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PREFACE 

Ten years ago the United Nations Conference on the Human Environment (Stockholm, 
5-16 June 1972) adopted the Action Plan f o r  the Human Environment, including the 
General Pr inc ip les for Assessment and Control o f  Marine Pol lu t ion.  I n  the l i q h t  o f  
the resu l ts  o f  the Stockholm Conference, the United Nations General Assembly decided 
t o  estab l ish the United Nations Environment Programme (uNEP) t o  "serve as a focal  
po in t  f o r  environmental act ion and co-ordination w i t h i n  the United Nations system" 
(General Assembly reso lu t ion (WXVII) o f  15 December 1972). The organizations of the 
United Nations system were i n v i t e d  " to  adopt the measures that  may be required t o  
undertake concerted and co-ordinated programmes wi th  reqard to  in te rna t iona l  
environmental problems", and the "intergovernmental and non-governmental 
organizations tha t  have an i n te res t  i n  the f i e l d  o f  the environment" were also 
i n v i t e d  " t o  lend t h e i r  f u l l  support and co l laborat ion t o  the United Nations w i th  a 
view to  achieving the largest  possible degree o f  co-operation and co-ordination". 
Subsequently, the Governing Council o f  UNEP chose "Oceans" as one o f  the 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-ordinatinq 
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 
Council o f  UNEP has repeatedly endorsed a regional  approach t o  the con t ro l  o f  marine 
p o l l u t i o n  and the management o f  marine and coastal  resources and has requested the 
development o f  regional  act ion plans. 

The Reqional Seas Programme a t  present includes eleven reqions and has over 120 
coastal  States pa r t i c i pa t i ng  i n  it. It i s  conceived as an action-oriented proqramme 
having concern no t  on ly  f o r  the consequences but  also for the causes of 
environmental degradation and encompassing a comprehensive approach t o  combating 
environmental problems through the management o f  marine and coastal  areas. Each 
reg ional  act ion p lan i s  formulated according t o  the needs o f  the region as perceived 
by the Governments concerned. I t  i s  designed t o  l i n k  assessment o f  the qua l i t y  of 
the marine environment and the causes o f  i t s  de te r io ra t ion  w i t h  a c t i v i t i e s  for  the 
management and development o f  the marine and coastal  environment. The act ion plans 
promote the evelopment o f  regional  l ega l  agreements and o f  action-oriented 

A t  the t h i r d  session o f  UNEP1s Governing Council (1975). a number of West and 
Central  African States requested UNEP t o  study the problems o f  marine and coastal  
p o l l u t i o n  of  t h e i r  region. As a r e s u l t  o f  tha t  request, UNEP's exploratory mission 
v i s i t e d  fourteen States o f  the region dur ing 1976. The mission's repor t  i d e n t i f i e d  
the major environmental problems o f  the region and recommended the development o f  a 
regional  act ion p lan f o r  the protect ion and development o f  the marine environment 
and coastal  areas o f  the region. 

\J Mediterranean Region, Kuwait Action Plan Region, West and Central African 
Reqion, Wider Caribbean Reqion, East Asian Seas Reqion, South-East Pac i f ic  
Region, South Pac i f i c  Region, Red Sea and Gulf o f  Aden Region, East African 
Reqion, South-West A t lan t i c  Region and South Asian Region. 

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



After  considering the  r e p o r t  o f  t h e  mission,  t h e  f i f t h  sess ion  of t h e  Governinq 
Council (1977) decided t h a t  " s t eps  should be undertaken f o r  the  development o f  an 
a c t i o n  plan and a regional  agreement t o  prevent and aba te  po l lu t ionn  i n  t h e  West and 
Centra l  African region. 

The prepara tory  work on t h e  development of t h e  a c t i o n  plan e r eg iona l  
agreement included severa l  exper t  group meetings, miss ions  and surve  leading t o  
t h e  Conference of P l e n i p o t e n t i a r i e s  on Co-operation i n  t h e  Protect ion and 
Development of t h e  Marine and Coastal  Environment of  t h e  West and Centra l  African 
Region (UNEP/IG.22/7) convened by UNEP i n  Abidjan, 1 6  - 23 March 1981 a s  t h e  f i n a l  
s t a g e  of t h e  prepara tory  work leadinq t o  the  adoption of  t h e  ( a )  Action Plan fo r  t h e  
p r o t e c t i o n  and development o f  t h e  marine environment and c o a s t a l  a r e a s  of  t h e  West 
and Centra l  African Region, ( b )  Convention f o r  t h e  Co-operation i n  t h e  Protect ion Â 

and Development of t h e  Marine and Coastal  Environment of  t h e  West and Centra l  
African Region, ( c )  ~ r o t o c o l  concerning co-operation i n  combating po l lu t ion  i n  c a s e s  
of emergency, and ( d l  a s e t  o f  conference reso lu t ions .  

This document i s  one of  t h e  surveys prepared a s  a con t r ibu t ion  t o  the  development o f  
t h e  Action Plan. 

3/ For d e t a i l s  see:  

- Report o f  t h e  Executive Director  on prepara tory  a c t i v i t i e s  f o r  an a c t i o n  plan 
f o r  t h e  p ro tec t ion  and development of t h e  marine and c o a s t a l  environment i n  
t h e  West African Region. UNEP/IG. 22/4. UNEP, 1981. 

- UNIDO/UNEP: Survey of marine p o l l u t a n t s  from i n d u s t r i a l  sources  i n  t h e  West 
and Centra l  African Region. UNEP Regional Seas Reports and S tud ies  No. 2. 
UNEP, 1982. 

- UNESCO/UNEP: River i n p u t s  t o  the  West and Central  African marine 
environment. UNEP Regional Seas Reports and S tud ies  No. 3. UNEP, 1982. 

- IMCO/UNEP: The s t a t u s  o f  o i l  po l lu t ion  and o i l  po l lu t ion  c o n t r o l  i n  t h e  West 
and Central  African Region. UNEP Regional Seas Reports and S tud ies  No. 4. 
UNEP, 1982. 

- UNDIESA/UNEP: Ocean energy p o t e n t i a l  of  t h e  West African Region. UNEP 
Regional Seas Reports and S tud ies  No. 30. UNEP, 1983. 

- UNDIESA/UNEP: Environmental management problems i n  resource  u t q i z a t i o n  and 
survey of resources  i n  t h e  West and Centra l  African Region. UNEP Regional 
Seas Reports and S tud ies  No. 37. UNEP. 1984. 



I. INTRoDUCTIOa 

1. Introduction 

The present p ro f i l e  of commercial energy production and consumption 

i n  t h e  West African Region, i s  dominated by o i l  and natural  gas l iquids .  

During the period 1971-75, t h e  average annual production of o i l  and gas 

* 
accounted f o r  almost ninety-nine per cent of the  t o t a l  production of 

commercial energy i n  the  region. Production of crude petroleum and natural  

gas,  however, was concentrated i n  f i v e  of t he  nineteen countries ( ~ n g o l a ,  

Congo, Gabon, Nigeria and Zaire) t h a t  cons t i tu te  t h e  region and i s  dominated 

by Nigerian production.^' O f  t h e  f i v e  producers during t h i s  period, only 

t h r ee  were net exporters of o i l  ( X g e r i a ,  Gabon and Angola) while t he  

remaining two producers and fourteen non-producers were par t  of a l a rge  

group of o i l  importing developing countries (OIDC ' s ) . 
For the  group of o i l  importing developing countries,  the SWI e f f e c t  of 

t h e  o i l  p r i ce  increases on t h e i r  economies s ince 1973 has been severe. The 

p r i ce  rises, world economic recession,  and lack of deflationary po l ic ies  i n  

severa l  o f  then have l e d  t o  l a rge  increases i n  t h e i r  current account 

de f i c i t s .  Since imported energy ( i n  this case consis t ing almost e n t i r e l y  

of imported o i l )  is required f o r  t h e  i n d u s t r i a l  sec tors  of  t h e i r  economies, 

a reduction i n  energy supply i n  t he  short-tern,  will result in  lover  economic 

growth because non-productive uses of o i l  are minimal. For these countr ies ,  

t h e  new l e v e l  of petroleum pr ices  has t v o  pr inc ipa l  long-term implications: 

(1) In the  short-term, given t h e i r  l imited a b i l i t y  t o  conserve o i l  o r  

subs t i t u t e  other energy sources f o r  petroleum, they must continue t o  borrow 

t h e  foreign funds needed t o  finance o i l  imports o r  e l s e  reduce t h e i r  r a t e  

of  economic growth; 

I/ See Annex 1 f o r  production, reserves and movements in 1977-78 of oetro- - 
leum i n  the  region. 
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(2)  I n  the longer tern most have the opportunity t o  develop alternative 

indigenous energy sources. A t  present crude o i l  prices, it i s  now economic 

for them: 

(a)  t o  develop domestic sources of petroleum that  were 

regarded as uneconomic a t  pre-1973 prices, and t o  endeavour t o  

expand known reserves; 

(b) t o  expand the provision of energy from alternative 

sources in order to substitute for  petroleum-based energy supplies. 

As far as the region is concerned, crude o i l  production has been fairly 

recent. Exploration for o i l  and gas has been sporadic especially i n  the 

recent past when data on petroleum bearing provinces vere unavailable. 

Currently available information suggests that the potential for  further 

o i l  and gas discoveries in the region $8 fairly good (Fig. 2 ) with the  

overwhelming proportion of such areas located in the offshore area, 

Exploration activity in the region is, therefore, expected to be on the 

upswing, particularly in the offshore areas as more of the countries in the 

region seek t o  develop domestic sources of 

Zbe ifflpftct of offshore oil and gas on the coastal areas is ,  

however, potentially very signific.ant. Petroleum - development act iv i t ies  

impinge directly on the level of employment, community f ac i l i t i e s  and 

coastal and. nearshore ecosystems. In the absence of past experience or 

proven capeb i l i t i e~~  in planniag for  such developnent, the r isk  of a v e r s e  

impacts is heightened while potential benefits are not fully realized. In 

the  Vest Africa region where such experience i s  fa i r ly  limited and 

capabilities are 8enerally unproven, the need for such planning becaines 

even more necessary. 

This report is, therefore, structured f i r s t l y  t o  provide the link from 

primary offshore development ac t iv i t i es  t o  secondary industrial growth and 



secondly, t o  indicate the  induced effects  and impacts of the ac t iv i t i e s  

above on the immediate ecosystem -- principally the potential  impacts on 

the f isheries ,  wildl i fe  and habitat resources of the region. While the 

report i s  designed t o  stand on its own, it is also intended as an 

information guide fo r  decision-makers and planners i n  the  region t o  

understand the ful l  benefits and the hazards associated with 

such ac t iv i t i e s  and t o  offer a broader perspective for  environmental 

assessment by providing more detai led descriptions of various aspects of 

the  recovery of offshore o i l  and gas. 

The report ,  theref ore,  

1. ~ d e n t i f i e s  offshore areas of past and current ac t iv i ty ;  

2. Provides a review of the state-of-the-art i n  impact assessment 

procedures ; 

3. Undertakes a review of the  range of potent ial  impacts of offshore 

development a c t i v i t i e s  on both l iv ing  and non-living resources 

and coastal communities; 

4. Isolates  specif ic  areas i n  the  region t h a t  can be used f o r  

case studies in determining the nature and extent of potent ial  

impacts ; and 

5. Recommends a framework f o r  the  protection of the  environments 

affected by offshore development ac t iv i ty ,  including 

resources and t h e i r  habi tats .  

A number of working assumptions will be used i n  the  preparation of 

t h i s  report. 

A. For the region i n  question, there will be no governmental r e s t r i c t -  

ions on explorable Outer Continental Shelf (OCS) t r ac t s .  

B. No major breakthroughs wil l  occur i n  the near future which could 

be expected t o  s ignif icant ly change the  environmental impact potent ia l  o f  

Outer Continental shelf  development. 



Figure  2: Offshore Petroleum Provinces 



C. I n  established onshore refinery and transportation areas, the  

s ignif icant  impact on l iv ing  organisms w i l l  come from the release of 

hydrocarbons during tanker t ransfers  and noxious gases such as the oxides 

of sulphur during processing. 

D. The potent ial  fo r  onshore impacts on l iv ing  matter generally vill 

increase,  at l e a s t  i n i t i a l l y ,  somewhat i n  proportion t o  the  leve l  of 

onshore development ac t iv i ty .  

E. Cr i t e r i a  f o r  the protection of environments affected toy OCS-related 

f a c i l i t i e s  may be broadly applied t o  equivalent non OCS-related f a c i l i t i e s  

in the  coas ta l  zone. 

2. Recent Regional Developments 

Worldwide offshore o i l  and gas exploration and production are  on t h e  

increase due t o  a number of factors:  t he  shortage of o i l  in the  internation- 

al market place; the  soaring pr ice  of o i l  which makes areas that were 

considered uneconomic at  pre-1973 prices economic; the  fact t h a t  geologists 

estimate t h a t  between 40 and 45 per cent of undiscovered o i l  and gas 

producible reserves U probably be found on the continental  shelves and 

margins (most of which are unexplored) ; and the  in t e res t  of developing 

countries t o  explore t h e i r  offshore areas. 

In the  region, these developments resulted i n  a s ignif icant  increase i n  

new production w e l l s  during the  period 19'77-79. Nigeria, Gebon and 

Cameroon were the countries within which offshore d r i l l i n g  was most 

pronounced. Amow the  three  countries,  Cameroon, with the  development of 

a new petroleum province in  the  western region recorded the  most ac t iv i ty .  

Nigeria and Gabon vere second and t h i r d ,  respectively. This group was 

followed by Ivory Coast, Angola, Chad and Ghana i n  tha t  order. 1977 marked 

t h e  year during which the  off shore Laongo f i e l d  i n  the Republic of Congo 



and two smaller f i e l d s  offshore Zaire were brought i n t o  production. Cameroon 

became Africa 's  10th o i l  producing country i n  1978 when t h e  offshore Kole 

f i e l d  was brought i n t o  production. During t h e  same year,  at l e a s t  two new 

discoveries -- one onshore and t h e  other  offshore - were made i n  Nigeria. 

During 1979, offshore d r i l l i n g  revealed t h e  existence of f i e l d s  i n  Ghana and 

Ivory Coast. The f i e l d  i n  t he  Ivory Coast i s  scheduled f o r  production t h i s  

year. In  September of t h e  same year, t he  Sanaga wildcat f i e l d  off  t h e  coast  

of Cameroon about 75 miles southwest of Douala w a s  reported by Mobil-Oil t o  

be "a po ten t ia l ly  s ign i f ican t  hydrocarbon bearing zone". In  Nigeria, t h e  

government-owned Nigerian National Petroleum corporation signed agreements 

with foreign companies f o r  fu r the r  exploration. 

These a c t i v i t i e s  together with a myriad of others  within t h e  region 

a t t e s t  t o  t h e  growing i n t e r e s t  on t h e  par t  of some of t h e  countries i n  t h e  

region and of t h e  continued i n t e r e s t  of 

develop domestic sources of petroleum. 

a c t i v i t i e s  taking place i n  each country 

some of t h e  current producers t o  

The nature of t h e  deve lopent  

is, therefore ,  considerably varied. 

3. The nature of offshore o i l  and gas development 

The d i f f i c u l t y  associated with t he  discovery of p ro f i t ab l e  accumulations 

of o i l  and gas has l e d  t o  t h e  development of a vide va r i e ty  of exploratory 

techniques t o  seek them out. The choice among t h e  various techniques depends 

on many f ac to r s ,  including geographical condit ions,  t h e  expected depth of 

t h e  reservoir ,  the  expected t r a p  and econoaic conditions. If an en t i r e ly  new 

area  must be explored, then the  sequential  phases previously noted can be 

distinguished. 

In t he  beginning, general surveys covering vast  t e r r i t o r i e s  a t  r e l a t i v e l y  

low cost must be performed (pre-exploration). Such surveys seek t o  generate 

a general ins ight  i n to  the  area.  Photogeology, gravimetry and magnetometry 



a r e  frequently applied. Photogeology employs a i r  reconnaissance, and i s  bes t  

adapted t o  onshore problems where t h e  surface of t h e  ea r th ' s  c ru s t  provides 

ins igh t  i n to  the  geology of deeper formations. Magnetometric surveys a l so  

use a i r c r a f t  and a r e  applicable offshore as well  a s  onshore. These measure- 

ments give information about t he  broad, ou t l ines  of geologic.$. provinces and 

t h e  expected sediment thicknesses. 

Offshore, a s  soon a s  some general knowledge has been obtained about an 

area ,  more spec i f ic  information can be obtained"through seismic work (geological  

and geophysical surveys). Seismic measurements contr ibute  considerably t o  t he  

discovery of po ten t ia l  s t ruc tu ra l  t raps .  The l a s t  phase of exploration is 

d r i l l i ng .  The d r i l l i n g  of a new f i e l d  exploration wel l  (wildcat ) is  expensive, 

especial ly  offshore where f loa t ing  r i g s  must be used. O n l y  an exploration w e l l  

can prove conclusively the  existence of an o i l  and/or gas f i e l d .  Apart f r o m  

rock samples, new well-logging techniques can add ouch t o  ex is t ing  knowledge 

about t he  formations beneath t h e  ea r th ' s  c rus t .  Most well-logging techniques 

cons i s t  of t h e  continuous measurement of physical  cha rac t e r i s t i c s  of t h e  well  

rock of t he  bore hole - such as r e s i s t i v i t y ,  na tura l  and induced r ad ioac t iv i t y ,  

spontaneous po ten t ia l ,  etc.  Apart froa well  logging, various o ther  tests 

a r e  necessary t o  know t h e  volume of o i l  o r  gas which a well  can produce after 

t h e i r  presence has been established.  The most important is t h e  production t e s t .  

I n  t h e  first years of exploration,  mainly s t r u c t u r a l  t r a p s  a re  sought. 

Such t r aps  can be recognized e a r l i e r  i n  exploration from de ta i led  geologic 

and seismic work. The search f o r  such t r a p s  follows rapidly  upon evidence 

t h a t  such a t r a p  may be present. 

A s  soon a s  a f i e l d  has been located by an exploration well ,  work i s  begun 

t o  de l inea te  it ( f i e l d  development). One well  alone gives only p a r t i a l  infoma- 

t i o n  about a f i e l d ;  a number of wells  a r e  needed t o  f i x  t h e  extent of t h e  

f i e ld .  Wells d r i l l e d  t o  seek t h i s  information a r e  ca l led  step-out ve i l s .  



Following the  conclusion t h a t  a f i e l d  can be prof i tably  produced, su f f i c i en t  

development o r  production w e l l s  a r e  d r i l l e d  t o  allow a prof i tab le  flow of o i l  

o r  gas and surface equipment i s  ins ta l led.  Surface equipment includes all 

necessary pipel ines  and stock tanks and equipment t o  clean gas o r  o i l  and t o  

separate  the  o i l ,  na tura l  gas l i qu ids ,  &as and w a t e r .  Offshore, all these  

i n s t a l l a t i o n s  may be concentrated on a mdiae t ion  pLatform, a highly techno- 

l og i ca l l y  developed piece of equipment. 

In general ,  the  i n f r a s t ruc tu ra l  needs of offshore development are  orfranized 

around t he  ex is t ing  o r  po ten t ia l  source of o i l  and gas,  especial ly  around areas  

with t fae l a r g e s t  coac^sntration of producing o r  po ten t ia l ly  producing f i e ld s .  

This way, t h e  associated pipelines and/or r e f ine r i e s  a r e  supplied more 

economically from the  l o c a l  f i e l d s  . 
The s teps  leading to the ctevelqmmt of a f i n a l  closing f i e l d  can be 

divided i n t o  six major sequential  phases. These phases a re  pre-exploration, 

geological  and geo-physical surveys, exploratory d r i l l i n g ,  f i e l d  development, 

production and shut-in f a c i l i t i e s .  The development process i s  planned i n  t h i s  

sequent ia l  phase not only because t he  phases a re  physically and conceptually 

d i f f e r en t ,  but a l so  because teeaaologieal  decisitms d i c t a t e  t h a t  one precede 

t h e  other. Each phÃ§* is ws.ua.Lly chaaractarized by tha introduction o r  

development of spec i f ic  i ndus t r i a l  p ro jec t s  and a c t i v i t i e s .  The more mature 

t h e  f i e l d ,  all things  beim equal, t he  greater ttoe ow~teea"' of concurrent phases. 

I n  t h e  more nature  petroleum regions i n  West A f r i c a ,  such a s  those of f  the  

Nigerian and Gabonese coasts, all of these activitifes occur simultaneously. 

Offshore, a development programme will, there fore ,  involve not only 

t h e  d r i l l i n g  of production wel ls ,  but also the i n s t a l h t i o n  of platforms, 

separators  t o  process crude o i l  and gas offshore,  pipelines o r  vessels  t o  

t rans fe r  the o i l  and gas onshore, and onshore tank farms and plants  f o r  

addi t ional  processing. During; t h e  production period, addit ional wells  w i l l  



be d r i l l e d ,  ex i s t ing  wells w i l l  be serviced t o  maintain production, and a 

var ie ty  of techniques w i l l  be employed t o  st imulate lagging output. The 

o i l  and gas produced w i l l  e i t he r  be shipped by pipel ine  and/or vessels t o  

onshore f a c i l i t i e s  f o r  ref ining and marketing. 

An understanding of t h e  e n t i r e  offshore development process is necessary 

i f  one i s  t o  understand the  f u l l  range of services ,  mater ia ls ,  and f a c i l i t i e s  

needed t o  support offshore a c t i v i t i e s .  The impact of offshore a c t i v i t i e s  w i l l  

fall most heavily upon those onshore communities which become t h e  pr incipal  

staging areas f o r  offshore operations,  and which may become t h e  s i t e  of energy 

t r ans fe r  and processing f a c i l i t i e s .  The spectre  of po ten t ia l  impacts a r i s i ng  

from these  a c t i v i t i e s  must be t h e  concern of planners when i n i t i a t i n g  such 

development. 

Associated with the  s i x  phases of developnent above, a number of spec i f ic  

projects  must be anticipated.  These projects  subdivided by t h e  sec tor  wherein 

they occur include: 

Offshore Zone: 

a. Geophysical Survey 

b. Exploratory Dri l l ing 

c. Production Dr i l l ing  

d. Pipeline Laying 

e. Offshore Mooring and Tanker 09eration F a c i l i t i e s  

Onshore Zone: 

1. General 

a. Service Bases 

b. Marine Repair and Maintenance F a c i l i t i e s  

c. General Shore Support F a c i l i t i e s  

d. Platform Fabrication Yards 



e. Pipe Coating/Painting Yards 

f .  Oil Storage Terminals 

2. Associated with Processing 

a. Ref iner ies  

b. Petrochemical Indus t r i e s  

c. Gas Processing P lan t s  

d. Liquefied Natural Gas Processing 

The offshore  and onshore p r o j e c t s  w i l l  commence at  d i f f e r e n t  t i n e s  i n  

t h e  development programme, but t h e  bulk of planning f o r  t h e s e  p ro jec t s  w i l l  

most l i k e l y  occur during t h e  f i n a l  s t ages  of exploratory d r i l l i n g  and e a r l y  

f i e l d  development phases. This ensures t h a t  t h e  bas ic  c h a r a c t e r i s t i c s  of t h e  

f i e l d  a r e  known and exp lo i t a t ion  and support requireennts  a r e  we l l  defined. 

It o u s t  again be emphasized t h a t  t h e s e  d i s c r e t e  types  o f  p ro jec t s  are genera l ly  

not e a s i l y  recognizable i n  an area with an es tab l i shed  o i l - re la ted  production 

indust ry  (such as Nigeria,  allo on). 



11. PLANNING AND DESIGN FOR OFFSHORE DEVELOPMENT 

1. Introduction 

Planning for  the development of offshore o i l  and gas can be a long and 

complex process. The development process w i l l  be discussed, here in  s i x  major 

sequential phases where decision making a t  governmental or  industr ial  level  

w i l l  be required, t o  determine whether t o  proceed t o  the next o r  termination 

of t h e e n t i r e  development effort .  (Fig. 3) 

The case with which offshore o i l  and gas f i e lds  have been discovered has 

been found t o  be related t o  the degree of geologic knowledge of the  area o r  

region involved. More specif ical ly,  the knowledge acquired i n  developing 

coastal and onshore f i e lds  has accelerated the r a t e  of discovery offshore. 

The majority of offshore f i e lds  are believed t o  be e i ther  extensions of 

existing onshore f i e lds ,  o r  t o  have geologic character is t ics  similar t o  tha t  

of the  onshore producing area. Certainly prior  geologic knowledge enhances 

the  potential  f o r  an offshore f ind,  although other factors  cannot be ignored 

such as  technical capabili ty,  pbysical environment, government o r  regional 

policies and avai labi l i ty  of investment capital .  

2. The Process of Offshore Develonment 

The planning process can be conveniently carried out i n  six sequential 

phases, namely : (i ) pre-exploration; ( ii ) geological and geophysical explora- 

t ion;  ( iii ) exploratory dr i l l ing;  ( i v  ) f i e l d  development ; (v ) production; and 

( v i )  shut-in of f a c i l i t i e s .  

( i ) Re-explorat ion : 

Before actually prospecting f o r  o i l  and gas, considerable ef for t  i s  devoted 

t o  carefully analyzing available geological and geophysical data on t h e  area. 

Where data a re  unavailable, analysis i s  preceded by generation of the  requisi te  

data through surveys. These are  performed by seismic companies under contract 

t o  o i l  and gas companies. The analysis ident if ies  sedimentary basins and 



aids  i n  t h e  subsequent ranking of f i e l d s  according t o  t h e i r  potent ia l  f o r  

o i l  and/or gas. 

If a f i e l d  has hydrocarbon po ten t ia l ,  it may be necessary, especially i n  

remote areas,  t o  es tab l i sh  survey control  networks onshore and t o  perform 

hydrographic surveys f o r  updating navigation charts .  Increased e f fo r t s  t o  

es tab l i sh  and update control  networks, a s  well  a s  t h e  operation of hydrographic 

vessels ,  a r e  a s ignal  of fu ture  offshore o i l  and gas a c t i v i t i e s ,  of ten followed 

closely  by geophysical vessels searching f o r  petroleum. 

(ii) Geological and Geophysical Exploration 

From favourable recommendations developed i n  t h e  pre-exploration phase, 

extensive geophysical surveys and shallow rock coring programmes a re  conducted 

i n  promising areas t o  loca te  and iden t i fy  geologic s t ruc tures  capable of 

trapping and holding hydrocarbons. 

Where t he re  a r e  l a rge  s t ruc tures ,  deep t e s t  v e i l s  may be d r i l l e d  "off- 

s t ructure"  (away from where hydrocarbons c o l l e c t )  t o  determine t he  cha rac t e r i s t i c s  

of reservoir  rocks. 

( iii ) Exploratory D r i l l i n s  

Significant development of physical f a c i l i t i e s  f i r s t  occurs during t h e  

exploratory phase. Exploratory d r i l l i n g  i s  an operation t h a t  begins with 

r e l a t i v e  uncertainty of success, especial ly  i n  a new region where geologic 

data  a r e  unavailable o r  incomolete. Each addi t ional  exploratory well  d r i l l e d  

and each rock core examined rapidly  increases t h e  da ta  base and enhances 

b e t t e r  placement of t h e  next hole. 

Teams of geologists  ca re fu l ly  examine t he  records of t h e  seismic, gravi ty  

and magnetic surveys t o  determine a promising loca t ion  f o r  t h e  f i r s t  explora- 

t o ry  well. A s  d r i l l i n g  proceeds, rock cores a r e  removed and per iodical ly  



the  v e l l  is  "logged". Well logging is a process by which sonic,  e l e c t r i c ,  

and radiat ion charac te r i s t ics  of the  sub-surface rocks are  measured, i n  place, 
\ 

fo r  mapping sub-surface s t ructures .  

I f  the  exploratory v e i l  indicates  an encouraging flow r a t e  of o i l  (or gas) 

another v e l l  w i l l  be d r i l l e d  nearby t o  confirm the  discovery. A more accurate 

estimate is developed as  appraisal  ("s t  ep&utw ) wells a r e  d r i l l e d  t o  del ineate  

t he  extent of the  f i e l d  and t o  determine the  nuinber of w e l l s  needed t o  econo- 

mically drain t h e  f i e ld .  

Using the  rock cores,  well  logs and dr i l l  stem t e s t s  obtained during t h e  

exploratory d r i l l i n g  operation, petroleum engineers evaluate t h e  reservoirs  

t o  determine t h e  best  areas i n  which t o  set up permanent o i l  o r  gas recovery 

wells and t o  es tab l i sh  production platforms. Simultaneously, surface si te 

investigations a r e  commenced t o  determine foundation charac te r i s t ics  and 

subsurf ace geology of the  po ten t ia l  platform locations.  Platform locat ions ,  

then a r e  determined by the  combined e f f o r t s  of t h e  reservoi r  engineers and 

engineers responsible f o r  designing, fabr ica t ing  and i n s t a l l i n g  the  platform. 

( i v  ) Field Developient 

Field  developent  combines all t h e  s t r a t eg i e s  developed during t h e  e~cplora- 

t o ry  d r i l l i n g  and e a r l i e r  phases. During t h i s  phase, t h e  pa t te rn  of development 

i s  determined, and s ign i f ican t  changes w i l l  not normally occur over t h e  

productive l i f e  of the  f i e ld .  

Field development en t a i l s  t h e  establishment of a number of major onshore 

and offshore projects.  Additional onshore support f a c i l i t y  development w i l l  

a l so  be stimulated. The r a t i o  of gas t o  o i l  i n  t he  deposit ,  and the  locat ion 

of the  resource, i n  r e l a t i on  t o  exis t ing t ransporta t ion and processing f a c i l i t i e s  

w i l l  a l so  a f fec t  the  decision a s  t o  whether t o  engage i n  nearby f a c i l i t i e s  

development. 



(v)  Production 

The indus t r ia l  infrastructure becomes more complex and "mature" during 

t h i s  phase. With l i t t l e  new strategy, t he  production phase involves a continuing 

low l e v e l  of act ivi ty .  Production w i l l  overlap somewhat with exploration, f o r  

a f t e r  the  i n i t i a l  platform comes on l i n e ,  exploratory d r i l l i n g  continues i n  other 

portions of the basin. 

Though the length of time re l a t e s  t o  the  s i z e  of the f i e l d  and r a t e  of 

recovery, the production phase w i l l  l i k e l y  span 20 t o  30 years. In addition, 

the  producer is constantly searching f o r  techniques t o  capture a higher 

percentage of reservoir hydrocarbons from t h e  f ie lds .  I f  these e f fo r t s  a re  

successful, the  l i f e  of the f i e l d  may be expanded, often through "working over" 

an existing f i e l d  by applying new and different recovery techniques. 

(v i )  Shut-in 

As t he  o i l  and gas  of the  specif ic  offshore f i e l d  approaches exhaustion, 

it becomes necessary t o  decommission specif ic  f a c i l i t i e s  and ins ta l la t ions ,  

i.e., t o  remove production platforms. Pipelines a re  generally l e f t  i n  place, 

since the cost of removal is  usually more than the salvage value of the  pipes. 

Tank farms erected f o r  receiving crude o i l  ckn obviously be used f o r  

storage of o i l  from other sources, but it i s  more l i k e l y  tha t  they w i l l  be 

scrapped. Natural gas processing plants would be salvaged or  possibly converted 

t o  another use. 
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111. IMPACT ASSESSMENT OF OFFSHORE DEVELOPMENT 

1. Socio-Economic Impact 

The primary fac tor  i n  assessi1.g the  e f fec ts  of offshore developnent on 

coastal  communities is employment. The t o t a l  number of individuals t o  be 

employed i s  the  summation of d i rec t  employment ( the  f a c i l i t y  project under 

consideration), indirect  employment (working f o r  other companies that  support 

t he  f a c i l i t y  project ) , and induced employment (employment generated in  other 

sectors of the  economy stimulated by the  project ). 

Cr i t i ca l  matters t o  consider i n  employment are:  (1) the  different  require- 

ments of construction and operational a c t i v i t i e s ;  (2 )  the  inter-related t ra in ing  

requirements f o r  individual proj ec ts  ; and (3) t h e  percentage of ap loyees  who 

w i l l  be new regional residents. Construction and ins t a l l a t ion  of ref iner ies  

and pipelines require a large labour force,  while during t h e i r  operation, 

employment labour requirements a re  much lower. For other f a c i l i t i e s ,  such 

a s  platform fabrication yards, the  operating force may exceed the  construction 

labour force. 

During construction and operation, a percentage of employees w i l l  a l so  

be new residents of t h e  area. Those who a re  current residents w i l l  not require 

substant ial  changes i n  loca l  services,  while new residents w i l l  require service 

from the  public and pr ivate  sectors  t h a t  had not been demanded previously. 

The number of secondary and induced employees needed because of new di rec t  

employment i s  d i f f i c u l t  t o  predict. A'number of factors  a f fec t  t h i s  relationship. 

Of these,  perhaps the  most signif icant  are: t h e  s i z e  of the  exis t ing community, 

income of workers, length of construction phase and distance f r o m  metropolitan 

areas. The experience of the  offshore o i l  industry has shown t h a t  from 

0.3 t o  0.9 secondary workers are needed f o r  each new construction vorker, and 

from 1-1 t o  2.3 secondary workers f o r  each permanent employee while t h e  induced 



employment mult ipl ier  is projected t o  be about 1.2 f o r  a l l  d i r ec t  and ind i rec t  

workers. 

Induced e f f ec t s  are a major consideration. Hew i ndus t r i a l  development 

options have associated v i t h  them p lan t  payrol ls  and property taxes which 

r e s u l t  i n  addi t ional  economic benef i t s  t o  t he  new o r  ex is t ing  community. 

But t he  commitment of coasta l  areas f o r  t he  s i t i n g  of  heavy indus t r ies  

may engender a wide var ie ty  of  impacts t h a t  extend considerably beyond t h e  

d i r e c t ,  local ized,  impacts of plants .  Certainly,  new residents  employed by 

an offshore f a c i l i t y  w i l l  generate increased demeuld on soc i a l  services  

requiring f o r  example, t h e  establishment and/or expansion of public u t i l i t i e s  

and services (sewage treatment and water" supply); employment may also induce 

t h e  i n i t i a t i o n  of housing projects ,  shopping centres,  more industry and other 

community developnent within the pr ivate  sector.  I n  addit ion,  costs  t o  t he  

community fo r  s t r e e t s ,  police and f i r e  protection,  schools and other e s sen t i a l  

services ,  nay be greater  than t h e  d i rec t  cos t s  of t h e  plant i t s e l f ,  requiring 

tha t  planning decisions r e l a t i ng  t o  industry s i t i n g  must include the  develop- 

ment they w i l l  induce. 

( i )  Economic Inroact 

Employment and Population Forecast inrq 

The myriad of a c t i v i t i e s  both on land and at sea  include t h e  construction 

of giant  s t e e l  platforms. Construction a t  sea  requires t h a t  food, fue l  

and d r i l l i n g  supplies must be assembled and shipped t o  the  offshore work s i t e ,  

pipelines must come onshore a t  some point,  and storage tanks and pumping 

s ta t ions  must be bu i l t .  These a c t i v i t i e s  require a cer ta in  number of 

workers, who develop in to  t h e  core of the  community providing it with 

strength and grovth. It i s  possible t o  forecast  t h i s  aspect of offshore  



dril l ing activity, and a number of established techniques are available 

i n  the l i tera ture* Most of the forecasting techniques take in to  

consideration the activi ty proposed, I the likelihood of disturbances 

resulting f'rm it, and f inally the effects t o  be expected from those 

disturbances. The development process can then be characterized as a 

network of items, each flowing from the preceding one as follows : 

PROJIET SUB-IBOJBCT ACTIVITIES DISTURBANCES EFFECTS 

^ 
Site  )Clesr in~.  Soil erosion, Sedimentation 
preparation -a43 'has of cover 'runoff pollution 

Platform 
Ã‘Ã Navigation *-WS Spoil discharget_$Curbidlty, 

fabrication improvement 'spoil d r edge  spi l lorer  oaygen 

^ 
DIRECT OR 
INDUCED 
PROJECT 

yard 

Housing Si te  Clearing, Soil  erosion, Sedimentation, 
Development -̂ preparation->grading->Loss of c o v e r ~ ~ ~ b o f f  pollution 

\ disposal depletion 

Solid waste Filling of Loss of Increased BOD 
systems >wetlands-> habitat >(biological 

oxygen demand ) 



A forecasting methodology must answer a number of questions related 

to the offshore facility and the secondary development it 'may stimulate. 

Some steps in the methodology involve non-quantitative analysis of the 

specific facility and proposed locality. Other steps involve the 

application of a factor ("multiplier") derived from experience with growth 

responses in a locality, a region, or perhaps for a vhole nation. Any 

forecasting process, however, is subject to the limitation of imprecision, 

a situation which is particularly true for major projects such as refineries. 

Uncertainties are usually unavoidable, so rough approximations are the 

rule, not the exception. 

Some of the forecasting methods, commonly used in assessing the effects 

of offshore oil and gas development are: Input/output analysis, the Harris 

Model and development scenarios. 

Input/Output Analysis 

This model seeks to provide an accounting system to trace the flow 

of goods, services, and money from one sector of the economy to all other 

sectors. It does this by describing the interrelationship among all the 

sectors within a region during a specified time period and expressing these 

interrelationships as mathematical coefficients.. For offshore drilling 

related forecasting, selection ofthe region to be considered and use of 

coefficients appropriate to that specific region may be the most important 

considerations. Economic structures vary considerably within a region 

or a country, making the use of regional or national coefficients for 

industrial classification potentially misleading. For example, coefficients 

for the offshore petroleum development sector will be significantly different 

for Nigeria, which has a considerably more developed industrialized base, than 

for the rest of the region as a whole. The results of an input/output analysis 



w i l l  indicate the impact an industr ial  ac t iv i ty  w i l l  exert on other sectors 

of the  economy, but t h i s  w i l l  not indicate t he  employment requirements or 

induced community effects.  

the  H a r r i s  Model 

The Harris Model, developed by the  U.S. Bureau of Land Management 

is a sophisticated economic model vhich examines the  need fo r  new 

indust r ia l  f a c i l i t i e s  i n  a region. The model uses indus t r ia l  inter-  

relationships to portray t i e s  among the  industries of a defined region. 

Like the input/output model, it does not d i rec t ly  indicate induced 

community effects.  Among the basic items considered i n  using the model 

are population movements, the  demand f o r  products, costs of production 

and transportation, and indus t r ia l  input/output coefficients. These 

are  used t o  predict changes i n  production ac t iv i t i e s  resulting from 

hypothetical o i l  finds. Predicted changes are  used t o  forecast such 

items as employment, earnings, population movements, and overall  personal 

income and expenditures. 

Develonnent Scenarios Model 

Scenarios are the most popular t o o l  f o r  predicting offshore and 

onshore related development and t h e i r  impact. 

Scenarios are descriptions of anticipated future s i tuat ions that 

would result from assumed changes i n  specif ic  ac t iv i t i e s :  For example, 

s i t i n g  of o i l  and gas f a c i l i t i e s  near a community ( the assumed chan8e) 

would probably result i n  population growth, new p o l i t i c a l  problems, and 

increased requirements for community services and f a c i l i t i e s  ( the 

future s i tuat ion) .  The accuracy of the  scenario (how many people? 

which p o l i t i c a l  problem? what f a c i l i t i e s ?  ) necessarily depends on 

t h e  accuracy of estimates of the  assumed changes. 



Scenarios can be formulated a t  many levels of complexity* In  offshore 

act ivi ty studies, they range from verbal descriptions based on a few 

broad assuuptions, to sophisticated computer models where they mey be 

combined with input/output analysis or  other economic models, such as 

the Harris Model* 

The need t o  use s c e d o s  swgests  a -or problem i n  plaaning 

for  offshore related development: it is impossible to  precisely predict 

development patterns mid impacts based on a resource of unknown 

quantity and characteristics. In addition, o i l  and gas each require 

different technologies and related onshore support, resulting i n  

different combinations of onshore effects  and impacts. 

A simplified process f low for  developing a forecasting procedure i s  

shown in  figure 4. This process f i r s t  estimates direct employment, 

then, indirect employment from which the last category, induced 

eqloyment is predicted. The t o t a l  employcent derived from such an 

analysis for  a given region or  country represents invaluable information 

for  planners. Such an exercise as a preliminary act ivi ty will require 

the services of an expert with a strong background in  economics and 

related s t a t i s t i c a l  analysis. 

( ii ) Community Im~act  

The t o t a l  population of the new region under study, a f t e r  the 

manner of analysis of the previous section will form the basis for 

determining the potential demand for public and private comudty 
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f a c i l i t i e s .  The s i t i n g ,  design, construction and operation of community 

f a c i l i t i e s  can strongly impact on l iv ing  resources including f i sh  and 

f i l d l i f e  and t h e i r  habi tats-  Fac i l i t i e s  may, fo r  exmaple, m u i r e  

substantial  land areas. Their construction may require grading o r  other 

land a l te ra t ions ,  which may produce significant run-off. Among t h e  f a c i l i t i e s  

which may have such effects  are: housing, public u t i l i t i e s  and. services,  

transportation, schools, recreation and commercial establishments. Other 

f a c i l i t i e s  such as police and f i r e  s ta t ions  and medical and soc ia l  services 

may also cause endronmental e f fec ts ,  althowh t h y  do so on a e e r  

scale  than the former set of f a c i l i t i e s .  

How in& 

It is  not easy t o  assess housing needs because of the interplay 

between housing demand urid supply. Housing demand, is quite simply, a 

function of the individual household's income (ab i l i ty  t o  pay for  o r  

rent  housing), the  t o t a l  number of uni t s  demanded by these howehold~ ,  

and the  price required f o r  each unit  of housing. The interplay dl1 

further be complicated if a signif icant  sector  of  the  population's 

housing needs are to be catered for  by private o r  public subsidy. 

For example, the o i l  d r i l l ing  companies may decide t o  construct and provide 

all  housing requirements of t h e i r  workers, belonging t o  the direct  employ- 

ment category while individual entrepreneurs at t racted by secondary develop- 

ment w i l l  cater  fo r  t h e i r  housing needs individually. There are other variants 

such as  family s ize ,  the loca l  vacancy ra te  where there has been an existing 



conmunity; the condition and nature of existing housing; and the c a w -  

b i l i t i e s  of the housing construction industry i n  the area. 

With the  prevailing year round warn temperatures over most of 

the  West African region, temporary housing, u t i l i z ing  prefabricated 

structures may serve f o r  the  i n i t i a l  periods of development, thereby 

relieving some of the  demand for housing. This has t o b e  factored i n t o  

a thorough analysis. For exist ing communities, the existing conditions 

and the  vacancy r a t e  of community housing not only indicates the  

avai labi l i ty  of housing, but a l so  lead to i n i t i a l  estimates of the  

demand f6 r  new construction. 

The res ident ia l  space needs of a new population can usually be 

estimated using res ident ia l  density standards, depending on the  family 

s i z e  - one-, two- o r  m u l t i - f d l i e s .  

Public U t i l i t i e s  and Services 

In estimating the  demand f o r  u t i l i t y  services, the  demand for 

each service - water, severs, so l id  waste, and e l e c t r i c i t y  must be 

determined. Such estimates can be done using factors established from 

several selected environmental studies. From several environmental 

studies performed fo r  different  geographical l o c a l i t i e s  i n  the  coastal  

areas of the  United States ,  domestic water has factors ranging from 

100 gallons per day per person t o  180 gallons per day per person; 

domestic sewage has factors ranging from 100 t o  120 gallons per person 

per day; sol id  waste has a factor  ranging from 3 t o  6 pounds per person 

per day; and power has a factor ranging from 6 t o  750 kilowatts per 



person per month (6,  7) .  In applying these factors t o  the West African 

region, there w i l l  be considerable variations i n  demands f o r  water and 

power due t o  climatic, income, and cultural. differences. These w i l l  be 

established fo r  a given region o r  loca l i ty  f r o m  similar environmental 

studies; o r  as a guide fo r  planning purposes, demand estimates can be based 

on the above figures and with appropriate adjustments. Power consumption 

i n  the Unitpi States is much higher than i n  any of the  countries i n  t h e  

region but fo r  estimation purposes power consumption i n  each of the countries 

of the  region may be thought t o  vary with respect t o  G r o s s  National Product, 

in the same r a t i o  as  obtained i n  the  United States. 

Transportation 

It is extremely d i f f i c u l t  to assess the transportation needs (such 

as roads, highways and railways) without specif ic  information on l o c a l  

road ut i l i za t ion  i n  a part icular  area. Highway ut i l i za t ion  is estimated 

by determining average daily t r a f f i c  and peak hour volumes which are  then 

converted t o  highway capacity. Highway capacity is determined by considering 

the  vehicles traversing a fixed distance i n  a specified period of time. 

Increased population and indus t r ia l  a c t i v i t i e s  spurred on by offshore 

d r i l l i n g  operations, can cause congestion f o r  an existing highway, as 

the capacity, a constant, i s  attained o r  exceeded. 

Highway congestion, more often than not, usually resu l t s  from two 

chances i n  t ravel  patterns. One is congestion around new indus t r ia l  

or  commercial f a c i l i t i e s  where vehicles congre~ate ,  and the second is 

congestion around new supporting development stimulated by highway access. 



Transportation projects, therefore, will typically consist of 

expanding and improving portions of existing facilities. Short sections 

of highways may be constructed in new locations. Typical projects will 

include widening of existing roadways, say, a one lane highway to two or 

more lanes, straightening curves, constructing turning bays, or improving 

traffic signals. The usual goal of such projects is to improve the smooth- 

ness and rate of flow of traffic. 

Schools 

Determining the impact of added population on school services, requires 

an estimate of elementary, post primary, high and secondary school age 

children by area. These estimates can then be applied to local or state 

standards for school area and classroom size. 

Recreational facilities 

The need for recreational facilities should be considered both for 

the community as a whole and for each neighbourhood. The dem 

community-vide facilities (such as major natural parks), can be determined. 

by utilizing the expected population increase in the community in develop 

ing standards and/or factors such as developedby the Office of Technology 

Assessment for Delaware and New ~ersft*' Similarly, estimates of the 

demand for neighbourhood recreational facilities are based on f t a - f c i m m t ~ u  o+' 

the population increase for each neighbourhood. Where growth rates for 

the population in a particular-neighbourhood are unavailable, it can be 

assumed that the population of each neighbourhood will grow at the sane 

rate as the whole community unless available knowledce suggests otherwise. 

I/ -̂ DM Corporation, December 1975 "Final Reoort: Stndv rtf N-v 1 1 ~  

Demands on the Coastal Zone and Offshore Areas of New Jersey and Delaware, 
Appendix IV, "Brolosrment and Infrastructure Effects of Offshore ~evelopment", 
A Technical Report submitted to the Office of Technology Assessment, Contract 
OTA-C-8, Vienna, Virginia. 



2. Physical-Ecological Impacts 

The potential  physical-ecological effects  of offshore o i l  development 

are  differentiated below according t o  the part icular  system involved, e.g., 

production, transmission, u t i l iza t ion ,  etc. The extent and nature of potential 

impacts vary significantly enough t o  require such dist inct ions when discussing 

offshore o i l  development. 

( a  ) O f f  shore recovery and transmission systems 

The major ecological disturbances caused by offshore development are: 

( a )  Water pollution caused by discharges during dr i l l ing .  

(b) Water pollution caused by discharges during pumping 

and preliminary pumping of the o i l  stream on the platfoxm. 

( c )  Fbllution caused by o i l  s p i l l s  from v e i l  blowouts and 

1 / (d) Disruption of benthic (bottom) organisms .- 
Accidental release of gas could be considered ecologically 

inconsequential, voi le  exploratory a c t i v i t i e s  (seismic work and 

exploratory d r i l l ing)  will l ike ly  involve very minor disturbances 

t o  marine l i f e  and t o  human uses of the  ocean. Other possible 

disturbances t h a t  may occur include chronic discharges of o i l  

formation water (brines) from platforms during production, disposal 

of cuttings and d r i l l i n g  mud during exploration and development 

and disposal of t rash,  garbage and sewage. Roperly controlled, the  

combined ef fec t  of disposing of these wastes is unlikely t o  be s igni f icant ,  

unless the  platform is located i n  an ecologically vital area. Improperly 

controlled, the ef fec t  can be s ignif icant ,  say, i n  the  release of o i l  

vith the discharge of "formation water". 2/ 

I/ 
can 
t h e  

The general nature of these effects  and references t o  current l i t e r a t u r e  
be found i n  the reports of recent IOC symposia on o i l  l lu t ion  and i n  
Joint Groap of Experts on the  Scient if ic  Aspects of M ne Pollution (GEsAMP) 

Group Reports. 

2/ Formation water is i n t e r s t i t i a l  water present with petroleum o r  natural - 
gas i n  reservoirs. 



2. Offshore o i l  and gas transmission systems 

The principal component a c t i v i t i e s  for  delivering offshore o i l  

and gas t o  shore and for t ransferr ing and reshipping crude and 

. processed hydrocarbons over or  under water are: 

(a )  Tankers o r  barges t h a t  may receive hydrocarbons d i rec t ly  

from offshore v e l l s  or  from onshore reshipment terminals; 

(b) Offshore mooring and t ransfer  s ta t ions  for  tanker loading 

from v e l l s  o r  for  t r ans fe r  of hydrocarbons at sea and 

(c) Pipelines used f o r  d i r ec t  transmission of hydrocarbons 

from offshore ve i l s '  t o  onshore f a c i l i t i e s .  

Two ecological problem areas of great concern are benthic 

(botton) habi tat  d i s r w t i o n  and o i l  s p i l l s .  Benthic habi tat  

disruption occurs i n  the  process of laying pipelines,  par t icu lar ly  

i n  the  shallower coastal  waters where the  pipeline i s  laid under 

the  bottom by a "bury bargen which both digs the  trench and lays  
1 / 

t he  p i p e .  O i l  s p i l l s  nay occur anywhere along the  transport route 

because of pipeline rupture, tanker accidents, and routine tanker 

operations such as discharge of b i lge  washings. 

Most tanker accidents fron col l i s ions  or  groundings r e su l t ing  

i n  large s p i l l s  occur i n  heavily t ravel led  or  shoal water areas, 

which are usually near the  environmentally sensi t ive coastline. 

The poss ib i l i ty  of la rge  o i l  s p i l l s  f i r s t  a r i ses  during 

exploratory dri l l ing.  O i l  and gas, held under pressure i n  porous 

subsea rock layers,  may be vented by a well  placed dri l lhole.  

If not controlled, the  well  would then treeone a "gusher", once 

welconed, as a sign of success, but  now careful ly avoided, especial ly,  

I/ A bury barge i s  a towed barge specif ical ly equipped with underwater - 
boring and pipe-laying equipment. 



i n  offshore development .&' Complex blowout prevent e r s  incorporating many 

backup systems and s t e e l  well casings firmly cemented i n  place a re  now 

usually employed t o  reduce the l ikel ihood of a blowout. 

More than 70 per cent of all o i l  discharged o r  sp i l l ed  from tankers 

is  during routine operations, par t icu la r ly  b i lge  washings. Increasingly 

more tankers have separate ba l l a s t  systems, a s  internat ional  codes and 

conventions a r e  more widely adopted but many tankers s t i l l  load t h e  empty 

o i l  tanks with seawater for  t h e  re turn  l e g  of a journey. O i l y  b a l l a s t  

water i s  then discharged upon a r r iva l .  An addi t ional  source of pol lut ion 

i s  sp i l lage  from t a k e r s  during t r ans fe r  operations. Mechanical f a i l u r e ,  

f au l ty  design, and human e r ro r  account f o r  most of these  accidents. 

Construction disturbance associated with pipel ine in s t a l l a t i ons  begins 

with trenching of bottom sediments by s leds  during pipe buria l .  This causes 

an increase i n  tu rb id i ty  and displaces benthic organisms o r  disrupts  t h e i r  

habi ta t .  It i s  impossible t o  assess t h e  e f fec t s  of short-term, episodic 

increases i n  tu rb id i ty  on l o c a l  ecology, based on current knowledge. 

(a) Onshore terminals and transmission system 

New marine terminals may d is turb  f i s h  and v i l d e l i f e  and t h e i r  

hab i t a t s ,  especial ly  when t h e  terminals a r e  located outside of 

ex is t ing  harbours. Major impact generating a c t i v i t i e s  include,  

onshore pipel ine i n s t a l l a t i o n ,  channel dredging, p i e r  and dock 

construction,  o i l  and gas t r a n s f e r  operations,  development of 

water supply and disposal o f  wastewater. Other po ten t ia l ly  important 

sources of  disturbance with adverse e f f e c t s  on f i s h  and wi ld l i fe  

a r e  s i t e  c lear ing and grading a c t i v i t i e s ,  new highways, rai l  

I/ A gusher is an o i l  w e l l  with an enormous natural  and spontaneous flow - 
of o i l .  



connexions and so l id  waste disposal. 

A new shoreline marine terminal system may require extensive 

channel, berthing,  and turning basin  dredging, as well  as main- 

tenance dredging, t o  t h e  depth necessary t o  accommodate the marine 

terminal vessels.  Therefore, nearshore terminals a r e  often 

preferred,  s ince  they reduce dredging requirements and subsequent 

a l te ra t ions  t o  shoreline systems. 

A new marine terminal requires  t he  construction of an onshore 

pipel ine t o  l i n k  the loading/unloading f a c i l i t i e s  with storage 

tanks. A pipel ine corr idor  from the  l and fa l l  t o  t he  storage 

and pumping f a c i l i t y  and then, perhaps t o  a d i s t an t  processing 

f a c i l i t y  can cause s ign i f ican t  disturbance i f  routed, to  endangered 

species habi ta t s  o r  other  v i t a l  areas. Pipeline i n s t a l l a t i o n  

activities-such as trenching, disposal  of excavated n a t e r i a l  

and backfilling-may have t o  conform t o  s t r i c t  environmental 

standards, especial ly  when crossing wetlands and water courses, 

t o  riinixnize disturbances t o  f i s h  m d  wi ld l i f e  and t h e i r  hab i ta t s .  

The major sources of  s o l i d  waste problems from marine 

terminal ayatems w e  storage tanks and pipel ine gludaes. Periodically,  

sediment sludges which have b u i l t  up i n  pipelines and tank bottoms 

a r e  removed t o  containnent f a c i l i t i e s  t o  prevent i n f i l t r a t i o n  

of tox ic  cornpo&ds i n t o  adjacent s o i l s ,  ground o r  surface w a t e r s .  

O i l  br ine separator  sludges a l s o  contain toxic  cmounds ,  including 

amnonia, sulphur, and f e r r i c  chloride,  t h a t  require spec i a l  storage 

and treatment. 



Tanker bildge and ba l l a s t  waters are the major sources of 

waste water a t  a marine terminal. Bilge water accumulated by 

tankers, tug boats and other service boats is usually contaminated 

by fue l  and o i l  leakage, and by metallic cocpounds from the machinery. 

The bi lge water requires collection and treatment before it can 

be discharged t o  receiving waters. 

Both s p i l l s  and leaks may occur during o i l  and gas t ransfer  

between vessels and storage tanks. Alth6ugh s p i l l s  are usually 

due t o  human error ,  they may a l s o  resul t  from equipment and 

s t ruc tura l  fai lures i n  such components as manifolds, pumps, and 

valves. Other potent ial  points of s t ruc tura l  and equipnent fa i lures  

include storage tank rupture or leak, hose rupture and l i n e  o r  

pipe leak. Protection structures for  the  storage tanks and pipe- 

l ines ,  such as dikes and beams, are required t o  minimize the effects  

of soills. Gutters and collection basins on the loading p ie r  can 

prevent leakage in to  the marine waters. Fire  and explosion a re  

a lso  ma.1or potential  hazards a t  the t ransfer  terminal and storage 

tank farm. 

(b)  Maintenance yards and service bases 

Onshore service bases which provide the  necessary-services 

and supplies for  offshore operations are central  t o  the o i l  

development act ivi ty.  Marine repai r  and maintenance yards a l so  

play a key support role. 

These f a c i l i t i e s  occupy moderate s i ze  t r a c t s  of vaterfront 

land, usually i n  exist ing developed harbours fo r  new offshore 

ac t iv i ty  where s i t e  development and road access systems may 

involve ac t iv i t i e s  t h a t  have adverse effects.  Also, the use of 

the waterfront s i t e s  fo r  these f a c i l i t i e s  may involve a l te ra t ion  

of the  bay bottom and imaediate shoreline. 



The poten t ia l  fo r  small s p i l l s  of hazardous substances i s  

re la ted  t o  t h e  l eve l  of a c t i v i t y  i n  handling supplies and products, 

and t ransfer r ing  fuels .  Storm water systems may require exten- 

s ive  'reconditioning of pol luted s tonwa te r  before re lease  t o  

coas ta l  waters. Where hazardous products a re  s tored,  drainage 

dikes nay be needed t o  co l l ec t  runoff f o r  treatment and 

disposal. Channels, ber ths  and turning basins a t  service bases 

may have t o  be dredged t o  provide adequate navigational access 

fo r  boats 200 f e e t  o r  longer, including workboats, crewboats, 

tugs and d r i l l i n g  r igs .  Supply boats equipped with bow th rus t e r s  

(propellers s e t  i n  transverse tunnels i n  the  h u l l  near the  bow 

t o  a id  i n  manoeuvering) may cause scouring and s i l t i n g  

of the harbour bottom, and so necess i ta te  redredgin? within a 

few years a f t e r  i n i t i a l  construction. Because service  bases 

and repa i r  yards a r e  often located i n  developed harbours, they 

a r e  typ i f ied  by the  accumulation of contaminated bottom sediaents. 

Because heavy metals, hydrocarbons and other  tox ic  compounds 

may be prevalent i n  t h e  sediments, dredging ex is t ing  harbours 

t o  improve navigation for offshore c r a f t  nay require  spec i a l  * 

techniques t o  reduce the  r e s u s ~ e n s i o n  of  pol lutants ,  as wel l  as 

elaborate  precautions i n  s p o i l  containment and disposal. 

( c )  O i l  r e f i n e r i e s  

O i l  r e f ine r i e s  are l a rge ,  complex and highly v i s ib l e  indus- 

trial f a c i l i t i e s  which handle h i ~ h l y  inflammable products, 

consume la rge  amounts of  water, require  large t r a c t s  of land, 

and may emit noise and a i r  pol lut ion as well  as l a rge  anounts 

of a i r  pollutants.  They may have a number of major adverse 

e f f ec t s  on f i s h  and w i l d l i f e  and t h e i r  hab i t a t s ,  resu l t ing  from 

t h e i r  lar/re freshwater demand; a ~ r e c i a b l e  discharges of po l lu ted  



wastewater; large amounts of s o l i d  waste, and s i t e  preparation 

a c t i v i t i e s  during construction. 

The e l e c t r i c a l  energy requirements fo r  a ref ining operation 

depend on the complexity and eff ic iency of the processing 

units.  The refinery may ~ e n e r a t e  i t s  own e l e c t r i c a l  power o r  

purchase from comercia1 sources. I n  e i the r  case, the addi t ional  

power generated for  t h e  o i l  refinery m y  a s o . e n t a i l  production 

of more thermal e f f luents  and pol lutants ,  with such 

accompanying problcns as en t ra imen t  of marine l i f e  i n  cooling 

water. For instance, a 200,000 bar re ls  per day refinery may 

use over 25 million pallons of water per day for  cooling. 

Although air pol lut ion and noise are assumed t o  have minor 

e f f ec t s  on f i sh  and wi ld l i f e ,  these disturbances do have major 

d i r ec t  Layacts on humans and therefore nay be c r i t i c a l  i n  s i t i n g ,  

design, construct ion and operation of ref iner ies .  Sources 

of high noise levels  a re  compressors, bo i le rs ,  furnaces, blowers 

and cracking uni t  coolers. A modern ref inery,  which uses t h e  

best  available technology fo r  suppressing noise and has an 

adequate buffer area between i t s  neighbours and processing un i t s ,  

can s igni f icant ly  decrease noise annoyance. 

Major emissions t o  the  atmosphere from a ref inery nay be 

generated from elements of the  processing system, such os cracking 

and coking uni ts ;  from machinery, such as bo i l e r s  and compressors; 

and from leaks i n  pipes,  valves, sea ls  and storage tanks. The 

concentrations of these emissions, which include hydrocarbons, 

oxides of sulphur and par t icu la te  matter, depend on the chemical 

charac ter i s t ics  of the  crude o i l ,  the  types of processing u n i t s  

and the pc l l r t i on  control  equipment ins ta l led .  Refinery odour 

emission sources ore storage tanks, hydrocarbon contaninated waste- 

water, pipeline leaks,  and leaks of l iqu ids  and gases from t h e  



Wastes containing high concentrations of toxic and ccnbustible 

contaminants such as water tr'-atment, storage tank and separator sludges, 

require snecial  collection and disposal methods. Fluid bed incineration 

has replaced ocean dumping, deep well inject ion,  and evaporative lagoons 

as the preferred disposal technique f o r  contaminated sludges. 

(d) Petrochemical industr ies  

Petrochenical p lan ts ,  i n  general, have a "refinery 2ockn with 

t h e i r  t yp ica l  mass of pieing network plumbing. They a re  a l so  

highly v i s ib l e  indus t r i a l  complexes t h a t  may heavily r e l y  on 

l o c a l  land and water resources and cause major noise, odour 

and pollution problems. Because of the  favourable economics of 

a nearby source of feedstock, t he  advantage of concentrated services 

and labour force and the  value of l o c a l  acceptance, most new petro- 

chemical plants  a re  located near r e f ine r i e s ,  gas processing plants  

o r  exis t ing hydrocarbon plants.  

Like other major f a c i l i t i e s  re la ted  t o  petroleum development, 

petrochemical plants nay produce a number of adverse e f f ec t s  on 

f i s h  and wi ld l i fe  and t h e i r  habi tats .  Major i rqac t  generating 

factors  include large fresh water demand, large volumes of waste 

water eff luents ,  large volumes of so l id  waste, extensive s i t e  pre- 

paration, and great runoff potent ial .  Many other sources of 

disturbance t o  f i sh  and wi ld l i fe  m a y  become signif icant  such as 

e l e c t r i c  power requirements and hazardous chemical s p i l l s .  

A i r  pollution, noise and odours from petrochemical plants  

probably have only minor e f fec ts  on f i sh  and wildl i fe .  However, 

these disturbances do d i r ec t ly  a f f ec t  human beinfis and are 

major considerations in  the  s i t i n g ,  design, construction, and 

operation of petrochenical plants.  



Quantit ies of atmospheric emissions from petrochemical plants 

depend on the  volume of material  flow through the  plant ,  the  types of 

chemical compounds produced, plant complexity, and the kinds of air 

~ o l l u t i o n  abatement equipment used. MaJor process emissions from a 

t y - ~ i c a l  plant  a re  toluene, propylene, styrene, and polyethylene. Furnace 

and cracking operations can release la rge  quant i t ies  of carbon monoxide. 

Machinery and equipment, including heaters and generators, a r e  also major 

sources of emissions. Evaporative hydrocarbon d s s i o n s  from h e 1  storage 

tanks,  and leaks from pipelines,  valves, and seals  a l so  contribute t o  air 

emission problems. Petrochemical plant emissions became more c r i t i c a l  

when they mix with those from adjacent petrochemical plants ,  re f iner ies ,  

and gas processing plants.  

Major sources of noise at  petrochemical plants  a re  air coolers, 

blowers, compressors and furnaces. Noise leve ls  from these types of 

equiment can be controlled by the  use of mufflers, modifications i n  

design o r  enclosures. The e f fec t s  of unpleasant odours can be mitigated 

by s i t e  se lec t ion ,  provision of buffer areas and design techniques. 

(d) G a s  processing plants 

I f  natural  gas i s  produced f r o m  t he  offshore development i n  commercial 

quant i t ies ,  it is  usually ~ a s s e d  through processing stages t o  remove 

impurities such as  carbon dioxide and hydrogen sulphide, and recover 

valuable hydrocarbons such as methane, butane and.propane, before the  

gas stream enters  the  commercial d is t r ibut ion  system. I f  the  raw gas stream 

contains a l o t  of o i l  o r  water, these a re  u s d l y  sspnrated from the g s  

on the production platform. The o i l  may be pumped ashore; the  water i s  



t rea ted  t o  remove hydrocarbons and then discharged i n t o  the sea. 

The separated gas i s  pumped t o  shore through a separate pipe:ine 

fo r  processing a t  a gas plant.  

Potent ia l  sources of adverse e f f e c t s  on f i s h  and wildlife from 

gas processing plants  include f resh  water demand, contaminated waste- 

water and s o l i d  wastes, and s i t e  development ac t iv i t i e s .  Stomwater 

runoff and cooling system ef f luents  a l so  may a f f ec t  f i s h  and wildlife. 

Additional po ten t ia l  sources of disturbance a re  associated v i t h  

r e l a t ed ,  dependent f a c i l i t i e s .  Pipelines are par t icu la r ly  important 

because a gas processing p lan t  requires  a pipel ine connection made 

d i r ec t ly  from the  production platform o r  from a marine terminal. It 

may a l so  be l inked by pipel ine t o  p a r t i a l  processing f a c i l i t i e s  o r  

pressurized gas storage f a c i l i t i e s .  

Baissions from a gas processing p lan t  nay cone f r o m  processing 

un i t s ,  evaporation, f l a r ing ,  and equipment such as boi le rs  and 

compressors. Effects from t h e  emissions vary, depending on the  

composition of  t he  gas stream, the types of processing un i t s ,  t he  

pol lut ion control  equipment, and the  regional  ambient a i r  conditions. 

Ruissions may include hydrogen sulphide, sulphur oxides, hydrocarbons, 

par t icu la tes ,  carbon monoxide and nitrogen oxides. 



Major sources of noise from gas plants ,  which operate 2b 

hours a day, include compressors, boi lers ,  scrubbers and f l a r e  

stacks. Where gas i s  s tored underground i n  salt domes, the 

discharge of brine solut ion t o  c rea te  storage caverns may a l so  

be a pollutant. 

( e )  Liouefied na tura l  gas systems (IHG) 

Where there ex i s t s  a s igni f icant  market and use for  gas a t  

long distances from t h e  shore, l iquefied natural  gas ( I ~ G )  s y s t c  

provide a convenient means of transportation i n  place of pipel ines* 

They are very expensive t o  bu i ld  and operate, and are  only 

economically feasible  where there  is an assured market for  gas 

and the  production at the  source is  abundant. 

Liquefaction p lants  a re  located as near as possible t o  t h e  

gas f ie ld.  They receive gas piped from t h e  f i e l d ,  remove im- 

pu r i t i e s ,  and successively cool and compress the gas u n t i l  it 

is below the boi l ing temperature. This causes a more than 600- 

fo ld  reduction i n  volume and converts ' the gas i n t o  a liquid. 

From the  l iquefaction plant ,  t h e  U T G k i s  loaded i n t o  a special ized 

tanker for  transport  t o  the regas i f ica t ion  s i t e .  

An important safe ty  consideration that applies t o  the e n t i r e  

EIG system is t h a t  UffG s p i l l s  c rea te  serious major hazards from 

f i r e  and explosion. 

L!G plants have a moderately high potent ia l  for  adverse 

environmental e f fec ts  involving deepvater marine terminals and 

associated long p iers ,  s i t e  c lear ing and wading, onshore 



pipel ines  necessary t o  t ranspor t  the  y,as t o  market, and sone 

aspects of pol lut ion control. The use of adjacent surface 

water or  groundwater in  heating o r  coolin& the gas and the  

i n t e g r i t y  of pipel ine connections a re  of par t icu la r  importance. 

Bnissions t o  the  atmosphere nay be present i n  the  form of 

vaporized mG o r  na tura l  gas, produced duringtransfer and from 

s torage tank vents. Natural gas vapor is connonly used t o  fill 

the  space over the  l i q u i d  i n  1 S G  sh ip  tanks and sotrage tanks. 

vapors may a l so  be used as f u e l  fo r  vaporizing ING, f l a r ed  

o r  coapressed, and sen t  out through the  gas transmission l i nes .  

An accident t h a t  re leased I2TG t o  the  atmosphere could r e s u l t  

in catastrophic explosions and f i r e .  

(f) Disturbance Potent ia l  of Standard Onshore ?ro.lects 

This sect ion w i l l  discuss t he  major construction and operation 

a c t i d t i e s  d i r ec t ly  r e l a t ed  t o  the  offshore progremne, but primarily 

based onshore, and t he  ecological  disturbances t h a t  may a r i s e  from 

them. This w i l l  be presented here i n  the  form of standard ~ r o j e c t s  

which form t h e  bas ic  engineering work un i t s  involved i n  implementing 

the var ie ty  of offshore r e l a t ed  pro jec t s  described i n  t he  previous 

sect ions .  I n  addit ion t o  t h e  e f f ec t s  of primary offshore f a c i l i t y  

development, a vide range of impacts on coastal  communities from 

secondary development ranging from roadways t o  mosquito control  s h o d ^  

be ant ic ipated.  



( g )  Navigation inorovenents 

Navigation improvement w i l l  cons t i tu te  a major p o j e c t  i n  the  off-  

shore development a c t i v i t i e s  i n  t he  region,  and w i l l  include navigation 

channels, turning basins ,  berthing spaces,  harbours, canals and marinas. 

Because of the  r e l a t i v e l y  low l e v e l  of technological development i n  most 

areas  of t h i s  region, navigational p ro jec t s  most probably w i l l  encompass, 

i n  addi t ion,  the  excavation of waterways i n  presently non-navigable areas 

( i  .e. canals cut  through land)  o r  those dug primarily f o r  r e a l  e s t a t e  

developnent. 

The major a c t i v i t i e s  associated with navigational inqroveinent p ro jec t s  

a r e  dredge operations and s p o i l  disposal .  A var ie ty  of ecological  disturb- 

ances may be associated with these  a c t i v i t i e s  within t he  coas ta l  water 

basins.  Habitat a l t e r a t i on  has pa r t i cu l a r ly  high Â¥potentia f o r  generating 

damage t o  coas ta l  ecosystems and reducing b i o t i c  carrying capacity. 

Major po ten t ia l  ecological  e f f e c t s  include: increased tu rb id i t y ,  sediment 

buildup, reduction of oxygen .content ,  d isruot ion and a l t e r a t i on  of 

productive es tuar ine  bottoms and t h e i r  b io t a ,  creat ion of stagnant deepvater 

a reas ,  d isrupt ion of es tuar ine  c i r cu l a t i on  and increased upstream in t rus ion  

of salt water and sedimedts. 

Apart from increased water t u r b i d i t y ,  t he re  a r e  other  problems 

associated with dredging such as t he  r e l ea se  of l a rge  quant i t i es  of 

trapped nu t r i en t s ,  organic mater ia l s ,  and t o x i c  po l lu tan ts  



The disposal of spo i l s  may cause econofflic and environmental 

problems. Polluted s p o i l  w i t h  high concentrations of heavy 

metals, pest ic ides  or other  contaainants susceptible t o  resuspen- 

s ion when dredged, poses a s ign i f i can t  th rea t  t o  es tuar ine areas. 

Consequently, bottom mater ia ls  t o  be dredf.ed nust be analyzed 

fo r  pol lutants  type and content. Several methods of t r e a t i n g  

s p o i l  t o  renove contaminants and t o  improve the quality of 

eff luent  from dewatering operations at disposal sites are  possible. 

Treatment methods include f locculat ion,  f i l t r a t i o n  , aeration.  

incinerat ion,  c h e n i c c  proeesees , and fewage plant  treatment, 

bu t  these =e a l l  expemiw.  

(h )  Piers  

Struct.wes tha t  extend i n t o  navigable waters for. -the nooring 

of watercraft  or  other purposes, including fixed docks, wharfs, 

quays, and s imilar  ncoring s t ruc tu re s  are generally categorized 

as  piers.  I n  r e l a t i on  t o  primary offshore development, p i e r s .  are 

b u i l t  t o  service  a var ie ty  of vessels ,  including those t h a t  carry 

personnel, equipment and mater ia ls  to offshore o i l  and f i e l d s ,  

t h a t  bring materials t o  onshore f a c i l i t i e s ,  and that t r a n s ~ o r t  

o i l  o r  gas. I n  r e l a t i on  t o  secondary population growth, p i e r s  

ore  b u i l t  primarily for  p r iva te  recrea t iona l  c ra f t .  

Disturbances t o  fish and w i l d l i f e  resources occur when p i e r s  

a r c  improperly d e s i r e d  and o r  s i t e d ,  blocking vital tidal 

c i rcu la t ion ,  preenbtinp, wetlands, o r  d i s r ap t iw ,  the l i t t o r a l  



environment. The construction and long-term disturbances from 

p ie r s  may a l so  have adverse e f f e c t s ,  such as pollution fron 

miscellaneous discharges and debris  and from bottom scour by 

boat propel lers ,  bow th rus t e r s ,  and vessel  contact with the  bottom. 

A dense accumulation of individual p i e r s  can cause a major 

obstruction of water f l o w  along the  shoreline,  as well  as s ignif-  

i can t ly  l i t t e r  and pol lu te  t h e  water (e.g. leaks o r  s p i l l s  of 

o i l  and gasoline) or  r e s t r i c t  water area  use f o r  f ishing and 

recrea t iona l  boating. 

( i  ) Bulkheads 

Bulkheads referred t o  here are  the  s t ruc tures  usually placed 

i n  protected waters i n  t h e  i n t e r t i d a l  zone. A bulkhead is a 

v e r t i c a l  w a l l  of wood, s t e e l  o r  concrete, b u i l t  p a r a l l e l  t o  t h e  

shoreline and designed t o  r e f l e c t  waves and control  erosion. 

I n  re la t ion  t o  offshore primary development, bulkheads a re  usually 

b u i l t  t o  provide boat docking capab i l i t i e s  fo r  loading and unloading 

of  heavy materials o r  t o  hold f i l l  deposited t o  convert wetlands 

and low-lying shoreland t o  i n d u s t r i a l  sites. In r e l a t i o n  to off- 

shore secondary develooment, these  s t ruc tures  are b u i l t  to extend 

land, t o  pro tec t  t he  shorel ine from erosion, provide boat docking 

convenience, or serve aes the t i c  purposes. 

Bulkheads b u i l t  i n  t he  coas t a l  zone have a high, oo ten t i a l  

for  adverse e f f ec t s  on f i s h  and wi ld l i f e  and t h e i r  habi ta ts .  If 

not properly located amd designed, they eliminate valuable w e t -  

lands and v i t a l  areas ,  adversely a l t e r  the  shorel ine through 



scouring and change i n  water flow, in te r fere  with runoff, and 

cause general ecological degradation of the land-water interface.  

MaJor environmental objections t o  bulkheadin4 a r i se  from the  

associated los s  of c o u t a l  marsh and other v i t a l  habi tat  areas ,  the  

potent ial  reduction i n  s i ze  of water bodies, the  accompanying water 

pollution, and the  interruption of the  movement of f resh water i n t o  

adjacent estuar ies .  The adverse e f f ec t  i s  potent ial ly  grea tes t ,  when 

the  outer periphery of a coastal  marsh i s  bulkheaded and then covered 

with dredge spo i l  from t he  bay bottom o r  uplend f i l l  material  i n  order 

t o  extend property l ines .  

The pro l i fe ra t ion  of bulkheads along the  shores of em estuary 

i s  g e n e r a y  associated with massive ecologic degradation and serious 

reductions in carrying c a ~ a c i t i e s .  Any one of numerous small bulkheads 

may have a l e s s e r  e f f ec t  when looking at an en t i r e  coast l ine but 

the  accumulation of bulkheads may e l b i n a t e  a high proportion of t h e  

t o t a l  wetlands and natural  shoreline segments. 

(j) Beaches 

Beaches and dunes s h i f t  with changes i n  t h e  balance between 

t h e  erosive forces of storm winds and waves, on the  one hand, and 

the res tora t ive  powers of t i d e s  and currents,  on the  other. 

The natural  beachfront e x i s t s  i n  a s t a t e  of dynamic tension, 

continually sh i f t ing  i n  response t o  waves, winds, and t i d e  and 

continually adjusting towards a point of  equilibrium. Protective 

s t ruc tures ,  therefore,  must be b u i l t  t o  s t a b i l i z e  and safeguard 

beachfront f a c i l i t i e s .  L o n p t e m  s t a b i l i t y  is gained by holding 

the  beach's natural  repose (slope) o r  p ro f i l e  in t ac t  throuch 



balancing the sand reserves held i n  various storage e lements~dune ,  

berm, offshore bar,  and so  for th.  Each component of the beach 

prof i le  is capable of receiving, s tor ing,  and yielding sand, 

depending on which of several constantly changing forces i s  

dominant a t  t ha t  moment. S t a b i l i t y  is fostered by maintaining 

the storage capacity of each of  t h e  components a t  the highest 

level.  . 

The potent ial  processes t h a t  dis turb the equilibrium.of abeach  

can be c lass i f ied  as e i t h e r  na tura l  or  man-made. Man-made dis- 

turbances a re  usually t h s  r e s u l t  of construction a c t i v i t i e s  within 

the  coastal  zone; however, t he  equilibrium of some beaches is so  

del icate  t h a t  it can be upset Jus t  by heavy usage fo r  recreat ional  

puqoses such as by dune buggies o r  other vehicles. 
- 

All too often, protective measures f a i l  t o  accomplish t h e i r  

intended purpose, or  they necessi ta te  corrective action, elsewhere 

on t h e  coastl ine,  because of t h e i r  disruption of the  beach equili-  

brium. The construction disturbances may a lso  cause long-term 

adverse e f f ec t s  such as elimination of beach area and maintenance 

dredfiinn of harbour in le t s .  To prevent such troubles,  it is  

necessary t h a t  a thorough study and comprehensive plan 

be developed before s t ruc tures  are authorized. Detrimental 

s t ructures  already i n  place should be scheduled f o r  removal o r  

replacement a t  the  e a r l i e s t  opportunity. 



Waterways 

A t  low-lying sections of coastal  communities, the land available 

and desirable f o r  growth may require drainage before construction. Many 

cormunities t h a t  would a t t r a c t  onshore f a c i l i t i e s  i n  the  region are  i n  

low-lying eoastal  areas with considerable water soaked land. This i s  

par t icu lar ly  t rue  of the  adjacent c i t i e s  of Warri and Port Harcourt and 

t h e i r  environs i n  the  o i l  producing f i e l d s  of the south-eastern coast of 

Nigeria. Drainage of these wetlands by constructing canals and ditches 

nay be required (including the  use of excavated material  as f i l l  for  t h e  

adjacent land) i n  these areas. Canals- may be dug t o  provide boat channels 

back onshore o r  ditches may be dug t o  drain land f o r  mosquito control. 

Whatever the  specif ic  reason, canal, d i tch  and a r t i f i c i a l  lake excavation 

can have serious adverse e f fec ts .  For instance, when the  natural  flew 

pat te rn  is disrupted, the  water-cleansing function of the ~ u y y a ~ ~ d i m  

Â¥Cu zn vegetation is  reduced and f resh  water flow i n to  the  estuar ies  can o- 

surges. In addition, drainage may r e s u l t  i n  the shrinkage of organic s o i l s  

and subsidence of land, and eliminate the  c r i t i c a l  ecological flmctions of 

wetlands. 

Roadways and Bridges 

The new population and community outgrowth of offshore a c t i v i t i e s  w i l l  

necessi ta te  the  constructj.on and or improvement of exis t ing roadways. If 

there  i s  suf f ic ien t  need for  road expansion which requires crossing t i d a l  

r i v e r s ,  bays or  wetlands, there  i s  considerably higher potent ial  for  adverse 

ecological effects .  A ?ar t icu lar  problem is associated with sol id  fill 

causeways because they block the uFwr portions of estuar ies  leading t o  



stagnation which, i f  unchecked, may resul t  t o  t o t a l  deterioration of the 

estuaries.  Roadways may obl i te ra te  wetlands due t o  the need t o  ( a )  f i l l  

them for roadbeds and approaches; (b)  dig channels through them to provide 

accessways for equipment and ( c )  use them as spoi l  disposal s i t e s  ( a  function 

which may block wetland tidal flows). 

Water - Sumly Systems 

Subsurface (groundwater) o r  surface water sources are  generally 

preferable for the community's water system. In coastal areas,  groundwater 

may be a preferable source e i the r  because of a lack of fresh surface water 

o r  the  presence of easi ly accessible aquifers. There are  problems involving 

both recharge and withdrawal of ground water. Water diversion caused by 

paved surfaces and altered water drainage may reduce the amount of natural  

recharge tha t  would replenish groundwater. A t  the  same time, overpunping 

of groundwater supplies near the  shore can lead t o  the  drying out of wetlands 

and salt intrusion in to  aquifers. 

Sewaqe Systems 

For a new community, the capabili ty t o  handle a large sewage load, and 

hence a great amount of eff luents  has t o  be m t i c i ~ a t e d .  Many coastal  water 

basins receive effluents from sewage plants tha t  contain greater concentration 

of nutr ients ,  organic matter, toxic substances, and pathogenic organisms 

than the basin can assimilate. In low-lying areas w i t h  natural  high water 

tables ,  l iquid waste from septic  systems may saturate  the  s o i l  and cause 

overflow. This pollution potent ial  from septic  tanks is intensif ied i n  flood- 

prone areas, where hi* t ides  and storms periodically saturate  the so i l s .  



Transmission Systems 

Transmission systems f o r  e l e c t r i c i t y ,  water, power, gas and 

sewage are  involved in  a l l  aspects of the  community's growth. The 

degree of expansion and extent will depend on the s i ze  and capacity 

of the  offshore re la ted  ac t iv i t ies .  Like roadways, these systems 

may obl i te ra te  vital ecological areas or degrade them during clearing, 

excavation, or ins ta l la t ion .  For instance, wetlands have been favourite 

locations for  sewage gravity mains and pipe crossings. 

so l id  Waste Systems 

Solid wastes w i l l  be generated from a l l  aspects of the  copmiunities 

l ife-residential ,  indus t r ia l ,  commercial, recreational and so on. Solid 

vaste disposal may present probleas where, because of c o m u a i ~ y  ecrth, 

available disposal s i t e s  become scarce. The location of sanitary 

l a n d f i l l s  is the  major consideration. Solid waste land f i l ls  t h a t  

preempt wetlands o r  other vital habi ta ts  can do-considerable ecological 

damage 



3. Current Impact Assessment Methodologies 

Most impact assessment procedures have as  components standard elements 

linked i n  a chain of causes and e f fec t s  t h a t  s t a r t  with human needs, and 

a t  the end of the  cycle,  re turns t o  human needs. This i s  shown thus: 

CAUS I 

Human Heeds 1- 

Programmes 

Rrojects and 
Subprojects 

Construction 
a c t i v i t y  (and 

-1 Bavironmental .- 
Disturbance I 

The cycle starts with human nee& which r e s u l t  i n  Drouraranes tha t  

lead t o  t h e  i n i t i a t i o n  of specific development projects  and sub-projects, 

i n  the sense used i n  Sections I1 ckd I11 above. The implementation of 

projects and subprojects requires a variety of operational a c t i v i t i e s  

including construction. Any ac t iv i ty  which leads t o  environmental 

disturbance s e t s  off  a se r i e s  of ecological effects .  I f  these effects  

degrade the  ecosystem, they cause an adverse impact tha t  de t rac ts  f r o m  

huaan needs. 



One such assessment procedure will be described here. Ibis method, 

though relat ively sophisticated is both simple and useful. 

The assessment procedure i s  broken down in to  s i x  steps as described 

below : 

Step 1 - Analysis of Roposed Work Plan 

Review and analyse the infomation t o  determine exact 

nature and the stages of the work: 

- Identify subprojects (primary and secondary) and 

t h e i r  relevant design features; 

- Identify a c t i v i t i e s  and" t h e i r  relevant construction 

methods and operating characteristics.  

Step 2 - Selection of Activities with S imi f i can t  Disturbance 

Potential 

Check the a c t i v i t i e s  i n  s tep 1 f o r  probable generation 

of s i m i f i c a n t  (d i rec t )  disturbance; se lec t  fo r  analysis 

those with apparent ( indi rec t )  disturbance potential:  

- Screen identif ied a c t i v i t i e s  fo r  potent ial  (d i rec t )  

disturbance t o  f i s h  and wi ld l i fe  and habitats.  

- Select for  analysis those with potent ial  for  ( indi rec t )  

siffnificant disturbance. 

Step 3 - Analysis of Disturbance Potential 

Consider each ac t iv i ty  selected for  analysis by the 

following sequence: 

- Activity: Desc r i~ t ion  and sources of disturbance 

- Disturbances: Desc r i~ t ion  and sources of adverse 

(or beneficial).  



- Effects and impacts: Description of effects sequence" 

and probable impacts. 

- Additive and cunmulative effects: Description of 

probable impacts. 

Step b - Identify Beneficial Modifications to Work Plan 
For each activity verified as having a significant adverse 

impact potential (in step 3) describe changes which mi~ht 

reduce impacts to acceptable levels by the following 

sequence (either design or performance specifications). 

- Desigdlayout changes 

- Changes in construction or operation 

- Mitigation opportunities (enhancement, restoration) . 
- Substitute projects (location, alternative projects or 

subprojects ) . 
Step 5 - Make Reliminary Technical Recommendations 

Specify technical recommendations such as design criteria 

for specific engineering solutions or stipulate performance 

specifications based on comparative costs of measures in 

step 4. 

S t e ~  6 - Make Final Recommendation 
Formulate final assessment summaries and recommendations 

reflecting inputs to step 5 from outside bodies interfacing 

on proposed project activities. 



I V .  SUMMARY AMD CONCLUSIOIIS 

The impacts of offshore o i l  and gas development i n  the  West African 

region can be segmented in to  those which affect  the  natural  systems of 

the  region and those which a f f ec t  man-made systems, i . e . ,  the  economies 

of the  region and the  general soc ia l  environment. 

It must be remembered tha t  t he  production his tory of the  region is 

r e l a t i ve ly  recent,  and t h a t  offshore petroleum development is dominated 

by a few countries,  e.g. , Nigeria and Gabon. Therefore, there  i s  not 

much, a s  compared t o  some other  regions, i n  the  way of data  and experience 

t o  draw on f o r  planning lessons. The planning approach must look forward 

and perhaps ant ic ipate  po ten t ia l ly  adverse e f fec t s  of t he  offshore develop- 

ment. It must be remembered, though, t h a t  balance of payments pressures 

w i l l  demand t h a t  all t h e  nations i n  t h e  region pursue energy development, 

including offshore development, with t he  utmost vigour. It would be 

un rea l i s t i c  and impractical t o  attempt t o  r e s t r a in  development of these 

resources i n  t h i s  region. 

The focus f o r  act ion i n  t h i s  region should be to :  

(1  ) Put i n t o  place ce r t a in  concepts, mechanisms and in s t i t u t i ons  

whereby deleterious e f f ec t s  of offshore energy development on the  

environnent can be iden t i f ied ,  assessed and traded of f  against  domestic 

and internat ional  economic benef i t s  of offshore development. 

( 2 )  Systematically bui ld  up data  on environmental baselines i n  

t he  region, including the  human environment, and monitor changes induced 

by o i l  and Gas production offshore. 

In  the  context of West Africa, it should be mentioned t h a t  o i l  and 

gas development has already, and w i l l l i k e l y ,  put much more of a s t r a i n  

on the  soc i a l  and economic systems than on the  natural  environment. 



This i s  part icular ly  t rue  of urban areas and t h e  pressure on s e r v i c e s  

caused by t h e  increased demands induced by o i l  and gas development. In 

any assessment o f  the  e f f e c t s  of of fshore  o i l  and gas development, emphasis 

should be placed on the  s o c i a l  and economic impacts. 
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ANN.EX 1: Regional Oil Production 

R e  erves (inl, 

C O U N T R Y  
8 10 bar re l s  )- 

Angola 

Cameroon 

Congo 

Gabon 

Ghana 

Ivory Coast 

Liberia 

Nigeria 

Senezal 

S i e r r a  Leone 

Togo 

Zaire 

1,365 

3/ 143 - 

746 

467 

2/ NA- 

rug 

N A 

12,273 

N A 

NA 

HA 

126 

Regional Totals 21,792 

Roduc i ng 
Wells 

157 

- 
97 

240 

- 
- 
- 

1.374 

- 
- 
- 
12 

I/ World O i l  ~ugust 15 ,  1979 

2/ Recently joined t he  ranks of o i l  producers - 

Producing 
Wells 

182 

1 3  

107 

211 

- 
- 
- 

1,322 

- 
- 
- 
12 

y 1978 
Production 
i n  103 b&p 

C T I O N  
1 Jul- 

iio. -of 

- - 

Per cent 
:hange 
in ?rod. 
fr. 1977 

-33.0 

- 
-15.2 

-24.4 

- 
- 
- 

-16.3 

- 
- 
- 

-16.7 

3/ Additional o i l  discoveries were made i n  1979 .-. 



ANNEX 2: Regional Production by Field 

Avg. bdp. 
1st s ix  
months 
1 9 7 8  

740 

19,530 
2,814 
5,974 

6,257 

1,575 

94,625 

Field  Date o f  
Discover 

Deoth 
i n  

Feet 

7,500 

6100-6300 
4900-6200 
6600-7050 

4700 

2100-9900 

1500-8500 

1300-1600 

1800-8750 

10.650 

11,100 

10. of 
'lows 
Fells 

2 

17 - 
5 

1 - 

Location 

Onshore 

Onshore 
Onshore 
Onshore 

Onshore 

Onshore 

O f f  shore- 

O f f  shore 

O f f  shore 

O f f  shore 

O f f  shore  

Bento 

3 ' Zomb o 
Quenguela N. 
Qui n f uqueng 

^.uinguila 

Other 

tkI.ong0, N 

Malongo, S 

Malongo, W 

95-03 

121-02 

O f f  shore  

27 ,440 

Mot 
avail. 

240 

O f f  shore 

O f f  shore  

Onshore 

Eheraude 

Lioango 

Pointe 
Indienne 

C l a i r e t t e  

Tchenpsue 

Tc hensue 
Ocean 

Ancuille 

hguille, ME 

A n ~ u i l l e ,  SW 

Onshore 

Onshore 

Offshore 

Off shore 

o f f shore  

Offshore 



C O U N T R Y  

Gabon 
(cont ! d )  

Field  

Port Genlit 
Ocean 

Torpi l le  

P.G.S. Marine 

Barbier 

Mandaros 

Gi re l le  

Gonelle 

Doree 

Batanga 

Lucina-Marine 

Ganba 

Ivinga 

Other 

Delta 

Delta,  South 

Isan 

Malu 

Mefa 

14sj i 

Meren 

Okan 

Parabe/ Eko 

Vest Isan 

Yorla, South 

Asabo 

Date of 
Discovers 

Depth 
i n  

Feet 

- 
6. of 
'low 
Fells 

6 

32 

23 

Ave. -bpd . 
1st six 
months 
1 9 7 3  

2,671 

16,087 

2,796 

24,431 

19,908 

8,894 

9,167 

6,890 

529 

12,002 

16,971 

11,830 

- 

Locat ion 

Off shore 

Off shore 

Offshore 

O f f  shore 

Offshore 

Off shore 

Offshore 

Off shore 

Off shore 

Off shore 

Onshore 

Onshore 

Onshore 

Offshore 

Offshore 

Offshore 

Offshore 

Cf fshors 

Offshore 

Offshore 

Offshore 

Offshore 

Offshore 

Offshore 

offskor- 



Nigeria ( ~ o n t  ' d  

Field 

Adua 

B P ~  

Ecu 

mans 

Etim 

Idoho 

M f  em 

Ubi t 

Unam 

Utue 

Pemington 

Middleton 

North Apoi 

Aghigho 

Okpoko 

Obodo-Jatum 

U p o d  

Obagi 

Ekema 

Abiteye 

Maka-raba 

Utonana 

Date of 
Discovery 

Depth i n  
Feet 

No. 01 
Flow 
Wells 

guum 
6 months 
1978 

12 .730 

19.178 

3,558 

22.618 

14 ,380 

2,373 

16,339 

6.1*36 

23,345 

7,450 

8,269 

3,867 

3,639 

33,857 

4.600 

4,660 

lit ,050 

3 9 720 

51,640 

3L.030 

5,939 

ll,19b 

2,9&3 

Locat ion 

Offshore 

Offshore 

Offshore 

Off shore 

Off shore 

Off shore 

O f f  shore 

O f f  shore 

Offshore 

Offshore 

Offshore 

Offshore 

Offshore 

Offshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 



Nigeria 
(cont Id) 

Fie ld  

3vharefe 

Izombe 

Ossu 

Ebocha 

h n .  ,.-a 
b ."-&2 

Akri 

3dugri 

Obiafu 

Obrikom 

13u 

Oshi 

Obama 

Teb i dada 

Omoku West 

Alcri West 

Ogbogene 

Ebegoro 

Ush-Ogini 

U@-Uzere, E 

U&-Usere, W 

Ugh-Olomoro 

Ugh-Uweh 

Ugh-Xokori 

Date of  
Discovery 

Depth i n  
Feet  

No. of 
Flow 
Wells 

1 3  

9 

2 

12 

1 3  

7 

2 

11 

8 

3 

7 

7 

8 

1 

1 

2 

8 

7 

1 3  

11 

2 5 

10 

17 

Avc . bpd 
F i r s t  
6 Months 
1978 

10,310 

7,900 

845 

19.466 

26,910 

18,970 

2,437 

2 3 , 9 6  

13,060 

5,889 

13,535 

26,815 

38,926 

2,412 

8b7 

1,912 

25,425 

4,463 

12,333 

10.457 

19,043 

5.769 

35,332 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 



Nigeria 
(cont 'd)  

Fie ld  

Jgh-Afiesere 

Jgh- Eriemu 

Jgh-Ughelli, E 

Jgh-Ughelli,?? 

~gh-u torogu- 

Jgh-Oroni 

Jgn-Warri R 

Jgh-Swreni B 

J&h-Rapele 

Jgh-Osioka 

Fox-Odidi 

Forc-Jones Cz 

Forc-Egva 

Forc-?ox/ 
Xorkri 

Forc-Batan 

Forc-Escravos 
Beach 

Forc-Otumara 

Forc-Saghara 

Forc-Ajuj u 

Itode-Sapele 

if ode-Aiaukpe 

U.2h-I~ok0 

Date o f  
Siscoveq 

Depth i n  
Feet 

No. of  
Flow 
Wells 

31 

12 

8 

6 

18 

5 

3 

4 

3 

2 

18 

26 

17 

70 

7 

7 

20 

3 

1 

11 

2 

2 

Avg . bpd . 
F i r s t  
6 months 
1978 

33,637 

9,451 

8,882 

3,842 

15,405 

4,777 

3 , 500 

3 x 8  

3,893 

1,167 

32,971 

68,912 

24,818 

95 ,744. 

13,109 

12,825 

21,352 

6,434 

2'27 . 

20,831~ 

1.406 

2.395 

Location 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 



- - 

Nigeria 
(cont'd. ) 

Fie ld  

port-Opiikushi 

lode-Oben 

"or C -oPuama 

porc-Eenisede 

Fhl-Boma 

Pnl-Imo R 

Phl-Onne 

Pnl-Nkali 

Fhl-Obigbo, N 

Pnl-Aj okpori 

Fhl-ELelenwa 

hl-Agbada 

Fhl-otamini 

Ril-Umuechem 

~ n l - ~ a i  

Ril-Apara 

Pnl-Akuba 

Phl-Af am 

Pal-Korokorc 

Fhl-Yorla 

13s -Bonny 

Ihs-A.lakiri 

Fns-Cawth, 
Channel 

i t e  of 
iscovery 

0 .  of 
Flow 
Wells 

4vix.. bpd . 
F i r s t  
6 Months 
1978 

15,177 

18,680 

7,307 

10,499 

23,954 

45,132 

1,420 

2,807 

19,832 

1 ,ilk 

b ,420 

15,127 

2,434 

11,598 

936 

4,900 

619 

11,336 

6,389 

7,842 

12,115 

2,713 

14,201 

Locat ion 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 



Field  

Pns-Krakama 

R~s-Soku 

Qb-Oguta 

feb-Ahi a 

''.yw-aun 3 

2esw--he 

Zesv-Adibawa 
;esw-Adi'oava : 
Zesw- Efelebou 

2esw-Kolo C r .  

2esv-Diebu Cr 

Zesv-Ubie 

R i l - I s i o i r i  

Fnl-Ebubu 

Ril-Obele 

Phl-30d0 w 

hs-aculama 

Fhs-Obeakpu 

~.:b -AS s a 

Rb-Qbema 

3b-abema,  

Fns-Okubiri 

Other 

la te  of  
3iscovery 

Denth i n  
Feet  

No. of 
Flow 
Wells . 

AVK . bpd 
F i r s t  
6 Months 
1978 

3,666 

14,086 

22 ,189 

11,690 

7,893 

837 

7,873 
2,824 

28,203 

11,257 

25,453 

4,605 

5 ,^12 

1,245 

986 

8,443 

29,035 

6.072 

1,266 

7,725 

25,207 

1.841 

997 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 
Onshore 
Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Onshore 

Offshore 

Offshore 



PUBLICATIOKS IN THE UNEP REGIONAL SEAS REPORTS AMD STUDIES SERIES 

No. 1 UMEP: Achievements and planned development of UMEPWs Regional Seas 
Progranme and comparable programmes sponsored by other bodies. (1982) 

No. 2 UMIDO/UMEP: Survey of marine pollutants from industrial sources in the 
West and Central African region. (1982) 

No. 3 UNESCO/UNEP: River inputs to the West and Central African marine 
environment. (1982) 

No. 4 IMCO/UMEP: The status of oil pollution and oil pollution control in 
the West and Central African region. (1982) 

No. 5 IAKA/UMEP: Survey of tar, oil, chlorinated hydrocarbons and trace 
metal pollution in coastal waters of the Sultanate of Oman. (1982) 

Mo. 6 UM/UMESCO/UMEP: Marine and coastal area development in the East 
African region. (1982) 

No. 7 UMIDO/UMEP: Industrial sources of marine and coastal pollution in the 
East African region. (1982) 

No. 8 FAO/UMEP: Marine pollution in the East African region. (1982) 

No. 9 WHO/UNEP: Public health problems in the coastal zone of the East 
African region. (1982) 

No. 10 IMO/UMEP: Oil pollution control in the East African region. (1982) 

No. 11 IUCM/UMEP:Conservation of coastal and marine ecosystems and living 
resources of the East African region. (1982) 

No. 12 UMEP: Environmental problems of the East African region. (1982) 

No. 13 UMEP: Pollution and the marine environment in the Indian Ocean. (1982) 

No. 14 UMEPKEPAL: Development and environment in the Wider Caribbean 
region: A Synthesis. (1982) 

No. 15 UMEP: Guidelines and principles for the preparation and implementation 
of comprehensive action plans for the protection and development of 
marine and coastal areas of regional seas. (1982) 

No. 16 GESAMP: The health of the oceans. (1982) 

No. 17 UNEP: Regional Seas Programme: Legislative authority. (1985) 

No. 18 UMEP: Regional Seas Programme: Workplan. (1982) 

No. 19 Rev. 2. UVBP: UKEP Oceans Programme: Compendium of projects. (1985) 

No. 20 CPPS/UMEP: Action Plan for the protection of the marine environment 
and coastal areas of the South-East Pacific. (1983) 



No. 

No. 

No. 

No. 

No. 

No. 

21 CPPS/UMKP:Sources, levels and effects of marine pollution in the 
South-Bast Pacific. (1983) (In Spanish only) 

22 Rev. 2. UUEP: Regional Seas Programme in Latin America and Wider 
Caribbean. (1985) 

23 FAO/UUESCO/IOC/WHO/MMO/IAEA/UMEP: Co-ordinated Mediterranean 
Pollution Monitoring and Research Programme (MBD POL) - Phase I: 
Programme Description. (1983) 

24 UMEP: Action Plan for the protection and development of the marine + 

and coastal areas of the East Asian region. (1983) 

25 UUW: Marine pollution. (1983) 

26 UNW: Action Plan for the Caribbean environment programe. (1983) 

27 UHBP: Action Plan for the protection an4 development of the marine 
environment and coastal areas of the West and Central African region. 
(1983 

28 UMBP: Long-term programme for pollution monitoring and research in 
the Mediterranean (HED POL) - Phase 11. (1983) 

No. 29 SPC/SPEC/ESCAP/UNW: Action Plan for managing the natural resources 
and environment of the South Pacific region. (1983) 

No. 30 UNDIESA/UNEP: Ocean energy potential of the West and Central African 
region. (1983) 

No. 31 A. L. DAHL and I. L.  BAUMGART: The state of the environment in the 
South Pacific. (1983) 

No. 32 UMEP/ECE/UMIDO/FAO/UMESCO/WHO/IAKA: Pollutants from land-based 
sources in the Mediterranean. (1984) 

No. 33 UNDIESA/UtfEP: Onshore impact of offshore oil and natural gas 
development in the West and Central African region. (1984) 

No. 34 UNEP: Action Plan for the protection of the Mediterranean. (1984) 

No. 35 UNEP: Action Plan for the protection of the marine environment and 
the coastal areas of Bahrain, Iran, Iraq, Kuwait, Oman, Qatar, Saudi 
Arabia and the United Arab Emirates. (1983) 

No. 36 UMEP/ECLAC: The state of marine pollution in the Wider Caribbean 
region. (1984) 

Wo. 37 UNDIESA/UNEP: Environmental management problems in resource 
utilization and survey of resources in the West and Central African 
region. (1984) 

No. 38 FAO/UMKP: Legal aspects of protecting and managing the marine and 
coastal environment of the East African region. (1983) 



No. 40 

No. 41 

No. 42 

No. 43 

No. 44 

No. 45 

No. 46 

IUCM/UNEP: Marine and coastal conservation in the East African 
region. (1984) 

SPC/SPEC/ESCAP/UMEP: Radioactivity in the South Pacific. (1984) 

UMEP: Socio-economic activities that may have an impact on the marine 
and coastal environment of the East African region. (1984) 

GESAMP: Principles for developing coastal water quality criteria. 
(1984 

CPPS/UNEP: Contingency plan to combat oil pollution in the South-East 
Pacific in cases of emergency. (1984) 

IMO/ROPME/UtfEP: Combating oil pollution in the Kuwait Action Plan 
region. (1984 ) 

GESAMP: Thermal discharges in the marine environment. (1984) 

UNEP: The marine and coastal environment of the West and Central 
African region and its state of pollution. (1984) 

No. 47 UMEP: Prospects for global ocean pollution monitoring. (1984) 

No. 48 SPC/SPEC/ESCAP/UMEP: Hazardous waste storage and disposal in the 
South Pacific. (1984) 

No. 48/ Appendices SPC/SPEC/ESCAP/UMEP: Hazardous waste storage and 
disposal in the South Pacific. (1984) 

Ho. 49 FAOIUMEP: Legal aspects of protecting and managing the marine and 
coastal environment of the Bast African region: National Reports. 
(1984 ) 

No. 50 IUCM/UMEP: Marine and coastal conservation in the East African 
region: National Reports. (1984) 

No: 51 UNRP: Socio-economic activities that may have an impact on the marine 
and coastal environment- of the Bast African region: National 
Reports. (1984) 

No. 52 UNRP: Arab co-opecafcion for the protection and development of the 
marine environment and coastal arbas resources of the Mediterranean. 
(1984 

No. 53 USKP: UtfEP Regional Seas Programne: the Eastern African Experience. 
(1984) 

Vo. 54 UUIDO/UNEP: Contingency planning for emergencies associated with 
industrial installations in the West and Central African region. 
(1985 ) 

Bo. 55 ?AO/UMEP: Marine m a m a l m :  Gobal plan of action. (1985) 

Â¥b 551 Annex ?AO/IUCII/IWC/UMKP: Marine nanmals: global plan of 
action. (1985) 



No. 56 GESAMP: Cadmium, lead and tin in the marine environment. (1985) 

No. 57 IMO/UUEP: Oil spills and shoreline clean-up on the coasts of the 
Eastern African region. (1985) 

No. 58 UNEP: Co-operative programmes sponsored by UUEP for the protection of 
the marine and coastal environment in the wider Indian Ocean region. 
(1985) 

So. 59 USSP: Environmental problems of the marine and coastal area of India: 
National Report. (1985) 

No. 60 IUCN/UUEP: Management and conservation of renewable marine resources 
in the Indian Ocean region: Overview. (1985) 

No. 61 UNEP: Action Plan for the protection, management and development of 
the marine and coastal environment of the Eastern African region. 
(1985) 

No. 62 IUCN/UUEP: Management and conservation of renewable marine resources 
in the South Asian Seas region. (1985) 

No. 63 IUCN/UNKP: Management and conservation of renewable marine resources 
in the Kuwait Action Plan region. (1985) 

No. 64 IUCM/UMEP: Management and conservation of renewable marine resources 
in the Red Sea and Gulf of Aden region. (1985) 

No. 65 IUCM/UMBP: Management and conservation of renewable marine resources 
in the East Asian Seas region. (1985) 

So. 66 IUCM/UURP: Management and conservation of renewable marine resources 
in the Eastern African region. (1985) 

So. 67 UM/UITEP: Coastal erosion in West and Central Africa. (1985) 

No. 68 GESAMP: Atmospheric transport of contaminants into the Mediterranean 
region. (1985 ) 

No. 69 IWW: Environment and resources in the Pacific. (1985) 

No. 70 UMESCO/ROPME/UPM/WKP: Proceedings of the Symposium/Workshop on 
oceanographic modelling of the Kuwait Action Plan (KAP) region. (1985) 

No. 71 -: - An ~ ~ c a l  study of the rocky shores on the 
southern coast-of Onan. (1985) 

No. 72 IUCM/ROPMB/UIIEP: An ecological study of sites on the coast of 
Bahrain. ( 1985 ) 

No. 73 SPC/SPECfESCAP/UireP: Ecological interactions between tropical coastal 
ecosystems. (1985) 

Mo. 74 U J l W :  -tal problems of the marine and coastal areta of Sri 
Lanka; Rational Report (1986) 



No. 75 UNEP: Environmental problems of the marine and coastal area of 
Bangladesh; National Report (1986) 

No. 76 WEP: Environmental problems of the marine and coastal area of 
Maldives; National Report (1986) 

No. 77 UNEP: Environmental problems of the marine and coastal area of 
Pakistan; National Report (1986) 


