t i o n  and modi f ied  t o  take account o f  
p a r t i c u l a r  l o c a l  circunstances. 

ENVIRONMENTAL CONTROL 

The bas is  o f  environmental c o n t r o l  stems from an understanding, der ived 
emp i r i ca l l y  o r  experimental ly, o f  t he  ways i n  which o i l  and o i l / d i spe rsan t  mix tures  
behave a t  sea o r  on beaches and how they may modify the resources o r  uses o f  those 
env i rnrunen t Q - 



Behaviour o f  o i l  and o i l  d i s p e r s a n t s  

Crude o i l  is a very complex mixture of  hydrocarbons t oge the r  with o rqan ic  
compounds of su lphur ,  n i t roqen  and oxyqen. The hydrocarbons can be d iv ided  i n t o  
t h r e e  major qroups based upon t h e i r  chemical s t r u c t u r e  - t h e  n-alkanes 
( p a r a f f i n s ) ,  cyc loa lkanes  (naphthenes) and aromat ics ,  and it is t h e  d i f f e r e n t  
propor t ions  o f  t h e s e  hydrocarbons and t r a c e  o r q a n i c s  t h a t  c h a r a c t e r i z e  c rude  o i l s  
o  f  d i f f e r e n t  o r i g i n s .  Refined products  a l s o  have c h a r a c t e r i s t i c  
compositions. When o i l  is s p i l l e d  on t o  water  it f l o a t s ,  bu t  its behaviour is 
cha rac t e r i zed  i n  o t h e r  ways too.  The o i l  w i l l  spread l a t e r a l l y  a t  a  r a t e  and t o  a  
t h i ckness  t h a t  is c o n t r o l l e d  by its v i s c o s i t y ,  temperature e t c . ;  c e r t a i n  
f r a c t i o n s ,  p a r t i c u l a r l y  those  with t h e  lowest b o i l i n q  p o i n t s  ( " l i qh t " )  w i l l  
evapora te  a t  r a t e s  dependent on temperature,  s u r f a c e  a c t i v i t y ,  wind speed e t c . ;  some 
f r a c t i o n s  w i l l  be  removed by photo-oxidation o r  auto-oxidation: and some o i l  w i l l  
e n t e r  t h e  water column a s  d r o p l e t s  (dependent on s u r f a c e  a c t i v i t y )  o r  i n  s o l u t i o n ,  
d i f f e r e n t  f r a c t i o n s  having d i f f e r e n t  water s o l u b i l i t i e s .  The r e s idue  w i l l  
tend t o  become more v i scous  and l ead  t o  a  more p e r s i s t e n t  s l i c k .  I t  w i l l  a l s o  
become heavier  and even tua l ly  i t  may even s i n k  t o  t h e  bottom t o  re-appear a s  t a r  
b a l l s  washed ashore.  There is a l s o  a  tendency f o r  c rude  o i l s  t o  form water-in-oil  
emulsions (known a s  'mousse') and t h i s  can q r e a t l y  i n c r e a s e  t h e  p e r s i s t e n c e  
o f  t h e  s l i c k .  

O i l  d i s p e r s a n t s  a r e  b a s i c a l l y  composed of  two chemical components, a  s u r f a c e  
a c t i v e  aqent  and a s u i t a b l e  c a r r y i n g  v e h i c l e  o r  so lven t ,  though o t h e r  a d d i t i v e s  may 
be  p re sen t  t o  improve t h e  s t a b i l i t y  of  t h e  mixture,  e t c .  The n a t u r e  and amounts 
of  t h e  s u r f a c t a n t  and c a r r i e r  vary from product t o  product ,  and even from batch 
t o  batch wi th in  a  product ,  but  qene ra l ly  t hey  can be c l a s s i f i e d  on t h e  b a s i s  of  t h e  
type of so lven t .  Those based upon a hydrocarbon so lven t  a r e  designed t o  be 
app l i ed  t o  t h e  o i l  i n  undi lu ted  form. Those based on a l c o h o l s  o r  q l y c o l s  a s  
so lven t  were developed l a t e r  than the  hydrocarbon-based d i spe r san t s .  They 
tend t o  have much h igher  concen t r a t i ons  of s u r f a c t a n t  and many can  be  used neat  o r  
pre-di luted with water.  A l l  d i s p e r s a n t s  work i n  e s s e n t i a l l y  t h e  same way. 
The su r f ace  a c t i v e  aqent  a l i g n s  i t s e l f  a t  t h e  o i l /wa te r  i n t e r f a c e  below t h e  
s l i c k ,  thereby reducing t h e  i n t e r f a c i a l  t ens ion .  The o i l  t ends  t o  t ake  up t h e  
form of l e a s t  s u r f a c e  enerqy,  namely a  d r o p l e t ,  and once t h e  s l i c k  has  been broken 
up i n  t h i s  way i t  is d i s p e r s i b l e  by wave a c t i o n  and d i l u t e d  by d i f f u s i o n  and 
s u r f a c e  c u r r e n t s  i n  t h e  sea .  The e x t e n t  t o  which t h e  a c t i o n  of  t h e  d i s p e r s a n t  
c o n t r i b u t e s  t o  an increased  d i s s o l u t i o n  of hydrocarbons from t h e  o i l  o r  a f f e c t s  
t h e  r a t e s  o f  phys ica l ,  chemical and b i o l o q i c a l  degrada t ion  o f  t h e  o i l ,  is sti l l  
l a r g e l y  a  mat te r  o f  conjec ture .  

Environmental e f f e c t s  of  o i l  and o i l  d i s p e r s a n t s  

Both i n  q u a l i t a t i v e  and q u a n t i t a t i v e  terms, t h e  environmental impact o f  o i l  and 
d i s p e r s a n t  is r e l a t e d  t o  a  l a r q e  nunber o f  f a c t o r s ,  inc luding  t h e  type  and 
amount of  o i l  s p i l l e d ,  its l o c a t i o n ,  t h e  time o f  s p i l l a q e ,  s e a  cond i t i ons ,  and t h e  
type  and a n o i n t s  o f  d i s p e r s a n t  used. For p re sen t  purposes it is convenient  t o  
cons ide r  t h e  e f f e c t s ,  no t  i n  r e l a t i o n  t o  t he se  f a c t o r s  s p e c i f i c a l l y ,  but  i n  
r e l a t i o n  t o  t h e  d i s p o s i t i o n  of  t h e  o i l  o r  d i s p e r s a n t ,  namely on t h e  s u r f a c e  o f  t h e  
s e a ,  on t h e  bottom of t h e  s e a ,  i n  t h e  water  column, and e f f e c t i v e l y  out  of  t h e  s ea ,  
on sho re s  and beaches. 

( a )  O i l  on t h e  sur face .  O i l  on t h e  s ea  has  two v i s i b l e  w e l l  known e f f e c t s :  
i t  can k i l l  sea-birds,  and it i n t e r f e r e s  with human a c t i v i t i e s .  Many 
s p e c i e s  o f  sea-bird spend cons ide rab l e  amounts o f  t i m e  swimrninq on, o r  
feeding  i n ,  t h e  s u r f a c e  wa te r s  of  t h e  wor ld ' s  oceans and t h e  presence o f  
o i l  t h e r e  can g r e a t l y  i n t e r f e r e  wi th  t h e i r  normal behaviour. O i l  



penetrates the plunaqe removing much o f  t he  waterproof ing and i n s u l a t i n q  
p roper t i es  of  t he  feathers and, a l thouqh a d d i t i o n a l  s t r e s s  may be added 
throuqh swallowing o f  o i l  du r ing  preening, o i l e d  b i r d s  a t  sea usua l l y  d i e  
from drowning o r  exposure. For  some species the  r i s k  i s  p a r t i c u l a r l y  
s i g n i f i c a n t  because they feed, breed o r  moult i n  l a r q e  conqreqations. 
Mammals, such as sea ls  and whales, and t u r t l e s  appear t o  be l e s s  a t  r i s k ,  
b u t  contaminated animals have been found. 

There are, a t  l e a s t  p o t e n t i a l l y ,  o the r  b i o l o q i c a l  e f fec ts .  A l a y e r  o f  
o i l  on the surface o f  the  sea w i l l ,  by orevent inq  the  penet ra t ion  o f  
l i g h t ,  cause a reduc t i on  i n  photosynthet ic  a c t i v i t y ,  t he  process by  which 
phytoplankton produce the orqanic matter  upon which l i f e  i n  the  sea 
u l t i m a t e l y  depends. This e f f e c t  i s  u n l i k e l y  ever t o  be very  s i q n i f i c a n t  
however. S i m i l a r l y  the  reduc t i on  i n  qaseous exchange a t  t he  sea surface 
brought about by the  l a y e r  o f  o i l  i s  u n l i k e l y  t o  l ead  t o  oxyqen l e v e l s  
low enouqh t o  a f f e c t  p l a n t s  o r  animals. Surface dwe l l i nq  f i s h  and 
zooplankton may w e l l  become entrapped i n  the surface l a y e r  but ,  except i n  
very extreme cases, t h i s  w i l l  occur on too smal l  a sca le  t o  a f f e c t  
l o c a l  p r o d u c t i v i t y .  

Perhaps the  most conspicuous i n t e r f e r e n c e  w i t h  man's a c t i v i t i e s  i s  the  
impact o f  sur face o i l  on r e c r e a t i o n a l  p u r s u i t s  such as  s a i l i n g  o r  swimminq 
where, i n  a d d i t i o n  t o  the v i s u a l  deqradation o f  t he  area, contamination 
o f  bo th  c r a f t  and the human be inq can occur. Surface o i l  can a l so  
i n t e r f e r e  w i t h  sh ipp inq and o the r  boat  t r a f f i c ,  by  present inq  a 
hazard o f  f i r e  o r  explosion o r  by a f f e c t i n q  navigable routes.  I t  can 
contaminate f i s h i n g  boats and f i s h i n q  gear, t a i n t i n q  any ca tch  o f  
f i s h  hauled throuqh it. F i s h  pens and aquaculture u n i t s  w i t h  sur face 
s t ruc tu res  a r e  espec ia l l y  vulnerable.  I n d u s t r i a l  p l a n t s  us inq 
sea-water f o r  process o r  coo l i ng  purposes can be rendered inopera t i ve  by 
the  t h r e a t  o r  presence o f  sur face o i l .  

(b) O i l  on the  sea bed. The impact o f  o i l  t h a t  s inks  t o  the bottom as a 
r e s u l t  o f  deqradat ive processes r a t h e r  than be inq sunk d e l i b e r a t e l y  tends 
t o  be much l e s s  dramatic, n o t  o n l y  because i t  i s  ou t  o f  s i q h t  b u t  because 
i t  i s  genera l ly  present  i n  smal l  lumps r a t h e r  than a continuous sheet. 
Rarely, t he  t a r r y  residues may be eaten by animals; more f requent ly  they 
w i l l  be caught i n  f i s h i n g  gear where they may t a i n t  t he  catch. The o i l y  
residues tend t o  be mobi le and may qather i n  q u i e t  areas, as a hazard t o  
f i s h i n q  o r  mininq, o r  they may eventua l ly  come ashore t o  a f f e c t  t he  
amenity value o f  beach o r  shore. 

( c )  O i l  i n  the water column. O i l y  waters may c o n s t i t u t e  a t h r e a t  t o  domestic 
o r  i n d u s t r i a l  water supp l ies  b u t  qenera l l y  t he  most s i q n i f  i c a n t  impact i s  
a b i o l o g i c a l  one. O i l  t h a t  en te rs  t h e  water column e i t h e r  i n  s o l u t i o n  o r  
as  d r o p l e t s  i s  more r e a d i l y  a v a i l a b l e  t o  a very wide ranqe o f  p l a n t s  and 
animals, e i t h e r  l i v i n q  f r e e l y  i n  the  water o r  at tached t o  o r  submerqed i n  
the bottom sediments, and the re fo re  the o i l  i s  p o t e n t i a l l y  capable o f  
e x e r t i n q  e f f e c t s  over a very  wide spectrum. The e f f e c t s  a re  p ropor t i ona l  
t o  the  concent ra t ion  o f  o i l  so t h a t  the r i s k s  o f  damaqe are  h iqher  i n  

shal lower areas s ince l e s s  water i s  a v a i l a b l e  f o r  d i l u t i o n  there. When 
present  i n  h i q h  concentrat ions o i l  d rop le ts  can cause c loqq ing o f  q i l l s  
and o ther  r e s p i r a t o r y  surfaces, and many organisms have been observed t o  
ingest  d rop le ts  o f  o i l ,  apparent ly  w i thout  harm. The so lub le  f r a c t i o n s  
a r e  p o t e n t i a l l y  more harmful.  Laboratory experiments w i t h  water-soluble 
f r a c t i o n s  o f  o i l  have demonstrated det r imenta l  e f f e c t s  on the  p r o d u c t i v i t y  



larvae,  behavioural  abnormal i t ies  i n  f i s h  and s h e l l f i s h ,  lowered s u r v i v a l  
and modi f ied  resp i ra t i on ,  qrowth, feeding and fecund i ty  i n  a wide ranqe o f  
orqanisms from simple protozoans t o  f i s h .  The ex tent  and s i q n i f i c a n c e  o f  
some of these e f f e c t s  i n  n a t u r a l  s i t u a t i o n s  i s  d i f f i c u l t  t o  assess b u t  
m o r t a l i t i e s  o f  f i s h  and s h e l l f i s h  a re  c l e a r l y  o f  economic as w e l l  as 
eco loq i ca l  s iqn i f i cance.  Soluble components can a f f e c t  f i s h  and f i s h e r i e s  
a t  l e v e l s  much lower than those necessary t o  k i l l  f i s h .  F i s h  can de tec t  
some hydrocarbons by smel l  and t h i s  can cause them t o  avo id  contaminated 
areas and poss ib le  capture. Other compounds can impart obnoxious tas tes  
and smel ls  t o  f i s h  f l e s h  makinq i t  unacceptable f o r  human consumption, 
w h i l e  s t i l l  o ther  compounds, such as p o l  ynuclear aromatic hydrocarbons, 
can be accumulated i n  f i s h  t i ssues  where, beinq carcinoqenic, they 
represent a h e a l t h  hazard t o  human consumers. 

( d l  O i l  on beaches. This i s  the  form o f  o i l  p o l l u t i o n  t h a t  i s  most f a m i l i a r  
t o  the general pub l i c  and the one t h a t  a f f e c t s  them most d i r e c t l y .  
Althouqh seldom a r i s k  t o  pub l i c  heal th,  o i l y  residues can contaminate 
s k i n  and c lo th ing ,  and qenera l ly  l ead  t o  a reduc t i on  i n  the  amenity value 
o f  an area. This can o f t e n  r e s u l t  i n  severe consetyuences f o r  those 
employed i n  the t o u r i s t  and ho l i day  i ndus t r i es ,  as w e l l  as f o r  those 
employed i n  o ther  a c t i v i t i e s  based on the shore. F i sh inq  i n t e r e s t s  a re  
p a r t i c u l a r l y  suscept ib le  t o  damaqe. The b i o l o q i c a l  e f f e c t s  o f  stranded 
o i l  can be severe. S a l t  marshes and manqrove communities a re  suscept ib le  
t o  the  smothering and t o x i c  e f f e c t s  o f  o i l ,  and rocky shore animals may be 
s i m i l a r l y  t a i n t e d  o r  k i l l e d  by the  temporary b lanket  o f  o i l .  O i l  may 
penetrate i n t o  s o f t  sediments o f  mud o r  sand, a f f e c t i n q  the orqanisms 
bu r ied  there. B i r d s  may be a f fec ted  d i r e c t l y  by  beinq fou led w i t h  o i l  o r  
by  l o s i n g  important  feedinq areas. 

( e l  E f f e c t s  o f  o i l  dispersants. The important  consequences o f  adding 
dispersants t o  the environment are  three-fo ld.  F i r s t l y  t h e  dispersants 
can exe r t  t h e i r  own t o x i c  e f f e c t  on p l a n t s  and animals i n  the water o r  on 
the  shore; secondly, they may modify the  form and a v a i l a b i l i t y  o f  t he  o i l  

t o  exe r t  i t s  e f f e c t s ;  and t h i r d l y ,  they may i n t e r a c t  w i t h  the  o i l  t o  
produce more, o r  less,  harmful  e f f e c t s .  General ly d ispersants increase 
the amount o f  o i l  i n  the water column, e i t h e r  as emulsion o r  so lu t ion ,  and 
there fore  they increase the r i s k  o f  e f f e c t s  from t h i s  type o f  p o l l u t i o n .  
When used on shore, d ispersants can reduce the v i s c o s i t y  o f  stranded o i l  
so tak inq  i t  i n t o  contac t  w i t h  animals deep i n  burrows o r  c rev i ces  t h a t  
would otherwise have avoided contac t  w i t h  the  o i l .  Concentrated emulsions 
o r  so lu t i ons  o f  o i l  and dispersant  may r u n  o f f  beaches i n t o  shal low water 
and there a f f e c t  s u b - l i t t o r a l  orqanisms. Dispersants can lead t o  the  
deeper penet ra t ion  o f  o i l  i n  s o f t  sediments such as sand and mud, where i t  
may produce qreater  b i o l o g i c a l  damaqe o r  prolonq the pe r iod  over which the  
ameni t ies o f  t he  beach are  a f fec ted.  

Towards gu ide l i nes  f o r  c o n t r o l l i n q  the areas o f  use o f  d ispersants 

The major o b j e c t i v e  i n  us inq dispersants i s  t o  achieve the most e f f i c i e n t  
removal o f  o i l  from the surface o f  the  sea, o r  from i n t e r t i d a l  areas, cons is tent  
w i t h  cos t  and minimal environmental damaqe. The dec is ion  as t o  whether o r  n o t  t o  
use dispersants i n  any p a r t i c u l a r  s i t u a t i o n  w i l l  d e p k d  t o  a l a r q e  ex tent  on the  
a l t e r n a t i v e  methods f o r  dea l ing  w i t h  the  o i l  t h a t  a re  ava i lab le ,  b u t  i t  i s  poss ib le  
t o  prescr ibe  c e r t a i n  cond i t i ons  where dispersants a re  more o r  l e s s  an appropr ia te  
method o f  treatment. For example, w h i l s t  d ispersants a r e  capable of  t a c k l i n g  most 
l i q u i d  o i l s  and l i q u i d  o i l /wa te r  emulsions, t h e i r  e f fec t iveness decreases w i t h  



dispersan t s  a re ,  a t  b e s t ,  of only l imi ted  use agains t  mousse, heavy fue l  o i l s ,  o r  
crude o i l s  t h a t  have undergone "weatherinq". A t  worst they a r e  completely 
i n e f f e c t i v e  and, a p a r t  from beinq a waste of valuable mater ia l  and money, t h e i r  use 
c o n s t i t u t e s  an unnecessary add i t iona l  p l l u t i o n .  In the same way the  use of 
d i spe r san t s  agains t  l i g h t  ref ined o i l s  s p i l l e d  a t  sea  is probably unnecessary, s i n c e  
t h i s  type of o i l  d i s s i p a t e s  na tu ra l ly  i n  a very s h o r t  time. 

The primary a rea  f o r  use of d i spe r san t s  then is i n  s i t u a t i o n s  where na tu ra l  
d i s p e r s a l  of f r e sh ly  s p i l l e d  crude o i l  is l i k e l y  t o  be low ( i .e .  i n  r e l a t i v e l y  
she l t e red  a reas ) ,  where a l t e r n a t i v e  methods a r e  unsui table  (on p r a c t i c a l ,  economic 
o r  environmental qrounds) and where some resource is threatened by undispersed o i l .  
The policy on the  use o r  non-use of  d i spe r san t s  therefore  is based on the protect ion 
of  resources and, where the re  is a c o n f l i c t  of i n t e r e s t s  of d i f f e r e n t  resources,  on 
t h e i r  r e l a t i v e  p r i o r i t i e s .  A s  described e a r l i e r ,  the  way i n  which dispersants  
modify t h e  e f f e c t s  of  o i l  on a given resource depends on where the o i l  is located.  
Thus, d i spe r san t s  w i l l  tend t o  reduce o r  e l iminate  those e f f e c t s  associated with o i l  
a t  the  water surface  but w i l l  tend t o  exacerbate those associated with o i l  in  the  
water column o r  on the  shore. In simple terms, t h e  implementation of the  policy on 
dispersant  use involves es tab l i sh inq  the balance between the  r i s k s  t o  resources from 
o i l  on the  water surface  and the r i s k s  t o  the  same o r  o ther  resources within the  
water column. 

The balance of  r i s k s  from the  two types of po l lu t ion  can change along the  
continuun from open sea  t o  shore. A s p i l l a g e  of  crude o i l  a  lonq way offshore  is 
l i k e l y  t o  degrade o r  d i s s i p a t e  under na tu ra l  agencies when the  major problem is 
l i k e l y  t o  be the  re-appearance of  o i l  as t a r  b a l l s  a t  points  widely dispersed i n  
space and t i m e  from the o r i g i n a l  sp i l l age .  Dispersant treatment is therefore  not 
genera l ly  useful  i n  these  condi t ions  except where it may be deployed t o  p ro tec t  a 
s p e c i f i c  offshore  resource such a s  a sea-bird colony. Under these condit ions,  t h e  
d i l u t i o n  ava i l ab le  f o r  both o i l  and dispersant  w i l l  be s u f f i c i e n t l y  hiqh t o  avoid 
s i g n i f i c a n t  ecoloqical  damage. In coas ta l  waters the re  may be the very r e a l  r i s k  
t h a t  the  o i l  s l i c k  may be  blown ashore t o  threaten resources on the  beach, i n t e r f e r e  
with coas ta l  navigation and f i sh ing  o r  a f f e c t  b i r d s  and mammals, and t h i s  may be 
s u f f i c i e n t l y  s e r i o u s  t o  invoke t h e  use of d i spe r san t s  a t  a  time when depth of water 
and water movements still provide s u f f i c i e n t l y  hiqh d i l u t i o n  t o  p ro tec t  f i s h  and 
o the r  b i o t a  i n  the  water column. With an o i l  s l i c k  even c lose r  inshore the chances 
of it  reaching the  shore a r e  even g r e a t e r  and it is i n  the  generally shallow coas ta l  
s t r i p  t h a t  resources such a s  f i sh ing ,  aquaculture,  recreat ional  s a i l i n q ,  swimming 
and i n d u s t r i a l  uses of  water tend t o  be concentrated. I t  is a l s o  the  zone where 
f i s h e r i e s  and marine b i o t a  a r e  most a t  r i s k  from o i l  and dispersants  i n  solut ion 
s i n c e  the  d i l u t i o n  ava i l ab le  is correspondingly l e s s  than offshore.  The narrow 
coas ta l  zone can therefore  be regarded a s  being the  most c r i t i c a l  and i t  is i n  t h i s  
a rea  t h a t  continqency plans  have made use of the  concept of "pa r t i cu la r ly  s e n s i t i v e  
areas". A s  t he  name implies,  the  purpose is t o  i d e n t i f y  those a reas  which have a 
p a r t i c u l a r l y  high resource o r  user value s o  t h a t  a s p e c i f i c  policy of treatment,  
appropr ia te  t o  each a rea  o r  type of area ,  can be determined i n  an unhurried 
atmosphere p r i o r  t o  any s p i l l a g e s  of  o i l .  Important c r i t e r i a  i n  ident i fy inq 
p a r t i c u l a r l y  s e n s i t i v e  a reas  include number of uses,  uniqueness of uses,  economic 
importance, s c i e n t i f i c  o r  ecological  importance. 

The concept can be extended t o  the  l i t t o r a l  zone, but d ispersants ,  even when 
used ca re fu l ly  and judiciously,  genera l ly  increase  the  r i s k  of environmental damage 
t o  the  beach o r  t o  the  s u b l i t t o r a l  area t o  such an extent  t h a t  t h e i r  use is not 
recommended except f o r  exceptional  circumstances. In o ther  words, beaches genera l ly  
should be regarded a s  p a r t i c u l a r l y  s e n s i t i v e  a reas  a s  f a r  a s  d ispersants  a r e  
concerned, and a l t e r n a t i v e  methods f o r  treatment o f  o i l  stranded on the shore should 
be given a hiqher p r i o r i t y .  



LABORATORY CONTROL 

The q u a n t i t a t i v e  express ion ,  t h a t  is t h e  i n t e n s i t y ,  o f  t h e  e f f e c t s  o f  o i l  is 
r e l a t e d  t o  t h e  quan t i t y  o f  o i l  s p i l l e d  and its composition. S i m i l a r l y  t h e  i n t e n s i t y  

fc of  e f f e c t s  produced by a d i s p e r s a n t  is r e l a t e d  i n  p a r t  t o  its composition and t o  t h e  
quan t i t y  requi red  t o  render  t h e  o i l  d i s p e r s i b l e ,  bu t  a l s o  t o  t h e  i n t e r a c t i v e  e f f e c t s  
i t  produces with o i l .  In  any s i t u a t i o n  where t h e  use o f  d i s p e r s a n t s  is 
contemplated, i t  appears  s e n s i b l e  t o  use a d i s p e r s a n t  which is n o t  on ly  most 
e f f e c t i v e  but  which produces t h e  minimal impact i t s e l f  and when combined with t h e  

3 o i l .  What is requ i r ed ,  t h e r e f o r e ,  is a method f o r  i d e n t i f y i n g  d i s p e r s a n t s  wi th  t h e  

above c h a r a c t e r i s t i c s ,  and a procedure f o r  encouraging o r  pe rmi t t i ng  t h e i r  use only.  
One method of  assessment t h a t  can be used i n  a p r e d i c t i v e  mode f o r  quant i fy inq  t h e  
p o t e n t i a l  impact of  d i s p e r s a n t s  on marine p l a n t s  and an imals  is t h e  t o x i c i t y  test. 

What is t o x i c i t y  and how is it  measured? 

Toxic i ty  is t h e  i n n a t e  a b i l i t y  o f  any subs tance  t o  cause  harm t o  l i v i n q  
organisms and it is important  t o  r e a l i s e  t h a t  v i r t u a l l y  a l l  subs tances  can  be  t o x i c  
t o  l i f e  a t  some l e v e l .  The type o f  harm ( e f f e c t )  t h a t  is produced by a subs tance  
depends l a r g e l y  on its s p e c i f i c  chemical p r o p e r t i e s  bu t  is a l s o  a func t ion  o f  t h e  
concent ra t ion  of  t h e  subs tance  and t h e  exposure,  t h a t  is, t h e  l e n q t h  o f  t i m e  t h e  
b i o l o g i c a l  system is exposed t o  i t .  I t  is common t h e r e f o r e  t o  see t o x i c i t y  
ca tegor ized  i n  terms o f  t h e s e  t h r e e  v a r i a b l e s ,  namely concen t r a t i on ,  time and 
e f f e c t .  Thus a h ighly  t o x i c  subs tance  is one which produces an e f f e c t  a t  low 
concen t r a t i ons  wh i l s t  a subs tance  o f  low t o x i c i t y  produces t h e  e f f e c t  on ly  a t  a much 
h igher  concent ra t ion .  Acute t o x i c i t y  d e s c r i b e s  t h e  harmful p r o p e r t i e s  o f  a 
subs tance  which a r e  demonstrated wi th in  a s h o r t  per iod ,  u s u a l l y  w i th in  a few days,  
o f  exposure, and i t  is t y p i c a l l y  r e l a t e d  t o  t h e  breakdown o f  phys io loq ica l  systems 
a t  r a t e s  which exceed t h e  animals '  a b i l i t y  t o  adapt  t o ,  o r  t o  r e p a i r ,  damage. In 
chronic  t o x i c i t y  t h e  e f f e c t s  a r e  seen only  i n  t h e  lonqer  term, u s u a l l y  weeks, thouqh 
i t  may more t y p i c a l l y  b e  a cons ide rab l e  propor t ion  o f  t h e  l i f e  span o f  t h e  organism 
a f f ec t ed .  E f f e c t s  occu r r ing  a t  some in t e rven inq  exposure per iod  a r e  descr ibed  a s  
t h e  r e s u l t  o f  sub-acute, o r  more r a r e l y  sub-chronic, t o x i c i t y .  The sepa ra t ion  i n t o  
one o r  o the r  ca tegory  is l a r g e l y  a r b i t r a r y  but  t h i s  is n o t  s o  f o r  c a t e g o r i e s  based 
on e f f e c t ,  l e t h a l  - causing dea th ,  sub - l e tha l ,  less than  o r  no t  r e s u l t i n g  i n  dea th .  
These terms a r e  o f t e n  used t o  q u a l i f y  one another .  Thus an a c u t e l y  l e t h a l  
concent ra t ion  o f  a subs tance  is one which causes  dea th  i n  an organism i n  a s h o r t  
per iod ,  and i n  t h e  same way i t  is p o s s i b l e  t o  have a c u t e l y  sub- le tha l ,  chronic  
l e t h a l ,  and so on. 

General ly,  f o r  most subs tances ,  t h e r e  is a d i r e c t  q u a n t i t a t i v e  r e l a t i o n s h i p  
between concent ra t ion  and the  e f f e c t  measured, though t h e  p r e c i s e  n a t u r e  o f  t h i s  

Ã r e l a t i o n s h i p  w i l l  depend upon t h e  i d e n t i t y  of  both. However, i r r e s p e c t i v e  o f  t h e  
e f f e c t  considered,  t h e  b a s i c  form of t h e  concen t r a t i on  - response r e l a t i o n s h i p  is 
remarkably c o n s i s t e n t  and i t  is v i r t u a l l y  no d i f f e r e n t  i f  t h e  deqree  o f  response i n  
an i nd iv idua l  o r  t h e  propor t ion  o f  t h e  populat ion responding is recorded. Examples 

* of  concent ra t ion  response curves  a r e  shown i n  f i q u r e  I .  I t  can be seen t h a t  f o r  
each type of  e f f e c t  t h e r e  is a t h re sho ld  concent ra t ion  below which t h e  e f f e c t  cannot  
be  measured. Above t h e  t h r e sho ld  t h e r e  is an inc rease  i n  response with i nc reas inq  
concent ra t ion  u n t i l  t he  maximum response f o r  t h a t  e f f e c t  is obtained.  Concomitant 
with t he  concept of  t h r e sho ld  concen t r a t i on  is a no-effect  l e v e l ;  t h e  lower t h e  
concent ra t ion  f o r  a no-ef fec t  l e v e l  t he  more s e n s i t i v e  is t h e  e f f e c t .  A no-ef fec t  
l e v e l  is not  t he  same a s  a non-toxic o r  s a f e  l e v e l ,  f o r ,  by u t i l i z i n q  inc reas ing ly  
s o p h i s t i c a t e d  technicpes ,  i t  is usua l ly  p o s s i b l e  t o  d e t e c t  e f f e c t s  a t  lower and 
lower concent ra t ions ,  even i f  i t  is not  always apparent  how s i g n i f i c a n t  t h e s e  
- r r Ã ‘ Ã ‘  - - -  
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<'on - Response curves  f o r  
t h r e e  d i f f e r e n t  e f f e c t s  observed i n  f i s h  exposed t o  
s o l u t i o n  a, b and c  a r e  t h e  t h r e s h o l d  concen t r a t ions  
f o r  i n h i b i t i o n  of f eed ing ,  l o s s  o f  ba lance  and death  
r e s p e c t i v e l y .  Death i s  t h e  l e a s t  s e n s i t i v e  of t h e  
e f f e c t s  shown. 



A t o x i c i t y  t e s t  i s  t he  use o f  l i v i n g  m a t e r i a l  t o  de f i ne  the  r e l a t i o n s h i p  
between concent ra t ion  and e f f e c t .  The usual  method o f  t o x i c i t y  t e s t i n g  i n  the  
aquat ic  environment i s  t o  sub jec t  a sample o f  a species o f  t e s t  organism t o  a ranqe 
o f  concentrat ions of  the substance and t o  observe the  e f f e c t s  o f  the substance w i t h  
time. I n  most cases o n l y  a s i n g l e  e f f e c t  i s  recorded and t h i s  i s  de f ined before  the  
t e s t  beqins, f o r  example, death, l o s s  o f  balance. B a s i c a l l y  there  a re  two 
procedures fo r  the c o l l e c t i o n  and treatment o f  data from such a t e s t .  In  the  f i r s t  
t he  l e n g t h  o f  t ime o f  exposure requ i red  t o  produce the observed e f f e c t  i s  recorded 
f o r  each i n d i v i d u a l  i n  each concentrat ion,  and the t ime taken t o  a f f e c t  a q iven 
p ropor t i on  o f  t he  animals ( u s u a l l y  50 per  cent)  i s  ca l cu la ted  f o r  each 
concentrat ion.  One technique i s  t o  p l o t  the  data q raph ica l l y ,  expressing percentaqe 
m o r t a l i t y  as p r o b i t s  against  t ime on a l oga r i t hm ic  scale. The bas i c  s t a t i s t i c s  o f  
t he  l i n e  can then be obtained d i r e c t l y .  These s t a t i s t i c s  a re  the  qeometric mean 
( t h e  t ime a t  50 per  cent  e f f e c t ,  ET50) and var iance (which can be der ived from the 
s lope o f  t he  l i n e ) .  Considerably more accuracy i s  obtained by measurinq the averaqe 
r a t h e r  than the  minimum o r  maximum response, s ince est imates o f  t he  l a t t e r  a re  so 
dependent on the numbers o f  animals i n  the tes t .  The slope o f  t he  l i n e  i s  important  
because i t  g i ves  an i n d i c a t i o n  o f  t he  v a r i a b i l i t y  o f  t he  t e s t  animals, t he  smal ler  
t he  slope the more v a r i a b l e  the  populat ion.  

I n  the second procedure, the  number o f  animals a f fec ted  i n  the d i f f e r e n t  
concentrat ions i s  recorded a t  f i x e d  t ime i n t e r v a l s  a f t e r  the  beqinninq o f  t he  
exposure period, and the concent ra t ion  a f f e c t i n q  a q iven percentaqe (say 5 v e r  
cent) o f  the  t e s t  popu la t ion  a t  those t imes i s  i n t e r p o l a t e d  from the data. Typ ica l  
t ime /e f fec t  and concent ra t ion /e f fec t  curves a re  shown i n  f i q u r e  11. 

When the ca l cu la ted  e f f e c t  t imes are  p l o t t e d  aqainst  t h e i r  respec t i ve  
concentrat ions, a t o x i c i t y  curve i s  establ ished: i n  the  same way the  ca l cu la ted  
median e f f e c t  concentrat ions can be p l o t t e d  aqainst  t ime t o  produce a s i m i l a r  curve 
( f i g u r e  I 11). I t  i s  customary i n  g raph ica l  representa t ions  t o  use l o g a r i t h m i c a l l y  
transformed data f o r  the  t o x i c i t y  curve. Th is  has two advantages. F i r s t l y ,  i t  
enables wide l i m i t s  o f  t ime and concent ra t ion  t o  be covered and secondly, i t  i s  
poss ib le  t o  detec t  r e a d i l y  whether o r  n o t  a curve, which w i t h  a r i t hmet i c  axes 
appeared t o  have become asymptotic w i t h  the  t ime o r  concent ra t ion  axes, r e a l l y  has 
done so. These asymptotes can be taken t o  i n d i c a t e  the  minimum median e f f e c t  
concent ra t ion  and the minimum response t ime respect ive ly .  

I n  sunmary, i t  i s  poss ib le  t o  descr ibe the  t o x i c i t y  o f  a substance i n  a number 
o f  ways but, f o r  a l l  o f  them, the  value o f  t o x i c i t y  w i l l  depend upon the type o f  
t e a t  organism used, the  s ize ,  sex and c o n d i t i o n  o f  t h e  organisms, the  e f f e c t  
measured, and water q u a l i t y  aspects such as  s a l i n i t y ,  temperature and pH. T o x i c i t y  
can be described by: 

(a) The shape and p o s i t i o n  o f  t he  t o x i c i t y  curve. Curves displaced 
inc reas ing l y  t o  the  l e f t  s i q n i f y  increas ing t o x i c i t y .  

(b )  The l e n q t h  o f  exposure requ i red  t o  a f f e c t  ( k i l l )  a g iven 
p ropor t i on  o f  t he  t e s t  animals a t  a f i x e d  concent ra t ion  (i.e., 
f o r  example, 1000 ppm ET50). The smal ler  the  va lue o f  t he  ET50 
the  more t o x i c  i s  the  substance. 

( c )  The concent ra t ion  requ i red  t o  a f f e c t  ( k i l l )  a g i ven  p ropor t i on  
o f  the  t e s t  animals a f t e r  a f i x e d  l eng th  o f  exposure t o  the  
substance (e.9. median l e t h a l  concent ra t ion  a t  48 hours, the  
48h LC50). The smal ler  the  value o f  the  LC50 the  more t o x i c  i s  . . . . 
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Fig. I1 Examples of ( A )  Time - Percent  e f f e c t  
curves and (B) Concentrat ion-Percent  e f f e c t  curves .  
The i n t e r c e p t  of  l i n e  'a' wi th  t h e  t ime a x i s  g i v e  
t h e  median e f f e c t  t ime ( ~ ~ 5 0 )  f o r  3mg/l. The 
i n t e r c e p t  o f  l i n e  'b' wi th  t h e  concen t r a t ion  a x i s  
g i v e s  t h e  median e f f e c t  concen t r a t ion  ( ~ ~ 5 0 )  at 
96 hours  (96h ~ ~ 5 0 )  



m g / l  of poison 

Fig. I11 An example of a Toxicity Curve with ET50 values (and 
estimated variance) p lo t ted  against t h e i r  respective concentrations. 
A i s  the  asymptotic median ef fec t  concentration, B i s  the minimum 
response time. An essent ia l ly  s imilar  curve i s  obtained by p lo t t ing  
EC50 values against t h e i r  respective exposure times. 



(d )  The p ropor t i on  o f  the  t e s t  animals a f fec ted  ( k i l l e d )  i n  a q iven 
concentrat ion a f t e r  a f i x e d  exposure per iod.  The qreater  the 
p ropor t i on  o f  animals a f fec ted  the more t o x i c  the substance. 

T o x i c i t y  t e s t s  w i t h  o i l s  and dispersants 

T o x i c i t y  t e s t s  w i t h  o i l s  and dispersants have been c a r r i e d  out  on three scales. 
A 

1. The c o n t r o l l e d  a p p l i c a t i o n  o f  o i l  and dispersant  i n  experiemental f i e l d  
s i t u a t i o n s  has proved a u s e f u l  v a l i d a t i o n  technique because the cond i t i ons  o f  
exposure most c l o s e l y  resemble those l i k e l y  t o  p e r t a i n  i n  r e a l  s i t u a t i o n s .  Data 
c o l l e c t e d  i n  these experiments are  there fore  o f  h i q h  eco loq i ca l  s iqn i f i cance.  
However, they a re  usua l l y  d i f f i c u l t  and expensive t o  c a r r y  out  and o f  r e l a t i v e l y  

r 
long-term du ra t i on  so t h a t  on l y  few o i l s  o r  d ispersants can be examined i n  t h i s  way. 

2. Experiments c a r r i e d  out  i n  l a r q e  aquaria, e i t h e r  i n  the  f i e l d  o r  
labora tory ,  o r  i n  f i e l d  enclosures, o f f e r  the advantaqes o f  q reater  c o n t r o l  o f  
experimental cond i t i ons  w h i l s t  s t i l l  ma in ta in inq  a h igh  deqree o f  eco loq i ca l  
relevance. But again the experiments tend t o  be r e l a t i v e l y  lonq-term and expensive. 

3. Laboratory-based experiments i n  smal l  aquaria, on the o the r  hand, can be 
made very cheaply; they can be o f  sho r t  du ra t i on  so t h a t  a l a r q e  number o f  v a r i a b l e s  
can be invest iga ted;  and they a l l ow  great  c o n t r o l  o f  experimental condi t ions.  I t  i s  
t h i s  type o f  t e s t  t h a t  has increased our understandinq o f  how o i l s  and o i l  
d ispersants cause b i o l o q i c a l  damaqe. 

Many o f  the  short-term s tud ies  on the t o x i c i t y  o f  o i l ,  p a r t i c u l a r l y  those of  
e a r l i e r  workers, r e p o r t  the  r e s u l t s  o f  t o x i c i t y  i n  terms o f  the  amount o f  o i l  
a c t u a l l y  added t o  the t e s t  aquaria ( t h e  nominal concentrat ion)  and the r e s u l t s  i n  
t h i s  form show t h a t  d i f f e r e n t  o i l s  appear t o  have very d i f f e r e n t  acute t o x i c i t i e s ,  
ranging from about 10 mg/1 (4 day LC501 f o r  r e f i n e d  o i l s ,  t o  qreater  than 10,000 
m g / 1  f o r  weathered crudes. I t  was f u r t h e r  found t h a t  the  t o x i c i t y  o f  o i l  was 
i n f l uenced  by the  method o f  t es t i ng ,  p a r t i c u l a r l y  t he  amount o f  mix inq  and surface 
a g i t a t i o n  t h a t  was appl ied.  However, when these data were expressed i n  terms of  t he  
amounts o f  hydrocarbon i n  s o l u t i o n  (water-soluble f r a c t i o n )  a much more cons is tent  
p a t t e r n  emerged, w i t h  the  d i f f e rences  i n  t o x i c i t y  be inq accounted f o r  almost 
e n t i r e l y  by  the  d i f f e r e n t  e f fec t i veness  w i t h  which the t e s t  methods int roduced the 
hydrocarbons i n t o  so lu t i on .  And the same was found t o  ho ld  more o r  l e s s  t r u e  when 
examining the data f o r  d i f f e r e n t  o i l s .  The d i f f e rences  i n  t o x i c i t y  o f  the d i f f e r e n t  
o i l s  and types o f  o i l  were q r e a t l y  reduced when expressed i n  terms o f  water-soluble 
f r a c t i o n ,  w i t h  4 day LC50 values f a l l i n q  i n  the  range ca. 1-20 m q / 1  f o r  f i s h  and 
0.5-10 m g / 1  f o r  o the r  organisms. I n  fac t ,  i t  i s  poss ib le  t o  exp la in  even the 
r e l a t i v e l y  smal l  d i f f e rences  i n  the t o x i c i t i e s  o f  d i f f e r e n t  crude o i l s  i n  terms o f  
t he  s p e c i f i c  hydrocarbon composit ion o f  the  wa ter -so lub le  f r a c t i o n .  I n  broad terms, 
t o x i c i t y  increases along the s e r i e s  alkanes - cycloalkanes - alkenes - aromatics, 
and w i t h i n  each homoloqous s e r i e s  smal l  molecules are  more t o x i c  than l a r g e  ones. A 

Thus, crude o i l s  c o n t r i b u t i n q  a water-soluble f r a c t i o n  w i t h  a h i q h  aromatic content  
w i l l  be r e l a t i v e l y  h i g h l y  t o x i c .  

The h i g h  t o x i c i t y  o f  the  e a r l i e r  convent ional  d ispersants was due t o  t h e i r  
hydrocarbon so lvent  and, t o  a l a r q e  extent ,  t o  the  aromatic concent ra t ion  o f  the  
solvent .  Acute t o x i c i t i e s  i n  the ranqe 0.1-10 mq/1 were common, b u t  l a t e r  
d ispersants w i t h  low aromatic so lvents  o r  water-based had much lower t o x i c i t i e s ,  
o f ten  greater  than 10,000 mg/1  nominal concentrat ion.  On the b a s i s  o f  nominal 
concentrat ions, then, these dispersants have a t o x i c i t y  s i m i l a r  t o  o r  even l e s s  than 
the t o x i c i t y  o f  most crude o i l s .  I t i s  much more d i f f i c u l t  t o  qenera l ize  about the  
t o x i c i t y  o f  o i l / d i spe rsan t  mixtures. The t o x i c i t y  o f  t he  mix ture  i s  seldom l e s s  



than t h a t  of  t h e  o i l  but  t h e  e x t e n t  t o  which o i l  t o x i c i t y  is  enhanced appears  t o  be  
r e l a t e d  i n  some way t o  t h e  e f f e c t i v e n e s s  o f  t h e  d i s p e r s a n t  i n  t h e  t e s t  cond i t i ons ,  
s i n c e  increased  t o x i c i t y  o f  mixtures  can be l a r g e l y  (thouqh no t  e n t i r e l y )  explained 
by t h e  increased  s o l u b i l i z a t i o n  o f  t h e  o i l  by t h e  d i spe r san t .  

Acute t o x i c i t y  t e s t s  have a l s o  been use fu l  i n  desc r ib inq  those  b i o l o q i c a l  
f a c t o r s  such a s  type  of orqanism and developmental s t a q e ,  t h a t  a r e  important  i n  - s e t t i n g  t h e  l e v e l  of  t o x i c i t y  o f  o i l s  and d i s p e r s a n t s ,  and wh i l s t  t he se  t e s t s  may b e  
c r i t i c i z e d  f o r  t h e i r  l ack  of  eco log ica l  re levance ,  they  have undoubtedly proved most 
usefu l  i n  i den t i fy inq  cond i t i ons  o f  p o t e n t i a l  importance i n  t h e  realm of 
environmental con t ro l .  Their q r e a t e s t  use,  however, h a s  been a s  a  laboratory-based 
con t ro l .  By s t anda rd i z ing  important v a r i a b l e s  pe r t a in ing  t o  t h e  test, i t  is 

'T p o s s i b l e  t o  use t h e  t o x i c i t y  d a t a  t o  rank t h e  d i f f e r e n t  d i s p e r s a n t s ,  e f f e c t i v e l y  i n  
o rde r  of t h e i r  p o t e n t i a l  hazard when used a t  sea .  Two a s p e c t s  need t o  he  
considered:  - e s t a b l i s h i n g  app rop r i a t e  s tandard ized  procedures f o r  t h e  test, and 
d e f i n i n g  a  method o f  comparinq t h e  t o x i c i t i e s  of  d i f f e r e n t  d i spe r san t s .  

Some deqree of  s t anda rd i za t ion  is necessary t o  ensure t h a t  t h e r e  is 
r e p r o d u c i b i l i t y  between t e s t s  and the re fo re ,  t h a t  a l l  d i s p e r s a n t s  a r e  t r e a t e d  
equal ly  and f a i r l y .  I t  is not  p o s s i b l e  t o  cover  comprehensively a l l  those  a s p e c t s  
which should be c o n t r o l l e d  i n  o rde r  t o  s t anda rd i ze  test cond i t i ons ;  t h e  fol lowinq 
a r e  of t h e  h ighes t  p r i o r i t y .  

Test spec i e s .  The s e l e c t i o n  of an app rop r i a t e  test s p e c i e s  is l i k e l y  t o  
b e  a  compromise of  a  number o f  f a c t o r s .  Thus, s p e c i e s  t h a t  a r e  l o c a l l y  o f  
h igh  eco log ica l  s i g n i f i c a n c e ,  economic s i g n i f i c a n c e  o r  s p e c i a l  s e n s i t i v i t y  
w i l l  i nc rease  t h e  relevance o f  t h e  test, but  they  may n o t  b e  o f  a  s u i t a b l e  
s i z e ,  may b e  d i f f i c u l t  o r  expensive t o  ob t a in ,  o r  on ly  a v a i l a b l e  f o r  a  
l i m i t e d  period of t h e  year.  The a b i l i t y  o f  t h e  s p e c i e s  t o  withstand 
l abo ra to ry  cond i t i ons  is a l s o  a  major p r a c t i c a l  cons ide ra t i on .  

C r i t e r i o n  o f  e f f e c t .  To some e x t e n t  t h e  e f f e c t  w i l l  be  determined by t h e  
s p e c i e s  s e l e c t e d ,  its s i z e  e t c . ,  bu t  s e n s i t i v i t y  t o  o i l / d i s p e r s a n t  and 
eco log ica l  re levance  a r e  impor tan t ,  thouqh qene ra l ly  con t r ad i c to ry ,  
a spec t s .  S e n s i t i v e  e f f e c t s  w i l l  be  e l i c i t e d  by lower, and t h e r e f o r e  more 
r e a l i s t i c  concent ra t ions ,  bu t  they  a r e  nea r ly  always s u b l e t h a l  and t h e i r  
s i g n i f i c a n c e  i n  t h e  r e a l  world is d i f f i c u l t  t o  a s se s s .  On t h e  o t h e r  hand, 
s i g n i f i c a n t  e f f e c t s  such a s  dea th  a r e  r e l a t i v e 1  y  i n s e n s i t i v e .  Other 
a s p e c t s  inc lude  t h e  ea se  with which t h e  e f f e c t  can be measured, t h e  time 
taken f o r  i t  t o  be manifested,  its r e p r o d u c i b i l i t y  and c o s t .  In  most 
tests t h e  chosen c r i t e r i o n  o f  e f f e c t  is dea th  o f  t h e  test orqanism. 

Water q u a l i t y .  This  w i l l  be s u i t a b l e  f o r  keeping t h e  test orqanihms a l i v e  
bu t  i n  add i t i on  it should be c o n t r o l l e d  with r e spec t  t o  s a l i n i t y ,  pH and 
temperature. These should be s e l e c t e d  t o  be r e p r e s e n t a t i v e  o f  l o c a l  
cond i t i ons .  

Exposure condi t ions .  These a r e  t h e  most c r i t i c a l  v a r i a b l e s  a f f e c t i n g  t h e  
va lue  of t o x i c i t y  and the  r e p r o d u c i b i l i t y  o f  a  test. The test aqua r i a  may 
b e  b u i l t  t o  take  account o f  t h e  t e s t  s p e c i e s ,  its s i z e ,  and t h e  number o f  
organisms being t e s t e d ,  thouqh converse ly  t h e  type  of  aqua r i a  t h a t  a r e  
a v a i l a b l e  may d i c t a t e  t h e  cho ice  o f  spec i e s .  Methods f o r  maintaininq a  
cons t an t  concent ra t ion  o f  d i s so lved  o r  d i spe r sed  o i l  i n  t h e  test s o l u t i o n s  
a r e  r e l a t i v e l y  complex and expensive,  a s  a r e  methods which aim t o  s imu la t e  
n a t u r a l  o r  near  n a t u r a l  d i l u t i o n s  o f  o i l  o r  o i l / d i s p e r s a n t  mixtures  with 
time. In s t a t i c  t e s t s ,  t h a t  is with no continuous chanqe o f  test 
s o l u t i o n ,  t h e  deqree of  a g i t a t i o n  t h a t  is provided is important .  E a r l i e r  



dispersants formed more o r  l e s s  s t a b l e  emulsions a t  t h e i r  t o x i c  l eve l s ,  so 
a q i t a t i o n  o f  the  water sur face was n o t  necessary. La ter  dispersants, 
however, tended t o  s e t t l e  a t  the  surface, and a q i t a t i o n  o f  the  water was 
requ i red  t o  a greater  o r  lesser  ex tent  t o  produce more homogeneous t e s t  
so lu t ions .  This becomes very important  when o i l  i s  inc luded i n  the  
assessment o f  t o x i c i t y ,  s ince the method and deqree o f  a q i t a t i o n  markedly 
a f f e c t  t he  ex ten t  t o  which a d ispersant  w i l l  increase the s o l u h i l i z a t i o n  
o f  o i l .  This may n o t  be the same f o r  d i f f e r e n t  dispersants. The type o f  
o i l ,  t he  r a t i o  o f  d ispersant  t o  o i l  and the method o f  mix ing  a l l  a f f e c t  
t he  l e v e l  o f  t o x i c i t y .  The concentrat ions used and the per iods  o f  + 

exposure may be predetermined by the  s e l e c t i o n  o f  species, e f f e c t s  and 
o ther  considerat ions,  b u t  where there  i s  f l e x i b i l i t y  these should be 
matched t o  l i k e l y  environmental cond i t ions .  

Having es tab l ished a standard procedure i t  i s  necessary t o  decide on a 
method f o r  comparinq the  t o x i c i t y  data f o r  two o r  more dispersants w i t h  a 
view t o  i d e n t i f y i n g  the l e a s t  ( o r  most) t ox i c ,  o r  es tab l i sh inq  t h e i r  
r e l a t i v e  t o x i c i t i e s .  I n  p rac t i ce ,  the  "end-point" o f  the  experiment 
w i l l  be pre-determined du r ing  the fo rmula t ion  o f  the  t e s t  and i t  
w i l l  be ins t rumenta l  i n  c r y s t a l l i z i n q  cond i t i ons  o f  t he  t e s t .  Usual 
end-points a re  the  median l e t h a l  asymptotic concentrat ion,  48h LC50, and 
percentage response a f t e r  r e l a t i v e l y  s h o r t  exposures t o  h i q h  
concentrat ions,  f o r  example 100 minutes a t  1,000 mq/l. 

Towards an approval procedure 

I n  many coun t r i es  a qovernmental approval procedure has been set  up i n  order t o  
exerc ise  some c o n t r o l  over the  dispersants which can be used a t  sea o r  on beaches 
but ,  a l thouqh t h e  apparent ob jec t i ves  f o r  the c o n t r o l  are the same, i n  most cases 
the  types o f  procedures and the r o l e  o f  t o x i c i t y  t e s t s  i n  them d i f f e r  very markedly. 
However, i t  i s  poss ib le  t o  recognize two bas ic  approaches. I n  the  f i r s t  type the 
d ispersant  i s  considered i n  respect  o f  one o r  more o f  a number o f  cha rac te r i s t i cs :  
phys i ca l  p roper t ies ;  chemical composition; sa fe ty ;  a v a i l a b i l i t y ;  s h e l f - l i f e ;  
ef fect iveness;  t o x i c i t y ;  cost; and evaluated aqainst  a pass o r  f a i l  standard f o r  
each i n  turn ( t a b l e  1 ) .  

The "accep tab i l i t y "  o f  t o x i c i t y  can be determined i n  a number of ways, by  
comparison w i t h  o ther  d ispersants o r  w i t h  o i l ,  and the comparison can be made on the 
b a s i s  o f  any o f  the  measures o f  t o x i c i t y  described e a r l i e r  (see f i q u r e  I V ) .  The 
s e l e c t i o n  o f  an appropr ia te  standard i s  more d i f f i c u l t .  One p o s s i b i l i t y  i s  t h a t  the  
t o x i c i t y  o f  o i l  and dispersant  m ix tu re  should no t  be s i q n i f i c a n t l y  greater  than the 
t o x i c i t y  o f  t he  o i l  alone. A second way i s  t o  e s t a b l i s h  a standard a t  a p o i n t  t h a t  
w i l l  on l y  a l l ow  a q iven p ropor t i on  o r  number o f  t h e  l e a s t  t o x i c  d ispersants t o  be a 
accepted, w h i l s t  another way i s  t o  se t  a standard based on i n t u i t i v e  f e e l i n q s  o r  
emp i r i ca l  in format ion  about l i k e l y  f i e l d  condi t ions.  The o v e r a l l  value o f  data from 
a t o x i c i t y  t e s t  can be improved i f  the  cond i t i ons  o f  the  t e s t  have been adjusted t o  
s u i t  the  type o f  procedure. Thus, where there  i s  no independent assessment o f  
e f f i c i e n c y  o r  e f fec t iveness,  cond i t i ons  o f  the  t e s t  should aim t o  more c l o s e l y  
s imula te  the  cond i t i ons  o f  oi.1 d i spe rsa l  l i k e l y  t o  p e r t a i n  a t  sea, and t h i s  can be 
done by a d j u s t i n g  the  type and volume o f  o i l ,  t he  method of adding dispersant  and 
the  degree o f  aq i ta t i on .  On the o the r  hand, where there  i s  an assessment of  
effect iveness, t h e  t o x i c i t y  t e s t  should attempt t o  e l im ina te  t h i s  aspect by, f o r  
example, ensur ing homogeneity o f  the  t e s t  so lu t ions .  This dichotomous type o f  
procedure r e s u l t s  i n  a number o f  d ispersants which pass, and there fore  rece ive  equal 
evaluat ion.  The dec i s ion  whether o r  n o t  t o  use a p a r t i c u l a r  d ispersant  i s  then 
l i k e l y  t o  r e l y  on cons idera t ions  such as cos t  and a v a i l a b i l i t y  ( t a b l e  1). 



(a) Dichotomous. A standard for pass . (F ail is set up for each 
criterion considered. 

Acute Toxicity 
Test 

Fail Pass 

Physical characteristics 

Chemical characteristics 

\ F 

Acceptable 
1 

Acute toxicity of dispersant 

F 

i 
Effectiveness 

Acute toxicity of dispersant & oil 

t 
Acceptable 

(b) Factorial. Acute toxicity, effectiveness, cost. 

example: Dispersant A B C D 

(a) Acute toxicity e.g. 48h LC50 mg/I 100 500 500 100 

(b) Effectiveness (as dose rate) 1/ha 10 100 50 30 
a (c) Environmental impact (o<  h)  0.1 0.2 0.1 0.3 

( d l  Unit Cost units/l 4 4 1 1 

(el Financial outlay/ha (a bxd 40 400 50 30 

Table 1: Examples of evaluation procedures for approvinq oil dispersants 



p l / l  concentration o f  o i l  /dispersant 

Fig.  I V  Examples of Tox ic i ty  Curves f o r  d i s p e r s a n t s  and/or  o i l  and 
d i s p e r s a n t s  showing d i f f e r e n t  measures of  t o x i c i t y  and some methods f o r  
comparing t o x i c i t i e s .  

1. For a  f i x e d  ex osu re  pe r iod ,  comparison between EC50 
va lues  (a1, a'') o r  wi th  a f i x e d  s t a n d a r d  EC50 (a). 

2. For a  f i x e d  ex osure  concen t r a t ion ,  comparison between ? * 
ET50 va lues  ( b  , bl') o r  w i t h  a f i x e d  s t a n d a r d  E T ~ o ( ~ ) .  

3. For a  f i x e d  exposure pe r iod  and a f i x e d  exposure concen t r a t ion  
comparison between t h e  percentages  of animals  a f f e c t e d  i n  t h e  
two t e s t  s o l u t i o n ,  o r  comparison wi th  a f i x e d  ' a ccep tab le '  
percentage .  b 

4. Comparison between t h e  shape and p o s i t i o n  of  t o x i c i t y  curves .  
This  i s  a  more s u j e c t i v e  assessment .  



The second type o f  approach may consider e s s e n t i a l l y  t h e  same c h a r a c t e r i s t i c s  
b u t  i t  does so i n  a d i f f e r e n t  manner. The value o f  each c h a r a c t e r i s t i c  i s  n o t  
compared w i t h  a standard but  t rea ted  as a var iab le ,  and the va r iab les  a re  then 
evaluated f a c t o r i a l l y  ( t a b l e  1). For example, d ispersant  A, which i s  more e f f e c t i v e  
than dispersant  B and w i l l  there fore  need a t e n - f o l d  lower dose r a t e  t o  achieve the 
same d ispers ion o f  o i l ,  i s  a r i t h m e t i c a l l y  f i v e  t imes more acu te l y  t o x i c .  However, 
i n  environmental terms, A should be considered l e s s  hazardous than B because i t  w i l l  
en ter  t he  sea a t  o n l y  one t e n t h  the  concentrat ion.  Dispersant C has the  same l i k e l y  
environmental impact as A b u t  i s  cheaper, w h i l e  d ispersant  D i s  even cheaper, thouqh 
w i t h  qreater  p o t e n t i a l  environmental r i s k .  The disadvantaqes w i t h  t h i s  approach l i e  
i n  the  p r e c i s i o n  t h a t  i s  requ i red  i n  assessinq the values f o r  t o x i c i t y  and 
e f fec t i veness  and, more impor tant ly ,  i t  pro-supposes t h a t  the  recommended dose r a t e  
w i l l  no t  be exceeded i n  p r a c t i c a l  s i t ua t i ons .  

CONCL US IONS 

Experience o f  t he  e a r l y  use o f  o i l  d ispersants showed that ,  w h i l e  they cou ld  be 
e f f e c t i v e  i n  d i spe rs inq  c e r t a i n  types o f  crude o i l ,  t h e i r  use i n  clean-UD 
operations, p a r t i c u l a r l y  on s o f t  and rocky shores, l e d  t o  damage t o  the b io ta .  The 
adverse e f f e c t s  were due t o  a combination o f  circumstances - the use o f  d ispersants 
i n  inappropr ia te  locat ions ,  the  use o f  h i q h l y  t o x i c  and i n e f f e c t i v e  dispersants, 
poor a p p l i c a t i o n  technology and inexperienced users. Over the  past  15 years 
considerable advances have been made t o  improve these aspects. Methods o f  
a p p l i c a t i o n  o f  dispersants, by knapsack, boat and a i r c r a f t ,  have a l l  markedly 
improved and improved technology has a l so  l e d  t o  d ispersants w i t h  much q rea te r  
e f fec t iveness and reduced t o x i c i t y ,  so t h a t  i t  can be f a i r l y  claimed t h a t  
d ispersants have now proved themselves t o  be a usefu l ,  and sometimes the only,  
e f f e c t i v e  t o o l  against  o i l  s p i l l s .  

However, i t  i s  important  n o t  t o  become complacent. Modern d ispersants  should 
no t  be regarded as the  panacea f o r  a l l  o i l  s p i l l s  i n  a l l  circumstances. I t  i s  
necessary t o  i d e n t i f y  t he  r o l e  o f  d ispersants i n  the  contex t  o f  a l t e r n a t i v e  methods 
o f  treatment and t o  c l e a r l y  e s t a b l i s h  the  cond i t i ons  where they can and cannot be 
used. A p o l i c y  o f  environmental c o n t r o l  has been used w i t h  conspicuous success by 
some coun t r i es  and the p r i n c i p l e s  invo lved are  l i k e l y  t o  be qenera l l y  app l icab le ,  
b u t  they need t o  be app l ied  anew i n  each region. I n  p a r t i c u l a r ,  i t  should not  he 
assumed t h a t  the  behaviour and e f f e c t s  o f  o i l  and dispersants and the r e l a t i v e  
s e n s i t i v i t y  o f  d i f f e r e n t  resources as determined f o r  temperate waters a re  
necessar i l y  app l i cab le  t o  t r o p i c a l  o r  sub- t rop ica l  waters. 

I t  must a l so  be po in ted out  t h a t  there  a re  s t i l l  d ispersants be inq manufactured 
and so ld  which do n o t  possess genera l ly  h i g h  standards o f  e f fec t i veness  and 
t o x i c i t y ,  so i t  i s  s t i l l  important  f o r  some form o f  l abo ra to ry  c o n t r o l  t o  be c a r r i e d  
out  so t h a t  on l y  s a t i s f a c t o r y  d ispersants a re  approved f o r  use. Acute t o x i c i t y  
t e s t s  c a r r i e d  out  under standard cond i t i ons  a re  an important  t o o l  f o r  screening 
dispersants f o r  b i o l o g i c a l  a c t i v i t y ,  bu t  t h e i r  value i s  increased i f  they are  used 
i n  con junct ion  w i t h  o the r  tes ts ,  p a r t i c u l a r l y  those f o r  phys i ca l  and chemical 
composit ion and e f fec t iveness.  Condi t ions o f  the  t e s t s  should be modi f ied  t o  the  

type of eva lua t i on  procedure and t o  s u i t  l o c a l  circumstances, b u t  they should be o f  
a form t h a t  i s  cons is tent  w i t h  t e s t s  used i n  o the r  coun t r i es  so t h a t  a wider data 
base and wealth o f  comparable experience can be b u i l t  up. Acute t o x i c i t y  t e s t s  a l so  
have a valuable r o l e  f o r  examining the e f f e c t s  o f  environmental va r iab les  on the  
behaviour and t o x i c i t y  o f  o i l  and dispersants i n  order  t o  prov ide feedback t o  the  
cond i t i ons  s p e c i f i e d  by environmental con t ro l .  
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