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PREFACE 

The Regional  Seas  Programme was i n i t i a t e d  by UNEP i n  1974. S ince  then t h e  Governing 
Council  of  UNEP h a s  r e p e a t e d l y  endorsed a r e g i o n a l  approach t o  the  c o n t r o l  of  marine 
p o l l u t i o n  and t h e  management of mar ine  and c o a s t a l  r e s o u r c e s  and h a s  r eques t ed  t h e  
development of r e g i o n a l  a c t i o n  p l ans .  

The Regional Seas  Programme a t  p r e s e n t  i n c l u d e s  e l even  r e g i o n &  and has  ove r  120 
c o a s t a l  S t a t e s  p a r t i c i p a t i n g  i n  i t .  I t  is conceived a s  an ac t ion -o r i en ted  programme 
having concern no t  on ly  f o r  t h e  consequences bu t  a l s o  f o r  t h e  c a u s e s  o f  
environmental  deg rada t ion  and encompassing a comprehensive approach t o  combating 
environmental  problems through t h e  management o f  mar ine  and c o a s t a l  a r e a s .  Each 
r e g i o n a l  a c t i o n  p l an  is formula ted  acco rd ino  t o  t h e  needs  of t h e  r eg ion  a s  pe rce ived  
by t h e  Governments concerned.  I t  is des inned t o  l i n k  assessment  o f  t h e  q u a l i t y  o f  
t h e  marine environment and t h e  c a u s e s  o f  its d e t e r i o r a t i o n  wi th  a c t i v i t i e s  f o r  t h e  
management and development o f  t h e  mar ine  and c o a s t a l  environment. The a c t i o n  p l a n s  
promote t h e  p a r a l l e l  development of r e g i o n a l  l e g a l  agreements and o f  ac t ion -o r i en ted  
programme a c t i v i t i e s .  \ 

By Decis ion  88(V.)C o f  25 May 1977, t h e  Governing Council  of  UNEP reques t ed  t h e  
Execut ive  D i r e c t o r  t o  i n i t i a t e  t h e  development o f  an a c t i o n  p l an  f o r  t h e  West and 
C e n t r a l  Afr ican  Region. 

A f t e r  a p r e p a r a t o r y  p rocess ,  which inc luded a number o f  e x p e r t  mee t ings ,  f a c t  
f i n d i n g  mis s ions  and in-depth s t u d i e s  on r e s o u r c e s  and envi ronmenta l  problems o f  t h e  
r eg ion ,  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  P r o t e c t i o n  and 
Development o f  t h e  Marine and Coas t a l  Environment o f  t h e  West and C e n t r a l  Afr ican  
Region (Abidjan ,  16-23 March 1981 ) adopted:  

- t h e  Action Plan  f o r  t h e  P r o t e c t i o n  and Development o f  t h e  Marine Environment and 
Coas t a l  Areas o f  t h e  West and C e n t r a l  Afr ican  Region; 

- t h e  Convention f o r  t h e  Co-operation i n  t h e  P r o t e c t i o n  and Development o f  t h e  
Marine and Coas t a l  Environment o f  t h e  West and C e n t r a l  Afr ican  Region; and 

- t h e  P ro toco l  Concerning Co-operation i n  Combating P o l l u t i o n  i n  Cases o f  
Emergency. 

The Governments of t h e  r eg ion  a l s o  e s t a b l i s h e d  a t r u s t  fund t o  s u p p o r t  t h e  
a c t i v i t i e s  c a l l e d  f o r  i n  t h e  Action Plan .  UNEP was des igna ted  a s  t h e  s e c r e t a r i a t  o f  
t h e  Action Plan  and t h e  Convention. 

I /  Mediterranean Reqion, Kuwait Action Plan  Reqion, West and C e n t r a l  Af r i can  - 
Region, Wider Caribbean Region, Eas t  Asian Seas  Region, South-East P a c i f i c  
Region, South P a c i f i c  Region, Red Sea and Gulf of  Aden Region, Eas t e rn  Af r i can  
Region, Soutti-West A t l a n t i c  Reqioi. and South Asian Region. 



This  document was prepared  a s  a c o n t r i b u t i o n  t o  t h e  development o f  t h e  Action P l m  
f o r  t h e  West and Cen t ra l  Af r i can  Region. I t s  main o b j e c t i v e  is t o  p rov ioe  t h e  
Governments o f  t h e  Region wi th  a p p r o p r i a t e  g u i d e l i n e s  f o r  t h e  p r e p a r a t i o n  of  
n a t i o n a l  and p l a n t  cont inaency p l a n s  f o r  i n d u s t r i a l  a c c i d e n t s .  Two UNIOO 
c o n s u l t a n t s  c a r r i e d  o u t  f i e l d  mis s ions  t o  L i b e r i a  and Senegal  i n  o r d e r  t o  c o l l e c t  
r e l e v a n t  i n fo rma t ion  on t h e  c u r r e n t  s t a t e  of  p repa redness  and i n t e r v e n t i o n  
c a p a b i l i t y  i n  c a s e  o f  major i n d u s t r i a l  a c c i d e n t s  i n  t h e s e  two c o u n t r i e s .  

A r e a i o n a l  i n d u s t r i a l  r i s k  assessment  f o r  t h e  WACAF reg ion  was a l s o  c a r r i e d  o u t  i n  
o r d e r  t o  de t e rmine  t h e  zones i n  t h e  r eg ion  most exposed t o  t h e  r i s k  o f  i n d u s t r i a l  
a c c i d e n t s .  
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SUMMARY 

Guide l ines  f o r  t h e  p r e p a r a t i o n  of n o t i o n a l  and p l m t  l e v e l  cont ingency p l a n s  f o r  
i n d u s t r i a l  a c c i d e n t s  i n  t h e  WACAF reg ion  have been prepared .  A g e n e r a l i z e d  
procedure f o r  conduct ing  an i n d u s t r i a l  hazard  a n a l y s i s  is p resen ted .  

Informat ion  on t h e  c u r r e n t  s t a t e  of preparedness  and i n t e r v e n t i o n  c a p a b i l i t y  i n  c a s e  
o f  major i n d u s t r i a l  a c c i d e n t s  was c o l l e c t e d  du r ing  f i e l d  mis s ions  t o  L i b e r i a  and 
Senegal .  

A r eg iona l  i n d u s t r i a l  r i s k  assessment  f o r  t h e  WACAF reg ion  has  been c a r r i e d  ou t  
based on c a l c u l a t i o n  of r e l a t i v e  a )  f i r e  and exp los ion  r i s k ,  and b) envi ronmenta l  
r i s k  f o r  t h e  major i n d u s t r i a l  s e c t o r s  and t h e  f i v e  geograph ica l  zones which make up 
t h e  region.  

CONCLUSIONS 

1. Contingency p l a n s  f o r  i n d u s t r i a l  emergencies can be prepared  a t  f o u r  d i f f e r e n t  
l e v e l s :  n a t i o n a l ,  p r o v i n c i a l ,  munic ipal  and p1an.t. The f i r s t  t h r e e  a r e  
r e s p o n s i b i l i t i e s  of  t h e  government o r  governmental  agenc ie s  and o r g a n i z a t i o n s ;  
t h e  l a s t  shou ld  be developed by i n d u s t r y .  

2. A hazard  a n a l y s i s  is t h e  f i r s t  s t e p  i n  t h e  p l ann ing  process .  I t  c o n s i s t s  of  
i d e n t i f y i n g  p o t e n t i a l  haza rds ,  v u l n e r a b l e  p o i n t s  and r i s k s  a s s o c i a t e d  wi th  t h o s e  
hazards .  Checkl ' i s t s  and s a f e t y  a u d i t s  a r e  t h e  most impor tant  methods f o r  hazard  
i d e n t i f i c a t i o n  i n  i n d u s t r i a l  p l a n t s .  

3. The i d e n t i f i c a t i o n  of r e s o u r c e s  ( such  a s  equipment, peop le  and agenc ie s )  is t h e  
second s t e p  i n  t h e  p lanning process .  Func t ions  and r e s p o n s i b i l i t i e s  of  
d i f f e r e n t  pe r sons  o r  groups  shou ld  a l s o  be i d e n t i f i e d .  

4. The d e f i n i t i o n  of t h e  a u t h o r i t i e s  i n  cha rge  of an emergency, t h e  cha in  of 
command, and t h e  procedure  d e f i n i n g  t h e  s h i f t  of  a u t h o r i t y  t o  h i g h e r  l e v e l s  a s  
t h e  acc iden t  e s c a l a t e s  a r e  v i t a l  e lements  i n  any p l an ,  and e s p e c i a l l y  i n  
n a t i o n a l  cont ingency p l ans .  

5. A system of cont ingency p l a n s  developed by i n d u s t r y  a t  t h e  i n d i v i d u a l  p l a n t  
l e v e l  is t h e  b a s i c  b u i l d i n g  b lock of t h e  response  c a p a b i l i t y  o f  a  c i t y ,  p rov ince  
o r  n a t i o n  t o  i n d u s t r i a l  emergencies.  Munic ipal ,  p r o v i n c i a l  o r  n a t i o n a l  
cont ingency p l a n s  a r e  needed t o  i n t e g r a t e  p l a n t  cont ingency p l a n s  i n  c a s e  of 
major emergencies.  

6.  Appropr ia te  g e n e r a l  l e g i s l a t i o n  p e r t a i n i n g  t o  p l a n t  s a f e t y  and a c c i d e n t  
p reven t ion  is a  necessa ry  complement t o  t h e  p r e p a r a t i o n  of n a t i o n a l  cont ingency 
p l ans .  

7.  An e f f i c i e n t  and well equipped c o r p s  of n a t i o n a l  f i r e  f i g h t e r s  is t h e  e s s e n t i a l  
backbone of any n a t i o n a l ,  p r o v i n c i a l  o r  munic ipal  response  c a p a b i l i t y .  

On t h e  b a s i s  of  t h e  coun t ry  mis s ions  i t  appea r s  t h a t :  

8. The l a r g e r  i n d u s t r i e s  a r e ,  i n  g e n e r a l ,  r e l a t i v e l y  w e l l  eauipped and b e t t e r  
prepared  than t h e  s m a l l e r  ones  t o  combat i n d u s t r i a l  a c c i d e n t s .  
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9. F i r e  is t h e  most common i n d u s t r i a l  h a z ~  J ,  but its consequences g e n e r a l l y  a r e  
l i m i t e d  t o  t h e  i n d u s t r i a l  f a c i l i t y .  T ranspor t  a c c i d e n t s  i nvo lv ing  hazardous  
m a t e r i a l s  a r e  t h e  major i n d u s t r y - r e l a t e d  hazard  f aced  by t h e  popu la t ion  i n  t h e  
WACAF r eq ion ,  e s p e c i a l l y  i n  those  c o u n t r i e s  where no hazardous  m a t e r i a l  
t r a n s p o r t  r e g u l a t i o n s  e x i s t .  An a c c i d e n t  which cou ld  r e s u l t  i n  t h e  r e l e a s e  of 
poisonous g a s e s  i n t o  t h e  atmosphere would pose t h e  g r e a t e s t  hazard  t o  t h e  
popu la t ion .  

10. The v u l n e r a b i l i t y  of t h e  popu la t ion  t o  i n d u s t r i a l  a c c i d e n t s  is, g e n e r a l l y  
speakinq,  r a t h e r  low given t h e  l i m i t e d  l e v e l  of  i n d u s t r i a l i z a t i o n  of most 
c o u n t r i e s  i n  t h e  reqion.  

11. The v u l n e r a b i l i t y  of t h e  popu la t ion  could  i n c r e a s e  i f  zoning r e q u l a t i o n s  do  no t  
c a r e f u l l y  d e f i n e  t h e  a r e a s  a s s igned  t o  i n d u s t r i a l  development and human 
s e t t l e m e n t s .  

The r ~ s u l t s  of  t h e  r e g i o n a l  r i s k  assessment  show t h a t :  

12 .  Zones I and IV of t h e  WACAF r eg ion  have t h e  h i g h e s t  r i s k  of f i r e ,  exp los ion  o r  
envi ronmenta l  damage a s  a  r e s u l t  of  an i n d u s t r i a l  a c c i d e n t .  Zone I1 has  t h e  
s m a l l e s t  r i s k .  

13. The h i a h e s t  r i s k s  i n  t h e  r eg ion  a p p e a r ,  t o  be a s s o c i a t e d  wi th  petroleum 
r e f i n e r i e s  and food manufactur ing  i n d u s t r i e s .  I n d i v i d u a l  food-process ing  p l a n t s  
p r e s e n t  a  low r i s k  b u t ,  because t h e r e  is a  l a r q e  number of t h e s e  p l a n t s ,  they  
o f f e r  a  cumula t ive ly  h igh  r i s k .  Other  h igh-r i sk  i n d u s t r i a l  s e c t o r s  i d e n t i f i e d  
i n  t h e  a n a l y s i s  a r e  p l a s t i c  and t e x t i l e  manufactur ing  i n d u s t r i e s  and o i l  
s t o r a g e .  

RECOMMENDATIONS 

I t  is recommended t h a t  governments i n  t h e  r eg ion  unde r t ake  t h e  fo l lowing  
a c t i v i t i e s  i n  o r d e r  t o  e s t a b l i s h  and implement i n d u s t r i a l  cont ingency p l ans :  

Make a  census  o f  t h e  e x i s t i n g  i n d u s t r i a l  e s t a b l i s h m e n t s  i n  o r d e r  t o  c o l l e c t  a l l  
t h e  a v a i l a b l e  in fo rma t ion  by means of which p o s s i b l e  a c c i d e n t s  cou ld  be 
i d e n t i f i e d ,  i n c l u d i n g  flammable and o t h e r  hazardous  m a t e r i a l s  p r e s e n t  a t  t h e s e  
i n s t a l l a t i o n s .  

C l a s s i f y  i n d u s t r i e s  accordinq t o  t h e  r e l a t i v e  haza rds  they pose  t o  man and 
environment.  

S e t  up r e g u l a t i o n s  ooverning p rope r  des ign ,  o p e r a t i o n  and maintenance f o r  
p a r t i c u l a r  c l a s s e s  of hazardous  i n d u s t r i e s .  

E s t a b l i s h  s t a n d a r d s  and codes o f  p r a c t i c e s  f o r  hand l ing ,  s t o r i n g  o r  t r a n s p o r t i n g  
hazardous m a t e r i a l s .  

E s t a b l i s h  procedures  f o r  l i c e n s i n g  and i n s p e c t i n g  i n d u s t r i a l  i n s t a l l a t i o n s  and 
d e s i g n a t e  a  governmental  agency f o r  enforcement.  

Require  manufac tu re r s  t o  show t h a t  they  have i d e n t i f i e d  t h e  major  haza rds  
e x i s t i n f l  a t  t h e i r  p l a n t s  and adopted  a p p r o p r i a t e  s a f e t y  measures ,  i n c l u d i n a  t h e  
p r e p a r a t i o n  of cont ingency p l a n s .  



Require manufactur ,s of e s p e c i a l l y  hazardous  i n s t a l l a t i o n s  t o  p repa re  
cont inqency p l a n s  a l s o  f o r  major emeraencies.  These p l a n s  shou ld  be f l e x i b l e  
enough t o  be i n t e g r a t e d  wi th  o t h e r  munic ipal  o r  p r o v i n c i a l  response  p l ans .  

Require  t h a t  even i n d u s t r i a l  e s t a b l i s h m e n t s  l o c a t e d  i n  a r e a s  covered by 
qovermnental  cont inqency p l a n s  develop t h e i r  own p l a n s ,  s o  a s  n o t  t o  r e l y  s o l e l y  
on p u b l i c  r e s o u r c e s  i n  c a s e  of an emergency. 

Require  t h e  manufac tu re r s  t o  n o t i f y  a u t h o r i t i e s  of  a l l  s e r i o u s  i n d u s t r i a l  
a c c i d e n t s .  

10.  Draw up l e g i s l a t i o n  governing t h e  t r a n s p o r t  of hazardous  m a t e r i a l s .  

11. Assign e s t a b l i s h e d  agenc ie s  t h e  t a s k s  o f  p r e p a r i n g  n a t i o n a l ,  p r o v i n c i a l  and/or  
munic ipal  cont ingency p l ans .  

12. P rov ide  f i r e  depar tments  and o t h e r  a c t i o n  response  qroups  wi th  t h e  equipment, 
manpower and t r a i n i n g  needed to .combat  major  i n d u s t r i a l  a c c i d e n t s .  

13.  The Governments of  t h e  c o u n t r i e s  i d e n t i f i e d  i n  t h e  h igh - r i sk  Zones I and IV 
shou ld  c a r r y  o u t  a  more d e t a i l e d  s tudy ,  country-by-country, i n  o r d e r  t o  e v a l u a t e  
more a c c u r a t e l y  t h e  e x t e n t  and s o u r c e s  of i n d u s t r i a l  r i s k .  



CHAPTER I. INTRODUCTION 

The West and Centra l  A f r i can  Region has been recognized by the  Governing Counci l  
o f  UNEP (Decis ion 88 .C(~)  o f  25 May 1977) as a "concentrat ion area" i n  which UNEP, 
i n  close co l l abo ra t i on  w i t h  the re levan t  components o f  the  Uni ted Nat ions system, 
was mandated t o  ca r r y  out a  c a t a l y t i c  r o l e  i n  a s s i s t i n g  the developing s t a t es  o f  the  
West and Cent ra l  A f r i can  reg ion  t o  formulate and implement, i n  a  cons is ten t  manner, 
a  commonly agreed upon Ac t ion  Plan. 

Recognizing the  complexi ty o f  t he  problem and being aware o f  ongoing a c t i v i t i e s ,  
UNEP has undertaken numerous a c t i v i t i e s  t o  prov ide a sound bas is  f o r  the development 
and implementation o f  the  Act ion Plan f o r  the P ro tec t i on  and Development o f  t he  
Marine Environment and Coastal  Areas o f  the  West and Cent ra l  f r i c a n  Region adopted 
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by the Conference o f  P l en i po ten t i a r i es  i n  Abidjan, March 1981- . 

The main purpose o f  t h i s  study i s  t o  support the implementation o f  the  Ac t ion  
Plan, t ak i ng  i n t o  account the  guidance prov ided by t he  subsequent intergovernmental  
meetings and i n  p a r t i c u l a r :  

- Meetinq o f  the  Steer ing C m i t t e  f o r  the Marine Environment o f  West and Cent ra l  TI. Af r i ca ,  Abidjan, 20-22 du ly  1981- , 

- Meetinq o f  t he  Na t iona l  A u t h o r i t i e s  f o r  e  Act ion Plan f o r  the West and Cent ra l  9 Af r i can  Region, Geneva, 19-21 A p r i l  1982- ; 

- Second Meeting o f  the Steer ing Committee f o r  the  Marine Environment o f  West and 
4/ Centra l  A f r i ca ,  Geneva, 22-23 A p r i l  1982- . 

The F i r s t  Meeting o f  the  S teer ing  Committee (Abidjan, Ju ly  1981) def ined the 
i n s t i t u t i o n  and co-o rd ina t ion  o f  n a t i o n a l  contingency p lans as one o f  the  p r i o r i t y  
p r o j e c t s  t o  be developed i n  the  framework o f  the  WACAF Ac t ion  Plan (paragraph 14 of 
r e f .  2) .  The o u t l i n e  o f  the  p r o j e c t  has been reviewed and rev ised  by the Meeting o f  
Na t iona l  Au tho r i t i e s  (Geneva, A p r i l  1982) and approved by the  Second Meeting o f  t he  
Steer ing Committee (Geneva, A p r i l  1982) (paragraph 10 o f  r e f .  4) .  The approved 
o u t l i n e  o f  the  p r o j e c t  served as t he  bas is  f o r  the  design o f  t he  present study. 

The ob jec t i ve  o f  t h i s  p r o j e c t  i s  t o  prov ide the  West and Cent ra l  A f r i can  reg ion  
w i t h  gu ide l ines  f o r  t he  p repara t ion  o f  contingency p lans  t o  deal  w i t h  emergencies 
a r i s i n g  from ca tas t roph ic  f a i l u r e s  o f  i n d u s t r i a l  p l a n t s  o r  breakdown o f  i n d u s t r i a l  
waste d isposa l  systems. Plans f o r  responding t o  s p i l l a g e s  o f  t o x i c  substances 
occur r ing  dur ing handl ing o r  t r anspo r t a t i on  are a l so  developed. Means f o r  
incorpora t ing  i n t o  Na t iona l  Contingency Plans the methodology t o  cope w i t h  these 
emergencies are presented. 

The hazards considered i n  t h i s  study are f i r e ,  explosion, and t o x i c  re lease o f  
hazardous ma te r i a l s  i n  the environment. 

A hazardous ma te r i a l  i s  def ined as any substance which i s  explosive, 
inflammable, corros ive,  poisonous, t ox i c ,  i n f ec t i ous ,  r ad i oac t i ve  o r  genera l l y  
dangerous, and which may have de t r imenta l  e f f e c t s  on operat ing and emergency 
personnel, the pub l i c ,  equipment and/or the environment. 

P a r t i c u l a r l y  re levan t  t o  the cu r ren t  study are the  r e s u l t s  from the UNIDO/UNEP 
survey o f  i n d u s t r i a l  p o l l u t i o n  o f  the marine environment from land-based sources 
( p r o j e c t  FP/0503-79-18] which r esu l t ed  i n  the  p u b l i c a t i o n  UNIDO/UNEP: Survey o f  



5 / Va n e  P o l l u t a n t s  f rom I n d u s t r i a l  S o u r c e s  i n  t h e  West and C e n t r a l  A f r i c a n  Reqion- . 
Tne i n f o r m a t i o n  c o n t a i n e d  i n  t h i s  s u r v e y  h e l p e d  i d e n t i f y  t,he i n d u s t r i a l  
e s t a b l i s h m e n t s  i n  t h e  WACAF r e q i o n  which a r e  a s s o c i a t e d  w i t h  t h e  h i q h e s t  r i s k  o f  
i n d u s t r i a l  a c c i d e n t s .  

The r e s u l t s  o f  t h i s  work s h o u l d  a s s i s t  t h e  qovernments  of  t h e  WACAF c o u n t r i e s  
t o :  

- i d e n t i f y  t h e  z o n e s  and i n d u s t r i a l  s e c t o r s  exposed  t o  t h e  g r e a t e s t  r i s k  of 
i n d u s t r i a l  c a t a s t r o p h i e s ;  

- f o c u s  t h ~  a t t e n t i o n  o f  t h e  r e s p o n s i b l e  l o c a l  o f f i c i a l s  on t h e  prob lems  o f  
i n d u s t r i a l  a c c i d e n t  p r e v e n t i o n  and c o n t i n g e n c y  p l a n n i n g ;  - d e v e l o p  n a t i o n a l  c o n t i n g e n c y  p l a n s  f o r  i n d u s t r i a l  e m e r g e n c i e s ;  and  

- c o - o r d i n a t e  n a t i o n a l  c o n t i n g e n c y  p l a n s  i n  c a s e s  o f  main r e g i o n a l  e m e r g e n c i e s .  

CHAPTER 11. THE P L A N N I N G  PROCESS 

Cont ingency  p l a n s  f o r  i n d u s t r i a l  e m e r g e n c i e s  c a n  b e  p r e p a r e d  a t  s e v e r a l  l e v e l s  
o f  s o p h i s t i c a t i o n ,  depending  on t h e  d e g r e e  o f  c o m p l e t e n e s s  r e q u i r e d  a s  w e l l  a s  on 
t h e  p u r p o s e  o f  t h e  p l a n  i t s e l f .  The i n s t r u c t i o n s  f o r  a  machine o p e r a t o r  i n  t h e  c a s e  
o f  f i r e  i n  a n  i n d u s t r i a l  p l a n t  w i l l  d i f f e r  s i g n i f i c a n t l y  from t h o s e  g o v e r n i n g  t h e  
c o - o r d i n a t i o n  o f  d i f f e r e n t  m i n i s t r i e s  o r  a g e n c i e s  i n  t h e  c a s e  o f  a n a t i o n a l  
d i s a s t e r ,  even  though b o t h  sets o f  i n s t r u c t i o n s  a r e  r e f e r r e d  t o  a s  c o n t i n g e n c y  
p l a n s .  

A l l  c o n t i n g e n c y  p l a n s  have  t h r e e  e l e m e n t s  i n  common: 

- a n a l y s i s  of t h e  h a z a r d s ;  
- i d e n t i f i c a t i o n  of  r e s o u r c e s ;  a n d  
- d e s c r i p t i o n  o f  a c t i o n s  f o r  m o b i l i z i n g  p e r s o n n e l ,  equ ipment  and d u t i e s  i n  c a s e  

o f  emergency. 

These  e l e m e n t s  need  n o t  a p p e a r  a s  s p e c i f i c  s e c t i o n s  o f  t h e  p l a n ,  b u t  s h o u l d  be  
l o g i c a l  p h a s e s  o f  t h e  p r e p a r a t i o n  o f  t h e  p l a n .  S e c t i o n  A o f  t h i s  c h a p t e r  w i l l  list 
and  d e s c r i b e  t h e  most common t y p e s  o f  c o n t i n g e n c y  p l a n s ,  i n d i c a t i n g  which t y p e  o f  
p l a n  is most  a p p r o p r i a t e  t o  a  g i v e n  p l a n n i n g  p u r p o s e .  Hazard a n a l y s i s  and  r e s o u r c e  
i d e n t i f i c a t i o n  w i l l  be  d e a l t  w i t h  i n  s e c t i o n s  B and  C. A c t i o n s  and d u t i e s  w i l l  b e  
d e s c r i b e d  i n  C h a p t e r s  111-V a c c o r d i n g  t o  t h e  p u r p o s e  o f  t h e  c o n t i n g e n c y  p l a n .  

A .  Types o f  p l a n s  

Cont ingency  p l a n s  c a n  be  c l a s s i f i e d  a c c o r d i n g  t o  t h e i r  c o n t e n t  and form, which 
a r e  d i r e c t l y  r e l a t e d  t o  t h e  u r p o s e  t h e  p l a n s  s h o u l d  s e r v e .  Cont ingency  p l a n s  may 

6 9  b e  grouped  i n  f o u r  c a t e g o r i e s ~  : 

- lists o f  r e s o u r c e s  and e q u i p m e n t ,  and  t e l e p h o n e  r o s t e r s ;  
- a c t i o n  g u i d e s  and c h e c k l i s t s ;  
- r e s p o n s e  p l a n s ;  and  
- c o - o r d i n a t i o n  p l a n s .  

T h i s  c l a s s i f i c a t i o n  d o e s  n o t  imply  t h a t  a  p l a n  w i l l  f a l l  i n t o  j u s t  one  c a t e g o r y  
s i n c e  a  comprehens ive  p l a n  c a n  d i s p l a y  f e a t u r e s  o f  two o r  more c a t e q o r i e s .  



Lists of r e s o u r c e s  and equipment ,  and t e l e p h o n e  r o s t e r s  

The s i m p l e s t  o f  a l l  p l a n s ,  t h e y  c o m p r i s e  lists o f  p o s s i b l e  r e s o u r c e s  and 
equipment  f o r  u s e  i n  a n  emerqency,  t o g e t h e r  w i t h  t h e i r  l o c a t i o n  a n d / o r  way t h e  
r e s o u r c e s  c a n  be  a l e r t e d  ( i f  p e o p l e )  o r  o b t a i n e d  ( i f  m a t e r i a l ) .  I n  t h e  most  common 
c a s e ,  u s i n q  a  t e l e p h o n e  o f f e r s  t h e  q u i c k e s t  and e a s i e s t  way o f  m o b i l i z i n g  some o f  
t h e  r e s o u r c e s ,  b u t  a l t e r n a t i v e  methods ,  s u c h  a s  r a d i o  t r a n s m i t t e r s  o r  a l a r m  s y s t e m s ,  
c a n  a l s o  be  used .  U s u a l l y  a  p l a n  o f  t h i s  k i n d  d o e s  n o t  c o n t a i n  a  h a z a r d  a n a l y s i s  
s e c t i o n ,  even  though  t h e  p l a n n e r  must  have  c o n s i d e r e d  p o s s i b l e  h a z a r d s  a t  t h e  time 
o f  p r e p a r a t i o n .  S i m i l a r l y ,  t h e  p l a n  d o e s  n o t  d e s c r i b e  s u b s e q u e n t  a c t i o n s  t o  b e  
t a k e n .  I t  s h o u l d  o n l y  be  used  by " a c t i o n - r e s p o n s e  p e o p l e " ,  s u c h  a s  a  f i r e  
d e p a r t m e n t ,  who know what a c t i o n  t o  t a k e .  

The r e s o u r c e  and equipment  lists m a i n t a i n e d  by t h e  "ac t . ion- response  people"  
u s u a l l y  d e s c r i b e  t h e  r e s o u r c e s  a v a i l a b l e  w i t h i n  t h e i r  own o r q a n i z a t i o n s  ( e . q .  f i r e  
d e p a r t m e n t s  o r  p u b l i c  works d e p a r t m e n t s ) .  Lists o f  t e c h n i c a l  e x p e r t s  f rom l o c a l  
companies  and u n i v e r s i t i e s  may b e  u s e f u l .  A list may b e  p r e p a r e d  o f  v o l u n t e e r  
o r g a n i z a t i o n s  who c o u l d  p r o v i d e  h a r d  work, s u c h  a s  p r e p a r i n g  and l a y i n g  s a n d  bags .  
These  may b e  assembled  by c o - o r d i n a t i n q  r e s p o n s e  p e r s o n n e l  i n t o  c i t y  o r  o t h e r  
p r o v i n c e  lists. The i n d u s t r i a l  community c a n  p r o v i d e  a  wide  r a n g e  o f  equ ipment  
somet imes  on a  v o l u n t e e r ,  somet imes  on a  d i r e c t - h i r e  b a s i s .  Even when a  community 
is c o v e r e d  by a n  a c t i v e  p r o v i n c e  o r  c i t y  c o n t i n g e n c y  p l a n ,  i t  s h o u l d  know t h e  e x t e n t  
o f  i ts  l o c a l  c a p a b i l i t i e s  s o  t h a t  t h e  i n f o r m a t i o n  c a n  be  made a v a i l a b l e  t o  t h e  
p e r s o n  who t a k e s  c h a r g e  i n  c a s e s  o f  emergency. 

Because  o f  its c h a r a c t e r i s t i c s ,  t h i s  k i n d  o f  p l a n  i s  most s u i t a b l e  f o r  l o c a l  
communi t ies ,  s m a l l  i n d u s t r i a l  p l a n t s  and l o c a l  r e s p o n s e  o r g a n i z a t i o n s .  I t s  main 
a d v a n t a g e  l i e s  i n  its s i m p 1 i c i . t ~  and  l i t t l e  p r e p a r a t o r y  work; y e t  it p r e s u p p o s e s  t h e  
a v a i l a b i l i t y  o f  s k i l l e d  p e r s o n n e l  who know what t o  d o  i n  emergency s i t u a t i o n s .  

A c t i o n  g u i d e s  and c h e c k l i s t s  

T h i s  k i n d  o f  p l a n  g e n e r a l l y  c o n s i s t s  o f  a  few p a g e s  o r  c a r d s ,  p r e f e r a b l y  o f  a  
c o n v e n i e n t  s i z e ,  c a r r i e d  by p e o p l e  who a r e  most l i k e l y  t o  e n c o u n t e r  an emergency 
( s u c h  a s  a  t r u c k  d r i v e r  t r a n s p o r t i n g  h a z a r d o u s  c h e m i c a l s  o r  a n  emergency s q u a d  i n  a n  
i n d u s t r i a l  p l a n t ) .  The p l a n  may a l s o  be  p o s t e d  a t  key p o i n t s  t h r o u g h o u t  t h e  
i n d u s t r i a l  p l a n t .  

A c t i o n  g u i d e s  and c h e c k l i s t s  a r e  g e n e r a l l y  s u b s i d i a r y  t o  more comprehens ive  
p l a n s .  They a r e  d e s i g n e d  t o  e n s u r e  t h a t  a few b a s i c  t h i n g s  a l w a y s  g e t  done ,  s u c h  a s  
s h u t t i n g  down m a c h i n e s  o r  i n d u s t r i a l  p i e c e s  o f  equ ipment ,  e x t i n g u i s h i n g  s m a l l  f i r e s  
a t  t h e  v e r y  o n s e t ,  c o n t a i n i n g  s p i l l s  o f  h a z a r d o u s  m a t e r i a l s  b e f o r e  t h e y  s p r e a d ,  o r  
p r e v e n t i n g  a c c e s s  t o  d a n g e r o u s  a r e a s .  They s h o u l d  n e v e r  be  r e l i e d  on a s  t h e  s o l e  
r e s p o n s e  t o  a n  emergency.  They s h o u l d  s e r v e  o n l y  a s  r e m i n d e r s i o  p e r s o n s  who have  
had more comprehens ive  t r a i n i n q ,  o r  a s  a  method f o r  a c t i v a t i n g  a  more comprehens ive  
r e s p o n s e .  An a c t i o n  g u i d e  may b e  a l l  t h a t  p l a n t  p e r s o n n e l  need  f o r  h a n d l i n g  a  s m a l l  
emergency. However, a n  a c t i v e  r e s p o n s e  p l a n  c o v e r i n g  t h a t  p l a n t  w i l l  b e  n e c e s s a r y  
t o  p r o v i d e  t h e  a p p r o p r i a t e  r e s p o n s e  i n  a  l a r g e - s c a l e  emergency. 

Response p l a n s  

A r e s p o n s e  p l a n  p r o v i d e s  i n s t r u c t i o n s  on h a n d l i n g  one o r  more emergency 
s i t u a t i o n s .  I t s  e m p h a s i s  d e r i v e s  from t h e  p e r s o n s  who p r e p a r e  and u s e  i t .  A 
d e s i q n a t e d  r e s p o n s e  aqency ,  s u c h  a s  a f i r e  d e p a r t m e n t ,  t h e  c i v i l  d e f e n c e  a g e n c y ,  o r  
t h e  c o n t r o l  c e n t r e  o f  a  l a r g e  i n d u s t r i a l  p l a n t  may i n c l u d e  d e t a i l e d  s p e c i f i c  f i e l d  
t e c h n i q u e s  i n  t h e  p l a n .  A c i t y  o r  p r o v i n c e  p l a n  w i l l  d e f i n e  t h e  r e s p o n s i b i l i t i e s  
and c a p a b i l i t i e s  of  v a r i o u s  community r e s p o n s e  a q e n c i e s  and show how t o  a c t i v a t e  
them. 



A r e s p o n s e  p l a n  w i l l  c o n t a i n  i n f o r m a t i o n  on how and whom t o  n o t i f y  i n  t h e  c a s e  
o f  a n  a c c i d e n t ,  and i t  may i n d i c a t e  t h e  i n i t i a l  a c t i o n s  t o  be t a k e n .  These  w i l l  be  
d e s c r i b e d ,  i n  a  morp ~ x p l i c i t  and s p e c i f i c  fo rm,  i n  t h e  g u i d e s  t o  be used  by t h e  
" a c t i o n - r e s p o n s e  people" .  A r e s p o n s e  p l a n  w i l l  a l s o  d e s c r i b e  t h e  r e s p o n s e  
o r g a n i z a t i o n  and p r o c e d u r e .  The most v i t a l  e l e m e n t  i n  t h e  p l a n  is t h e  c h a i n  o f  
command d u r i n g  a n  emergency.  The p l a n  must c l e a r l y  s t a t e  a t  what s t a q e  on-scene 
a u t h o r i t y  s h i f t s  t o  a n o t h e r  l e v e l  and which o f f i c i a l  t a k e s  on t h e  new 
r e s p o n s i b i l i t y .  A h a z a r d  a n a l y s i s  s e c t i o n  w i l l  be  g e n e r a l l y  i n c l u d e d  i n  t h e  p l a n :  i t  
w i l l  a l s o  s p e c i f y  t h e  v u l n e r a b l e  a r e a s  and i n c l u d e  d e t a i l e d  maps o f  t h e  r e g i o n .  I f  
t h e  r e s p o n s e  p l a n  is t o  be e f f e c t i v e ,  i t  must  c o n t a i n  p r o v i s i o n s  f o r  u p d a t i n g  and 
u p g r a d i n q  ( e . g .  by a u d i t ) .  The p l a n  a l s o  s h o u l d  i n d i c a t e  t h e  t y p e  and t i m i n g  o f  
e x e r c i s e s  and t r a i n i n g  s e s s i o n s .  I n  summary, t h e  r e s p o n s e  p l a n  i s  s i m i l a r  t o  a  
h o s p i t a l  p r o c e d u r e  book. I t  s p e c i f i e s  r e a l i t i e s  and  s t i p u l a t e s  what p e o p l e  a r e  t o  
d o  i n  an emergency. S e c t i o n  E o f  C h a p t e r  I 1 1  c o n t a i n s  a  b r i e f  d e s c r i p t i o n  of 
h o s p i t a l  c o n t i n q e n c y  p l a n n i n a .  R e f e r e n c e  7 c o n t a i n s  a  more d e t a i l e d  set o f  
emeroency p r o c e d u r e s  g o v e r n i n g  a d m i s s i o n s  t o  h o s p i t a l .  

C o - o r d i n a t i o n  p l a n s  

A c o - o r d i n a t i o n  p l a n  is g e n e r a l l y  aimed a t  d e f i n i n g  t h e  r e s p o n s i b i l i t i e s  o f  
v a r i o u s  a g e n c i e s ,  g r o u p s ,  o r  i n d i v i d u a l s  u n d e r  d i v e r s e  emergency r e s p o n s e  
c o n d i t i o n s .  C o - o r d i n a t i o n  p l a n s  t e n d  t o  b e  r t h e r  comprehens ive ,  and  m a i n l y  
u s e d  a t  t h e  n a t i o n a l  o r  p r o v i n c i a l  l e v e l  o r  i n  v e r y  l a r g e  c i t i e s  2'?eNational 
d i s a s t e r  p l a n s  p r e p a r e d  by c i v i l  d e f e n c e  o r q a n i z a t i o n s  a r e  o f t e n  p r i m a r i l y  
c o - o r d i n a t i o n  p l a n s  and may c o v e r  t e c h n o l o g i c a l  d i s a s t e r s  a s  p a r t  o f  a  m a t r i x  
showinq who d o e s  what d u r i n g  d i f f e r e n t  k i n d s  o f  d i s a s t e r s .  Some e l e m e n t s  o f  
r e s p o n s e  p l a n s  a r e  found  i n  c o - o r d i n a t i o n  p l a n s .  

A c o - o r d i n a t i o n  p l a n  i n d i c a t e s  t h e  a d m i n i s t r a t i v e  p r o c e d u r e s  t h a t  s h o u l d  b e  
f o l l o w e d  i n  c a s e s  o f  emergency.  I t  s p e c i f i e s  t h e  c h a i n  o f  command b o t h  w i t h i n  and 
between e a c h  o f  t h e  a g e n c i e s  o r  g r o u p s  i n v o l v e d  i n  t h e  emergency r e s p o n s e  
o p e r a t i o n s .  These  p l a n s  c o - o r d i n a t e  t h e  a c t i o n s  o f  t h o s e  a g e n c i e s  o r  g r o u p s  a s  w e l l  

El. Hazard a n a l y s i s  

B a s i c  t o  emergency p l a n n i n a ,  n o  m a t t e r  how s i m p l e ,  is a n  u n d e r s t a n d i n g  o f  t h e  
and  s h o u l d  be  t h e  f i r s t  s t e p  i n  p l a n n i n g .  I t  s h o u l d  a l s o  be  i n c l u d e d  a s  p a r t  o f  a  
r e s p o n s e  o r  c o - o r d i n a t i o n  p l a n  o r  c a r r i e d  o u t  p r i o r  t o  p r e p a r i n g  s i m p l e  p l a n s ,  a n d  
documented i n  t h e  accompanying l e t t e r  when t h e  p l a n s  a r e  d i s t r i b u t e d .  

I n  g e n e r a l  t e r m s ,  a  h a z a r d  a n a l y s i s  may b e  broken  up a s  follow&': 

1. I d e n t i f i c a t i o n  o f  h a z a r d s  

A h a z a r d  is any  s i t u a t i o n  t h a t  h a s  t h e  p o t e n t i a l  t o  damage l i f e ,  p r o p e r t y  a n d / o r  
t h e  env i ronment .  When p r e p a r i n g  a  h a z a r d  i d e n t i f i c a t i o n  r e l a t e d  t o  i n d u s t r i a l  
a c c i d e n t s ,  t h e  f o l l o w i n g  q u e s t i o n s  s h o u l d  be  answered:  What t y p e  o f  h a z a r d o u s  
m a t e r i a l s  and /or  i n d u s t r i a l  p r o c e s s e s  e x i s t ?  Where a r e  t h e y  ( o r  where  d o  t h e y  p a s s  
t h r o u g h ) ?  

2.  I d e n t i f i c a t i o n  of  v u l n e r a b l e  a r e a s  

V u l n e r a b i l i t y  is t h e  s u s c e p t i b i l i t y  o f  l i f e ,  p r o p e r t y  a n d / o r  t h e  e n v i r o n m e n t  t o  
damage i f  a  h a z a r d  becomes m a n i f e s t .  The q u e s t i o n s  i n  t h i s  p h a s e  a r e :  what  c a n  t h e  
a b o v e - i d e n t i f i e d  h a z a r d s  a f f e c t ,  and  how? 



3. Assessment  o f  r i s k  

Risk  i s  t h e  p r o b a b i l i t y  t h a t  damage t o  l i f e ,  p r o p e r t y  a n d / o r  t h e  env i ronment  
w i l l  o c c u r  i f  a  h a z a r d  m a n i f e s t s .  The q u e s t i o n  t o  be  answered  is: whf-t is t h e  
l i k e l i h o o d  t h a t  t h e  h a z a r d  w i l l  o c c u r  and a f f e c t  t h e  v u l n e r a b l e  a r e a s ?  The 
m e t h o d o l o g i e s  used  i n  r i s k  a s s e s s m e n t  f a l l  b r o a d l y  i n t o  two c a t e g o r i e s :  q u a l i t a t i v e  
and  q u a n t i t a t i v e .  The f i r s t  g r o u p  i n c l u d e s  m e t h o d o l o q i e s  s u c h  a s  e s t i m a t i o n s  b a s e d  
on p r o f e s s i o n a l  judgement ,  e-?ri/ 

t h e  Dow Chemical  Company F i r e  and  E x p l o s i v e  Index  
Hazard C l a s s i f i c a t i o n  Guid- , t h e  Mond F i r e  Ex o s ' o n  and T o x i c i t y  I n  exÃ‘'  and 
t h e  Hazard and O p e r a b i l i t  a s  F a u l t  T r e e  A n a l y s i s u ,  Event  An 1 is^ ,̂ Human ll/ 1 5 m  E r r o r  P r e d i c t i o n  S t u d i e s ~  , and E p i d e m i o l o q i c a l  Approach  study^ - . Q u a n t i t a t i v e  
e v a l u a t i o n  o f  r i s k  may b e  v e r y  complex. The c o r r e s p o n d i n g  m e t h o d o l o q i e s  s h o u l d  o n l y  
b e  used  when a  v e r y  comprehens ive  h a z a r d  a n a l y s i s  is r e q u i r e d .  

Hazard a n a l y s i s  f o r  n a t i o n a l ,  p r o v i n c i a l  o r  m u n i c i p a l  c o n t i n g e n c y  p l a n s  

6 1 .  I n  t h i s  c a s e ,  t h e  f o l l o w i n g  recommended p r o c e d u r e  s h o u l d  be  completed- . 
( a )  I d e n t i f y  p o s s i b l e  s o u r c e s  o f  h a z a r d o u s  m a t e r i a l s ,  e.g. o i l  and c h e m i c a l  

m a n u f a c t u r e r s ,  u s e r s ,  s t o r e r s  and t r a n s p o r t e r s .  T a b l e  1 lists s u c h  s o u r c e s .  

T a b l e  1: S o u r c e s  o f  h a z a r d o u s  m a t e r i a l s  

P e t r o l e u m  i n d u s t r y  

Bulk consumers  
P r o d u c e r s  
O i l  f i e l d s  
R e f i n e r i e s  
S t o r a g e  f a c i l i t i e s  
Waste d i s p o s e r s  
R e f u e l i n q  f a c i l i t i e s  
Bulk t e r m i n a l s  

T r a n s p o r t e r s  

- Airway 
- Hiqhway 
- Waterway 
- P i p e l i n e  
- Railway 

M a n u f a c t u r e r s  ( c h e m i c a l  u s e r s )  

- Rubber 
- P a i n t  
- P l a s t i c s  
- T e x t i l e s  
- S o a p / D e t e r g e n t s  
- Any o t h e r s  

Farm and r e l a t e d  i n d u s t r y  

- Crop d u s t i n g  
- F e r t i l i z e r s  
- P e s t i c i d e s  

Chemical  i n d u s t r y  

- M a n u f a c t u r e r s  
- P r o c e s s o r s  
- D i s t r i b u t o r s  
- R e c y c l i n g  p l a n t s  

Waste d i s p o s a l  

- S a n i t a r y  w a s t e s  
- Hazardous  w a s t e s  



(h) C o n t a c t  t h e  o f f i c i a l s  i n  c h a r q e  of  t h e s e  i n d u s t r i e s  ( o r  d e p a r t m e n t s  w i t h i n  an 
i n d u s t r y )  and i n t e r v i e w  them, i n  p e r s o n  o r  t h r o u q h  a  w r i t t e n  a u e s t i o n n a i r e ,  
a b o u t  t h e i r  a c t i v i t i e s .  The q u e s t i o n n a i r e  s h o u l d  be  aimed a t  e s t a b l i s h i n g  t h e  
f o l l o w i n g  f a c t s :  

- h a z a r d o u s  m a t e r i a l s  end t r a d e  names; 
- h a z a r d o u s  p r o p e r t i e s ;  
- p r o d u c t  s a f e t y  i n f o r m a t i o n  and emergency g u i d e l i n e s ;  
- t y p e s  o f  s t o r a g e / s h i p p i n g  c o n t a i n e r s ;  
- t r a n s p o r t a t i o n  r o u t e s / f r e q u e n c y ;  
- p e r s o n s  t o  c o n t a c t  f o r  t e c h n i c a l  a s s i s t a n c e ;  and 
- company a c c i d e n t  p l a n s ,  and  p o s s i b i l i t y  o f  i n t e r f a c i n g  w i t h  community p l a n s  

( c )  I d e n t i f y  p a r t i c u  
and e n v i  ronment 
when p l a n n i n g  a t  
a c c i d e n t s  which 
v u l n e r a b l e  a r e a s  

a r l y  v u l n e r a b l e  o r  s e n s i t i v e  a r e a s  i n  t e r m s  o f  p e o p l e ,  p r o p e r t y  
F i r e  and p o l i c e  d e p a r t m e n t s  a r e  good s o u r c e s  o f  i n f o r m a t i o n  

t h e  p r o v i n c i a l  o r  m u n i c i p a l  l e v e l  o r  f o r  l a r g e  i n d u s t r i a l  
c o u l d  s p r e a d  o u t s i d e  t h e  p l a n t  o r  f a c i l i t y .  A s  a n  example o f  

o u t s i d e  t h e  p l a n t  one may c o n s i d e r :  

S e n s i t i v e  p u b l i c  h e a l t h  c o n c e r n s  

- D r i n k i n g  w a t e r  i n t a k e s  
- V u l n e r a b l e  p o p u l a t i o n  c e n t r e s  
- H o s p i t a l  l o c a t i o n s  
- S c h o o l s ,  p l a y g r o u n d s  

S e n s i t i v e  e n v i r o n m ~ n t a l  a r e a s  

- C o a s t a l  a r e a s  
- W i l d l i f e  h a b i t a t s  
- P a r k s  and  r e c r e a t i o n a l  a r e a s  
- Wild and s c e n i c  r i v e r s  
- H i s t o r i c a l  s i t e s  
- A r c h e o l o g i c a l  a r e a s  

( d )  Map t h e  s o u r c e s  o f  h a z a r d o u s  m a t e r i a l s ,  i m p o r t a n t  t r a n s p o r t a t i o n  r o u t e s ,  and 
s e n s i t i v e  a r e a s ,  u s i n g  d i f f e r e n t  c o l o u r s  f o r  e a c h .  . In  s o  d o i n g ,  u s e  b o t h  s t r e e t  
maps ( t o  show where  p o p u l a t i o n  is a f f e c t e d )  and t o p o g r a p h i c a l  maps ( t o  i d e n t i f y  
f l o w  and d  i n a g e  p a t t e r n s ) .  P r e - f i r e  p l a n n i n g ,  a s  done  by some f i r e  167 d e p a r t m e n t r  , may h a v e  l e d  t o  maps o f  t h i s  t y p e  a l r e a d y  h a v i n g  been p r e p a r e d .  

( e )  C o n s u l t  r e c o r d s  ( n e w s p a p e r s ,  p o l i c e / f i  r e ,  c i v i l  d e f e n c e  r e c o r d s )  f o r  a c t u a l  
i n d u s t r i a l  o r  i n d u s t r y - r e l a t e d  a c c i d e n t s  ( n o  m a t t e r  how s m a l l )  and mark them on 
t h e  map. 

( f )  Make a w r i t t e n  d e s c r i p t i o n  o f  what t h e  map r e v e a l s ,  p a y i n q  a t t e n t i o n  t o  any 
o b v i o u s  p a t t e r n ,  s u c h  a s  a r e a s  o f  c o n c e n t r a t i o n  o f  known a c c i d e n t s ,  c l u s t e r s  o f  
i n d u s t r i a l  u s e  o r  p r o d u c t i o n ,  and s t o r a g e .  T h i s  d e s c r i p t i o n  s h o u l d  a l s o  i n c l u d e  
t h e  r e s u l t s  o f  ( q )  and ( h )  below. 

( g )  Try t o  e s t i m a t e  t.he p r o b a b i l i t y  o f  i n d u s t r i a l  a c c i d e n t s ,  t h e  most  d i f f i c u l t  p a r t  
o f  t h e  whole a n a l y s i s .  One s h o u l d  n o t i c e  t h a t  even  v e r y  s o p h i s t i c a t  d  t e c h n i q u e s  
b a s e d  on a p p r o a c h e s  s u c h  a s  " f a u l t - t r e e s a t  and a t e v e n t - t r e e s a t ~ 7  c a n  l e a d  t o  
c o n t r o v e r s i a l  r e s u l t s .  T h e r e f o r e ,  when n u m e r i c a l  a p p r o a c h e s  a r e  t o o  c o m p l i c a t e d  
o r  t i m e  consuming t o  be  a p p l i e d ,  t h e  p r o b a b i l i t y  o f  a n  a c c i d e n t  c o u l d  a l s o  b e  
e s t i m a t e d  i n  t p r m s  o f  q u a l i t a t i v e  c a t e g o r i e s  s u c h  a s  low, medium o r  h i q h  r i s k  o r  
even  a s  " l i k e 1  y - u n l i k e l y "  . 



Examples o f  h i q h  r i s k  f a c t o r s  a r e :  

- p a s t  a c c i d e n t s ;  
- major  ' t r a n s p o r t a t i o n  r o u t e s ;  
- major  i n d u s t r i a l  c o n c e n t r a t i o n s ;  
- t r a n s p o r t a t i o n  r o u t e s  i n  u r b a n  a r e a s ;  
- d r i n k i n g  w a t e r  i n t a k e s  c l o s e  t o  m a j o r  t r a n s p o r t a t i o n  r o u t e s  o r  h a z a r d o u s  

m a t e r i a l  f a c i l i t i e s ;  and 
- chemica l  s t o r a g e ,  p r o d u c t i o n  f a c i l i t i e s  o r  p i p e l i n e s  l o c a t e d  i n  f l o o d  p l a i n s ,  

n e a r  e a r t h q u a k e  z o n e s  o r  i n  o t h e r  a r e a s  s u b j e c t  t o  r e c u r r i n g  n a t u r a l  
d i s a s t e r s .  

h )  D e c i d e  what would happen i n  t h e  e v e n t  o f  a  d i s a s t r o u s  i n d u s t r i a l  a c c i d e n t .  Two 
t h i n g s  have  t o  be  c o n s i d e r e d :  a l l  t h e  c o m p l i c a t i o n s  o f  a  r e a l l y  l a r g e  a c c i d e n t ,  
and  t h e  e f f e c t s  o f  a  n a t u r a l  d i s a s t e r  ( f i r e ,  f l o o d ,  e a r t h q u a k e )  on t h e  a b i l i t y  
t o  cope  w i t h  accompanying a c c i d e n t s .  Secondary  e f f e c t s  ( s u c h  a s  t r a f f i c  jams,  
b u s i n e s s  c l o s u r e ,  reduced  a v a i l a b i l i t y  o f  manpower f o r  emergency s q u a d s )  s h o u l d  
a l s o  be  c o n s i d e r e d  a s  w e l l  a s  t h e  problem o f  a c c i d e n t  h a n d l i n g  and  c o n t r o l .  

Time and r e s o u r c e s  w i l l  p r o b a b l y  d i c t a t e  t h e  d e p t h  and e x t e n t  t o  which a  h a z a r d  
a n a l y s i s  is conduc ted .  A t  one  end o f  t h e  s p e c t r u m  w i l l  b e  t h e  c a s e  where t h e  
f i r e / p o l i c e  team s i m p l y  q i v e s  a n  a s s e s s m e n t  b a s e d  on w h a t e v e r  knowledge t h e y  a l r e a d y  
have ;  a t  t h e  o t h e r  m d ,  one  might  c o n d u c t  a n  i n d u s t r y  s u r v e y ,  d e v e l o p  a  p i c t u r e  o f  
l o c a l  t r a n s p o r t a t i o n  p a t t e r n s  w i t h  s h i p p e r s ,  and  g o  t h r o u g h  a  l o n g  set o f  "what i f "  
s c e n a r i o s  t o  a s s e s s  p l a n t  v u l n e r a b i l i t y .  

Once comple ted ,  t h e  h a z a r d  a n a l y s i s  s h o u l d  h e l p  d e c i d e :  

- t h e  t y p e  o f  c o n t i n g e n c y  p l a n  r e q u i r e d ;  
- t h e  d e g r e e  o f  d e t a i l  needed;  
- t h e  t y p e s  o f  r e s p o n s e  t o  emphas ize ;  
- t h e  l o c a t i o n  o f  r e s p o n s e  and  c lean-up  r e s o u r c e s ;  and  - t h e  t y p e  o f  h e l p  needed  i f  a v a i l a b l e  r e s o u r c e s  d o  n o t  s u f f i c e .  

Hazard  a n a l y s i s  f o r  p l a n t  c o n t i n g e n c y  p l a n s  

No s i n g l e  i d e a l  h a z a r d  i d e n t i f i c a t i o n  sys tem e x i s t s ,  s i n c e  s y s t e m s  v a r y  w i t h  
e a c h  t y p e  o f  i n d u s t r y  and p r o c e s s  d e s i q n .  Thus,  f o r  example,  a  f i r m  i n v o l v e d  i n  
b a t c h  m a n u f a c t u r e  o f  a  l a r g e  number o f  o r g a n i c  c h e m i c a l s  is l i k e l y  t o  b e  much more 
i n t e r e s t e d  i n  t e c h n i q u e s  o f  s c r e e n i n g  and t e s t i n g  c h e m i c a l s  and r e a c t i o n s  t h a n  one 
o p e r a t i n g  e t h y l e n e  p l a n t s .  

An i m p o r t a n t  p r i n c i p l e  i n  h a z a r d  i d e n t i f i c a t i o n  is u t i l i z i n g  p a s t  e x p e r i e n c e .  
The u s e  o f  s t a n d a r d s  and  c o d e s  h e l p s  a v o i d  h a z a r d s  o f  which p e o p l e  may n o t  e v e n  be  
aware .  A s  f a r  a s  h a z a r d  i d e n t i f i c a t i o n  is c o n c e r n e d ,  however ,  t h e  p r i n c i p a l  means 
o f  t r a n s m i t t i n g  t h i s  e x p e r i e n c e  i n  a  r e a d i l y  u s a b l e  f  is t h e  c h e c k l i s t .  A v e r y  
q e n e r a l  example o f  s u c h  a c h e c k l i s t  is g i v e n  i n  T a b l e  ZB7, b u t  one s h o u l d  

?.!/2873f'7 t h a t  many examples  o f  c h e c k l i s t s  a r e  a v a i l a b l e  i n  t h e  t e c h n i c a l  l i t e r a t u r e - -  
and  s h o u l d  be f o l l o w e d  when a p p l i c a b l e .  Dow's F i r e  and E x p l o s i o n  Index  Hazard 

10 /  I d e n t i f i c a t i o n   guide^ is a n o t h e r  example o f  a  c h e c k l i s t  f o r  t h e  p r o c e s s  d e s i g n ;  i t  
is w i d e l y  used  and a c c e p t e d .  The method o u t l i n e d  i n  t h i s  r e f e r e n c e  a l s o  g i v e s  a  
r e l a t i v e  measure  o f  t h e  r i s k  i n v o l v e d  w i t h  d i f f e r e n t  i n d u s t r i a l  o p e r a t i o n s .  

Another  1 f r e q u e n t l y  u s e d  i n  h a z a r d  i d e n t i f i c a t i o n  a t  t h e  p l a n t  l e v e l  is t h e  2%' s a f e t y  aud i t -  . I t  c o n s i s t s  o f  a  c r i t i c a l ,  d e t a i l e d  e x a m i n a t i o n  o f  a l l  f a c e t s  o f  a  
p a r t i c u l a r  i n d u s t r i a l  a c t i v i t y ,  w i t h  t h e  o b j ~ c t i v e  o f  m i n i m i z i n g  l o s s .  I t  is u s u a l l y  
c a r r i e d  o u t  by a  team of p r o f e s s i o n a l s  who p r o d u c e  a  fo rmal  r e p o r t  and a c t i o n  p l a n .  
A s a f e t y  a u d i t  may encompass complex t e c h n i c a l  o p e r a t i o n s ,  e m e r q m c y  p r o c e d u r e s ,  
c l e a r a n c e  p a s s e s  q o v e r n i n q  a c c e s s  t o  c a n a e r o u s  a r e a s ,  g e n e r a l  housekeeping  
p r o c e d u r e s  and manaq~ment  a t t i t u d e s .  The examin ing  team o f t e n  u s e s  c h e c k l i s t s  
d u r i n q  t h e  a u d i t .  



Tab le  2: Hazard a n a l y s i s  c h e c k l i s t .  

P l a n t  s i t e  

( a )  I s  t h e  p l a n t  w e l l  s i t u a t e d  w i t h  r e g a r d  t o  topography  and a d e q u a t e  d r a i n a q e ?  

h )  W i l l  t h e  c l i m a t e  o r  n a t u r a l  d i s a s t e r s  m a t e r i a l l y  a f f e c t  p l a n t  o p e r a t i o n s ?  
( E a r t h q u a k e s ,  f l o o d s ,  f o g ,  h u r r i c a n e s ,  l i g h t n i n g ,  smog, snow, t o r n a d o s  and v e r y  
low t e m p e r a t u r e s ,  f o r  example)  

( c )  W i l l  t o x i c  fumes from f i r e ,  e x p l o s i o n ,  o r  o t h e r  a c c i d e n t s  a t  t h e  p l a n t  a f f e c t  
t h e  s u r r o u n d i n g  community? 

( d )  Are m a j o r  highways,  a i r p o r t s  o r  c o n g e s t e d  a r e a s  n e a r  t h e  p l a n t  s i t e ?  Can 
emergency equipment  g e t  t h r o u g h  t r a f f i c  a t  a l l  t i m e s  o f  t h e  day? 

( e )  Are u t i l i t i e s  a d e q u a t e ?  ( W a t e r ,  g a s ,  e l e c t r i c i t y ,  e t c . )  

( f )  Does t h e  community p r o v i d e  a d e q u a t e  f i r e  f i g h t i n g  p e r s o n n e l  and equipment?  

( g )  Does t h e  community p r o v i d e  a d e q u a t e  ambulance,  h o s p i t a l  and p o l i c e  p r o t e c t i o n ?  

P l a n t  l a y o u t  

Is  t h e  p l a n t  a r e a  e n c l o s e d  by a d e q u a t e  f e n c e s  and  g a t e s ?  

I s  t h e r e  a  s a f e  d i s t a n c e  between t h e  boundary  and  t h e  n e a r e s t  p l a n t  u n i t ?  

Are p r o c e s s  a r e a s  s e p a r a t e d  from u t i l i t i e s ,  s t o r a g e ,  o f f i c e  and l a b o r a t o r y  a r e a s  
a n d  down wind from i g n i t i o n  s o u r c e s ?  

Are h a z a r d o u s  u n i t s  s e p a r a t e d  from a l l  c r i t i c a l  a r e a s  s u c h  a s  c o n t r o l  rooms o r  
p r o c e s s  computer  i n s t a l l a t i o n s ?  

Does s p a c i n g  o f  equ ipment  c o n s i d e r  t h e  n a t u r e  o f  t h e  m a t e r i a l ,  q u a n t i t y ,  
o p e r a t i n a  c o n d i t i o n s ,  equ ipment  s e n s i t i v i t y ,  f i r e  h a z a r d s  and c o n c e n t r a t i o n  o f  
v a l u a b l e s ?  

Are l o a d i n g  a r e a s  on t h e  p e r i p h e r y  o f  t h e  p l a n t  and away from s o u r c e s  o f  
i g n i t i o n ?  

Are a d m i n i s t r a t i v e  b u i l d i n g s  and w a r e h o u s e s  on t h e  p e r i p h e r y  o f  t h e  p l a n t ?  

Are s t o r a g e  t a n k s  away from t h e  p e r i p h e r y ,  n o t  t o o  c l o s e l y  s p a c e d ,  and d i k e d  o r  
b u r i e d ?  

Are w a s t e  d i s p o s a l  s y s t e m s  down wind from p e r s o n n e l  c o n c e n t r a t i o n s ?  

Are t h e r e  a d e q u a t e  roadways f o r  v e h i c l e s  t o  e n t e r  and e x i t  i n  t h e  e v e n t  o f  a n  
emergency? 



Table  2 ( con t inued)  

( a )  Do a l l  b u i l d i n q s  conform t o  t h e  n a t i o n a l  b u i l d i n g  code ( i f  any)?  

( b )  Are founda t ions  and s u b s o i l  adequate  f o r  a l l  loadings?  

( c )  Are s t r u c t u r a l  s t e e l  members and s u p p o r t s  i n s u l a t e d  s o  a s  t o  be f i r e  r e s i s t i v e ?  

( d )  Have f i r e - s p r e a d  f a c t o r s  such a s  openinqs i n  f l o o r s ,  w a l l s ,  e l e v a t o r  s h a f t s ,  a i r  
c o n d i t i o n i n q  and v e n t i l a t i o n  d u c t s  been minimized? 

( e )  Are hazardous p rocess  a r e a s  s e p a r a t e d  by f i r e  wa l l s?  

( f )  Are b u i l d i n q s ,  exposed t o  exp los ion  haza rds ,  v e n t i l a t e d  according t o  s t anda rds?  

( 9 )  Are a l l  b u i l d i n g s  p rope r ly  v e n t i l a t e d  t o  l i m i t  t o x i c  and flammable subs t ances?  

( h )  Are t h e r e  s u f f i c i e n t  and c l e a r l y  marked e x i t s  i n  a l l  b u i l d i n q s ?  

( i )  Do e l e c t r i c a l  i n s t a l l a t i o n s  conform t o  t h e  n a t i o n a l  e l e c t r i c a l  code? 

(j) Are d ra inage  f a c i l i t i e s  i n  b u i l d i n g s  adequate? , 

M a t e r i a l s  

( a )  Have t h e  q u a n t i t i e s  of  m a t e r i a l  i n  a l l  s t a g e s  of p roduc t ion ,  hand l ing  and 
s t o r a g e  and a l l  p h y s i c a l  s t a t e s  been cons ide red  i n  r e l a t i o n  t o  such  haza rds  a s  
f i r e ,  exp los ion ,  t o x i c i t y  and co r ros ion?  

(b )  Have t h e  p e r t i n e n t  p h y s i c a l  p r o p e r t i e s  (me1 t i n q  and b o i l i n g  p o i n t ,  vapour 
p r e s s u r e ,  p a r t i c l e  s i z e ,  e t c . )  of each m a t e r i a l  been determined? 

( c )  Have t h e  chemical  p r o p e r t i e s  o f  each m a t e r i a l  been c l a s s i f i e d ?  

( d )  Have h igh ly  hazardous m a t e r i a l s  been c l a s s i f i e d ,  i d e n t i f i e d  and has  t h e i r  
l o c a t i o n  i n  t h e  p l a n t  been determined? 

( e l  I s  t h e  m a t e r i a l  t o x i c ?  

( f )  Have t h e  s t a b i l i t y  haza rds  of t h e  m a t e r i a l  been determined? ( ~ e a c t i v i t y ,  
spontaneous  combustion, s e l f -po lymer i za t ion )  

( 9 )  I s  t h e  m a t e r i a l  co r ros ive?  

( h )  Have t h e  e f f e c t s  of  i m p u r i t i e s  been taken i n t o  account a s  r e l a t e d  t o  f i r e ,  
exp los ion ,  t o x i c i t y ,  c o r r o s i v i t y  and s t a b i l i t y  of t h e  m a t e r i a l ?  

( i )  I s  t h e  m a t e r i a l  p rope r ly  packaqed and l a b e l l e d  according t o  n a t i o n a l  o r  
i n t e r n a t i o n a l  r e g u l a t i o n s  ( i f  any ) ,  a s  w e l l  a s  i n d u s t r y  and in su rance  company 
recommendations? 



Table  2 ( con t inued)  

C h m i c a l  p rocess  e v a l u a t i o n  

a )  Have t h e  primary haza rds  of t h e  p rocess  been i d e n t i f i e d ?  

( b )  I s  it a  ba t ch  o r  cont inuous  process?  

( c )  Has t h e  p rocess  been p rope r ly  desc r ibed  and examined through r e a c t i o n  e q u a t i o n s  
and flow s h e e t s ?  

( d l  Are normal p rocess  c o n d i t i o n s  adequate ly  desc r ibed?  

( e l  Have p r o v i s i o n s  been made t o  prevent :  

- abnormal t empera tu res ;  
- abnormal p r e s s u r e s ;  
- abnormal r a t e  o f  r e a c t i o n ;  
- improper a d d i t i o n  of r e a c t a n t s ;  
- m a t e r i a l  flow s toppage;  and 
- equipment l e a k s  o r  s p i l l s .  

( f )  Are emergency measures prepared  i n  t h e  event  t h a t  such c o n d i t i o n s  occur?  

( a )  Have p o t e n t i a l l y  u n s t a b l e  r e a c t i o n s  been d e t e c t e d ?  

( h )  Have p rocess  h e a l t h  h a z a r d s  been i d e n t i f i e d  and c o n t r o l  measures i n s t a l l e d ?  

Uni t  o p e r a t i o n s ,  t r a n s p o r t  and s t o r a g e  

( a )  Have t h e  p o t e n t i a l  haza rds  of a l l  m a t e r i a l s  involved been eva lua ted?  

(b )  Have p recau t iona ry  measures been t aken  t o  guard a g a i n s t  a c c i d e n t a l  r e l e a s e  of 
flammable o r  t o x i c  l i q u i d s ,  gases  o r  combus t i l e  d u s t s ?  

( c )  Are u n s t a b l e  chemicals  handled  i n  such a  way a s  t o  minimize exposure  t o  h e a t ,  
p r e s s u r e ,  shock o r  f r i c t i o n ?  

( d )  Are t h e  u n i t  o p e r a t i o n  f a c i l i t i e s  ( d i s t i l l a t i o n  columns, a b s o r b e r s ,  s t r i p p e r s ,  
e t c . )  p rope r ly  des igned,  ins t rumented  and c o n t r o l l e d  t o  minimize l o s s e s ?  

( e )  Have a l l  h e a t  t r a n s f e r  o p e r a t i o n s  been p rope r ly  e v a l u a t e d  f o r  hazards?  

( f )  Have a l l  t r a n s p o r t  o p e r a t i o n s  been checked f o r  o p e r a t o r  s a f e t y ?  

( a )  Are shipments of chemicals  from t h e  p l a n t  packaged, l a b e l l e d  and t r a n s p o r t e d  i n  
accordance  wi th  c u r r e n t  r e g u l a t i o n s ?  

( h )  Are waste d i s p o s a l  and a i r  p o l l u t i o n  problems handled i n  accordance  wi th  c u r r e n t  
r e q u l a t i o n s ?  

Opera tor  p r a c t i c e s  and t r a i n i n q  

( a )  Has an adequate  "Standard Opera t ing  Procedure" manual been prepared?  I s  it 
reviewed p e r i o d i c a l l y  and when p rocess  changes a r e  made? 



Table  2 ( c o n t i n -  d )  

( b )  Are adequate  employee t r a i n i n g  proqrammes i n s t i t u t e d  f o r  a l l  personnel?  

( c )  Have adequate  s t a r t - u p  and shut-down programmes been i n i t i a t e d ?  

( d )  Does t h e  p l a n t  have a  wel l -opera ted  permi t  system f o r  hazardous jobs ,  and is i t  
enforced?  

( e l  Are employees t r a i n e d  t o  r ecogn ize  p o t e n t i a l  p rocess  ma l func t ions?  

( f )  Are employees t r a i n e d  t o  hand le  emergency s i t u a t i o n s ?  I s  co-opera t ion  wi th  
o t h e r  p u b l i c  and p r i v a t e  f i r e  depar tments  encouraged? 

( g )  Are o p e r a t o r s  t r a i n e d  i n  t h e  u t i l i z a t i o n  of p r o t e c t i v e  equipment? 

Equipment 

( a )  Does each p i e c e  of equipment have its own d e t a i l e d  check l i s t ?  

( b )  Are recognized s t a n d a r d s  used i n  t h e  d e s i g n  of equipment? 

( c )  I s  equipment des igned wi th  adequate  s a f e t y  c o n t r o l ?  Overpressure?  
Overtemperature? 

(d)  Has equipment been p rope r ly  c o n s t r u c t e d  and i n s t a l l e d ?  Was i t  thoroughly  
checked be fo re  ope ra t inq?  

( e l  I s  equipment r e l i a b l e  and easy  t o  ope ra t e?  

( f )  I s  equipment des igned f o r  e a s e  i n  i n s p e c t i o n  and maintenance? 

( g )  Are a l l  i n s t rumen t s  and c o n t r o l s  f a i l - s a f e ?  

( h)  I s  t h e  maintenance and i n s p e c t i o n  programme adequate? 

( i )  Are s p a r e  p a r t s  and eauipment r e p a i r  crews ready? 

(j) I s  t h e  s a f e t y  equipment adequate  f o r  t h e  hazards?  



R .  I d ~ n t i f i r a t i o n  o f  Resources 

A f t e r  the  hazard analys is ,  the  next  s tep i s  t o  i d e n t i f y  the  resources, i n  terms 
of eauipmmt, people, and agencies, tha t  should be made ava i l ab l e  t o  combat poss ib le  
accidents.  The func t ions  and r e s p o n s i b i l i t i e s  o f  the  d i f f e r e n t  response groups 
should be def ined. The two s implest  resources t o  be i d e n t i f i e d  - resource l i s t s  and 
telephone ros te rs ,  and a c t i o n  quides and c h e c k l i s t s  - are s i m i l a r  t o  those f o r  
response plans, and are no t  considered separately.  

Response planning: i d e n t i f y i n g  resources and func t ions  o f  emergency response or  
support  qroups 

When p lanning a t  the p l a n t  l e v e l ,  the  q rea tes t  source o f  i n fo rmat ion  i s  t o  be 
found i n  the s c i e n t i f i c  and techn ica l  l i t e r a t u r e  ava i l ab l e  f o r  each c lass  o f  
i ndus t r i e s .  S tanda rdsa7d regu la t i ons  already e x i s t  f o r  many types o f  i ndus t r i e s ,  
such as r e f i n e r i e s  - - - . They may be used i n  a l l  stages o f  p l a n t  )if^ from 

27 28 9/30 eq ipment design t o  p l a n t  e rec t ion ,  operat ion, maintenance and  shutdown^- -- 
- 31'. These standards have been conceived and r e f i n e d  i n  t ime, s p e c i f i c  a t t e n t i o n  

be ing devoted t o  sa fe ty  f o r  people, p roper ty  and environment. Whenever poss ib le ,  
p lans  should always be examined i n  order t o  asce r t a i n  the  appropr ia te  resources 
requ i red  t o  face the  most t y p i c a l  i n d u s t r i a l  emergencies. When p lann ing  a t  the  
p r o v i n c i a l  o r  mun ic ipa l  l e ve l ,  o r  f o r  acc idents  spreading beyond the p l a n t  boundary, 
then a l l  organizat ions capable o f  p rov i d i ng  immediate, a c t i v e  and m a t e r i a l  support  
i n  the event of an accident should be i d e n t i f i e d .  As a s t a r t i n g  po i n t ,  the  planner 
should contact  the  o rgan iza t ions  a t  h i s  l e v e l  and the  nex t  h ighest  l e v e l  l i s t e d  i n  
Table 3. These groups can p rov ide  d i r e c t  i n f o rma t i on  o r  references t o  o ther  sources 
of in format ion.  The accident response c a p a b i l i t i e s  o f  t he  var ious agencies o r  oroups 
can be determined by asking quest ions about the  f o l l o w i n q  top ics :  

- the person i n  charge; 
- assigned personnel: t r a i n i n g  and s k i l l s ;  
- ava i l ab l e  equipment; 
- e x i s t i n g  environmental emergency response p lans  and a c t i v i t i e s ;  
- def ined r e s p o n s i b i l i t i e s  and dut ies;  
- e x i s t i n g  mutual a i d  o r  interaqency agreements; and 
- i n t e r n a l  chain o f  command. 

Once t h i s  survey has been completed, t he  data should be organized i n  a t a b l e  o r  
some o ther  convenient form. This  w i l l  f a c i l i t a t e  an o v e r a l l  assessment o f  the  
accident response c a p a b i l i t i e s  f o r  the  area. Once an a rea 's  a v a i l a b l e  c a p a b i l i t i e s  
are known, assignment o f  p lanning tasks can commence. 



Table  3: Continqe.,cy p lanninq informat ion  s o u r c e s  

Na t iona l  q e n c i e s  

Min i s t ry  of Indus t ry  
Min i s t ry  of I n t e r i o r  
Min i s t ry  of T r a n s p o r t a t i o n  
Min i s t ry  of Labour 
Min i s t ry  of Eneray 
Min i s t ry  of P u b l i c  Works 
Environmenta 1 P r o t e c t i o n  Aqency 
Armed Forces  
Coastquard 

P r o v i n c i a l  agenc ie s  

P r o v i n c i a l  Environmental  P r o t e c t i o n  Aqency 
P r o v i n c i a l  P o l i c e  
P r o v i n c i a l  F i r e  Marshal 
P r o v i n c i a l  Department of  T r a n s p o r t a t i o n  
C i v i l  Defence 

Municipal  a g e n c i e s  
I 

Mayor/City Counci l /Ci ty  Admin i s t r a to r  
C i v i l  Defence 
F i r e  Department 
P u b l i c  Works Department 
- Roads 
- Water Supply 
- S a n i t a t i o n  
- Flood Con t ro l  

I n d u s t r y  

Chemical P l a n t s  and Petroleum R e f i n e r i e s ,  a s  w e l l  
a s  Users, T r a n s p o r t e r s ,  S t o r a g e  F a c i l i t i e s  

S p i l l  Clean-up C o n t r a c t o r s  
Trade Assoc ia t ions  
P ro fes s iona l /Techn ica l  S o c i e t i e s  

Voluntary o r g a n i z a t i o n s  

Red Crescent  
Red Cross  
Local  C i t i z e n s  A s s o c i a t i o n s  
S e r v i c e  Groups 

United Nat ions  o r g a n i z a t i o n s  

UNDP 
Uni ted  Nat ions  D i s a s t e r  R e l i e f  Organ iza t ion  
United Nat ions  Environment Programme 
World Health Organ iza t ion  ( e s p e c i a l l y  t h e  

I n t e r n a t i o n a l  Proqramme on Chemical S a f e t y )  
United Nat ions  I n d u s t r i a l  Development Organ iza t ion  
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The main ob j ec t i ve  o f  a co -o rd ina t ion  p l an  i s  t o  es tab l i sh  c l e a r l y  who i s  i n  
charge and, furthermore, how and t o  whom r e s p o n s i b i l i t y  s h i f t s  as more and more 
resources come i n t o  p lay.  I f  the re  i s  a network o f  contingency p lans a t  d i f f e r e n t  
l e v e l s  and p lanning i s  be ing undertaken a t  the mun ic ipa l  l e ve l ,  one should determine 
how t he  munic ipa l  p l an  w i l l  f i t  i n t o  the network and what are i t s  l i m i t a t i o n s .  
Hence, one should know exac t l y  how f a r  the  ava i l ab l e  resources can go alone, and 
when and fo r  what reason a d d i t i o n a l  support i s  requi red.  

Ce r t a i n  governmental agencies may have l e g a l  r e s p o n s i b i l i t y ,  j u r i s d i c t i o n a l  
au tho r i t y ,  a char te r ,  an interagency agreement, o r  they may have been delegated a 
response r o l e  i n  an emergency s i t u a t i o n  i n  some other  manner. Therefore, when 
p lanninq tasks are assigned, care must be taken t o  ensure t h a t  the assignments are 
i n  accord w i t h  l e g a l l y  mandated r e s p o n s i b i l i t i e s  and t ha t  no con t r ad i c t i ons  o r  
unnecessary overlapping o f  d u t i e s  occur. 

The var ious necessary emeraency response func t ions  should be assigned t o  
agencies most l o g i c a l l y  capable o f  dea l ing  w i t h  them. Some assignments w i l l  be 
obvious, such as law enforcement and f i r e  p ro tec t i on .  However, some du t i es  such as 
t r anspo r t a t i on  o r  emerqency p u b l i c  in fo rmat ion  serv ices may requ i r e  some deeper 
searching i n  order t o  determine which agency o r  agencies i s  best equipped t o  handle 
the  s i t u a t i o n .  A suqqested l i s t  o f  emergency r e s p o n s i b i l i t i e s  i s  g iven i n  Table 4. 

i. 



Table 4: Emerqency r e s p o n s i b i l i t i e s  

* Law enforcement s e r v i c e s  

- C i t y  Chief of  P o l i c e  
- P r o v i n c i a l  P o l i c e  R e p r e s e n t a t i v e  
- Army Represen ta t ive  

* F i r e  p r o t e c t i o n  s e r v i c e s  

- C i t y  F i r e  Chief 
- Volunteer  F i r e  Chief 
- Province  F i r e  Marshal 

* Communications and warning 

- P r o v i n c i a l  C i v i l  Defence 
- Nat iona l  Army 
- Parks  Department 
- F i s h  and Game 
- Local  and Province  P o l i c e  
- Weather Bureau 

t 

* P u b l i c  works eng inee r ing  s e r v i c e s  

- City/Province  Engineer  
- P u b l i c  Works D i r e c t o r  

* Util i t ies  

- P u b l i c  Utilities R e p r e s e n t a t i v e  
- P r i v a t e  Utili t ies R e p r e s e n t a t i v e  

* Hea l th  and medical  s e r v i c e s  

- Ci ty /P rov ince  Heal th  O f f i c e r  
- S t a t e  Heal th  O f f i c i a l  
- Nursing Admin i s t r a to r  
- H o s p i t a l  Admin i s t r a to r  

* Welfare S e r v i c e s  

- City/Province  Welfare O f f i c i a l  
- S t a t e  Welfare O f f i c i a l  

* Damage assessment  

- Tax Assessor  
- Records Department 
- Mini s t ry  of P u b l i c  Works 

* T r a n s p o r t a t i o n  s e r v i c e s  

- M i n i s t r y  of T r a n s p o r t a t i o n  
- F l e e t  Supe rv i so r s  
- Parks  Department 
- F i s h  and Game 

* Emergency p u b l i c  i n fo rma t ion  

- Chief Execut ive  
- Mayor/City Manager 
- Prov ince  Execut ive  
- P u b l i c  R e l a t i o n s  O f f i c e r  

* Legal s e r v i c e s  

- Province/Ci ty  At torney 
- Attorney Genera l  

* Rescue s e r v i c e s  

- F i r e  Department 
- P o l i c e  Department 

- Nat iona l  Army 

* Hazardous M a t e r i a l s  

- C i v i l  Defence 
- F i r e  Department 
- Envi romnmta l  P r o t e c t i o n  O f f i c e  
- M i n i s t r y  o f  P u b l i c  Works 
- Mini s t ry  of T ranspora t ion  

* Personne l  and f i n a n c i a l  s e r v i c e s  

- Personne l  D i r e c t o r  
- Finance  D i r e c t o r  



A b a s i c  r u l e  s h o u l d  be  o b s e r v e d  when a s s i g n i n g  t a s k s  i n  p r e p a r a t i o n  f o r  an 
emergency:  a l l  t.he t a s k s  t h a t  need t o  be  comple ted  b e f o r e ,  d u r i n g  and a f t e r  t h e -  
emergency ( n o t  j u s t  t h e  r e s p o n s e  t a s k s )  s h o u l d  be  l i s t e d  f i r s t .  Under t h o s e  t a s k s  
one  s h o u l d  list t h e  agency o r  a g e n c i e s  t h a t  c a n  a c c o m p l i s h  t h a t  t a s k .  L i s t i n g  t h e  
a q e n c i e s  f i r s t  and t h e n  a s s i g n i n g  t h e  most a p p r o p r i a t e  t a s k s  may r e s u l t  i n  some t a s k  
b e i n g  l e f t  u n a t t e n d e d .  

Each 
added t 
i n t o  any 
emergenc 
The l e a d  
and  a n  
agency '  s 

t a s k  s h o u l d  be  a t t a c h e d  t o  a  p a r t i c u l a r  l e a d  agency;  o t h e r  g r o u p s  c a n  be  
o  o f f e r  s u p p o r t .  The l e a d  agency s h o u l d  be  a b l e  t o  p r o v i d e  f o r  i n s e r t i o n  

p l a n  a  list o f  g e n e r a l  a c t i o n s  f o r  which t h e y  w i l l  b e  r e s p o n s i b l e  d u r i n g  
i e s .  A c o m p i l a t i o n  o f  t h e s e  a c t i o n s  f o r  a l l  a g e n c i e s  c o n s t i t u t e s  t h e  p l a n .  

agency may a l s o  have  q e n e r a t e d ,  f o r  i ts own i n t e r n a l  u s e ,  a  phone r o s t e r  
a c t i o n  g u i d e / c h e c k l i s t  t h a t  d e s c r i b e  d e t a i l e d  p r o c e d u r e s  g o v e r n i n g  t h a t  
r e s p o n s e  t o  e m e r g e n c i e s .  

CHAPTER 111. N A T I O N A L  CONTINGENCY PLANNING 

I n d u s t r i a l  a c c i d e n t s  a r e  a n  u n a v o i d a b l e  by-product  o f  i n d u s t r i a l i z a t i o n .  I n  t h e  
v a s t  m a j o r i t y  o f  c a s e s  t h e s e  a c c i d e n t s  a r e  l i m i t e d  t o  t h e  f a c i l i t y  a n d / o r  w o r k e r s ,  
b e c a u s e  e i t h e r  t h e  t y p e s  o f  a c t i v i t i e s  a t  t h e  p l a n t  d o  n o t  p o s e  any  l a r g e - s c a l e  
t h r e a t ,  o r  t h e  a c c i d e n t  is s u c c e s s f u l l y  c o n t r o l l e d  b e f o r e  i t  s p r e a d s  o u t s i d e  t h e  
p l a n t .  U n f o r t u n a t e l y ,  f o r  c e r t a i n  t y p e s  o f  i n d u s t r i a l  e s t a b l i s h m e n t s ,  s u c h  a s  
r e f i n e r i e s  o r  e x p l o s i v e s  m a n u f a c t u r i n g  companies ,  t h e  p o s s i b i l i t y  e x i s t s ,  e v e n  i f  
e x t r e m e l y  remote ,  t h a t  a n  a c c i d e n t  w i l l  d e v e l o p  i n t o  a  l a r g e - s c a l e  d i s a s t e r .  F o r  
example ,  on 24 September  1977,  l i g h t n i n g  i g n i t e d  a n  e i g h t - m i l l i o n - g a l l o n  t a n k  o f  
d i e s e l  f u e l  a t  t h e  Union O i l  Company r e f i n e r y  i n  Romeovi l l e ,  I l l i n o i s .  S u b s e q u e n t l y  
two a d d i t i o n a l  t a n k s  c o n t a i n i n g  two m i l l i o n  and  f i v e  m i l l i o n  g a l l o n s  o f  g a s o l i n e  
were  i g n i t e d .  The s i t u a t i o n  was b r o u g h t  u n d e r  c o n t r o l  a f t e r  two d a y s  o f  f i r e  
f i g h t i n g  and d e l i v e r y  o f  20 ,000  g a l l o n s  o f  foam c o n c e n t r a t  a s  e x t i n g u i s h i n g  a g e n t .  

327 E i g h t e e n  f i r e  d e p a r t m e n t s  were  i n v o l v e d  i n  t h e  o p e r a t i o n s  . 
I n  t h i s  and i n  many o t h e r  c a s e s  t h e  p o p u l a t i o n  may be u n a f f e c t e d  by t h e  

d i s a s t e r ,  b u t  t h e  s i z e  o f  t h e  a c c i d e n t  r e q u i r e s  t h e  i n t e r v e n t i o n  o f  e x t e r n a l  
r e s o u r c e s  and manpower. I n  a d d i t i o n ,  t h e  economic l o s s  may b e  s t a g g e r i n g .  

N a t i o n a l  c o n t i n g e n c y  p l a n n i n g  is t h e  o n l y  e f f e c t i v e  way t o  combat l a r g e - s c a l e  
i n d u s t r i a l  a c c i d e n t s .  I t  r e q u i r e s  t h e  m o b i l i z a t i o n  o f  n a t i o n a l  r e s o u r c e s  and a  
c o - o r d i n a t i o n  e f f o r t  a t  a  l e v e l  h i g h e r  t h a n  a n y  p r i v a t e  companies  c a n  p r o v i d e :  i t  
r e q u i r e s  t h e  d i r e c t  i n t e r v e n t i o n  o f  t h e  government  a u t h o r i t y .  T h e r e f o r e ,  n a t i o n a l  
c o n t i n g e n c y  p l a n n i n g  is a  g o v e r n m e n t a l  r e s p o n s i b i l i t y .  Many p u b l i c  s t r u c t u r e s ,  from 
m i n i s t r i e s  t o  f i r e  d e p a r t m e n t s ,  may b e  i n v o l v e d  i n  its deve lopment ,  e l a b o r a t i o n ,  and  
i m p l e m e n t a t i o n .  

The r e a s o n s  f o r  e s t a b l i s h i n g  a  n a t i o n a l  c o n t i n g e n c y  p l a n  a r e  t o  p r o t e c t  w o r k e r s  
and  members o f  t h e  p u b l i c ,  t h e  i n d u s t r i a l  r e s o u r c e s  o f  t h e  c o u n t r y ,  and  t h e  
e n v i r o n m e n t  from t h e  c o n s e q u e n c e s  o f  i n d u s t r i a l  a c c i d e n t s .  I n  g r e a t e r  d e t a i l ,  a  
w e l l - c o n c e i v e d  n a t i o n a l  c o n t i n g e n c y  p l a n  w i l l :  

- l i m i t  t h e  c o n s e q u e n c e s  o f  a n  i n d u s t r i a l  a c c i d e n t  i n  terms o f  human l i v e s  and 
economic l o s s e s ;  - e n a b l e  t h e  c o u n t r y  t o  o r g a n i z e  and u t i l i z e  p r o p e r l y  n a t i o n a l  emergency teams  and 
r e s o u r c e s  i n  c a s e  o f  i n d u s t r i a l  d i s a s t e r ;  

- c o - o r d i n a t e  emergency r e s p o n s e  a c t i o n s  be tween  t h e  p l a n t  and l o c a l  r e s p o n s e  
teams;  



- make ava i l ab l e  t o  s i n g l e  i n d u s t r i e s  emerqency resources t h a t  they would n o t .  be 
ab le  t o  ob ta in  otherwise; 

- promote co-ord inat ion a c t i v i t i e s  between l o c a l  i n t e r v e n t i o n  teams; 
- i n s t i l  confidence w i t h i n  the i ndus t r y  and the pub l i c ;  and 
- de l inea te  the  a u t h o r i t y  o f  the government i n  i n d u s t r i a l  sa fe t y  and emergency 

response. 

A. P re l im inary  p lanning steps 

Nat iona l  contingency p lans are mainly co-ord inat ion plans. Therefore t h e i r  
focus w i l l  be on the d i s t r i b u t i o n  o f  r e s p o n s i b i l i t i e s  and tasks amonq the p a r t i e s  
invo lved  more than on the desc r i p t i on  o f  s p e c i f i c  ac t ions  t o  be taken i n  case o f  a 
major accident.  A hazard ana lys is  w i l l  be t he  f i r s t  s tep i n  the  p lanning process, 
fo l lowed by the  i d e n t i f i c a t i o n  o f  the comprehensive emerqency r e s p o n s i b i l i t i e s  o f  
t he  d i f f e r e n t  m i n i s t r i e s  and agencies. These two steps were in t roduced i n  Chapter 
11. 

The government should desiqnate a  m i n i s t r y  o r  agency t o  take t he  i n i t i a t i v e  t o  
commence the  p lanning process. Then the  represen ta t i ves  o f  the o ther  i n t e res ted  
m i n i s t r i e s  o r  agencies should be brought together  i n  a  se r i es  o f  meetings t o  develop 
t he  plan. A poss ib le  workplan might  be t o  c l a r i f y  dur ing  the  f i r s t  meetinq the 
necess i ty  f o r  such a  p l an  and how everybody would be c a l l e d  upon t o  meet expected 
needs. The p a r t i c i p a n t s  should be asked how they cou ld  a s s i s t  du r ing  an emergency. 
Some o f  those present w i l l  have c a p a b i l i t i e s  no t  p rev ious ly  recoqnized. T h ~ y  would 
then be requested t o  i n d i c a t e  i n  w r i t i n g  how they can best help.  A f t e r  the  meeting, 
those i n  attendance would be d iv ided  i n t o  workinq committees based on t he  
in fo rmat ion  they provided. 

A t  t he  f o l l ow ing  meetinq, command o rqan iza t ion  would be discussed. The 
committees o r  workinq groups would then i d e n t i f y  a l l  agencies, groups, o r  
organizat ions t h a t  could prov ide assistance t o  t h e i r  command s t a f f  assignment. A 
l i s t  should be developed o f  t he  resources ava i l ab l e  from each agency, how t he  
resources are t o  be obta ined (day and n i gh t ) ,  how they can be used and the 
approximate amount o f  t ime requ i red  t o  become operat ional .  The committee would send 
forms t o  resen ta t i ves  o f  t he  groups no t  i n  attendance so the d i sas te r  p l an  inventory  
can be completed. F i n a l l y ,  t he  resource l i s t s  would be co l lec ted ,  e d i t e d  and 
compiled. 

A t  the t h i r d  meeting the  p repara t ion  o f  the  continqency p l an  would be i n i t i a t e d .  
Each committee would develop a  p a r t i c u l a r  sec t ion  o f  t he  plan, d e t a i l i n g  how t he  
p a r t i c i p a n t s  and equipment designated i n  the  resource inven to ry  cou ld  best be used. 

The n a t i o n a l  contingency p l an  should inc lude  a  sec t i on  f o r  each committee 
func t ion ,  such as evacuat ion o r  safety ,  and o u t l i n e  the s p e c i f i c  du t i es  o f  each 
p a r t i c i p a n t  qroup and o f  t he  var ious d i v i s i o n s  and u n i t s  w i t h i n  t h a t  group. For  
example, t he  Po l i ce  Group cou ld  con ta in  munic ipa l ,  p r o v i n c i a l ,  n a t i o n a l  and 
a u x i l i a r y  personnel. The r o l e  o f  each would be designated as w e l l  as the 
r e s p o n s i b i l i t i e s  o f  s p e c i f i c  u n i t s  w i t h i n  the  group, such as t r a f f i c ,  spec i a l  
serv ice,  and communications. 

Once each f unc t i ona l  group has developed a  sec t ion  o f  the p l an  d e t a i l i n g  
r e s p o n s i b i l i t i e s  and dut ies,  t he  sect ions must be reviewed f o r  any areas o f  over lap 
o r  tasks t ha t  have been omit ted. Each agency must know i t s  r o l e  i n  the command 
o rqan iza t ion  and o v e r a l l  operat ions and where i t  would be expected t o  ass is t .  



B. Command and s e r v i c e  s t r u c t u r e s  

Two o f  t h e  main o b j e c t i v e s  o f  a  n a t i o n a l  c o n t i n g e n c y  p l a n  a r e  t o  d e f i n e  t h e  
command s t r u c t u r e  and t o  o r g a n i z e  t h e  d i f f e r e n t  r e s p o n s e  teams  i n t o  t h a t  s t r u c t u r e  
s o  t h a t  t h e  numerous n e c e s s a r y  o p e r a t i o n s  c o u l d  be  c a r r i e d  o u t  d u r i n g  l a r g e  s c a l e  
a c c i d e n t s .  A s u g g e s t e d  o r g a n i z a t i o n  c h a r t  o f  t h e  command s t r u c t u r e  is shown i n  
F i q u r e  1. 

F i g u r e  1: O r g a n i z a t i o n  c h a r t  of  t h e  command s t r u c t u r e  

A c c i d e n t  
Commander 

- 
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C o n d i t i o n s  Supply  S e c t o r  1 S e c t o r  

S u p p l y  S e c t o r  2 S e c t o r  



1 . Accident commander 

The accident commander i s  responsib le  f o r  manaqinq a l l  emergency scene 
operat ions. He should d i r e c t  the operat ions from a command post  appropr ia te  f o r  the 
mnqnitude and nature o f  the  inc iden t .  From t h i s  post he could ob ta i n  exper t  advice 
and co-ordinate the ac t ions  o f  the opera t iona l  fo rces  us ing  an emergency 
communications system i f  necessary. 

The commander must co-ordinate f i r e  f i g h t i n g  t a c t i c s  w i t h  o ther  ac t ions  such as 
process o r  p i p e l i n e  shutdown, and seek advice from p l a n t  o r  c a r r i e r  personnel w i t h  
knowledqe o r  spec ia l i zed  t r a i n i n g  i n  hand l ing  the products involved. The accident 
commander must oversee p lanning f o r  personnel, equipment, and other  ou ts ide  
assistance o r  support. He must be prepared t o  apply the  t a c t i c a l  operat ions 
necessary t o  conf ine and c o n t r o l  the  emergency. 

The accident commander has th ree  pr imary means o f  appra is inq  the emergency. The 
f i r s t  i s  by v i s u a l  observat ion o f  the emergency scene. I f  the  command post i s  no t  
adjacent t o  the  scene, someone e l se  may make a v i s u a l  check o f  the  seen and repo r t  
t o  the  commander. The t h i r d  method cons is ts  i n  the  use o f  prep lanning in fo rmat ion  
t h a t  should be ava i l ab l e  a t  the  command post. 

I f  i t  becomes necessary f o r  the  accident commander t o  leave the  command post,  
a u t h o r i t y  should be delegated t o  another o f f i c e r  and the commander should remain i n  
constant r a d i o  contact w i t h  him. 

2. Ove ra l l  command s t r u c t u r e  

The accident commander should delegate a u t h o r i t y  and r e s p o n s i b i l i t y  a t  any 
complex, l a rge  accident t o  l i n e  and s t a f f  o f f i c e r s .  The commander i s  then f r e e  t o  
develop the  o v e r a l l  s t ra tegy  and make t a c t i c a l  decisions. 

The l i n e  o f f i c e r s  are responsib le  f o r  ach iev ing the ob jec t i ves  o f  the acc ident  
commander's s t ra teqy  such as f i g h t i n g  a f i r e  o r  evacuat ing an area. The opera t iona l  
l i n e  i s  headed by the  l i n e  commander. A d i v i s i o n a l  o f f i c e r  may be responsib le  f o r  
each f r o n t  o f  t he  emeraency. 

The s t a f f  o f f i c e r s  p rov ide  techn ica l  assistance and support. The adm in i s t r a t i ve  
sec t i on  r e l i e v e s  t he  commander o f  per forming d e t a i l  work assoc ia ted w i t h  the  
accident.  The p lanning sec t ion  develops a l t e r n a t i v e  s t r a t e g i e s  and t a c t i c a l  
approaches f o r  the commander's review. The l o g i s t i c s  sec t i on  co-ordinates and 
acqui res needed suppl ies,  equipment, and personnel. Such an o rgan iza t ion  may be 
necessary i n  hazardous m a t e r i a l  acc idents  where many operat ions are involved. 

3. L i n e  operat ions 

The operat ion l i n e  commander i s  the  on-s i te  t a c t i c a l  commander and has immediate 
r e s p o n s i b i l i t y  f o r  removinq i n j u r e d  o r  exposed persons and l i m i t i n g  the spread o f  
t he  f i r e  o r  hazardous mate r ia l .  He r epo r t s  t o  the  acc ident  commander. H i s  
subsequent r e s p o n s i b i l i t i e s  i n c l ude  dec is ions about: 

- type o f  operat ion: con t r o l ,  a t tack ,  o r  withdraw; 
- resources needed by each qroup t o  ca r ry  out these operat ions; 
- escape routes t o  safe areas and appropr ia te  r e t r e a t  s ignals ;  
- handl ing unexpected hazardous s i t ua t i ons ;  and 
- how long  personnel are t o  s tay i n  a c t i o n  before r o t a t i o n  o r  be ing r e l i e ve .  



The o p e r a t i o n s  a t  l a r u e  a c c i d e n t s  can be d iv ided  i n t o  qeoy-dphica l  a r e a s  of 
a p p r o p r i a t e  s i z e ,  each wi th  a  s e c t o r  commander ( F i q .  1) who can be a s s igned  t o  t h e s e  
geoqraph ica l  a r e a s  o r  t o  s p e c i f i c  f u n c t i o n s  ( e .q .  evacua t ion  o r  decon tamina t ion ) .  

The r e s p o n s i b i l i t y  of a  l i n e  cmmand o f f i c e r  should  be t o  s u p e r v i s e  t h e  crew and 
c o - o r d i n a t e  its a c t i o n s  wi th  o t h e r  companies s o  they do no t  work a g a i n s t  each o t h e r .  
The crew must f u n c t i o n  a s  a  team; t h e  o f f i c e r  should  be concerned a t  a l l  t imes  wi th  
t h e  s a f e t y  and p r o t e c t i o n  of t h e  crew from exposure  t o  t o x i c  fume i n h a l a t i o n ,  poison 
i n q e s t i o n  o r  a b s o r p t i o n ,  p r e s s u r e  v e s s e l  r u p t u r e ,  c o r r o s i v e  a c t i o n ,  o r  exp los ion .  

4.  Suppor t ing  s e r v i c e s  s e c t i o n  

The suppor t inq  s e r v i c e s  s e c t i o n  i n c l u d e s  a communications o f f i c e r ,  medica l  
o f f i c e r ,  s a f e t y  o f f i c e r  and in fo rma t ion  o f f i c e r .  They a s s i s t  t h e  i n c i d e n t  commander 
i n  handl inq  t h e  d e t a i l s  a s s o c i a t e d  wi th  an emergency a c c i d e n t .  Th i s  s e c t i o n  d i r e c t s  
r a d i o  land l i n e  communications ( i n c l u d i n g  those  t o  o t h e r  a g e n c i e s ) ,  t r e a t s  t h e  
i n j u r e d ,  ma in ta ins  o v e r a l l  s a f e t y ,  and hand les  t h e  media. 

Communications o f f i c e r .  The communications o f f i c e r  must e s t a b l i s h  
communications wi th  a l l  responding and on-the-scene u n i t s ,  o u t s i d e  a q e n c i e s  and 
t e c h n i c a l  informat ion  sources .  He hand les  a l l  t r a n s m i s s i o n s  r ece ived  by and 
d i spa tched  from t h e  command pos t .  The o p e r a t i o n  l i n e  commander must p rov ide  
c o n s t a n t ,  s p e c i f i c  and t ime ly  feedback t o  t h e  communications o f f i c e r .  

The communications o f f i c e r  shou ld  o b t a i n  a  d e t a i l e d  list o f  t e l ephone  numbers o f  
l o c a l  people ( such  a s  MD's) and o u t s i d e  a g e n c i e s  which may have t o  be c a l l e d .  In  
many c a s e s  t e c h n i c a l  a s s i s t a n c e  may have t o  be r eques t ed  from emerqency r e sponse  
c e n t r e s  a s  desc r ibed  i n  Chapter  V .  

The communications o f f i c e r  shou ld  a l s o  know where t o  o b t a i n  a d d i t i o n a l  equipment 
such a s  power megaphones, p o r t a b l e  r a d i o s ,  power antennae ,  mobi le  t e l ephones ,  o r  an 
emerqency swi tchboard .  

Medical o f f i c e r .  The medica l  o f f i c e r  is r e s p o n s i b l e  f o r  p rov id ing  f i r s t  a i d  t o  
t h e  i n j u r e d  and make s u r e  t h a t  they  a r e  promptly t r a n s p o r t e d  f o r  t r e a t m e n t .  He may 
have t o  e s t a b l i s h  an a i d  s t a t i o n  t o  t a k e  c a r e  of v i c t i m s  o r  i n j u r i e s ;  f o r  major  
a c c i d e n t s ,  i t  may be  necessa ry  t o  s e t  up an e n t i r e  f i e l d  h o s p i t a l .  I f  necessa ry ,  he  
w i l l  r eques t  t h e  supply  o f f i c e r  t o  o b t a i n  medica l  s u p p l i e s ,  r e s u s c i t a t o r s ,  oxygen, 
and ambulances. He shou ld  have complete knowledge of l o c a l  h o s p i t a l s  and n o t i f y  
them accord inq ly  s o  t h a t  one is n o t  overcrowded whi l e  ano the r  a w a i t s  t h e  i n j u r e d .  

The medical  o f f i c e r  must a l s o  co-ordinate  wi th  a  co rone r  on i d e n t i f i c a t i o n  
procedues ,  removing bod ies ,  and e s t a b l i s h i n g  a  temporary morgue. In  s i t u a t i o n s  of 
l e s s e r  maqnitude t h e  d u t i e s  of t h e  s a f e t y  o f f i c e r  and t h e  medica l  o f f i c e r  may be 
combined. 

S a f e t y  o f f i c e r .  The s a f e t y  o f f i c e r  is r e s p o n s i b l e  f o r  t h e  l i f e  s a f e t y  of 
everyone:  emergency response  personnel  a t  t h e  scene ,  t h e  p u b l i c  i n  t h e  a r e a  and 
s p e c t a t o r s .  He must a s c e r t a i n  whether t h e r e  is a  p o t e n t i a l  r i s k  from hazardous  
m a t e r i a l s .  Other  d u t i e s  i nc lude :  i n f o n n i n ~  t h e  a c c i d e n t  commander of s a f e t y  
problems; a s s i s t i n g  i n  s t r a t e a i c  and t a c t i c a l  p lanning;  and reviewing a l l  s e c t o r  
s t a t u s  r e p o r t s  t o  i d e n t i f y  danger.  The s a f e t y  o f f i c e r  must have t h e  a u t h o r i t y  t o  
s t o p  unsa fe  o p e r a t i o n s  immediately i f  deemed necessa ry .  He should  make s u r e  t h a t  
s p e c i a l  p r o t e c t i v e  c l o t h i n g  is worn when necessa ry .  He may a l s o  have t o  e s t a b l i s h  
crowd c o n t r o l  l i n e s  o r  decontaminat ion  procedures ,  a long  wi th  moni tor ing  t h e  
c o n d i t i o n  of everyone working on t h e  scene .  



The s a f e t y  o f f i c e r  l i a i s e s  wi th  law m f o r  ?merit o f f i c i a l s  i n  o r d e r  t o  block o f f  
t h e  a r e a ,  r e - rou te  t r a f f i c ,  and r e s t r i c t  a c c e s s  t o  t h e  command pos t  and scene  of t h e  
a c c i d e n t .  

Informat ion  o f f i c e r .  The in fo rma t ion  o f f i c e r  is r e s p o n s i b l e  f o r  working wi th  
t h e  news media and s e e i n q  t h a t  p rope r  and c o r r e c t  i n fo rma t ion  is qiven ou t .  He 
should  provide  a c c u r a t e  in fo rma t ion  s o  t h a t  e r roneous  o r  embarrass inq  s t a t e m e n t s  a r e  
n o t  p l aced  on t h e  news wires. He should  dec ide  where t h e  p r e s s  w i l l  be al lowed t.o 
go. I t  may be a d v i s a b l e  t o  hold  news confe rences  i f  t h e  emerqency con t inues .  
Adequate t e l ephone  l i n e s ,  i n  a d d i t i o n  t o  those  f o r  t h e  command p o s t ,  shou ld  be  
e s t a b l i s h e d  f o r  t h e  media. 

5. Planninq s e c t i o n  

The p lanning s t a f f  c o n s i s t s  of  t h e  r e s o u r c e s  o f f i c e r ,  c o n d i t i o n s  o f f i c e r ,  end 
water  supply  o f f i c e r .  They a r e  r e s p o n s i b l e  f o r  a s s i s t i n g  t h e  a c c i d e n t  commander by 
developing a l t e r n a t i v e  s t r a t e g i e s  and t a c t i c a l  o p e r a t i o n s .  The p l ann ing  is done i n  
co -o rd ina t ion  wi th  t h e  commanders of t h e  l o q i s t i c s  and ope ra t ion  l i n e  s e c t i o n s .  The 
p lanning s e c t i o n  must a l s o  c o n s i d e r  and p r e s e n t  a l t e r n a t i v e s  on how t h e  o p e r a t i o n  
l i n e  s e c t i o n  can be d iv ided  i n t o  d i v i s i o n s  and s e c t o r s ;  what equipment and pe r sonne l  
shou ld  be he ld  i n  r e s e r v e ;  t h e  l o c a t i o n  of t h e  s t a g i n g  a r e a  (where t h e  r e s e r v e  
equipment is kep t ) ;  p o s s i b l e  a c c i d e n t  sp read ,  s a f e t y ,  and s p e c i a l  problems; 
co -o rd ina t ion  of p lanning wi th  l i a i s o n ,  l o g i s t i c s ,  and o p e r a t i o n  l i n e  s e c t i o n s ;  and 
p l a n s  f o r  t h e  s a f e  l o c a t i o n  of t h e  command pos t .  

Resources o f f i c e r .  The r e s o u r c e s  o f f i c e r  de termines  t h e  number of companies 
t h a t  have responded o r  a r e  en  r o u t e  t o  t h e  scene  of t h e  a c c i d e n t .  H i s  d u t i e s  a r e  
t o  r eco rd  a r r i v i n g  companies, keep t r a c k  of t h e i r  ass ignments ,  and supply  t h e  
a c c i d e n t  commander wi th  c u r r e n t  r e s o u r c e s ,  i n c l u d i n g  which companies a r e  a c t u a l l y  
a v a i l a b l e  f o r  assignment.  He a l s o  m a i n t a i n s  t h e  c h a r t  of  command p o s t  s t a f f  
ass ignments .  

Cond i t ions  o f f i c e r .  The c o n d i t i o n s  o f f i c e r  keeps r e c o r d s  of what is happening on 
t h e  scene  and p repa res  p r o q r e s s  r e p o r t s  of  t h e  s i t u a t i o n  f o r  t h e  a c c i d e n t  commander. . - 

The r e p o r t s  should  i n c l u d e  t h e  a r e a  invo lved ,  p o s s i b i l i t y  and d i r e c t i o n  of s p r e a d ,  
p r o q r e s s  of t h e  o p e r a t i o n  l i n e  f o r c e s ,  and any s p e c i a l  f a c t o r s ,  such  a s  r e r o u t i n g  of 
t r a f f i c ,  a r r i v a l  of s p e c i a l  e x t i n g u i s h i n g  a g e n t s ,  o r  evacua t ion  procedures .  The 
c o n d i t i o n s  o f f i c e r  shou ld  ma in ta in  an o v e r a l l  t a c t i c a l  c o n t r o l  c h a r t ,  which would 
d e t a i l  t h e  l o c a t i o n  of companies a t  t h e  scene  and t h e i r  assignment.  Th i s  c h a r t  
would a l s o  show t h e  s e c t i o n i n q  of t h e  a c c i d e n t  f r o n t s ,  t h e  p o s i t i o n i n g  of a p p a r a t u s ,  
and a t t a c k  p o s i t i o n s .  

A v a r i e t y  of r e c o r d s  must b e  kept  a t  t h e  command pos t  du r ing  a  hazardous  
m a t e r i a l s  s i t u a t i o n  and a  r eco rd  system should  a l r e a d y  be e s t a b l i s h e d .  Records of 
a l l  d e c i s i o n s  should  be c l e a r ,  showing who made them, and why. Records w i l l  a s s i s t  
i n  p lanning f o r  t h e  n e x t  a c c i d e n t  and p o i n t  o u t  a r e a s  i n  need f o r  improvement. They 
w i l l  a l s o  s e r v e  a s  a  j u s t i f i c a t i o n  f o r  any monies s p e n t  du r ing  t h e  a c c i d e n t .  

Water supply  o f f i c e r .  The v a s t  m a j o r i t y  of i n d u s t r i a l  a c c i d e n t s  i n c l u d e  f i r e s .  
I n  such c a s e s ,  a  s t a f f  o f f i c e r  should  be a s s iqned  t h e  t a s k  of making a v a i l a b l e  t o  
t h e  response  teams t h e  most common f i r e  e x t i n g u i s h i n g  agent:  water .  The wa te r  
supply  o f f i c e r  performs numerous f u n c t i o n s  such a s  de t e rmin ing  t h e  l o c a t i o n ,  
a c c e s s i b i l i t y ,  and q u a n t i t i e s  of  water a v a i l a b l e  from a l l  u s a b l e  s o u r c e s ,  e v a l u a t i n q  
t h e  water  requi rements  o r  q u a n t i t y  needed f o r  planned o p e r a t i o n s ,  and i n i t i a t i n g  
wa te r  supply  o p e r a t i o n s  t o  overcome d e f i c i e n c i e s .  



He s h o u l d  o b t a i n  maps i n d i c a t i r . - )  s t o r a g e  c a p a c i t i e s ,  main s i z e s ,  h y d r a n t  
l o c a t i o n s ,  and f l o w s  a v a i l a b l e  i n  v a r i o u s  a r e a s .  The w a t e r  s u p p l y  o f f i c e r  w i l l  need  
t o  know a p p a r a t u s  c a p a c i t i e s ,  l o c a t i o n s ,  number o f  l i n e s  i n  o p e r a t i o n ,  p r e s s u r e  
d r o p s ,  r e s i d u a l  p r e s s u r e s ,  a v a i l a b l e  h o s e ,  and d i s c h a r q e  p o r t s .  H i s  d u t i e s  o v e r l a p  
t h e  d u t i e s  o f  l i n e  o p e r a t i o n s .  

6 .  L o g i s t i c s  s e c t i o n  

The l o q i s t i c s  s e c t i o n  c o n s i s t s  o f  t h e  l i a i s o n  o f f i c e r  and s u p p l y  o f f i c e r .  T h i s  
s e c t i o n  is r e s p o n s i b l e  f o r  p r o v i d i n g  p e r s o n n e l  and m a t e r i a l  f o r  t h e  d u r a t i o n  t o  
c o n t r o l  t h e  h a z a r d o u s  m a t e r i a l  emerqency. 

L i a i s o n  o f f i c e r .  The l i a i s o n  o f f i c e r  c o - o r d i n a t e s  t h e  a c t i o n s  o f  o u t s i d e  
a q e n c i e s  who c a n  o f f e r  a s s i s t a n c e  t o  t h e  emergency r e s p o n s e  team. The o f f i c e r  s h o u l d  
know who r e p r e s e n t s  t h e  v a r i o u s  a g e n c i e s  and where a n d / o r  how t o  c o n t a c t  them. 

Some o f  t h e  a g e n c i e s  w i t h  which l i a i s o n  w i l l  be  m a i n t a i n e d  i n c l u d e  law 
e n f o r c m e n t ;  r e s c u e  o r  emerqency m e d i c a l  s e r v i c e s ;  l o c a l  government  o f f i c i a l s ;  
u t i l i t y  company p e r s o n n e l ,  e s p e c i a l l y  w a t e r ,  sewer, t e l e p h o n e ,  and  e l e c t r i c a l ;  
h e a l t h  o f f i c i a l s ,  h o s p i t a l s ,  and ambulance s e r v i c e s ;  t h e  c i t y  l a w y e r  f o r  l e g a l  
a d v i c e ,  i f  n e c e s s a r y ;  l o c a l  e n v i r o n m e n t a l  a g e n c i e s ;  l o c a l  c o n t r a c t o r s  f o r  heavy 
equipment ;  s e r v i c e  q r o u p s  f o r  f a c i l i t i e s  i f  e v a c u a t i o n  .o f  l a r g e  numbers  is 
n e c e s s a r y ;  and m a n u f a c t u r e r s '  r e p r e s e n t a t i v e s  o r  t r a d e  a s s o c i a t i o n  o f f i c i a l s  who 
respond  t o  p r o v i d e  t e c h n i c a l  a s s i s t a n c e .  

Because  of  t h e  number o f  a q e n c i e s  i n v o l v e d ,  t h e  l i a i s o n  o f f i c e r  w i l l  be  i n  
c h a r g e  o f  any e v a c u a t i o n  o p e r a t i o n s  n e c e s s a r y .  

Supply  o f f i c e r .  The s u p p l y  o f f i c e r  m a i n t a i n s  t h e  s t a g i n g  a r e a  where t h e  r e s c u e  
eouipment  is k e p t .  He w i l l  a c q u i r e ,  s t o r e ,  and  r e c o r d  a l l  r e s o u r c e s .  The s u p p l y  
o f f i c e r  s e n d s  t o o l s ,  equ ipment ,  p e r s o n n e l ,  and  a p p a r a t u s  t o  t h e  l i n e  s e c t i o n s  a t  t h e  
s c e n e  o f  t h e  a c c i d e n t  on o r d e r s  o f  t h e  a c c i d e n t  commander. He must  t h e n  i n f o r m  t h e  
r e s o u r c e  o f f i c e r  o f  t h e  a s s i q n m e n t s .  

The s u p p l y  o f f i c e r  must k e e p  a n  i n v e n t o r y  o f  equ ipment  and make s u r e  t h a t  
s u p p l i e s  a r e  m a i n t a i n e d .  Equipment and m a t e r i a l  t h a t  mioht  be  needed  d u r i n g  a n  
emerqency would be: b r e a t h i n g  a p p a r a t u s ;  g e n e r a t o r s  and l i g h t s  f o r  n i g h t t i m e  
o p e r a t i o n s ;  s p e c i a l  p r o t e c t i v e  c l o t h i n g ;  ample s u p p l i e s  o f  e x t i n g u i s h i n g  a g e n t s ;  
equ ipment  f o r  damming and d i k i n g ,  s u c h  as dump t r u c k s ,  f r o n t  l o a d e r s ,  a n d  
b u l l d o z e r s ;  e x t r a  s u p p l i e s  o f  h o s e ;  c r a n e s ;  tow t r u c k s ;  f l o a t i n g  booms o r  a b s o r b i n g  
m a t e r i a l s  f o r  o i l  o r  c h e m i c a l  s p i l l s ;  d e c o n t a m i n a t i o n  o r  n e u t r a l i z i n g  m a t e r i a l s  f o r  
c o r r o s i v e s ,  p o i s o n s  o r  p e s t i c i d e s  ( t h e s e  c o u l d  i n c l u d e  l i m e ,  s o d a ,  a s h  and c h l o r i n e  
b l e a c h  t o  name o n l y  a  f e w ) ;  and  normal  s u p p l y  o f  g a s o l i n e ,  d i e s e l  f u e l  and o i l .  

C .  A c t i o n s  u n d e r  t h e  N a t i o n a l  Cont inqency  P l a n  

N a t i o n a l  c o n t i n q e n c y  p l a n s  a r e  comprehens ive  p l a n s  g e a r e d  t o w a r d s  o r g a n i z i n g  
emeraency r e s o u r c e s  r a t h e r  t h a n  d e s c r i b i n g  s p e c i f i c  a c t i o n s  t o  be  t a k e n .  More 
d e t a i l e d  q u i d e l i n e s  c a n  b e  found  i n  r e s p o n s e  p l a n s  d e v e l o p e d  by emergency r e s p o n s e  
o r  i n d u s t r i e s  t h e m s e l e v e s  ( s e e  C h a p t e r  IV 
on how t o  h a n d l e  a  m a j o r  emergency.  Some o f  

1. A c t i v a t i o n  o f  t h e  p l a n  

The s e q u e n c e  of  e v e n t s  which c u l m i n a t e s  
c o n t i n q e n c y  p l a n  i s ,  i n  o t v e r a l ,  t h e  follow! 

. Only g e n e r a l  i n d i c a t i o n s  c a n  be  g i v e n  
t h e s e  a r e  r e f e r r e d  t o  below. 

i n  t h e  i m p l e m e n t a t i o n  o f  t h e  n a t i o n a l  
no: 



( a )  The f i r s t  a l a r r .  is communicated t o  an emergency response  team such a s  p o l i c e  o r  
f i r e  f i g h t e r s  which a r r i v e  a t  t h e  scene  of t h e  a c c i d e n t  and begin  t h e  r e sponse  
ope ra t ions .  

(b)  The canmnnder of t h e  response  team d e c i d e s  t h a t  r e s o u r c e s  a r e  n o t  s u f f i c i e n t  t o  
h r i n q  t h e  acc iden t  under c o n t r o l .  He a s k s  f o r  re inforcement  from, f o r  example, 
o t h e r  f i r e  depar tments  i n  t h e  same a r e a .  

( c )  Thp j o i n t  response  team still cannot  c o n t r o l  t h e  a c c i d e n t .  The a c c i d e n t  
commander a l e r t s  t h e  a u t h o r i t y  i n  cha rge  of a c t i v a t i n g  t h e  n a t i o n a l  cont ingency 
p lan .  

( d )  An emergency is d e c l a r e d  and t h e  implementation of t h e  p l an  begins .  

Of cour se ,  t h e  a c c i d e n t  commander can a l e r t  t h e  a u t h o r i t y  who has  t h e  power t o  
a c t i v a t e  t h e  p l an  and ask  f o r  its implementation i n  any phase of t h i s  sequence.  

The a u t h o r i t y  i n  cha rqe  of a c t i v a t i n g  t h e  p l an  w i l l  be,  i n  g e n e r a l ,  a  h igh  
rankinq o f f i c e r  o f  t h e  a d m i n i s t r a t i o n ,  most l i k e l y  i n  t h e  Min i s t ry  of I n t e r i o r ,  o r  
any e a u i v a l e n t  a u t h o r i t y .  A l t e r n a t i v e l y ,  t h i s  a u t h o r i t y  
r e p r e s e n t a t i v e s  of t h i s  m i n i s t r y  a t  t h e  p r o v i n c i a l  l e v e l  
whole procedure.  

The a u t h o r i t y  who a c t i v a t e s  t h e  p l an  is a l s o  t h e  
o p e r a t i o n s .  T h i s  command r e s p o n s i b i l i t y  may be de 
e s p e c i a l l y  des igna ted  f o r  t h i s  job.  

can be d e l e g a t e d  t o  t h e  
i n  o r d e r  t o  a c c e l e r a t e  t h e  

person i n  charge  ,of t h e  
ega ted  t o  ano the r  o f f i c e r  

2.  Es tabl i shment  of t h e  command pos t  

The command p o s t  is t h e  o p e r a t i n g  c e n t r e  from which d e f i n i t e  c o n t r o l  of t h e  
a c c i d e n t  is e x e r c i s e d  and mainta ined.  A l l  i n t e l l i g e n c e ,  feedback and in fo rma t ion  
w i l l  be d i r e c t e d  t o  t h i s  one p l ace .  

I n  o r d e r  t o  co-ordinate  t h e  a c t i o n s  of t h e  response  teams a t  t h e  a c c i d e n t  
l o c a t i o n ,  an advanced command p o s t  cou ld  a l s o  be e s t a b l i s h e d  and p laced under t h e  
a u t h o r i t y  of t h e  o p e r a t i o n  l i n e  commander. A l l  d i v i s i o n  o r  s e c t o r  commanders shou ld  
g i v e  p e r i o d i c  p rogres s  r e p o r t s  t o  t h e  advanced command pos t .  The r e p o r t s  shou ld  
i n c l u d e  t h e  c u r r e n t  a c c i d e n t  s i t u a t i o n  and c o n t r o l  p r o b a b i l i t y ,  any r e scue  o r  
evacua t ion  procedures ,  s a f e t y  concerns ,  t h e  c o n d i t i o n  of t h e  a r e a  a f f e c t e d  by t h e  
a c c i d e n t ,  any f u r t h e r  r e source  requi rements ,  and any s p e c i a l  developments i n  t h e  
hazardous  s i t u a t i o n .  

The feedback provided by t h e  o p e r a t i o n  l i n e  commander and by t h e  o f f i c e r s  i n  
cha rge  of t h e  d i f f e r e n t  s e c t i o n s  is then channe l l ed  t o  t h e  a c c i d e n t  commander. 

3. Development and implementation of response  s t r a t e g y  

On t h e  b a s i s  of a l l  t h e  in fo rma t ion  ob ta ined ,  t h e  a c c i d e n t  commander w i l l  
develop t h e  a c c i d e n t  response  s t r a t e g y .  Gene ra l ly  speaking he h a s  t h r e e  op t ions :  
c o n t r o l  t h e  a c c i d e n t ,  a t t a c k  i t  (e .q .  a  f i r e ) ,  o r  withdraw. The a c t u a l  s t r a t e g y  may 
be  a  combination of t h e s e  t h r e e  e lements .  Response a c t i o n s  a r e  l i k e l y  t o  be r a t h e r  
complex, a s  a r e  t h e  co-ordinated  a c t i v i t i e s  c a r r i e d  o u t  by t h e  response  teams. 
T h e r e f o w ,  a  thoroughly d e t a i l e d  account is imposs ib le .  

Many problems a r i s e  i n  t h e  d e c i s i o n  making p rocess  du r ing  an a c c i d e n t .  Most of 
them a r e  a t t r i b u t a b l e  t o  l ack  of i n fo rma t ion  ( o r  l ack  of c o r r e c t  i n fo rma t ion )  and 



c o m m u n i c a t ~ o n  prob lems .  Examples a r e :  p o s s i b l e  unknown p r o d u c t s ;  p l a c e s  t h a t  c a n n o t  
be  s e e n  o r  e a s i l y  r e a c h e d  ( a  t r a i n  may be  a  m i l e  o r  l o n q e r  i n  l e n q t h ) :  r e s p o n d i n q  
u n i t s  may become committed b e f o r e  b e i n g  g i v e n  a  d e f i n i t e  a s s i g n m e n t ;  d i f f i c u l t i e s  i n  
i n  c o - o r d i n a t i n q  m u l t i p l e  companies ,  m u l t i - d e p a r t m e n t  o r  m u l t i - a g e n c i e s  o p e r a t i o n s ;  
and h e s i t a t i o n  i n  t h e  dec i s ion-makinq  p r o c e s s .  

4. E v a c u a t i o n  

E v a c u a t i o n  is c o n s i d e r e d  t o  be  t h e  removal ,  from t h e  immedia te  a r e a  o f  d a n g e r ,  
o f  a l l  p r i v a t e  c i t i z e n s ,  i n c l u d i n g  p u b l i c  o f f i c i a l s ,  p r e s s ,  n o n e s s e n t i a l  employees  
o r  o f f i c i a l s ,  and a l l  non-working emergency r e s p o n s e  p e r s o n n e l .  

E v a c u a t i o n  may be  n e c e s s a r y  downwind f o r  g a s e s  and v a p o u r s ,  downqrade f o r  
l i q u i d s  o r  h i q h  vapour  d e n s i t y  g a s e s ,  o r  i n  a  c i r c u l a r  a r e a  f o r  p r o d u c t s  t h a t  
p o l y m e r i z e ,  r u p t u r e ,  o r  e x p l o d e .  A s i m p l e  r u l e  o f  thumb is t o  i n i t i a t e  e v a c u a t i o n  
f o r  a t  l e a s t  one m i l e .  I n  l a r g e r  m e t r o p o l i t a n  a r e a s ,  e v a c u a t i o n  i n  a  one-mile  
r a d i u s  would be a m a j o r  u n t e r t a k i n q  r e q u i r i n q  a  c o n s i d e r a b l e  amount o f  time. 

E v a c u a t i o n ,  e s p e c i a l l y  when d e a l i n g  w i t h  l a r g e  numbers o f  p e o p l e ,  i m m e d i a t e l y  
b r i n q s  on numerous d i f f i c u l t i e s  and problems.  Many q u e s t i o n s  must  be  answered  i n  t h e  
p l a n n i n q  s t a g e  by e s t a b l i s h i n g  p r o c e d u r e s  o r  s t r a t e q i e s  t o  meet  t h e s e  prob lems .  
Some o f  t h e  q u e s t i o n s  a r e :  

- How t o  a l e r t  p e o p l e  e f f e c t i v e l y ?  
- How t o  h a n d l e  p e r s o n s  who w i l l  n o t  want t o  move u n l e s s  t h e y  c a n  s e e  imminent 

danqer?  
- How w i l l  l a r g e  g r o u p s  b e  moved? ( f o r  example ,  C h i c  g o  once  had t o  e v a c u a t e  

329  1 6 , 0 0 0  p e r s o n s  n e a r  a  s i l i c o n e  t e t r a c h l o r i d e  cloud- ) 
- How w i l l  p e r s o n s  i n  t h e  a r e a  b e  moved i f  t h e y  c a n n o t  d r i v e  b e c a u s e  o f  p o o r  

v i s i b i l i t y ?  
- I f  n e c e s s a r y ,  how w i l l  t h e  p u b l i c  b e  moved t h r o u q h  a  vapour  c l o u d ?  Both t h i s  and  

t h e  r o u t i n g  recommended u n d e r  t h e  c i r c u m s t a n c e s  may n e e d  c o n s i d e r a t i o n  b e f o r e  
e v a c u a t i o n  is i n i t i a t e d .  

- How w i l l  t h e  f i n a l  check b e  made t o  see t h a t  e v e r y o n e  h a s  l e f t  t h e  d a n g e r  a r e a ,  
e s p e c i a l l y  a t  n i g h t ?  

- Where w i l l  s u f f i c i e n t  p e r s o n n e l  b e  r e c r u i t e d ,  i n  a  minimum of  time, t o  per form 
a n  a d e q u a t e  e v a c u a t i o n ?  

- How w i l l  t h e y  be  t r a i n e d  f o r  s e a r c h  and  e v a c u a t i o n ?  

The p e r s o n n e l  t o  d o  e v a c u a t i o n  work may b e  a  c r i t i c a l  f a c t o r .  I n  many 
s i t u a t i o n s  t h e  f i r e  s e r v i c e  w i l l  be  c o n c e n t r a t i n q  on c o n t r o l l i n g  t h e  s i t u a t i o n  and 
w i l l  o n l y  be  a b l e  t o  c o m p l e t e  e v a c u a t i o n  i n  t h e  immedia te  p r o x i m i t y  o f  t h e  emergeny. 
P o l i c e  l i n e s  s h o u l d  b e  s e t  up a t  t h e  d e s i q n a t e d  p e r i m e t e r  and n o  one a l l o w e d  i n  t h e  
a r e a .  P o l i c e  s h o u l d  a l s o  t a k e  c a r e  o f  t h e  e v a c u a t i o n  p r o c e d u r e .  

5. R e s t o r a t i o n  o f  s e r v i c e s  

The a c c i d e n t  commander may a l s o  be  r e q u i r e d  t o  c o - o r d i n a t e  t h e  r e s t o r a t i o n  o f  
s e r v i c e s .  A number o f  v i t a l  s e r v i c e s  c o u l d  be  i m p a i r e d  by t h e  a c c i d e n t ,  t h u s  
c r e a t i n q  minor  e m e r q e n c i e s  o f  t h e i r  own. Examples a r e  c o n t a m i n a t i o n  o f  t h e  a r o u n d  
w a t e r  t a b l e  s u p p l y i n q  w e l l s  o r  t h e  w a t e r  s o u r c e  f o r  a  communi ty ' s  w a t e r  f i l t r a t i o n  
p l a n t .  A u x i l i a r y  w a t e r  s u p p l i e s  w i l l  h a v e  t o  be  p r o v i d e d  f o r  t h e  p o p u l a t i o n .  T h i s  
c o u l d  p o s s i b l y  i n v o l v e  f i r e  d e p a r t m e n t  o p e r a t i o n s .  Another  example would b e  t h e  
r e s t o r a t i o n  o f  e l e c t r i c a l  power. The f i r e  d e p a r t m e n t  may h a v e  t o  s u p p l y  emergency 
l i g h t s  o r  power f o r  v i t a l  o p e r a t i o n s  w h i l e  a w a i t i n q  t h e  i n t e r v e n t i o n  o f  t h e  power 
company p e o p l e .  Numerous o t h e r  s e r v i c e s  r e q u i r i n a  t h e  a s s i s t a n c e  o f  t h e  f i r e  
d e p a r t m e n t  and c o - o r d i n a t i o n  o f  t h ~  a c c i d e n t  commander miqht  b e  n e c e s s a r y  t o  b r i n g  
t h e  a c c i d e n t  t o  a  s u c c e s s f u l  c o m p l e t i o n .  



D. L e q i s l o t i o n  and s t a n d a r d s  

The e x i s t e n c e  and enforcement of a  p rope r  l e g i s l a t i o n  on i n d u s t r i a l  p l a n t  s a f e t y  
and a c c i d e n t  p reven t ion  is a  necessa ry  p r e r e a u i s i t e  f o r  t h e  p r e p a r a t i o n  of n a t i o n a l  
contingency p lans .  

I n  o r d e r  t o  have a  c l e a r  p i c t u r e  of t h e  i n d u s t r i a l  t u a t i o n  o f  t h e  coun t ry ,  t h e  
39) government could  make a  census  of t h e  l o c a l  i n d u s t r i e s  . 

Q u e s t i o n n a i r e s  and p l a n t  i n s p e c t i o n s  by t e c h n i c a l  government r e p r e s e n t a t i v e s  
could  be u t i l i z e d  f o r  t h i s  purpose i n  o r d e r  t o  l e a r n :  

1. Informat ion  r e l a t i n g  t o  t h e  i n s t a l l a t i o n s ,  such as :  

- type  of i n d u s t r i a l  a c t i v i t i e s ;  
- geograph ica l  l o c a t i o n  of t h e  i n s t a l l a t i o n s  and predominant me teo ro log ica l  

c o n d i t i o n s  and s o u r c e s  of danger a r i s i n g  from t h e  l o c a t i o n  o f  t h e  s i te;  
- t h e  maximum number of pe r sons  working on t h e  s i t e  of t h e  e s t a b l i s h m e n t ,  

p a r t i c u l a r l y ,  t hose  pe r sons  exposed t o  t h e  hazard;  
- a  g e n e r a l  d e s c r i p t i o n  of t h e  t e c h n o l o g i c a l  p rocesses ;  
- a  d e s c r i p t i o n  of t h e  s e c t i o n s  of t h e  e s t ab l i shmen t  which a r e  impor tant  from 

t h e  po in t  of view of s a f e t y ,  t h e  s o u r c e s  o f  hazard  and t h e  c o n d i t i o n s  under 
which a  major a c c i d e n t  cou ld  occur ,  t o q e t h e r  w i th  a  d e s c r i p t i o n  of t h e  
p r e v e n t i v e  measures planned; , 

- arrangements  made t o  ensu re  t h a t  t h e  t e c h n i c a l  means necessa ry  f o r  t h e  s a f e  
o p e r a t i o n  o f  t h e  p l a n t  and t h e  c a p a c i t y  t o  d e a l  wi th  any ma l func t ions  a r e  
a v a i l a b l e  a t  a l l  t imes .  

2.  Informat ion  on s u b s t a n c e s  p r e s e n t  a t  t h e  i n s t a l l a t i o n s ,  such a s :  

subs t ances  s t o r e d  o r  used i n  connexion wi th  i n d u s t r i a l  a c t i v i t i e s ;  
f i n a l  p roduc t s ,  by-products and r e s i d u e s ;  
d a t a  on subs t ance  i d e n t i f i c a t i o n  ( i . e .  chemical  and t r a d e  names, e m p i r i c a l  
formula,  composit ion and degree  of p u r i t y ) ;  
t h e  s t a g e  of a c t i v i t y  i n  which s u b s t a n c e s  a r e  involved o r  may be involved;  
q u a n t i t y  ( o r d e r  of  magnitude) ; 
chemical and/or p h y s i c a l  behaviour under normal c o n d i t i o n s  of u se  du r ing  t h e  
t h e  p rocess ;  
t h e  forms i n  which t h e  s u b s t a n c e s  may occur  o r  i n t o  which they  may be 
t ransformed i n  c a s e  of abnormal c o n d i t i o n s  (which can be fo re seen ) ;  
i f  necessa ry ,  o t h e r  dangerous s u b s t a n c e s  whose presence  cou ld  have an e f f e c t  
on p o t e n t i a l  haza rds  p re sen ted  by t h e  r e l e v a n t  i n d u s t r i a l  a c t i v i t i y ;  
d e t e c t i o n  methods a v a i l a b l e  a t  t h e  i n s t a l l a t i o n ;  
methods a v a i l a b l e  a t  t h e  i n s t a l l a t i o n  f o r  r ende r ing  t h e  subs t ance  harmless ;  
i n d i c a t i o n  of haza rds  t o  man and environment. 

3. Informat ion  r e l a t i n g  t o  p o s s i b l e  major a c c i d e n t  s i t u a t i o n s ,  t h a t  is t o  say:  

- emergency measures l a i d  down by t h e  manufacturer  i n  t h e  even t  of a c c i d e n t  
d i s p e r s i o n  of dangerous s u b s t a n c e s  mentioned i n  item 2; 

- emergency p l a n s ,  i n c l u d i n g  s a f e t y  equipment, a larm sys tems and r e s o u r c e s  
a v a i l a b l e  i n s i d e  t h e  e s t ab l i shmen t  f o r  d e a l i n g  wi th  a  major a c c i d e n t ;  

- any informat ion  necessa ry  f o r  t h e  competent a u t h o r i t i e s  t o  enab le  them t o  
p repa re  emergency p l a n s  f o r  u se  o u t s i d e  t h e  e s t ab l i shmen t ;  

- names of t h e  person,  d e p u t i e s  o r  q u a l i f i e d  body r e s p o n s i b l e  f o r  s a f e t y  and 
who a r e  au tho r i zed  t o  s e t  emeraency p l a n s  i n  motion and a l e r t  a u t h o r i t i e s .  



The a o v e r n m e n t c o u l d  a l s o  r e q u i r e  t h a t  s e r i o u s  i n d u s t r i a l  a c c i d e n t s  b e  prompt ly  
n o t i f i e d  s o  t h a t  s t e p s  can  be  t a k e n  t o  a l l e v i a t e  t h e  c o n s e q u e n c e s  ( i n c l u d i n g  
lonq- te rm)  and p r e v e n t  t h e  r e c u r r e n c e  o f  s u c h  a c c i d e n t s .  Examples o f  s e r i o u s  
a c c i d e n t s  a r e :  

- any  a c c i d e n t  which c a u s e s  d e a t h  o r  r e s u l t s  i n  d i s a b l e m e n t  f o r  more t h a n  g i v e n  
t i m e  ( e . q .  3 d a y s )  from a  p e r s o n ' s  r e g u l a r  j o b ;  

- f i r e s  o r  e x p l o s i o n s  due t o  v a p o u r ,  g a s  o r  d u s t  which r e s u l t  i n  damages t o  t h e  
workroom o r  equ ipment  and which c a u s e  more t h a n  a  f i x e d  down t i m e  t o  t h e  p l a n t  
( e . g .  5 h o u r s ) ;  

- r e l e a s e  o f  t o x i c  s u b s t a n c e s  i n  t h e  p l a n t  o r  t h e  e n v i r o n m e n t  beyond limits 
d e t e r m i n e d  f o r  e a c h  s u b s t a n c e .  

I n f o r m a t i o n  on t h e  a c c i d e n t  s h o u l d  be  s u p p l i e d  by t h e  m a n u f a c t u r e r s  t o  a n  
o p p o s i t e l y  d e l e g a t e d  aqency and b e  c o n c e r n e d  w i t h :  

- t y p e  o f  a c c i d e n t  ( e x p l o s i o n ,  f i r e ,  t o x i c  r e l e a s e ) ;  
- d e s c r i p t i o n  o f  t h e  a c c i d e n t ' s  c i r c u m s t a n c e s ;  
- d a n g e r o u s  s u b s t a n c e s  i n v o l v e d ;  
- n a t u r e  and e x t e n t  of d m a q e  t o  p e r s o n s '  p r o p e r t i e s  and e n v i r o n m e n t ,  b o t h  

w i t h i n  and o u t s i d e  t h e  p l a n t ;  
- CRUSRS o f  t h e  a c c i d e n t ;  
- d a t a  a v a i l a b l e  f o r  a s s e s s i n g  t h e  e f f e c t s  on m a n ' s  e n v i r o n m e n t ;  

1 

T h e r e  a r e  c e r t a i n  i n d u s t r i a l  a c t i v i t i e s  which a r e  more l i a b l e  t h a n  o t h e r s  t o  
c a u s e  m a j o r  a c c i d e n t s .  The aovernment  c o u l d  r e c o g n i z e  t h i s  by means o f  a  
l e q i s l a t i v e  a c t  which c l a s s i f i e s  i n d u s t r i e s  a c c o r d i n g  t o  t h e  t h r e a t  t h e y  p r e s e n t  t o  
man a n d  envi ronment .  T h i s  c l a s s i f i c a t i o n  c o u l d  d i v i d e  i n d u s t r i a l  a c t i v i t i e s  i n  
b r o a d  q r o u p s  ( e . g .  c h e m i c a l  i n d u s t r i e s )  o r  n a r r o w e r  g r o u p s  (e .9 .  e x p l o s i v e  
m a n u f a c t u r i n g  i n d u s t r i e s ) .  Then, r e g u l a t i o n s  c o u l d  b e  s e t  on p r o p e r  d e s i g n ,  
o p e r a t i o n ,  and  m a i n t e n a n c e  o f  t h e  p l a n t s .  I n  p a r t i c u l a r ,  r e g u l a t i o n s  s h o u l d  d e a l  
w i t h  s u b j e c t s  s u c h  a s  p l a n t  s p a c i n g  and l a y o u t ,  v e n t i l a t i o n  o f  n o x i o u s  p r o c e s s e s ,  
c o n t r o l  o f  d u s t ,  s o u r c e s  o f  i g n i t i o n ,  p r e s s u r e  r e l i e f  equ ipment ,  e n t r y  i n t o  v e s s e l s ,  
f i r s t  a i d  equ ipment ,  t r a i n i n g ,  and d a n g e r o u s  p r a c t i c e s .  R e q u i r e m e n t s  c o u l d  a l s o  be  
drawn f o r  s p e c i f i c  p r o c e s s e s  s u c h  a s  s u l p h u r i c  a c i d  o r  c a u s t i c  s o d a  m a n u f a c t u r i n g .  

S t a n d a r d s  and  c o d e s  o f  p r a c t i c e  c o u l d  a l s o  b e  d e f i n e d  f o r  h a n d l i n g ,  s t o r i n g  o r  
t r a n s p o r t i n g  c e r t a i n  c l a s s e s  o f  d a n g e r o u s  m a t e r i a l s ,  s u c h  a s  p e t r o l e u m  p r o d u c t s .  

L i c e n c i n q  o f  new i n d u s t r i a l  e s t a b l i s h m e n t s  and r e l a t e d  p l a n n i n g  a c t i v i t i e s  
s h o u l d  be  t h e  competence o f  ~ o v e r n m e n t a l  o r  l o c a l  a g e n c i e s .  P e r i o d i c a l  i n s p e c t i o n  
o f  e x i s t i n q  p l a n t s  s h o u l d  a l s o  b e  c a r r i e d  o u t .  

The m a n u f a c t u r e r s  c o u l d  b e  r e q u i r e d  by law t o  p r o v e  t o  a n  e s t a b l i s h e d  competen t  
aaency ,  a t  any time, t h a t  t h e y  h a v e  i d e n t i f i e d  e x i s t i n q  m a j o r  a c c i d e n t  h a z a r d s ,  
a d o p t e d  t h e  a p p r o p r i a t e  s a f e t y  m e a s u r e s ,  and  p r o v i d e d  t h e  w o r k e r s  on t h e  s i t e  w i t h  
i n f o r m a t i o n ,  t r a i n i n o  and equipment  i n  o r d e r  t o  e n s u r e  t h e i r  s a f e t y .  The 
p r e p a r a t i o n  o f  p l a n t  c o n t i n q e n c y  p l a n s  c o u l d  be  c o n s i d e r e d  a s  p a r t  o f  t h e s e  
p r o t e c t i v e  m e a s u r e s  and be  r e q u i r e d ,  a t  l e a s t ,  f o r  some e s p e c i a l l y  d a n g e r o u s  
i n d u s t r i a l  e s t a b l i s h m e n t s .  

S p e c i a l i z e d  governmenta l  a g e n c i e s  o r  m i n i s t r i e s  c o u l d  a l s o  be  mandated by law t o  
p r e p a r e  m u n i c i p a l  p r o v i n c i a l  o r  n a t i o n a l  c o n t i n g e n c y  p l a n s .  I n  t h i s  c a s e ,  t h e  
p r o c e d u r e  d e s c r i b e d  i n  s e c t i o n  A may be  f o l l o w e d .  



I f  .it ex i s t s ,  the M i n i s t r y  o f  C i v i l  Defence ( o r  any equiva lent  ~ove rnmen ta l  
agency) w i l l  most l i k e l y  be put  i n  charge o f  es tab l i sh i ng  contingency p lans  f o r  
major i n d u s t r i a l  accidents as a p a r t  o f  a ~ e n e r a l  scheme concerning assistance t o  
the  populat ions a f fec ted  by n a t u r a l  o r  man-made d isasters .  

L e q i s l a t i o n  on t ranspor t  o f  hazardous ma te r i a l  deserves spec i a l  a t t e n t i o n  
because o f  the  most l i k e l y  i n t e r n a t i o n a l  imp l i ca t ion .  I f  n o t  p rev ious ly  agreed 
upon, each country may requ i r e  t h a t  dangerous ooods a r r i v i n q  a t  i t s  f r o n t i e r s  be 
p roper l y  packed, l a b e l l e d  and c a r r i e d  according t o  i t s  own pecu l i a r  n a t i o n a l  
requ la t ions .  Therefore, i n t e r n a t i o n a l  agreement should be es tab l i shed  concerninq: 

- a l i s t  o f  substances p r o h i b i t e d  f o r  t ranspor t  by road o r  o ther  means; - spec ia l  measures t o  be adopted when t r anspo r t i ng  c e r t a i n  classes o f  mate r ia l ;  
- spec ia l  requirements f o r  cons t ruc t ion  o f  c a r r i e r  vehic les,  t r a i n  cars, berqes; 
- l a b e l l i n q ,  p lacard inq  and packaging systems f o r  hazardous m a t e r i a l  t ranspor t .  

The e u l a t i o n s  adopted by t he  member s t a t es  o f  the European Economic 
Commun i ty "  represent a good example o f  i n t e r n a t i o n a l  l e q i s l a t i v e  agreement on t h i s  
subject .  

E. P r o v i n c i a l  and munic ipa l  c o n t i n ~ e n c y  p lann inq  

A na t iona l ,  contingency plan, as descr ibed i n  t h i s  chapter, should on ly  be 
u t i l i z e d  i n  case o f  a major d isas te r .  For  smal ler-scale major acc idents  mun ic i  

3̂  o r  p r o v i n c i a l  resources miqht  be enough t o  b r i n g  the  acc ident  under control-  . 
Continaency p lans could a lso  be drawn up a t  these l eve l s .  The a u t h o r i t i e s  o r  
agencies i n  charge o f  prepar ing and implementing them should then be the  appropr ia te  
ones operat ing a t  the p r o v i n c i a l  o r  mun ic ipa l  l eve l .  The procedures f o r  preparing, 
o rgan iz ing  and implementing the p lans are never the less s i m i l a r  bu t  w i t h  se l f -ev iden t  
mod i f i ca t ions ,  t o  those f o r  a n a t i o n a l  plan. Therefore, t h i s  chapter can a l s o  be 
u t i l i z e d  f o r  t h i s  purpose. 

F. Hosp i t a l  continqency p l ann inq  

The number o f  casua l t i es  caused by a major emergency could be so e levated i n  
some cases, t h a t  the  l o c a l  h o s p i t a l s  may be overburdened. Therefore, each h o s p i t a l  
management should a l s o  develop a contingency p l an  so t ha t  a l l  the a v a i l a b l e  
resources may be mob i l i zed  and p roper l y  used i n  such events. 

Although a d e t a i l e d  p resen ta t ion  i s  beyond the  scope o f  t h i s  document, a 
h o s p i t a l  continqency p l an  should i nc l ude  a telephone r o s t e r  o f  a l l  the  medical  
personnel l i s t e d  according the  the p rox im i t y  o f  t h e i r  residence t o  the hosp i t a l .  
For  example, t he  Un i ve r s i t y  i n  Ghent, Belgium, has a 13-paqe emerqency 
admittance p l an  bound w i t h  a red . The p l an  i s  updated annual ly.  I n  recent  
years t he  p l an  has been ac t i va ted  f i v e  t imes due t o  emergency admittance o f  f i f t e e n  
o r  more persons f o l l o w i n g  an accident.  One accident invo lved  17 i n j u r e d  persons 
r e s u l t i n g  from the  t ranspor t  accident o f  a t ruck  ca r r y i nq  inflammable i n d u s t r i a l  
gas. I n  another accident 33 persons were admit ted a f t e r  i n h a l i n g  ch l o r i ne  qas 
re leased i n  an accident a t  an i n d u s t r i a l  p l an t .  

G. Summary o f  the  main ob jec t i ves  o f  a n a t i o n a l  continqency p l a n  

I n  summary, the  ob jec t i ves  o f  a n a t i o n a l  contingency p l an  should be: 

- co-ordinate and u n i f y  ac t ions  o f  d i f f e r e n t  aovernmental m i n i s t r i e s  and agencies 
i n  rase o f  a major i n d u s t r i a l  accident;  



- e s t a b l i s h  t h e  a u t h o r i t y ( i e s )  r e s p o n s i b l e  f o r  d e c l a r i n g  a  m a j o r  emergency.  
I d e n t i f y  t h e  r e s p o n s i b i l i t i e s  o f  t h e  d i f f e r e n t  m i n i s t r y  o r  a q e n c i e s  i n v o l v e d ;  

- i d e n t i f y  t h e  r e s o u r c e s  t h a t  c o u l d  be  m o b i l i z e d ,  i f  n e c e s s a r y ;  
- e s t a b l i s h  how r e s p o n s i b i l i t i e s  s h i f t  a s  more r e s o u r c e s  i n t e r v e n e  t o  combat t h e  

a c c i d e n t ;  
- e s t a b l i s h  how p r o v i n c i a l ,  m u n i c i p a l  and p l a n t  c o n t i n g e n c y  p l a n s  a r e  q o i n g  t o  f i t  

i n t o  t h e  n a t i o n a l  p l a n ;  
- i d e n t i f y  and o r q a n i z e  t h e  d i f f e r e n t  s e r v i c e s  o r  s e c t i o n s  i n  c h a r q e  o f  

implement ing  t h e  p l a n  ( e  .g .  s u p p o r t i n g  s e r v i c e s ,  l o g i s t i c s ,  p l a n n i n g  s e c t i o n s )  ; 
- d e f i n e  p r o c e d u r e  t o  be  f o l l o w e d  t o  u p d a t e  p l a n  and c a r r y  o u t  t r a i n i n g  e x e r c i s e s ;  
- i d e n t i f y  a v a i l a b l e  f u n d s  t o  c o v e r  t h e  e x p e n s e s  i n c u r r e d  a s  a  r e s u l t  o f  emergency 

o p e r a t i o n s .  

CHAPTER IV. PLANNING A T  THE PLANT LEVEL 

No m a t t e r  how c a r e f u l l y  d e s i g n e d  and p r o p e r l y  o p e r a t e d ,  e v e r y  i n d u s t r i a l  
i n s t a l l a t i o n  w i l l  h a v e  a  f i n i t e  p r o b a b i l i t y  - maybe e x c e e d i n q l y  s m a l l  - o f  r u n n i n g  
i n t o  an emergency a s  a  c o n s e a u e n c e  o f  m e c h a n i c a l  f a i l u r e  o r  human e r r o r .  The 
e s t a b l i s h m e n t  o f  a n  emergency p l a n  is i n  t h e  v e r y  b e s t  i n t e r e s t  o f  a  company. P l a n t  
c o n t i n g e n c y  p l a n n i n g  is t h a t  p a r t  o f  t h e  l o s s  p r e v e n t i o n  s y s t e m  d e s i g n e d  t o  min imize  
t h e  e f f e c t s  of  a n  i n d u s t r i a l  a c c i d e n t  b e f o r e  i t  s p r e a d s  o u t s i d e  t h e  p l a n t  i t s e l f .  A 
sound  sys tem o f  i n d u s t r i a l  emergency c o n t i n g e n c y  p l a n s ,  d e v e l o p e d  by t h e  i n d u s t r y  
p e o p l e  a t  t h e  i n d i v i d u a l  p l a n t  l e v e l ,  is t h e  b u i l d i n g  b l o c k  o f  t h e  r e s p o n s e  
c a p a b i l i t y  o f  a  c i t y ,  p r o v i n c e  o r  n a t i o n  t o  i n d u s t r i a l  emergency s i t u a t i o n s .  

I n  many c o u n t r i e s  companies  a r e  u n d e r  n o  l e g a l  r e q u i r e m e n t s  t o  e s t a b l i s h  and 
m a i n t a i n  a n  emergency c o n t i n g e n c y  p l a n ,  e v e n  though  some h e a l t h  and s a f e t y  a s p e c t s  
o f  t h e  m a n u f a c t u r i n g  p r o c e s s ,  which may w e l l  b e  c o n s i d e r e d  a n  i n t e g r a l  p a r t *  of 
emergency p l a n n i n g ,  c o u l d  be  c o v e r e d  by s p e c i f i c  l e g i s l a t i o n .  R e g u l a t i o n s  
c o n c e r n i n g  t h e  number and l o c a t i o n  o f  f i r e  e x t i n g u i s h e r s  a r e  j u s t  one  example.  

I n d u s t r i a l  e m e r g e n c i e s  c a n  be  c l a s s i f i e d  i n  two b r o a d  c a t e g o r i e s :  t h e  f i r s t  
c o n s i s t s  o f  e m e r g e n c i e s  which c a n  b e  h a n d l e d  by means o f  p e r s o n n e l  and m a t e r i a l  
r e s o u r c e s  a v a i l a b l e  a t  t h e  p l a n t ;  t h e  s e c o n d  c o n s i s t s  o f  m a j o r  e m e r g e n c i e s  t h a t  may 
a f f e c t  s e v e r a l  d e p a r t m e n t s  o f  a  p l a n t  and  c a u s e  s e r i o u s  i n j u r i e s ,  l o s s  o f  l i f e ,  and  
e x t e n s i v e  damage t o  p r o p e r t y .  O u t s i d e  r e s o u r c e s  a r e  needed  t o  b r i n g  m a j o r  
e m e r g e n c i e s  u n d e r  c o n t r o l .  

The r e a s o n s  f o r  and  t h e  o b j e c t i v e s  o f  p l a n t  c o n t i n g e n c y  p l a n n i n g  a r e  d i s c u s s e d  
i n  s e c t i o n  A below. O t h e r  s e c t i o n s  a r e  d e v o t e d  t o  i d e n t i f y i n g  t h e  p r e l i m i n a r y  s t e p s  
i n  t h e  p l a n n i n g  p r o c e s s ,  command s t r u c t u r e  d u r i n g  e m e r g e n c i e s ,  and  emergency 
p r o c e d u r e s  f o r  i n d u s t r i a l  a c c i d e n t s  o f  v a r y i n g  g r a v i t y .  

A .  M o t i v a t i o n s  and o b j e c t i v e s  

Companies may d e v e l o p  t h e i r  own c o n t i n g e n c y  p l a n s  n o t  o n l y  i n  o r d e r  t o  e s t a b l i s h  
a  s a f e r  env i ronment  f o r  t h e  w o r k e r s  and  p o p u l a t i o n  l i v i n g  n e a r b y  (who would be  
a f f e c t e d  by an i n d u s t r i a l  a c c i d e n t  s p r e a d i n q  o u t s i d e  t h e  f a c i l i t y )  b u t  a l s o  i n  o r d e r  
t o  meet c e r t a i n  economic c o n s i d e r a t i o n s .  A w e l l - r e h e a r s e d  emergency p l a n  w i l l :  

- f a m i l i a r i z e  p e r s o n n e l  w i t h  t h e  p l a n t ,  l a y o u t ,  f i r e - f i g h t i n g  equipment  and t h e  
s p e c i a l  t a s k s  t o  be  per formed d u r i n q  a n  emeroency; 

- i n s t i l  c o n f i d e n c e  and r e d u c e  p a n i c  when a n  emerqency o c c u r s ;  



- reduce c a s u a l t i e s  among p l a n t  workers and/or members of t h e  p u b l i c -  
- reduce l i a b i l i t y  cornpensfition due t o  c a s u a l t i e s  and/or o u t s i d e  damages; 
- l i m i t  damage t o  t h e  p l a n t ;  
- h e l p  i d e n t i f y  e x i s t i n g  hazardous p rocesses ,  m a t e r i a l s  o r  procedures ;  
- suqqes t  new methods of reducinq haza rds  (e .g .  i n t r o d u c i n g  new s a f e t y  and working 

d e v i c e s  o r  procedures)  ; and 
- h e l p  reduce i n s u r a n c e  premiums. 

The o b j e c t i v e  of any i n d u s t r i a l  emergency p l an  shou ld  be t o  make maximum use  of 
t h e  combined r e source  of t h e  p l a n t  and o u t s i d e  s e r v i c e s  ( i n  c a s e  of major 

22/. a c c i d e n t s )  i n  o r d e r  to- . 
r e scue  and t r e a t  c a s u a l t i e s ;  
s a fequa rd  o t h e r  people ;  
minimize damage t o  p rope r ty  and environment;  
c o n t a i n  and c o n t r o l  t h e  i n c i d e n t ;  
i d e n t i f y  any dead; 
p rov ide  f o r  t h e  needs  of r e l a t i v e s ;  
p rov ide  a u t h o r i t a t i v e  in fo rma t ion  t o  t h e  news media; 
r e h a b i l i t a t e  a f f e c t e d  a r e a s ;  and 
p rese rve  r e l e v a n t  r e c o r d s  and e q u i p m e n t - f o r  any subsequent  enqu i ry  i n t o  t h e  
cause  and c i rcumstances  of t h e  emerqency . 

6. Pre l imina ry  p lanninq s t e p s  

Before p repa r ing  t h e  d e t a i l e d  p l a n t  cont ingency p l an ,  management w i l l  f i r s t  need 
t o  c a r r y  ou t  a  hazard  a n a l y s i s  of t h e  p l a n t ,  fo l lowed by t h e  i d e n t i f i c a t i o n  of t h e  
r e s o u r c e s  a v a i l a b l e  o r  necessa ry  t o  f i g h t  t hose  hazards .  D e t a i l s  on both p o i n t s  
were g iven i n  Chapter  11. The use  of c h e c k l i s t s  is probably  t h e  most widespread 'and 
e a s i e s t  way of conduct ing  a  hazard  a n a l y s i s  ( s e e  Table  2) .  However, even t h e  most 
a p p r o p r i a t e  and a c c u r a t e  c h e c k l i s t  w i l l  n o t  be e f f e c t i v e  -in i d e n t i f y i n g  haza rds  i n  
t h e  p l a n t  un le s s :  ( i )  i t  is used ( and no t  l e f t  on a  s h e l f ) ,  and ( i i )  used p rope r ly  
s o  a s  t o  ensu re  no th ing  has  been n e g l e c t e d  and a l l  r ea sonab le  haza rds  have been 
i d e n t i f i e d .  There is no  s u b s t i t u t e  f o r  t h e  i n q u i s i t i v e  mind of a  p l anne r  s e a r c h i n g  
f o r  haza rds .  I n  a d d i t i o n ,  p l a n t  o f f i c i a l s  who a r e  thoroughly  f a m i l i a r  w i th  t h e i r  
equipment a r e  probably more aware than anybody e l s e  of some of t h e  haza rds  a l r e a d y  
p r e s e n t  i n  t h e i r  p l a n t .  S a f e t y  a u d i t s  can  be an e f f e c t i v e  way t o  i d e n t i f y  h a z a r d s  
i n  i n d u s t r i a l  p l a n t s  ( p r e v i o u s l y  d e s c r i b e d  i n  Chapter  1 1 ) .  

An examination of t h e  f a c i l i t i e s ,  p rocedures  and o p e r a t i n g  h i s t o r y  o f  a  
manufacturinq p l a n t  is t h e r e f o r e  e s s e n t i a l  i n  de termining how a  p o t e n t i a l  i n d u s t r i a l  
a c c i d e n t  can be prevented  o r  d e t e c t e d  and c o n t r o l l e d .  Neve r the l e s s ,  p rev ious  
expe r i ence  has  shown t h a t  c e r t a i n  e uipment o r  procedures  a r e  s y s t e m a t i c a l l y  more ^ hazardous  than o t h e r s .  Examples a r  : 

- t r a n s f e r ,  l oad ing  and unloadinq f a c i l i t i e s ,  i n c l u d i n q  p rocedures  f o r  moving 
chemicals  t o  and from s t o r a g e  t a n k s ,  t r u c k s  and r a i l  c a r s ;  

- s o u r c e s  of p rocess  u p s e t s  and s t a r t - u p ,  shutdown and clean-up procedures ;  
- equipment and s t o r a g e  tank d i k i n g ,  s u r f a c e  d ra inage  r o u t i n q ,  and sewer system 

l ayou t ;  and 
- p a s t  h i s t o r y  o f  i n d i v i d u a l  depar tments  w i th  s p i l l a g e s .  

Proper  pe r -onne l  t r a i n i n q  and o r i e n t a t i o n  may a l s o  reduce  a c c i d e n t s .  A s tudy  on 
t h e  subject-  r evea led  t h a t  58 p e r  c e n t  of  a l l  t h e  s p i l l  a c c i d e n t s  o c c u r r i n g  i n  a  
l a r g e  company were caused by human e r r o r  and t h e  remainder by mechanical  f a i l u r e .  A 
more d e t a i l e d  s tudy  of t h e  mechanical  f a i l u r e s  c a r r i e d  o u t  by t h e  same a u t h o r s  



r e v e a l e d  t h a t  a b o u t  h a l f  c o u l d  b e  a t t r i b u t e d  i n d i r e c t l y  t o  hu' an e r r o r ,  s u c h  a s  
f a u l t y  d e s i q n ,  wronq c o n s t r u c t i o n  m a t e r i a l s ,  a n d  improppr  m a i n t e n a n c e .  Thus, human 
f a i l u r e  o f  some s o r t  was p r o b a b l y  r e s p o n s i b l e  f o r  up t o  8 0  p e r  c e n t  of  t h e  s p i l l s  
r e p o r t e d .  

The p r e l i m i n a r y  h a z a r d  a n a l y s i s  s h o u l d  a l s o  a s s e s s  t h e  p o t e n t i a l  f o r  l o s s  and 
damage o u t s i d e  t h e  p l a n t ,  and  t a k e  a c c o u n t  o f :  

- p o p u l a t i o n  d e n s i t i e s  i n  t h o s e  a r e a s  l i k e l y  t o  be  a f f e c t e d ;  
- l o c a t i o n  o f  t h e  i n c i d e n t  i n  r e l a t i o n  t o  b u i l t - u p  a r e a s ;  
- o t h e r  s o u r c e s  o f  h a z a r d ,  s u c h  a s  n e i q h b o u r i n q  p l a n t s  o r  t a n k  f a r m s ;  
- p r e v a i l i n g  winds ;  
- p o s s i b l e  c o n t a m i n a t i o n  o f  d r a i n s ,  c r o p s  and w a t e r  s u p p l i e s ;  and  
- p o s s i b l e  e f f e c t s  o f  t h e  c o l l a p s e  o f  t a l l  s t r u c t u r e s .  

As a  r e s u l t  o f  t h e s e  p r e l i m i n a r y  s t e p s ,  management s h o u l d  t h e n  be a b l e  t o  a n s w e r  
t h e  f o l l o w i n g  q u e s t i o n s :  

- Where, w h i t h i n  t h e  p l a n t ,  is t h e r e  t h e  p o t e n t i a l  f o r  a  m a j o r  emergency,  e .g .  a s  
a  r e s u l t  o f  f i r e ,  e x p l o s i o n  o r  l a r q e - s c a l e  r e l e a s e  o f  h a z a r d o u s  m a t e r i a l ?  

- Given  t h i s  p o t e n t i a l , '  what a r e  t h e  p o s s i b l e  c o n s e q u e n c e s  i n  terms o f  r i s k  t o  
p e o p l e  and s p r e a d  o f  damaqe? 

- How a d e q u a t e  a r e  e x i s t i n g  r e s o u r c e s  and a r r a n q e m e n t s  t o  h a n d l e  t h e  most s e r i o u s  
f o r e s e e a b l e  emerqency? 

- What f u r t h e r  p r o v i s i o n  o r  a c t i o n  is needed? 

Only a f t e r  a  s a t i s f a c t o r y  answer  t o  e a c h  o f  t h e s e  q u e s t i o n s  h a s  been  o b t a i n e d  
c a n  p r e p a r a t i o n  of  t h e  c o n t i n g e n c y  p l a n  commence.' 

C. Key p e r s o n n e l  and command s t r u c t u r e  

E s s e n t i a l  t o  t h e  p r o p e r  f u n c t i o n i n g  o f  a  c o n t i n g e n c y  p l a n  is a  c l e a r  d e f i n i t i o n  
o f  who d o e s  what ,  when and how i n  t h e  c a s e  of  a n  emeraency.  Even more e s s e n t i a l  is 
t h e  d e f i n i t i o n  o f  who is a u t h o r i z e d  t o  t a k e  i m p o r t a n t  d e c i s i o n s  s u c h  a s  d e c l a r i n g  a  
m a j o r  emergency which r e q u i r e s  t h e  i n t e r v e n t i o n  o f  a r e s p o n s e  team from o u t s i d e  t h e  
p l a n t .  F o r  r e a s o n s  o f  s i m p l i c i t y ,  a s s i q n m e n t  t o  p o s t s  i n  a  c o n t i n q e n c y  p l a n  s h o u l d  
f o l l o w  t h e  normal  c h a ' n  o f  command i n  t h e  p l a n t .  The p l a n t  manager  s h o u l d  head  t h e  h/ emergency  organization^ . 

Adher ing  t o  t h i s  p r a c t i c e  w i l l  m i n i m i z e  t h e  t r a i n i n g  n e c e s s a r y  t o  e n s u r e  
competen t  l e a d e r s h i p  d u r i n q  t h e  emerqency.  D e c i s i o n s  and a u t h o r i t y  w i l l  be  a c c e p t e d  
more r e a d i l y  by t h e  p l a n t ' s  p e r s o n n e l  b e c a u s e  t h e y  have  a l w a y s  o p e r a t e d  u n d e r  t h e  
same a u t h o r i t y .  T h i s  r e c o g n i z e d  l e a d e r s h i p  w i l l  i n s t i l  c o n f i d e n c e  and p r e v e n t  p a n i c .  

I n  emergency s i t u a t i o n s ,  d e c i s i o n s  w i l l  a l m o s t  c e r t a i n l y  h a v e  t o  b e  t a k e n  which 
may a f f e c t  t h e  whole o r  a  s u b s t a n t i a l  p a r t  o f  t h e  p l a n t  a n d ,  i n  a  m a j o r  emergency,  
s u r r o u n d i n g  a r e a s .  In  t h e  l a t t e r  c a s e ,  many o f  t h e  d e c i s i o n s  w i l l  b e  t a k e n  by t h e  
p l a n t  manaqer i n  c o n j u n c t i o n  w i t h  s e n i o r  o f f i c e r s  o f  t h e  r e s p o n s e  s e r v i c e s ,  s u c h  a s  
p o l i c e  o r  f i r e  b r i q a d e .  

The c o n t i n q e n c y  p l a n  s h o u l d  a l s o  p r o v i d e  f o r  t h e  p r e s e n c e  o f  a p e r s o n  who is i n  
c h a r g e  o f  t h e  emeraency u n t i l  t h e  p l a n t  manaqer  a r r i v e s  a t  t h e  s c e n e  of t h e  
a c c i d e n t .  S i n c e  t h i s  p e r s o n  may be  c a l l e d  on t o  t a k e  d e c i s i o n s  i n v o l v i n g  t h e  whole 



p l a n t ,  i t  is n e c e s s a r y  t h a t  h e  have  a  t t  , rouoh knowledge o f  t h e  p l a n t  s i t u a t i o n .  
The s h i f t  manaqer is p r o b a b l y  t h e  b e s t  p e r s o n  t o  d i r e c t  t h e  m p r q e n c y  o p e r a t i o n s  a t  
t h e  f i r s t  s t a g e  o f  t h e  emerqency.  Thus, round-the-clock c o v e r a q e  o f  t h e  command 
p o s t  is a c h i e v e d .  

D e p u t i e s  s h o u l d  a l s o  b e  a p p o i n t e d  t o  p r o v i d e  c o v e r  f o r  any  o c c a s i o n  when t h e  
p l a n t  o r  s h i f t  managers  may b e  away on h o l i d a y ,  s i c k  l e a v e ,  o r  o t h e r  b u s i n e s s .  
D e p u t i e s  must  a l s o  be  t o  t a k e  c h a r q e  s h o u l d  managers  become i n c a p a c i t a t e d  a s  a  
r e s u l t  of t h e  emerqenc 

O t h e r  p l a n t  p e r s o n n e l  w i l l  a l s o  have  key r o l e s  i n  p r o v i d i n g  a d v i c e  and  
implement inq  t h e  d e c i s i o n s  made by t h e  s e n i o r  manaqer i n  t h e  l i g h t  o f  i n f o r m a t i o n  
r e c e i v e d .  The key p e r s o n n e l  w i l l  i n c l u d e  t h e  s e n i o r  managers  r e s p o n s i b l e  f o r  
p r o d u c t i o n ,  e n g i n e e r i n g ,  t e c h n i c a l  s e r v i c e s  ( i n c l u d i n g  l a b o r a t o r i e s ) ,  p e r s o n n e l  
( i n c l u d i n o  m e d i c a l  s e r v i c e s ) ,  t r a n s p o r t ,  s a f e t y  and s e c u r i t y .  A s  n e c e s s a r y ,  t h e y  
w i l l  d e c i d e  on t h e  a c t i o n s  needed  t o  s h u t  down p l a n t s ,  f i g h t  f i r e s ,  e v a c u a t e  
p e r s o n n e l ,  c a r r y  o u t  emergency e n g i n e e r i n g  work, a r r a n g e  f o r  s u p p l i e s  o f  e a u i p m e n t ,  
c a r r y  o u t  a t m o s p h e r i c  tests and  l i a i s e  w i t h  p o l i c e .  

There  must  a l s o  be  d e p t h  o f  p e r s o n n e l  i n  a l l  p o s i t i o n s  i n  t h e  p l a n  s o  a s  t o  
e n s u r e  t h a t  e a c h  p o s i t i o n  is manned. Enough p e o p l e  mus t  b e  a s s i g n e d  t o  e a c h  
p o s i t i o n  s o  t h a t  a t  l e a s t  one p e r s o n  is a t  t h a t  p o s i t i o n  a t  any  g i v e n  time and t h a t  
s u f f i c i e n t  manpower is a v a i l a b l e  t o  c o v e r  a  p r o l o n g e d  emergency.  

A p l a n t  s h o u l d  h a v e  one o r  more emergency s q u a d s  composed o f  p e r s o n n e l  from 
o p e r a t i o n s ,  m a i n t e n a n c e ,  l i n e  management and g u a r d  f o r c e ,  a l l  o f  whom a r e  
s p e c i f i c a l l y  s e l e c t e d  and t r a i n e d  i n  emergency c o n t r o l  t e c h n i q u e s  and equipment .  
The e x a c t  number o f  employees  on a n  emergency s q u a d  v a r i e s  i n  r e l a t i o n  t o  t h e  
p o t e n t i a l  h a z a r d s  and t h e i r  s i z e .  

Emergency-squad members" mus t  b e  t h o r o u g h l y  t r a i n e d  i n  comprehens ive  f i r s t - a i d  
t r e a t m e n t ,  h a n d l i n g  o f  b r e a t h i n g  a p p a r a t u s ,  and emergency r e s c u e  p r o c e d u r e s .  They 
must  be f a m i l i a r  w i t h  s t a t i o n  and ambulance f i r s t - a i d  equ ipment .  They mus t  a l s o  
l e a r n  t o  r e c o g n i z e  t h e  d i f f e r e n t  t y p e s  o f  f i r e s ,  a v a i l a b l e  e x t i n g u i s h i n g  a g e n t s ,  t h e  
p r o p e r  p r o t e c t i v e  c l o t h i n g  f o r  f i r e  f i g h t i n g ,  and be  f a m i l i a r  w i t h  f i r e f i g h t i n g  
equipment ,  i n c l u d i n g  h o s e s ,  n o z z l e s ,  p o r t a b l e  e x t i n g u i s h e r s ,  wheel  u n i t s ,  f i r e  
t r u c k s ,  and t h e  p l a n t ' s  f i r e - p r o t e c t i o n   system^ . 

I n  s e c t i o n s  o f  t h e  p l a n t  a f f e c t e d  o r  l i k e l y  t o  be  a f f e c t e d  by t h e  a c c i d e n t ,  t h e  
emergency s q u a d ,  u n d e r  t h e  g u i d a n c e  o f  a  s h i f t  s u p e r i n t e n d e n t ,  w i l l  a t t e m p t  t o  f i a h t  
f i r e s ,  i s o l a t e  equ ipment  from which f lammable o r  t o x i c  m a t e r i a l  is l e a k i n g ,  p l u g  
l e a k s  o f  h a z a r d o u s  m a t e r i a l  a n d ,  i n  g e n e r a l ,  t r y  t o  b r i n g  t h e  s i t u a t i o n  u n d e r  
c o n t r o l .  Meanwhile, i n  t h o s e  p a r t s  o f  t h e  p l a n t  n o t  i m m e d i a t e l y  a f f e c t e d  o r  
c o n s i d e r e d  t o  be  a t  r i s k ,  o t h e r  e s s e n t i a l  p e r s o n n e l  must  b e  r e a d y  t o  c a r r y  o u t  a n  
emerqency shut-down. I n d i v i d u a l  p l a n t  p r o c e d u r e s  s h o u l d  d e t a i l  t h e  a c t i o n s  t o  be  
t a k e n  f o r  a n  emergency shut-down and t h e  p e r s o n n e l  needed  t o  per form i t .  Any s p e c i a l  
p r o t e c t i v e  equipment  which may b e  needed ,  s u c h  a s  c l o t h i n g  o r  b r e a t h i n q  a p p a r a t u s ,  

22/ s h o u l d  b e  r e a d i l y  a v a i l a b l e  . 
I f  need  b e ,  o t h e r  w o r k e r s  w i l l  have  t o  be  d e l e q a t e d  t o  c a r r y  o u t  e s s e n t i a l  work 

which  may i n c l u d e :  

- p r o v i d i n a  e x t r a  f i r s t - a i d  s e r v i c e s  t o  d e a l  w i t h  c a s u a l t i e s ;  
- p e r f o r m i n g  emergency e n g i n e e r i n g  work, s u c h  a s  p r o v i d i n g  e x t r a  o r  r e p l a c e m e n t  

l i g h t i n g ,  i s o l a t i n g  eau ipment  and  temporary  by-pass  l i n e s ;  
- t r a n s p o r t i n g  equipment  t o  t h e  a c c i d e n t  from o t h e r  p a r t s  o f  t h e  works;  
- moving t a n k e r s  o r  o t h e r  v e h i c l e s  from a r e a s  of r i s k ;  and  
- a c t i n a  a s  r u n n e r s  i n  c a s e  of  communicat ion d i f f i c u l t i e s .  



I n  a f f e c t e d  and v u l n e r a b l e  s e c t i o *  , of  t h e  p l a n t ,  a l l  n o n - e s s e n t i a l  w o r k e r s  
s h o u l d  be  e v a c u a t e d  from t h e  a r e a  and  assembled  a t  s p e c i f i e d  assembly  p o i n t s .  The 
n e e d  t o  e v a c u a t e  n o n - e s s e n t i a l  w o r k e r s  from a r e a s  n o t  i m m e d i a t e l y  a f f e c t e d  w i l l  b e  
d e t e r m i n e d  by t h e  s i z e  o f  t h e  p l a n t  a:,d t h e  r a t e  a t  which t h e  i n c i d e n t  may e s c a l a t e .  

I n  medium-sized o r  l a r g e  p l a n t s  p r o v i s i o n  s h o u l d  b e  made t o  e s t a b l i s h  a n  
emeraency c e n t r e  from which emerqency o p e r a t i o n s  a r e  d i r e c t e d  and 
~ o - n r d i n a t e d Ã ‘ . ~ I  w i l l  b e  manned by t h e  p l a n t  managers ,  k e y  p e r s o n n e l ,  and a l s o  
s e n i o r  o f f i c e r s  o f  o u t s i d e  s e r v i c e s  i n  c a s e  o f  a  m a j o r  emeroency.  The c e n t r e  s h o u l d  
b e  s i t u a t e d  i n  a n  a r e a  o f  minimum r i s k ,  i n  s o  f a r  a s  t h i s  is p o s s i b l e ,  and  c l o s e  t o  
a  road  t o  p e r m i t  r e a d y  a c c e s s  by a  r a d i o - e q u i p p e d  v e h i c l e  f o r  u s e  i f  o t h e r  s y s t e m s  
f a i l  o r  e x t r a  communicat ion f a c i l i t i e s  a r e  needed.  I f  n e c e s s a r y ,  t h e  p o l i c e  w i l l  
a s s i s t  i n  s e t t i n g  up a n  emerqency c o n t r o l  c e n t r e .  Such a  c e n t r e  s h o u l d  be  e q u i p p e d  
w i t h  a d e q u a t e  means o f  communicat ion t o  a r e a s  i n s i d e  and o u t s i d e  t h e  works ,  t o g e t h e r  
w i t h  r e l e v a n t  d a t a  and equipment  e n a b l i n g  t h o s e  manning t h e  c e n t r e  t o  p l a n  
a c c o r d i n q l y .  

An emergency c o n t r o l  c e n t e r  s h o u l d  t h e r e f o r e  c o n t a i n :  

- a n  a d e q u a t e  number o f  t e l e p h o n e s ;  
- an a d e q u a t e  number o f  i n t e r n a l  p l a n t  t e l e p h o n e s ;  
- r a d i o  equ ipment ;  
- a l a y o u t  o f  t h e  p l a n t  showing:  

- where t h e r e  a r e  l a r g e  i n v e n t o r i e s  o f  h a z a r d o u s  m a t e r i a l s  s u c h  a s  t a n k s ,  
r e a c t o r s  o r  drums, a s  well a s  t h e  l o c a t i o n  o f  compressed  g a s  c y l i n d e r s ;  

- s o u r c e s  o f  s a f e t y  equ ipment ;  
- f i r e - w a t e r  sys tem and  a l t e r n a t i v e  s o u r c e s  o f  w a t e r ;  
- s t o c k s  o f  o t h e r  f i r e - e x t i n q u i s h i n q  media; 
- works e n t r a n c e s  and  r o a d  s y s t e m ,  u p d a t e d  a t  t h e  t i m e  o f  emerqency t o  

i n d i c a t e  any r o a d  which is i m p a s s a b l e ;  
- assembly  - p o i n t s  and  c a s u a l t y  t r e a t m e n t  c e n t r e s ;  
- l o c a t i o n  o f  t h e  p l a n t  i n  r e l a t i o n  t o  s u r r o u n d i n g  community. 

- a d d i t i o n a l  c o p i e s  o f  t h e  p l a n t  l a y o u t  on which  t h e  f o l l o w i n g  may b e  
i l l u s t r a t e d  d u r i n g  a n  emerqency: 
- a f f e c t e d  o r  endangered  a r e a s ;  
- deployment  o f  emergency v e h i c l e s  and p e r s o n n e l ;  
- problem a r e a s ,  s u c h  a s  f r a c t u r e d  p i p e - l i n e s ;  
- e v a c u a t e d  a r e a s ;  a n d  
- o t h e r  r e l e v a n t  i n f o r m a t i o n .  

Note p a d s ,  p e n s  and p e n c i l s  t o  r e c o r d  messages  r e c e i v e d  and any i n s t r u c t i o n s  f o r  
d e l i v e r y  by r u n n e r .  

Nominal r o l l  o f  employees .  

L i s t  o f  key p e r s o n n e l ,  a d d r e s s e s  and t e l e p h o n e  numbers  

D .  G e n e r a l  emerqency p r o c e d u r e s  

R e a u i r e m e n t s  f o r  i n d i v i d u a l  p l a n t  p r o c e d u r e s  w i l l  v a r y  a c c o r d i n g  t o  
c i r c u m s t a n c e s  and w i l l  t a k e  a c c o u n t  o f :  

- s i z e  and  c o m p l e x i t y  o f  t h e  p l a n t ;  
- number o f  employees;  
- m a t e r i a l s  h a n d l e d ;  
- n a t u r e  of  t h e  p r o c e s s ;  
- l o c a t i o n  o f  t h e  p l a n t ;  and  
- a v a i l a b i l i t y  o f  p h y s i c a l  r e s o u r c e s .  



Because  of  t!.- wide  v a r i a t i o n  i n  t h e s e  f a c t o r s  among i n d u s t r i a l  p l a n t s ,  i t  is 
n o t  p o s s i b l e  t o  s e t  o u t  a  d e t a i l ~ d  p r o c p d u r e  a p p l i c a b l e  t o  a l l .  An e m e r q m c y  p l a n  
must be t a i l o r e d  t o  t h e  n e ~ d s  and c a p a b i l i t i e s  o f  a  p a r t i c u l a r  p l a n t .  T h e r e f o r e ,  
o n l y  p l a n t  o f f i c i a l s  and  p e r s o n n e l  c a n  r e a l l y  d e s i g n  i t .  D e s p i t e  t h e  many t y p e s  o f  
p o s s i b l e  a c c i d e n t s  and d i s a s t e r s  t h a t  may o c c u r ,  t h e  p r e m i s e  upon which a n  emergency 
p l a n  must b e  b u i l t  is t h a t  o f  s i m p l i c i t y .  The more c o m p l i c a t e d  and d e t a i l e d  t h e  
p l a n  is, t h e  less l i k e l y  its s u c c e s s  d u r i n g  a n  emergency. 

O t h e r  e l e m e n t s  o f t e n  u s e f u l  i n  p l a n t  c o n t i n g e n c y  p l a n s  a r e  o u t l i n e d  below. I n  
combining t h e s e  e l e m e n t s  i n t o  a  c o - o r d i n a t e d  p l a n ,  a c c o u n t  s h o u l d  b e  t a k e n  o f  t h e  
s h i f t  s t r u c t u r e  o f  t h e  p l a n t  p e r s o n n e l  t o  e n s u r e  t h a t ,  i n  t h e  i n i t i a l  s t a g e s ,  p e o p l e  
nomina ted  t o  t a k e  t h e  immedia te  m e a s u r e s  a r e  a l w a y s  p r e s e n t .  The f i n a l  p r o c e d u r e s  

t o  a l l o w  f o r  t h e  w i d e l y  d i f f e r i n g  c i r c u m s t a n c e s  

The p l a n  s h o u l d  a l s o  t a k e  i n t o  a c c o u n t  t h e  p o s s i b i l i t y  o f  a  m a j o r  emerqency 
b e i n o  d e c l a r e d ,  w i t h  t h e  i n t e r v e n t i o n  o f  o u t s i d e  r e s o u r c e s ,  m a t e r i a l  and p e r s o n n e l .  
Hence, t h e  p l a n  must b e  f l e x i b l e  enough t o  b e  i n t e g r a t e d  w i t h  o t h e r  m u n i c i p a l  o r  
p r o v i n c i a l  r e s p o n s e  p l a n s .  

The s e q u e n c e s  i n v o l v e d  a r e :  

1. R a i s i n g  t h e  a l a r m  

I t  is t h e  p r a c t i c e  a t  man l a n t s  t h a t  any  employee c a n  r a i s e ,  o r  c a u s e  t o  b e  
329 r a i s e d ,  a n  emerqency  alarm^ . T h i s  h a s  t h e  a d v a n t a g e  o f  p e r m i t t i n g  t h e  e a r l i e s t  

p o s s i b l e  a c t i o n  t o  b e  t a k e n  t o  c o n t r o l  t h e  s i t u a t i o n  which ,  i n  t u r n ,  may a v o i d  t h e  
deve lopment  o f  a  m a j o r  emerqency.  I t  a l s o  p r o v i d e s ,  where  a p p r o p r i a t e ,  e a r l y  
n o t i f i c a t i o n  of t h e  emerqency t o  t h e  o u t s i d e  emerqency s e r v i c e s .  

The c h o i c e  o f  a  s u i t a b l e  a l a r m  s y s t e m  w i l l  depend on l o c a l  c i r c u m s t a n c e s  and 
w i l l  be  i n f l u e n c e d  by t h e  s i z e  o f  t h e  p l a n t ,  v a r i e t y  o f  h a z a r d s ,  i n t e r d e p e n d e n c e  o f  
p l a n t  s e c t i o n s  and  t h e  e x i s t e n c e  o f  o t h e r  a l a r m s .  E s s e n t i a l  r e q u i r e m e n t s  a r e  t h a t  
t h e r e  s h o u l d  be  a n  a d e q u a t e  number o f  r e a d i l y  i d e n t i f i a b l e  p o i n t s  f rom which  t h e  
a l a r m  may be  r a i s e d  d i r e c t l y  o r  i n d i r e c t l y  (e .g .  by t e l e p h o n e  t o  t h e  p l a n t  emerqency 
c o n t r o l  c e n t r e )  and t h a t  t h e  a l a r m  s h o u l d  b e  a u d i b l e  t h r o u g h o u t  t h e  p l a n t .  I n  a r e a s  
where  t h e r e  is a  h i g h  l e v e l  o f  n o i s e ,  i t  may b e  n e c e s s a r y  t o  supplement  t h e  a c o u s t i c  
a l a r m  by o t h e r  s y s t e m s ,  e.g. f l a s h i n g  l i g h t s .  

The a l a r m  s h o u l d  d o  more t h a n  j u s t  warn: i t  s h o u l d  a l s o  i n s t r u c t .  I t  s h o u l d  
t e l l  anyone who h e a r s  it what t o  do. P e o p l e  w i t h  s p e c i f i c  a s s i g n m e n t s  s h o u l d  go  t o  
t h e i r  d u t y  s t a t i o n s .  Those who d o  n o t  have  a s s i g n m e n t s  s h o u l d  g o  t o  assembly  p o i n t s  
where  t h e y  a r e  g i v e n  f u r t h e r  i n s t r u c t i o n s .  I f  t h e  a l a r m  na  its message  a r e  k e p t  

377 s i m p l e ,  p e o p l e  w i l l  t e n d  t o  r e a c t  c a l m l y  r a t h e r  t h a n  p a n i c  . 
2. Implementing r e s p o n s e  a c t i o n s  

Once t h e  a l a r m  h a s  been r a i s e d ,  t h e  emerqency s q u a d s  s h o u l d  r a p i d l y  r e a c h  t h e  
s c e n e  o f  t h e  a c c i d e n t  and implement  t h e  emergency r e s p o n s e  a c t i o n .  I n  s o  d o i n g ,  
t h e y  may u t i l i z e  some a c t i o n  g u i d e s  ( a s  d e s c r i b e d  i n  C h a p t e r  1 1 )  which s h o u l d  h a v e  
been i n c l u d e d  a s  a  p a r t  o f  t h e  g e n e r a l  r e s p o n s e  p l a n  c o v e r i n g  t h e  p l a n t .  The 
a c t i o n s  w i l l  v a r y  d e p e n d i n g  on t h e  n a t u r e  o f  t h e  h a z a r d ,  b u t  i n  most c a s e s  t h e y  w i l l  
c o n s i s t  o f  f i q h t i n q  a  f i r e  o r  c o n t r o l l i n q  a m a t e r i a l  s p i l l .  F i r e  is by f a r  t h e  most 
common h a z a r d ,  and any  emergency p l a n  must p r o v i d e  f o r  f i r e  p r o t e c t i o n ,  r e s c u e  and 
f i r s t  a i d  s e r v i c e s .  These s e r v i c e s  s h o u l d  b e  b a s e d  on t h e  o r q a n i z a t i o n s  t h a t  
a l r e a d y  e x i s t  f o r  h a n d l i n q  l e s s  s e r i o u s  e m e r g e n c i e s .  Almost a l l  p l a n t s  h a v e  some 



p r o v i s i o n  <ir f i r e  p r o t e c t i o n .  Whatever t h e  a r r a n q e m m t ,  t h e  emergency s q u a d  s h o u l d  
make up t h e  c o r e  of t h e  emerqency q r o u p .  They would answer t h e  a l a r m  f o r  a  m a j o r  
pmprqency i n  much t h e  same way t h e y  would f o r  a s m a l l  o n e ,  w i t h  which t h e y  a r e  more 
f a m i l i a r .  

A f t e r  e v a l u a t i n g  t h e  s i t u a t i o n ,  t h e  s q u a d s  may c h o o s e  t o  d o  one o f  two t h i n g s :  
a t t a c k  t h e  f i r e  u n t i l  i t  is b r o u q h t  u n d e r  c o n t r o l  o r  a s k  f o r  h e l p  t h r o u g h  t h e  
emerqency c o n t r o l  c e n t r e  and b e q i n  r e s c u i n g  t h e  i n j u r e d ,  i f  any.  

3 .  D e c l a r i n q  a  m a j o r  emergency 

I f  t h e  emerqency s q u a d s  have  r e p o r t e d  t h a t  t h e y  a r e  u n a b l e  t o  c o n t r o l  t h e  
a c c i d e n t ,  t h e  c o n t r o l  c e n t r e  w i l l  d e c l a r e  a m a j o r  emergency.  Given t h e  s c a l e  o f  
a c t i v i t y  f o l l o w i n g  t h e  d e c l a r a t i o n  o f  a  m a j o r  emerqency,  i t  is a d v i s a b l e  t o  r e s t r i c t  
t h e  a u t h o r i t y  t o  d e c l a r e  i t .  However, i t  may n o t  b e  n e c e s s a r y  t o  l i m i t  t h e  
a u t h o r i t y  t o  t h e  s h i f t  manaaer  and h i s  a p p o i n t e d  d e p u t y .  The need  is t o  have  as. 
e a r l y  a  d e c l a r a t i o n  a s  p o s s i b l e .  O t h e r  r e s p o n s i b l e  p e r s o n s ,  p a r t i c u l a r l y  i n  l a r g e  
p l a n t s ,  msy be c l o s e r  t o  t h e  a c c i d e n t  when i t  o c c u r s  and c a p a b l e  o f  making t h e  
n e c e s s a r y  judqement .  T h e r e f o r e ,  i t  may be  a d v i s a b l e  t o  g i v e  o n l y  a l i m i t e d  b u t  
a p p r o p r i a t e  number o f  p e o p l e  t h e  a u t h o r i t y  t o  d e c l a r e  a  m a j o r  emergency b a s e d  on 
t h e i r  knowledge and e x p e r i e n c e  i n  r e c o g n i z i n g  a  m a j o r  emergency o r  i t s  p o t e n t i a l .  

4.  Making t h e  emergency known 

a .  I n s i d e  t h e  p l a n t  

I t  is i m p o r t a n t  f o r  e v e r y o n e  t o  know t h a t  a  m a j o r  emergency e x i s t s  and 
c o n s i d e r a t i o n  n e e d s  t o  be  g i v e n  a s  t o  how t h i s  i n f o r m a t i o n  may b e s t  b e  communicated.  
F o r  example,  i n  many c a s e s  t h e  d e c l a r a t i o n  o f  a  m a j o r  emergency w i l l  f o l l o w  t h e  
s o u n d i n q  of  a n  emerqency a l a r m .  S i n c e  t h i s  h a s  sounded  o n l y  i n  t h e  a f f e c t e d  a r e a ,  
i t  may be  a p p r o p r i a t e  t o  s i g n a l  t h e  f a c t  o f  a  m a j o r  emergency by s o u n d i n g  t h e  same 
a l a r m  s i t e - w i d e .  I n  c a s e s  where t h e  i n i t i a l  a l a r m  s o u n d s  o v e r  t h e  whole  p l a n t  t h e  
m a j o r  emergency may b e  made known t o  e v e r y o n e  by re -soundinq  t h e  a l a r m  o v e r  an 
e x t e n d e d  p e r i o d .  A l t e r n a t i v e l y ,  it may be  c o n s i d e r e d  t h a t  a  s e p a r a t e  m a j o r  
emergency a l a r m ,  h a v i n g  a  s i g n a l  r e a d i l y  i s t i n q u i s h a b l e  from o t h e r  a l a r m s ,  is 

227 r e q u i r e d ,  b u t  t h i s  is n o t  common p r a c t i c e  . 
A t  t h e  same time c o n s i d e r a t i o n  s h o u l d  be  g i v e n  t o  t h e  need  t o  p r o v i d e  s e p a r a t e  

a l a r m s  t o  warn o f  d i f f e r e n t  t y p e s  o f  emergency,  s u c h  a s  f i r e  and e x p l o s i o n  o r  t o x i c  
o a s  e s c a p e .  Where s u c h  a  p r o v i s i o n  is c o n s i d e r e d ,  c a r e  must  b e  t a k e n  t o  a v o i d  a  
s e r i e s  o f  a l a r m s  t h a t  might  add t o  t h e  c o n f u s i o n  i n  a n  emergency.  

A s  an a l t e r n a t i v e  t o  a n  e x t r a  a l a r m  t o  d e n o t e  a  m a j o r  emergency,  p l a n t  emergency 
p r o c e d u r e s  may make i t  known by o t h e r  methods ,  and  many p l a n t s  a d o p t  t h i s  a p p r o a c h .  
I n  s u c h  c a s e s ,  a  s i t e - w i d e  a l a r m  a c t i v i t a t e s  emergency p r o c e d u r e s  whereby: 

- a l l  working members r e t u r n  t o  t h e i r  normal  p l a c e  o f  work, p r o v i d e d  i t  is s a f e  
f o r  them t o  d o  s o ;  

- t h o s e  i n  c h a r q e  o f  p l a n t s  and d e p a r t m e n t s  and who a r e  n o t  nomina ted  a s  key 
p e r s o n n e l ,  go  t o  t h e i r  normal  o f f i c e s  t o  a w a i t  i n s t r u c t i o n s  from t h e  p l a n t  
emerqency c o n t r o l  c e n t r e ;  

- s e n i o r  managers ,  nomina ted  a s  key p e r s o n n e l ,  r e p o r t  t o  t h e  p l a n t  emergency 
c o n t r o l  c e n t e r  from where t h e y  w i l l  a c t  on o r d e r s  r e c e i v e d  from s h i f t  managers .  
They w i l l  t h e n  communicate i n s t r u c t i o n s  t o  i n d i v i d u a l  p l a n t  s e c t i o n s  and a r e a s  
u s i n q ,  a s  a p p r o p r i a t e ,  t e l e p h o n e ,  t a n n o y  o r  messenqer .  



In  a l l  c a s e s ,  once t h e  major emeruency is made known, a l l  personnel  shou ld  be 
ready t o  c a r r y  out  t h e  a p p r o p r i a t e  emerqency a c t i o n .  

b. To o u t s i d e  emcrqencv s e r v i c e s  

Once t h e  d e c l a r a t i o n  is made, i t  is e s s e n t i a l  t h a t  o u t s i d e  emerqency s e r v i c e s ,  
i f  they have no t  a l r e a d y  been c a l l e d  i n ,  e r e  informed i n  t h e  s h o r t e s t  p o s s i b l e  time. 
L ia i son  a t  t h e  l o c a l  l e v e l  w i l l  h e l p  de t e rmine  t h e  b e s t  means of ach iv ing  t h i s ,  f o r  
example, by d i r e c t  l i n e  o r  au tomat i c  alarm t o  t h e  f i r e  f i g h t e r s .  

I n  h igh r i s k  p l a n t s  and-where  t h e r e  is no f u l l - t i m e  plant-emergency team, i t  may 
be a d v i s a b l e  t o  p rov ide  f o r  o u t s i d e  emergency s e r v i c e s  t o  be informed each time an 
emergency alarm is r a i s e d .  Local d i s c u s s i o n  wi th  o u t s i d e  s e r v i c e s  w i l l  h e l p  d e c i d e  
t h i s  i s s u e ,  bu t  i t  shou ld  be borne  i n  mind t h a t  i t  is p r e f e r a b l e  f o r  emerqency 
s e r v i c e s  t o  a r r i v e  and f i n d  a  s i t u a t i o n  a l r e a d y  under c o n t r o l  than  t o  f i n d  one out  
of  hand due t o  a  de l ay  i n  c a l l - i n .  

c. To key pe r sonne l  o u t s i d e  normal workinq hours  

A major emerqency may a r i s e  a t  any time and p l a n t  emergency procedures  need t o  
t a k e  ~ c c o u n t  of t h i s  f a c t .  They shou ld  ensu re ,  f i r s t  of  a l l ,  t h a t  t h e  nominated 
peop le  having immediate t a s k s  t o  perform, e.g. s h i f t  manager and p l a n t  emergency 
team, a r e  always p r e s e n t  on s i t e ,  t h a t  is, they shou ld  be s e l e c t e d  from t h e  s h i f t  
f o r c e .  Secondly,  they  should  provide  f o r  t h e  c a l l - i n  t o  o t h e r  key personnel .  

To s a t i s f y  t h e  l a t t e r  p rov i s ion ,  it w i l l  be necessa ry  t o  ma in ta in  an up-dated 
list o f  key pe r sonne l  and t h e i r  d e p u t i e s ,  t h e i r  home a d d r e s s  and t e l ephone  numbers. 
The list shou ld  be kept  i n  t h e  emergency c o n t r o l  c e n t r e  and ( i f  l o c a t e d  e lsewhere)  
t h e  communications c e n t r e  from which t h e  c a l l - i n  w i l l  be made. 

L i a i s o n  wi th  t h e  p o l i c e  w i l l  h e l p  t o  e s t a b l i s h  means whereby pe r sonne l  who is 
c a l l e d  i n  w i l l  be al lowed t o  proceed through any road b locks  s e t  up a s  p a r t  of  
t r a f f i c  c o n t r o l  arrangements.  

d.  To neiqhbour inq f i r m s  

A major  emergency may a f f e c t  a r e a s  o u t s i d e  t h e  p l a n t .  When a l e r t e d ,  t h e  p o l i c e  
w i l l  under take  any necessa ry  a c t i o n  t o  sa fegua rd  members of t h e  pub l i c .  In  t h e  c a s e  
of o t h e r  nearby i n d u s t r i a l  concerns ,  c o n s i d e r a t i o n  shou ld  be  g iven  t o  t h e  need f o r  
d i r e c t l y  n o t i f y i n q  them of a  major emeraency. Th i s  can s e r v e  t h e  dua l  purpose  of 
enab l ing  them t o  t a k e  prompt a c t i o n  t o  p r o t e c t  t h e i r  own employees and t o  t a k e  
whatever measures p o s s i b l e  t o  p reven t  f u r t h e r  e s c a l a t i o n  of t h e  emerqency due t o  
e f f e c t s  on t h e i r  own i n s t a l l a t i o n s .  A t  t h e  same t ime ,  they  may be  a b l e  t o  provide  
a s s i s t a n c e  a s  p a r t  of a  pre-arranged mutual  a i d  p l an .  I n  t h e  major emergency 
s i t u a t i o n ,  r e sources  ove r  and above t h o s e  a v a i l a b l e  a t  t h e  p l a n t  w i l l  be needed. In  
a r e a s  remote from c e n t r e s  of popu la t ion ,  t h e  build-up of f i r e  f i g h t i n g  
r e in fo rcemen t s  w i l l  be r e l a t i v e l y  s lower .  There may be requi rements  f o r  a d d i t i o n a l  
s o u r c e s  of e x t r a  s u p p l i e s  of f i r e - f i g h t i n q  equipment, hoses ,  mon i to r s ,  b r e a t h i n g  
a p p a r a t u s ,  foam, s p e c i a l i z e d  equipment, medica l  s u p p l i e s ,  and manpower. I n  l o c a t i o n s  
where t h e r e  a r e  a  number of i n d u s t r i a l  concerns ,  i t  can be b e n e f i c i a l  t o  s e t  up a  
mutual  a i d  programme which w i l l  a s s i s t ,  on t h e  one hand, t o  s e c u r e  a d d i t i o n a l  
s u p p l i e s  when needed and, on t h e  o t h e r ,  t o  a l e r t  ne ighbour ing concerns  about  t h e  
major emergency i n  c a s e  they  need t o  t a k e  a c t i o n  t o  p r o t e c t  pe r sonne l  and p r o p e r t y .  



5.  Tak inq a c t i o n  a t  t he  p l a n t  i n  case o f  a  ma jo r  emerqmcy 

a. F i o h t i n o  and c o n t r o l l i n q  t h e  acc iden t  

D u r i n a  t h i s  phase o f  t h e  emeraency o u t s i d e  resources  shou ld  i n t e r v e n e .  The 
a c t i o n s  taken by t h e  j o i n t  response teams a r e  l i k e l y  t o  be s i m i l a r ,  i n  p r i n c i p l e ,  t o  
those a l ready  desc r i bed  f o r  t he  p l a n t  response team i n  s e c t i o n  2 .  However, t h p  
l a r a e r  number o f  peop le  i n v o l v e d  and t a s k s  t o  t a k e  ca re  o f  r e q u i r e  a  h i q h e r  degree 
o f  co -o rd ina t i on .  

The e f f e c t i v e  h a n d l i n q  o f  such an emerqency depends on the  d e c i s i o n s  t h a t  a r e  
made, y e t  i t  i s  i m p o s s i b l e  t o  p r e d i c t  every  a c t i o n  t h a t  ouqht t o  be taken.  An 
example o f  t he  recommended procedure  t o  f i g h t  a  s t o r a q e  tank  f i r e  i s  q i v e n  a t  t he  
end o f  t h i s  chap te r .  

b .  Evacuat ion  

I n  a  major  emerqency, i t  w i l l  a lmost  c e r t a i n l y  be necessary t o  evacuate 
pe rsonne l  f rom a f f e c t e d  areas and, a s  a  p r e c a u t i o n a r y  measure, t o  f u r t h e r  evacuate 
non -essen t i a l  workers  f rom areas l i k e l y  t o  be a f f e c t e d  shou ld  t h e  emergency 
esca la te .  On s m a l l  p l a n t s ,  o r  a t  p l a n t s  where r a p i d  e s c a l a t i o n  i s  fo reseeab le ,  i t  
may be adv i sab le  t o  e f f e c t  a  p rog ress i ve ,  t o t a l  evacuat ion ,  i .e.  non -essen t i a l  
workers  and those from a f f e c t e d  areas f i r s t ,  f o l l owed  by  t h e  remainder when 
emergency shut-down p l a n t  s e c t o r s  has been e f f e c t e d .  

C o n s i d e r a t i o n  shou ld  be g i v e n  t o  t h e  p r o v i s i o n  o f  a  sepa ra te  evacua t i on  alarm, 
p r e f e r a b l y  o f  a  s e l e c t i v e  type,  b u t  t h e  p o s s i b i l i t y  o f  confus ion ,  i f  t o o  many a la rm 
s i q n a l s  a r e  p r o v i d e d  shou ld  be borne i n  mind. On evacuat ion ,  employees s h o u l d  be 
d i r e c t e d  t o  pre-determined assembly p o i n t s .  These must be s i t e d  i n  a  s a f e  p l a c e  
w e l l  away from areas o f  r i s k .  More t h a n  one assembly p o i n t  i s  needed: 

- t o  ensure t h a t  employees do n o t  have t o  pass th rough  t h e  danger zone t o  reach  
t h e  assembly point.;  

- i n  case any assembly p o i n t  l i e s  i n  t h e  p a t h  o f  wind-blown h a r m f u l  m a t e r i a l s ,  
e.g. t o x i c  qas o r  b u r n i n a  brands. 

Each assembly p o i n t  shou ld  be c l e a r l y  marked by a  conspicuous n o t i c e  and 
p r o v i d e d  w i t h  an i d e n t i f i c a t i o n  number o r  l e t t e r ,  e.g. ASSEMBLY POINT A .  

Where an emergency has i n v o l v e d  t h e  r e l e a s e  o f  t o x i c  substances, i t  may be 
necessary f o r  people,  i n  c e r t a i n  c i rcumstances,  t o  pass th rough  an a f f e c t e d  area t o  
reach  a s a f e  assembly p o i n t .  Where t h i s  can occur,  a  s u f f i c i e n t  supp ly  o f  s u i t a b l e  
r e s p i r a t o r s  shou ld  be a v a i l a b l e ,  capab le  of p r o v i d i n q  p r o t e c t i o n  f o r  p r o t e c t i o n  f o r  
t h e  s h o r t  space o f  t ime  needed t o  escape f rom the a f f e c t e d  area. 

6 .  Tak ing a c t i o n s  o u t s i d e  t h e  p l a n t  i n  case o f  a  ma jo r  emergency 

A majo r  emergency may a f f e c t  a reas o u t s i d e  t h e  p l a n t .  Exp los ions  can s c a t t e r  
d e b r i s  over  wide areas,  t h e  e f f e c t s  o f  a  b l a s t  can cover  cons ide rab le  d i s tances ,  and 
wind can spread b u r n i n g  brands o r  t o x i c  gases. I n  some cases, e.9. as  t h e  r e s u l t  o f  
an 'exp los ion  ou ts ide ,  damaqe w i l l  be immediate and p a r t  o f  t h e  a v a i l a b l e  resou rces  
o f  t h e  emerqency s e r v i c e s  may need t o  be dep loyed i n  t h e  a f f e c t e d  areas.  I n  any 
event,  t he  p o s s i b i l i t y  o f  f u r t h e r  darnaae may remain, e.q. as t h e  r e s u l t  o f  f u r t h e r  
e x p l o s i o n  o r  by the  e f f e c t  o f  w ind spread ing b u r n i n g  brands o r  hazardous m a t e r i a l s .  



Perhaps the  most s i g n i f i c a n t  r i s k  t o  outs ide areas i s  t h a t  associated w i t h  a  
l a rae  release o f  t o x i c  vapours. Management w i l l  u sua l l y  need expert  advice i n  
drawing up p lans so t h a t  i f  such a  re lease occurs, i t  w i l l  be ab le  t o  co l labora te  
w i t h  emergency serv ices  t o  est imate as f a r  a s  p rac t i cab l e  which downwind areas are 
a t  r i s k .  I t  may be necessary t o  prepare i n  advance simple char ts  o r  tab les  r e l a t i n g  
the  l i k e l y  spread o f  a  vapour cloud, t ak i ng  i n t o  account i t s  expected buoyancy, the  
l o c a l  topography and a l l  poss ib le  weather cond i t i ons  dur ing  the  t ime o f  release. I t  
may e lso  be des i rab le  t o  i n s t a l l  instruments i n d i c a t i n g  wind speed and d i r e c t i o n .  

The f a c t  o f  a  major emergency and the  spread o r  p o t e n t i a l  spread o f  i t s  e f f e c t s  
outs ide the  works may requ i r e  t h a t  road and r a i l  t r a f f i c  past  the  p l a n t  has t o  be 
ha l ter )  o r  d iver ted.  The r e s p o n s i b i l i t y  f o r  c o n t r o l l i n q  road t r a f f i c  f l ow r e s t s  w i t h  
t h e  po l i ce ,  t a k i n q  account o f  the advice o f  the  p l a n t  manaqer. The problem i s  
almost always exacerbated by members o f  t he  p u b l i c  d r i v i n g  t o  the scene t o  view the  
s i t ua t i on .  The ne t  e f f e c t  can be t o  cause problems f o r  those who have a r e a l  need t o  
get  t o  the  p l an t ,  i n c l u d i n g  key personnel who have been c a l l e d  out. L i a i son  a t  l o c a l  
l e v e l s  w i l l  he lp  t o  devise a means whereby key personnel can r e a d i l y  i d e n t i f y  
themselves t o  p o l i c e  con t r o l l e r s .  

7. R e h a b i l i t a t i n g  the p l a n t  

The f i r e  f i g h t e r ' s  c h i e f  w i l l  no t  s i q n a l  the  end o f  the  emergency u n t i l  he i s  
s a t i s f i e d  t ha t  a l l  f i r e s  are ext inguished and there i s  no r i s k  o f  r e - i gn i t i on .  I n  
the  case o f  gas escapes, t he  emeraency w i l l  be declared ended only  when the  source 
o f  emission has been e f f e c t i v e l y  i s o l a t e d  and gas clouds have been dispersed. Even 
when the  ' A l l  Clear '  has been given, great  care i s  needed when re-enter ing a f f ec ted  
areas, and no work i n  connect ion w i t h  salvage, c o l l e c t i o n  o f  evidence o r  s ta r t -up  
should be pu t  i n  hand u n t i l  a  thorough examination o f  the  area has been c a r r i e d  out. 
I t  i s  p a r t i c u l a r l y  important t o  avo id the  i n t r o d u c t i o n  o f  poss ib le  sources o f  
i g n i t i o n ,  such as d i e s e l  engines, hand o r  power-operated too ls ,  f lame-cut t inq 
equipment u n t i l  i t  has been es tab l i shed  t ha t  no flammable ma te r i a l s  remain where 
they could be i gn i t ed .  

3 2 / 3 9 /  E. Example o f  a  response act ion:  handl inq a storaqe tank f i r e -  

Phase I: Info rmat ion  ga ther ing  

Step 1. I d e n t i f y  t he  product which created the  i nc i den t .  In fo rmat ion  must be 
obtained from p l a n t  personnel because i t  i s  poss i b l e  t ha t  the  same tank i s  
used f o r  a  v a r i e t y  o f  products. 

Step 2. Determine whether more than one product i s  s to red  i n  the tank. ( I s  i t  
compartmented?) . 

Step 3 .  Refer t o  t he  var ious re ference sources t o  determine the  hazards, phys ica l  
p rope r t i e s  and ex t ingu ish ing  methods and agents f o r  the  i d e n t i f i e d  product: 

- e f f e c t  on humans ( s p e c i a l  p r o t e c t i v e  equipment needed? evacuation?); 
- e f f e c t  on environment (streams, ground water, a i r ) ;  
- s p e c i f i c  g rav i t y ;  
- water s o l u b i l i t y ;  
- water r e a c t i v i t y ;  
- f l a s h  po in t ;  
- r e a c t i v i t y  problems; 
- exp los ive  l i m i t s ;  
- polymerizat ion; and 
- t-xt inquishinq aoents o r  e f f e c t i v ~  cover t o  reduce hazardous vapours. 



S t e p  4. Check l o c a t i o n  of  t a n k s  i n  r e f e r e n c e  t o  e x p o s u r e s ,  which i n c l u d e  b u i l d i n g s ,  
o t h e r  t a n k s ,  and overhead  e l e c t r i c  l i n e s .  

S t e p  5 .  Determine  t y p e s  o f  s t o r a g e  t a n k s ,  t h e i r  s a f e t y  f e a t u r e s ,  s h u t o f f  v a l v e s  and 
d i k e  d r a i n  v a l v e s .  

S t e p  6 .  Check a v a i l a b i l i t y  o f  r e s o u r c e s  ( p e r s o n n e l ,  equ ipment ,  w a t e r ,  e x t i n q u i s h i n q  
a q e n t s )  . 

S t e p  7. C o n s i d e r  w e a t h e r  c o n d i t i o n s  t h a t  a f f e c t  f i r e  f i g h t i n q  (wind  d i r e c t i o n  and 
s p e e d ,  r a i n ,  t e m p e r a t u r e ) .  

P h a s e  11: Decision-making and emergency p r o c e d u r e s  

There  a r e  t h r e e  p o s s i b l e  a c t i o n s  t h a t  c a n  b e  t a k e n :  

- A l t e r n a t i v e  1 : A t t a c k  t h e  f i r e .  

- A l t e r n a t i v e  2 : C o n t a i n  t h e  f i r e  and  le t  it b u r n  up t h e  f u e l .  

- A l t e r n a t i v e  3 : Withdraw emeraency r e s p o n s e  p e r s o n n e l .  

A l t e r n a t i v e  1: A t t a c k  t h e  f i r e  

I f  t h e  i n f o r m a t i o n  o b t a i n e d  d u r i n g  p h a s e  I  i n d i c a t e s  t h a t  a n  a t t a c k  is w a r r a n t e d ,  
t h e n  t h e  a t t a c k  must  b e q i n  i m m e d i a t e l y .  However, k e e p  i n  mind t h a t  a s  t h e  a t t a c k  
c o n t i n u e s  and new i n f o r m a t i o n  is g a t h e r e d  t h e  s t r a t e g y  s h o u l d  be  r e v i s e d  i f  
n e c e s s a r y .  

S t e p  1. E v a c u a t e  t h e  downwind a r e a  o f  t h e  vapour  c l o u d .  

S t e p  2 .  Have a l l  p e r s o n n e l  a p p r o a c h  from upwind. Make s u r e  a l l  a r e  e q u i p p e d  w i t h  
t h e  a p p r o p r i a t e  p r o t e c t i v e  equ ipment .  

S t e p  3 .  Keep a l l  u n n e c e s s a r y  p e r s o n n e l  i n c l u d i n g  s p e c t a t o r s  a t  l e a s t  one m i l e  away. 

S t e p  4. I f  t h e r e  is a  q a s  l e a k  w i t h o u t  a f i r e ,  u s e  h o s e  s t r e a m s  t o  d i s p e r s e  t h e  
vapour .  Then, u n d e r  c o v e r  o f  t h e  s t r e a m s ,  go  i n  and s h u t  o f f  t h e  c o n t r o l  
v a l v e s .  Make s u r e  a  backup h o s e  l i n e  from a  s e p a r a t e  w a t e r  s o u r c e  is 
a v a i l a b l e .  I f  t h e  f low c a n n o t  b e  s h u t  down, t h e n  t h e  vapour  c l o u d  must  b e  
d i s p e r s e d  w i t h  h o s e  s t r e a m s .  Use c a u t i o n ,  however ,  i n  c a s e  t h e  c o m b i n a t i o n  
o f  p r o d u c t  and w a t e r  fo rms  a  h a z a r d o u s  s u b s t a n c e .  I n  t h i s  c a s e ,  r u n o f f  must  
b e  c o n t a i n e d  by d i k i n a .  Remember t o  k e e p  p e r s o n n e l ,  c i v i l i a n s  and  a p p a r a t u s  
away from t h e  vapour  c l o u d .  

S t e p  5 .  I f  t h e r e  is a  l e a k  w i t h  f i r e  d o  n o t  e x t i n g u i s h  t h e  f i r e  u n t i l  l e a k a g e  is  
s t o p p e d .  Usinq t h e  c o v e r  of h o s e  s t r e a m s  w i t h  a  back-up l i n e  s h u t  down t h e  
c o n t r o l  v a l v e .  Keep e x p o s u r e s  c o o l  a t  t h e  p o i n t  o f  f l a m e  impingement .  With 
l a r g e  f i r e s  r a d i a n t  h e a t  is a l s o  a  problem and w a t e r  must be  a p p l i e d  
d i r e c t l y  t o  t h e  e x p o s u r e  t o  k e e p  i t  c o o l .  Remember t o  a p p r o a c h  h o r i z o n t a l  
t a n k s  from t h e  s i d e s .  

S t e p  6. L i s t e n  f o r  t h e  o p e r a t i o n  o f  t h e  r e l i e f  v a l v e .  As p r e s s u r e  i n c r e a s e s ,  t h e  
p i t c h  o f  t h e  n o i s e  a l s o  i n c r e a s e s .  T h i s  is  a n  i n d i c a t i o n  t h a t  w i t h d r a w a l  
is n e c e s s a r y .  



Step 7. 

Step 8. 

Step 9. 

Larqe tank storage f i r e s  r eou i r e  p ro tec t i on  o f  exposure? p a r t i c u l a r l y  
o ther  tanks w i t h  l a r a e  q u a n t i t i e s  o f  water. Unmanned moni tor  streams can be 
used t o  oreat  advantaae under these condi t ions.  

~ x t i n ~ u i s h m e n t  can be t r i e d  us ing  spec ia l  agents and techniques. I nc i den t  
commanders w i l l  probably need t o  se t  up a supplemental source o r  supply o f  
the  ex t inqu ish inq  agent. Dikes w i l l  have t o  be kept  from overf lowing. 

The a t tack  w i l l  vary depending on t he  type o f  cons t ruc t ion  o f  the  tanks. 
Care must be exercised no t  t o  compound the problem by f a i l i n g  t o  take t h i s  
i n t o  account. 

A l t e r n a t i v e  2 :  Contain the f i r e  and l e t  i t  burn up the fue l  

Step 1. Open conta iner  and s p i l l  f i r e s  i n  l a rge  q u a n t i t i e s  o f  h i gh  vapour pressure 
products, such as those c a r r i e d  in 'spher iods,  cannot be ext inguished by any 
f i r e  f i q h t i n q  aqent o r  dev ice p resen t l y  known. Furthprmore, i f  such a f i r e  
can b~ ext inguished, do ing so i n  most cases would c rea te  g rea te r  hazards 
than t ha t  created by t he  e x i s t i n q  f i r e  i t s e l f ,  s ince  the  unburned vapour 
may accumulate a t  o ther  loca t ions .  Therefore, t he  most e f f e c t i v e  means o f  
c o n t r o l l i n q  f i r e s  i n  these products i s  t o  use p l en t y  o f  water t o  keep 
exposed p r o p ~ r t y  coo l  and t o  shut o f f  f l ow  o f  product t o  the  f i r e .  

Step 2 .  Play as much water on the conta iner  above l i q u i d  l e v e l  as poss ib le .  Even i f  
water spray o r  o ther  means o f  water a p p l i c a t i o n  i s  f ixed,  p l ay  heavy 
streams o f  water on exposed s t e e l  above l i q u i d  l e v e l  i f  t h i s  can be done 
w i thou t  dep le t inq  the water supply. 

Step 3. I f  vent o r  broken l i n e  i s  p l ay i ng  blow t o r ch  flames on s t e e l  above l i q u i d  
l e v e l ,  d i r e c t  streams o f  water on t h i s  spot. I f  t h i s  cannot be done qu i ck l y  
s tay  c l e a r  o f  the conta iner  rup tu re  which i s  almost sure t o  occur from the 
weakeninq o f  the  s t e e l  due t o  heat. Water i s  very e f f e c t i v e  i n  coo l ing  
s t e e l  i n  such cases. 

Step 4. By a l l  means p ro tec t  the conta iner  above l i q u i d  l e v e l .  

Step 5. I n  the  case o f  a  broken l i n e  or  o ther  such leak, do no t  ex t ingu ish  the  f i r e  
except by s h u t t i n g  o f f  the  f low. I t  i s  sometimes f e a s i b l e  t o  ex t ingu ish  the  
f i r e  and then shut o f f  the f low. F i r e s  o f  considerablp s i z e  can be 
ext inguished by use o f  d ry  chemical ext inguishers.  On l a r g e  f i r e s  o f  t h i s  
k ind,  a  water fog  o f  spray should be used t o  p ro tec t  t he  approach and t o  
cool  the s t e e l  o r  ex t ingu ish  wood and rubbish f i r e s  against  r e - i g n i t i o n  of 
the aas before i t s  source can be cu t  o f f .  I f  the f low i s  n o t  cu t  o f f ,  
vapours o r  gas may accumulate and then when re - i gn i t ed  the f low w i l l  t r a v e l  
back t o  i t s  source. 

A l t e r n a t i v e  3: Withdraw emeraency response personnel 

I n  t h i s  CBSP the s i t u a t i o n  i s  too  dangerous f o r  response personnel. Keep 
rnonitor inq the s i t u a t i o n  a t  a safe d is tance u n t i l  there i s  a  p o s s i b i l i t y  of 
i n t e r ven inq  w i t h  A l t e rna t i ves  1 o r  2 .  



CHAPTFR V .  PREPAREDNESS FOR HAZARDOUS MATERIAL TRANSP :;T ACCIDENTS 

A . t r a n s p o r t  c o n t i n g e n c y  p l a n  must b e  s u f f i c i e n t l y  f l e x i b l e  t o  a d a p t  t o  t h e  
d i f f e r e n t  c i r c u m s t a n c e s  i n  which t h e  a c c i d e n t  may o c c u r .  T r a n s p o r t  a c c i d e n t s  
i n v o l v i n q  h a z a r d o u s  m a t e r i a l s  may o c c u r  i n  a  b u i l t - u p  a r e a .  T h i s  g r e a t l y  e n h a n c e s  
t h e  chance  t h a t  members o f  t h e  p o p u l a t i o n  w i l l  be  i n v o l v e d  i n  o r  d i r e c t l y  a f f e c t e d  
by t h e  a c c i d e n t .  C o n s e q u e n t l y ,  m e a s u r e s  t o  k e e p  p e o p l e  away from t h e  s c e n e ,  d i v e r t  
t r a f f i c ,  m a i n t a i n  a c c e s s  f o r  emerqency v e h i c l e s  and p o s s i b l y  e v a c u a t e  t h e  p o p u l a t i o n  
assume p a r t i c u l a r  i m p o r t a n c e .  Pn t h e  o t h e r  hand ,  a  r a i l w a y  a c c i d e n t  may o c c u r  a l o n q  
a  r u r a l  r o u t e  where v e h i c l e s  must t r a v e l  o v e r l a n d  t o  r e a c h  t h e  s i t e  o f  t h e  a c c i d e n t .  

Another  p e c u l i a r i t y  o f  t r a n s p o r t  a c c i d e n t s  is t h a t ,  i n  g e n e r a l ,  t h e  f i r s t  
emerqency r e s p o n s e  teams  t o  r e a c h  t h e  s c e n e  w i l l  b ~  t h e  p o l i c e  o r  c i t y  f i r e  f i c i h t e r s  
i . e .  teams which may n o t  b e  p r e p a r e d  t o  f i g h t  a c c i d e n t s  i n v o l v i n g  i n d u s t r i a l  
h a z a r d o u s  m a t e r i a l s  i n  t h e  same way a  r e s p o n s e  team i n  a n  i n d u s t r i a l  p l a n t  is 
c a p a b l e  o f .  I n  some i n s t a n c e s  t h e  r e s p o n s e  teams  may n o t  even  b e  a w a r e  o f  t h e  
h a z a r d s ,  a s  i n  some road  a c c i d e n t s ,  where  t h e  d r i v e r  is u n a b l e  t o  g i v e  i n f o r m a t i o n  
on t h e  c o n t e n t  o f  t h e  c a r g o  and t h e  v e h i c l e  is n o t  p r o v i d e d  w i t h  p r o p e r  
i d e n t i f i c a t i o n  p l a c a r d s .  

T h e r e f o r e ,  c o n t i n q e n c y  p l a n n i n q  f o r  t r a n s p o r t  a c c i d e n t s  i n v o l v i n g  h a z a r d o u s  
m a t e r i a l s  s h o u l d  be c o n c e r n e d  w i t h :  

- r a i s i n g  t h e  a l a r m ;  
- i d e n t i f i c a t i o n  o f  t h e  h a z a r d o u s  m a t e r i a l s  i n v o l v e d  i n  t h e  a c c i d e n t ;  
- immediate  a c t i o n s  t o  b e  t a k e n  a t  t h e  s c e n e  o f  t h e  a c c i d e n t ;  
- a c c i d e n t  i n f o r m a t i o n  and  c o n t r o l  ne twork ;  
- d i r e c t i o n  o f  emerqency o p e r a t i o n s ;  
- emerqency teams  and p r o c e d u r e s .  

Each o f  t h e s e  p o i n t s  w i l l  be  d i s c u s s e d  below i n  g r e a t e r  d e t a i l .  

A .  R a i s i n q  t h e  a l e r m  

Almost anybody c a n  r a i s e  t h e  a l a r m  i n  c a s e  o f  t r a n s p o r t  a c c i d e n t s .  I f  t h e  
v e h i c l e  d r i v e r  o r  t r a i n  e n g i n e e r s  a r e  n o t  dead  o r  s e r i o u s l y  i n j u r e d  t h e y  w i l l  most  
l i k e l y  do t h i s .  I n  many o t h e r  i n s t a n c e s ,  a  member o f  t h e  g e n e r a l  p u b l i c  h a s  been  
known t o  r a i s e  t h e  a la rm.  T h e r e f o r e ,  a  24-hour emerqency t e l e p h o n e  number s h o u l d  be  
a v a i l a b l e .  The c i t y  p o l i c e  o r  f i r e  d e p a r t m e n t  t e l e p h o n e  numbers c a n  s e r v e  s u c h  a  
p u r p o s e ,  p r o v i d e d  t h e s e  s e r v i c e s  c a n  c o n t a c t  o t h e r  emergency r e s p o n s e  teams  a t  
h i q h e r  l e v e l s  ( p r o v i n c i a l ,  n a t i o n a l )  o r  from i n d u s t r y ,  i f  n e c e s s a r y .  

R. I d e n t i f i c a t i o n  o f  h a z a r d o u s  m a t e r i a l s :  p l a c a r d s  and l a b e l s  f o r  t r a n s p o r t  and 
sh ipment  o f  h a z a r d o u s  m a t e r i a l s  

When emergency r e s p o n s e  p e r s o n n e l  a r r i v e  on t h e  s c e n e  o f  a h a z a r d o u s  a c c i d e n t  
one  o f  t h e  f i r s t  t h i n q s  t o  be  d e t e r m i n e d  is t h e  m a t e r i a l  i n v o l v e d .  I d e n t i f i c a t i o n  
c a n  be  a c c o m p l i s h e d  more e a s i l y  i f  t h e  t r a n s p o r t i n g  v e h i c l e  o r  t r a i n  c a r  is p r o v i d e d  
w i t h  p l a c a r d s  a f f i x e d  on a l l  f o u r  s i d e s .  L a b e l s ,  on t h e  o t h e r  hand,  o n l y  need  t o  b e  
a t t a c h e d  t o  one s i d e  o f  t h e  c o n t a i n e r  h o l d i n g  t h e  m a t e r i a l .  The most i m p o r t a n t  
r e a s o n s  f o r  p l a c i n g  l a b e l s  and p l a c a r d s  on p a c k a g e s  and v e h i c l e s  a r e :  

- t o  p r o v i d e  a n  immedia te  warn ing  of  p o t e n t i a l  d a n g e r ;  
- t o  i n f o r m  t h e  emerqency r e s p o n s e  p e r s o n n e l  o f  t h e  n a t u r e  o f  t h e  h a z a r d ;  
- t o  i n d i c a t e  any r e q u i r e d  p r o t e c t i v e  a c t i o n ;  and  
- t o  min imize  p c s s i b l p  i n j u r i o u s  ~ f f e c t s  i f  e x p o s u r e  t o  t h e  p r o d u c t  o c c u r s .  



In o r d e r  t o  be e f f e c t i v e ,  p l a c a r d i n g  r d l a b e l i n g  shou ld  be: 

- mandatory, i . ~ .  imposed by law a t  n a t i o n a l  o r  i n t e r n a t i o n a l  l e v e l ,  and 
c o d i f i e d  accordinq t o  t h e  m a t e r i a l s  and t h e i r  hazards ;  and 

- s t e n d a r d i z e d ,  i . e .  t h e  t y p e ,  form, s i z e  and shape  of symbols used f o r  
p l a c a r d s  and l a b e l s  shou ld  be determined and c o n s i s t e n t l y  used s o  a s  t o  
r e p r e s e n t  c o r r e c t l y  t h e  m a t e r i a l  being t r a n s p o r t e d  and its hazard .  

Seve ra l  p l a c a r d i n g  and l a b e l l i n q  sys tems a l r e a d y  e x i s t  i n  many n a t i o n s ,  and 
cont inuous  e f f o r t s  a r e  made t o  s t a n d a r d i z e  some of them a t  t h e  i n t e r n a t i o n a l  l e v e l .  
The United Nat ions  system is t h e  most a s  a  b a s i s  f o r  o t h e r ,  
more romprehensive,  sys tems employed . Some of t h e s e  sys tems 
w i l l  be desc r ibed  i n  t h e  remainder of t h i s  s e c t i o n .  

1. United Nat ions  C l a s s i f i c a t i o n  System 

The United Nat ions  Organ iza t ion  (UN) has  e s t a b l i s h e d  a  s t anda rd ized  c l a s s  number 
40/ system f o r  hazardous mater ia l -  . Some c o u n t r i e s  have adopted t h e  system and 

r e q u i r e  t h a t  a l l  imported goods be p rope r ly  l abe led .  The system d i v i d e s  hazardous 
m a t e r i a l s  i n t o  n i n e  c l a s s e s  each i d e n t i f i e d  by a  n u m b ~ r .  Some c l a s s e s  a r e  f u r t h e r  
subdivided i n t o  d i v i s i o n s ,  i d e n t i f i e d  by ano the r  number fo l lowing  t h e  c l a s s  number. 

The c l a s s i f i c a t i o n  is based on t h e  type  of r i s k  involved,  and has  been conceived 
t o  minimize i n t e r f e r e n c e  wi th  e x i s t i n g  r e g u l a t i o n s .  The o r d e r  i n  vlhich c l a s s e s  a r e  
l i s t e d  does  no t  show a  p r i o r i t y  i n  t h e  degree  of danger.  The c l a s s e s  a r e :  

C l a s s  1. Exp los ives  

C l a s s  2 .  Gases: compressed l i q u i f i e d ,  d i s s o l v e d  under p r e s s u r e  o r  deeply  
r e f r i g e r a t e d  

C l a s s  3. Inflammable l i q u i d s  

C l a s s  4. Inflammable s o l i d s ;  s u b s t a n c e s  l i a b l e  t o  spontaneous  combustions;  
subs t ances  which, on c o n t a c t  w i th  wa te r ,  emit flammable g a s e s  

C las s  5. Oxidiz ing  subs t ances ;  0rqani.c pe rox ides  

C l a s s  6 .  Poisonous ( t o x i c )  and i n f e c t i o u s  subs t ances  

C l a s s  7.  Rad ioac t ive  subs t ances  

C l a s s  8 .  Cor ros ives  

C l a s s  9 .  Miscel laneous  danqerous subs t ances  

Labe l s  f o r  packages and p l a c a r d s  f o r  r a i lway  c a r s  o r  t r u c k s  a r e  d e s c r i b e d  below. 
Labe l s  and p l a c a r d s  should  be p l aced  a g a i n s t  a  background of c o n t r a s t i n g  co lou r .  

F igu re  2 shows t h e  recommended specimen l a b e l s  corresponding t o  each c l a s s .  The 
l a b e l s  a r e  a l l  diamond-shaped wi th  a  minimum dimension of 100 mm by 100 mm. The 
c o l o u r s  of each l a b e l  a r e  s p e c i f i e d  i n  f i q u r e  2.  The l a b e l s  a r e  d iv ided  i n t o  ha lves .  
The upper h a l f  of t h e  l a b e l  is re se rved  f o r  t h e  p i c t o r i a l  symbol m d  t h e  lower h a l f  
f o r  t h e  c l a s s  number. 



Class 1 

Explosives 

Divisions 1 . 1 ,  1.2 and 1.3 
Symbol (exploding bomb): black; Background: orange 

Class 2 

 on-inflammabk gases 
Symbol (gas cylinder): black or while; Background: green 

Figure 2: Specimen labe ls  (UN system) 



Inflammable gases 
Symbol (flame): black or white 

Background: red 

Class 2 

Poison (toxic) gases 
Symbol (skull and crossbones): black 

Background: white 

Inflammable liquids 
Symbol (flame): black or white; Background: red 

Figure 2 (continued) 



Class 4 

Division 4.1 Division 4.2 

Inflammable solids Substances liable to spontaneous combustion 
Symbol (flame): black; Symbol (flame): black: 

Background: white with vertical red stripes Background: upper half white; lower half red 

Division 4.3 

Substances which, in contact with water, emit inflammable gases 
Symbol (flame): black or white; Background: blue 

Class 5 

Division 5.1 Division 5.2 

Oxidizing substances Organic peroxides 
Symbol (flame over circle): black: Background: yellow 

Figure 2 (cont inued)  



Class 6 

Division 6.1 

Poisonous (toxic) substances 
Packing Groups: I and I1 

Symbol (skull and crossbones): 
black; Background: white 

Division 6.1 

Poisonous (toxic) substances 
Packing Group: 111 

The bottom half of the label 
should bear the inscriptions: 

HARMFUL 
Stow away f rom foodstuffs 

Symbol (St. Andrew's Cross over an ear of 
wheat): black; Background: white 

Division 6.2 

Infectious substances 
The bottom half of the label should bear Infectious Substance (Optional) and the Inscription: "In case 

. 
of damage o r  leakage immediately notify Public Health authority" (optional); Symbol (three crescents 

superimposed on a circle) and Inscription: black; Background: white 

Figure 2 (continued) 



Class 7 

Radioactive substances 

(a) Category I-White; Symbol (trefoil): black; Background: white; Text (mandatory) black in bottom half of 
label: "Radioactive"; "Contents . . . "; "Activity . . . ". One red vertical stripe must follow the word 
"Radioactive". 

(6) Category 11-Yellow; Symbol (trefoil): black; Background: top half yellow. bottom half white; Text 
(mandatory) Mack in bottom half of label: "Radioactive"; "Contents . . . "; "Activity . . . "; in a black 
outlined box-"Transport Index". Two red vertical stripes must follow the word "Radioactive". 

(c )  Category IIIÃ‘Yellow Symbol (trefoil): black: Background: top half yellow, bottom half white; Text 
(mandatory) black in bottom half of label: "Radioactive"; "Contents . . . *; "Activity . . . "; in a black 
outlined box-"TVansport Index". Three red vertical stripes must follow the word "Radioactive". 

Class 8 

Corrosives 

Symbol (liquids, spilling from two glass vessels and attacking a hand and a metal): black; Background: 
upper' half white, lower half black with white border 

Figure 2 (continued) 



The UN p lacard ing  system i s  very  s i r  -ar t o  the  l a b e l i n g  system. The major 
d i f fe rences  cons is t  i n  the  minimum s i z e  o f  t he  p lacard  (250 mm by 250 mm) and the  
d isp lay  o f  the UN i d e n t i f i c a t i o n  number (except f o r  Class 1 goods). For more d e t a i l ,  
see reference 40. The UN i d e n t i f i c a t i o ~ i  numbers f o r  an extens ive l i s t  o f  hazardous 
ma te r i a l s  can be found there. The hazard c lass  and d i v i s i o n  number (sub-class) a re  
a l so  l i s t e d .  

2. Federal  Department o f  Transpor ta t ion System (U.S.A.) 

Th is  p lacard ing  and l a b e l i n g  system3^ c l ose l y  resembles t h a t  o f  the  UN system. 
The c lass system i s  s u b s t a n t i a l l y  t h e  same even though some d i f f e rences  e x i s t  
concerning c lass d i v i s i o n s  (such as those f o r  exp los ives and poisons). With few 
exceptions, the p lacards and l a b e l s  a re  i d e n t i c a l  t o  those o f  t he  UN system, the  
on ly  d i f fe rence  be ing an i n s c r i p t i o n  i n  Eng l i sh  (such as "Corrosive", "Flammable" o r  
'Explosive") appearing w i t h i n  the  placard. No UN i d e n t i f i c a t i o n  number o r  
equiva lent  ma te r i a l  i d e n t i f i c a t i o n  number appears. 

3. HAZCHEM Scheme (U.K.) 

T h i s &  a r a t he r  comprehensive system c u r r e n t l y  used i n  the  Un i ted  
KingdornÃ‘ . An exemple o f  a p lacard  i s  g iven  i n  f i g u r e  3. With re ference t o  t h i s  
f i du re ,  each p lacard  i s  d i v i ded  i n t o  f o u r  main sec t ions  con ta in ing  the HAZCHEM 
a c t i o n  code (2YE), t he  UN c l a s s i f i c a t i o n  number (1089), the  telephone number o f  a 
Spec ia l i s t  Advice t o  c a l l  i n  case o f  emergency, and the  diamond shaped hazard 
warning s ign  (UN symbols a re  used f o r  t h i s  purpose). A f i f t h  sec t i on  may be used t o  
dep i c t  the  manufacturer 's o r  company name o r  symbol. 

The HAZCHEM a c t i o n  code (e.9. 2YE) conta ins i n f o rma t i on  on t he  ac t i ons  t o  be 
taken by the  emergency squads i n  case o f  accident.  The key t o  the code i s  contained 
on a pocket card c a r r i e d  by each member o f  the  emergency squad (see f i g u r e  4). The 
number appearing i n  t he  HAZCHEM a c t i o n  code r e f e r s  t o  t he  f i r e  f i g h t i n g  method t o  be 
used and the  f i r s t  l e t t e r  t o  the  type o f  s p i l l a g e  a c t i o n  t o  be taken. The second 
l e t t e r  E i s  added when there  i s  need t o  consider evacuat ion o f  the  area. 

4. ADR/RTD System (Europe) 

Th is  system, which has been recognized by 18 European countr ies,  i s  a l so  based 
on the UN system. Two p lacards are used ins tead  o f  one. The f i r s t  p lacard  cons is ts  
o f  one o f  t he  diamond-shaped UN hazard symbols. The second p lacard  i s  orange and 
conta ins two numbers, one above the  other.  The lower one i s  t he  UN m a t e r i a l  
i d e n t i f i c a t i o n  number. The top  number i s  made up o f  two d i g i t s ,  t he  f i r s t  
represent ina the UN c lass  and the  second an a d d i t i o n a l  hazard index i n  the event the  

34/ m a t e r i a l  presents more than one h a z a r d Ã  . 
C. Immediate ac t i ons  t o  be taken a t  t he  scene o f  t he  accident:  a c t i o n  guides and 

in fo rmat ion  cards 

I n  many t ranspor t  acc idents  t he  veh i c l e  d r i v e r  o r  t he  t r a i n  engineers w i l l  be 
t he  f i r s t  responsib le  personnel t o  take a c t i o n  a t  t he  scene o f  t h e  accident.  
Therefore, the  f o l l ow ing  th ree  p o i n t s  should be considered, a t  t he  p lanning stage, 
i n  order t o  insure  maximum immediate response e f fec t i veness :  

- d r i v e r s  and engineers should be adequately protected; 

- appropr ia te  emprqency eouipment should be c a r r i e d  on board; and 

- simple and adeauate emeraency i n s t r u c t i o n s  should be c a r r i e d  on board and e a s i l y  
accessed. 



Figure 3: HAZCHEM placarding system (UK) 
 h he panel illustrated is for acetaldehyde) 

Emergency Action 
Code Scale 
FOR Fins on SPILLAGE 

1 [ r j  
2 [ X q .  
3 FOAM- 
4 [ DRY AGENT 1 

E 1 CONSIDER EVACUATION 1 

Notes for Guidance 

FOG 
In the absence o f  fog equipment a 
l ine  spray may be used. 

DRY AGENT 
Water must not be allowed t o  come 
n io  contact w i t h  thesubstance at risk 

v 
Can be violently w owa explosively 
~eactive 

FULL 
Full body p r o t ~ t w  cloihnrg with BA 

B A 
BieÃ§thin aoo*(atus phis 0101~3iv glows 

DILUTE 
May Ba washd  IU dram wnh I M ~ Ã  
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C e r t a i n  r wiremmts f o r  c o n s t r u c t i o n  of v e h i c l e s  o r  t r a i n  c a r s  w i l l  h e l p  a s s u r e  
d r i v e r  s a f e t y .  For  example, t h e r e  should  be  a  f i r e p r o o f  s c r e e n  between t h e  t ank  of a  
t ank  t r u c k  and t h e  d r i v e r ' s  cab; t h e  exhaust  shou ld  be i n  f r o n t  of t h e  s c r e e n ;  t h e  
v o l t a g e  of the- l i g h t i n g  c u r r e n t  shou ld  no t  exceed 24V and a  double-pole s w i t c h  f o r  

14/ d i sconnec t ing  t h e  b a t t e r y  shou ld  be  e a s i l y  a c c e s s i b l e  i n  its v i c i n i t y  . 
The v e h i c l e  o r  t r a i n  shou ld  c a r r y  a  t o o l  k i t ,  emergency l i g h t i n g  and f i r s t  a i d  

equipment. P r o t e c t i v e  c l o t h i n g  and b r e a t h i n g  equipment a r e  a l s o  recommended. The 
f i r e  e s t i n g u i s h e r  shou ld  be l a r g e  enough and a p p r o p r i a t e  f o r  e x t i n g u i s h i n g  a  f i r e  i n  
t h e  cargo.  

The d r i v e r  o r  t r a i n  e n g i n e e r s  shou ld  be r equ i r ed  t o  c a r r y  a c t i o n  gu ide  c a r d s  
c o n t a i n i n g  i n s t r u c t i o n s  f o r  t h e  most t y p i c a l  emerqency s i t u a t i o n s  invo lv ing  t h e  
m a t e r i a l  t r a n s p o r t e d .  T h i s  system h a s  been adopted i n  t h e  U K 

i 4 7 d e r e  
t h e  TREMCARD 

(Transpor t  Fmergency c a r d s )  system was o r i g i n a l l y  developed- . These c a r d s  have 
been prepared  f o r  a l a r g e  number o f  hazardous  m a t e r i a l s .  Each c a r d  c o n t a i n s  
in fo rma t ion  concerning t h e  name of t h e  m a t e r i a l  t r a n s p o r t e d ,  t h e  n a t u r e  of t h e  
haza rd ,  s a f e t y  equipment necessa ry  t o  handle  t h e  m a t e r i a l ,  emergency measures t o  be 
taken i n  case of f i r e ,  s p i l l a g e  o r  r e l e a s e ,  and f i r s t  a i d  i n  c a s e  of exposure  t o  t h e  
m a t e r i a l .  An example of such a  c a r d  is g iven  i n  f i g u r e  5. 

I f  t h e  immediate a c t i o n s  t aken  by t h e  t r u c k  d r i v e r  o r  t r a i n  e n g i n e e r s  a r e  n o t  
s u f f i c i e n t  t o  keep t h e  a c c i d e n t  under  c o n t r o l  t h e n  e x t e r n a l  response  teams must 
i n t e rvene .  The p l a c a r d  o r  l a b e l  system may g r e a t l y  h e l p  t h e s e  teams i d e n t i f y  t h e  
haza rds ,  but  t h i s  system rally i n d i c a t e s  a  broad ca t egory  of dangerous m a t e r i a l s .  I n  
some i n s t a n c e s ,  more d e t a i l e d  in fo rma t ion  is needed and t h e  name and amount o f  t h e  
s p e c i f i c  product  be ing  t r a n s p o r t e d  must be  determined. T h i s  can be accomplished more 
e a s i l y  i f  t h e  v e h i c l e  o r  t r a i n  is equipped wi th  sh ipp ing  papers .  These pape r s  can 
i n c l u d e  a  sh ipp ing  o r d e r ,  b i l l  of  l a d i n g ,  m a n i f e s t ,  o r  wayb i l l .  

A s  a  g e n e r a l  r u l e ,  a l l  of  t h e  s h i p p i n g  pape r s  w i l l  con ta in :  

- s h i p p e r ' s  name and address ;  
- cons ignee ' s  name and addres s ;  
- prope r  s h i p p i n g  name; - prope r  c l a s s i f i c a t i o n  of t h e  shipment;  
- t o t a l  q u a n t i t y  by weight o r  volume; and - a  c e r t i f i c a t i o n  by t h e  s h i p p e r  t h a t  t h e  shipment has  been p rope r ly  prepared .  

The Uni ted  Na i o n s  have a l s o  developed a  system f o r  documenting t h e  shipment of 
407 dangerous good- . Accordingly,  t h e  b a s i c  i t ems  o f  i n fo rma t ion  cons ide red  necessa ry  

f o r  t h e  i d e n t i f i c a t i o n  of a  dangerous subs t ance  t r a n s p o r t e d  by any method a r e :  

- prope r  sh ipp ing  name; 

- t h e  c l a s s  o r ,  when a s s igned ,  d i v i s i o n  of goods ( s e e  r e f e r e n c e  4 0 ) .  Fo r  
s u b s t a n c e s  of C l a s s  2  p o s s e s s i n g  s u b s i d i a r y  inflammable o r  poisonous 
p r o p e r t i e s  t h e  c l a s s  shou ld  be f u r t h e r  a m p l i f i e d  by addinq t h e  word 
' inflammable" o r  "poisonous" a s  a p p r o p r i a t e ;  and 

- t h e  UN s e r i a l  number a s s igned  t o  t h e  subs t ance  o r  a r t i c l e .  The t o t a l  q u a n t i t y  
of dangerous qoods covered by t h e  d e s c r i p t i o n  (volume, weight ,  o r  n e t  
e x p l o s i v e  c o n t e n t ,  a s  a p p r o p r i a t e ) .  

In  a d d i t i o n ,  any o t h e r  i n fo rma t ion  deemed necessa ry  by n a t i o n a l  a u t h o r i t i e s  o r  
i n t e r n a t i o n a l  o r g a n i z a t i o n s  may a l s o  be  g iven (e.g.  f l a s h  p o i n t  o r  f l a s h  p o i n t  
r ange ) .  An example of t h e  U N  dangerous qoods d e c l a r a t i o n  form is given i n  f i g u r e  6. 
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Cargo 

Nature of Hazard 

Protective Devices 

A M  M O N  IA (anhydrous) 
Liquefied pressure gas with pungent o d o u ~  

Corrosive and Toxic 
Spilled liquid has very low temperature and. unless contained, evaporates quickly 
The gas causes severe damage to eyes and air passages 
The gas poisons by inhalation and is suffocating 

Contact with liquid causes skinburns and severe damage to eyes 
Reaction with moist air produces mist which has strongly irritant effect on eyes. skin and air 
passages 
Heating will cause pressure rise, severe risk of bursting and explosion 

Suitable respiratory protective device 
Goggles giving complete protection to eyes 
Plastic or rubber gloves, boots, suit and hood giving complete protection to head, face and neck 
Eyewash bottle with clean water 

t -Notify police and fire brigade .immediately 

If pouible move vehicle to open ground and stop the engine 
No naked lights. No smoking 
Mark roads and warn other road users 
Keep public away from danger area 
Keep upwind 
PUT on protective equipment before entering danger area 

Prevent liquid entering sewers, basements and workpits. Vapour may create toxic and corrosive atmosphere 
Contain leaking liquid with sand or earth. Consult an expert 

. Warn evevbodv-toxic and corrosive hazard. Evacuate if necessary 
If vapour cloud drifts towards populated area. warn inhabitants 

. Use waterspray to knock down" vapour 
Do not use water jet on a leak of the tank 

. If substance has entered a water courseor sewer or been spilt on soil or vegetation. advise police 

If substance hasgot into the eyes. immediately wash out with plenty of water for at least 15 minutes 
Removecontaminated clothing immediately and wash affected skin with plenty of water 
Seek medical treatment when anyone has symptoms apparentlydue to inhalation or contact with skin or 
QV9S 
Even if there are no symptoms resulting from such exposure send to a doctor and show him thiscard 
Persons who have inhaled the aas must lie down end keen auite still - .  

. Keep patient warm 
Apply artificial respiration only if patient is not breathing 

Additional information provided by manufacturer or sender 

TELEPHONE 

PrmÃ§re by CEFIC ICONSEIL EUROPEEN OES FEDERATIONS OE L INOUSTRIE CHIMIQUE EUROPEAN COUNCIL OF CHEMICAL 
MANUFACTURERS FEDERATIONS) Zunch from #he best knowledge available no rÃ§Ã§poniibil r accepted that the information is 
suiliciani or correct in all case 
Obfinwicfrom ThÃ§Whttofn Pr- Umfd Mwlwy Wharf RoÃ§ TonbrtdQ* Kcm TNfl 1QR Tolm 997031 

Applies only during road transport English 



Name of carrier (or his agent) 

PUQUsize:-A4~@10~297rnrn or3.271 1169inches) 

(RffVd for 10x1. instructions or other matter) r 
Slupow (Nun* 6 Addrws) Relerence numtw(s) 

I 

Itartu & numbwi; Number & kind o l  packages; Dascnption 01 floods' Gross weight (kg) 

*PBOPEB SHIPPING NAME: proprietary MmeS alone are not sulticient . . . . . . ......................................... 
Additional Intornulion t 

(Reserved tor text. instruclioni or othar matter) 
I 

Nunelmmx 04 transporl 

Place and date 

Signature on bet r t l  of Shipper 

Portlptace of departure 

I Spoclal infonrullon is required for (a) Dangerous Goods in Limited Quantities, and (0) Radioactive 
sub8 lanc~  (Class 7). In certain circumstances. (c) a weathering cartiticate, w (d) a ContatnerRrailer 
Packing CÃ§rtilicat is required. 

Figure 6: UN dangerous goods declaration 

OECLAHATION Namalstatus of signatory 



TI s h i p p i n g  pape r s  shou ld  he kept  i n  t h e  d r i v e r ' s  cab. On t r a i n s  t h e  conductor  
should  keep a l l  t h e  papers .  They may, t h e r e f o r e ,  be found i n  t h e  caboose o r  t h e  
eng ine ,  depending on t h e  l o c a t i o n  of t h e  conductor .  For shipment by r a i l ,  t h e r e  
should  be a  f r e i q h t  w a y b i l l  f o r  each c a r  i n  t h e  t r a i n .  The conductor  shou ld  have 
t h e s e  w a y b i l l s  g e n e r a l l y  a r r anged  i n  sequence ,  s t a r t i n g  wi th  t h e  f i r s t  c a r  behind 
t h e  eng ine ,  which would be t h e  f i r s t  wayb i l l .  A t  a  d e r a i l m e n t ,  one could  de termine  
t h e  l a s t  c a r  a t  both  ends  which remained u p r i g h t .  Once t h e  w a y b i l l s  f o r  t h e  l a s t  
u p r i g h t  c a r s  a r e  l o c a t e d ,  t h o s e  p a p e r s  i n  between r e p r e s e n t  t h e  d e r a i l e d  c a r s .  A 
quick  s e a r c h  of t h e s e  pape r s  w i l l  i n d i c a t e  i f  t h e r e  a r e  any hazardous  commodities on 
board. 

A l l  t h e  measures d e s c r i b e d  i n  t h i s  s e c t i o n  w i l l  be e f f e c t i v e  i n  p reven t ing ,  
c o n t r o l l i n g  o r  f i g h t i n g  a  t r a n s p o r t  a c c i d e n t  i n v o l v i n g  hazardous m a t e r i a l s ,  on ly  i f  
they  a r e  c o d i f i e d  a t  t h e  n a t i o n a l  o r  i n t e r n a t i o n a l  l e v e l  by some kind of l e q i s l a t i v e  
a c t ,  and then p rope r ly  enforced.  

D. Accident c o n t r o l  network 

Another way o f  p rov id ing  a s s i s t a n c e  t o  emergency r e sponse  pe r sonne l  i n  hand l ing  
a  hazardous a c c i d e n t  is by c r e a t i n g  a  network system made up of s e v e r a l  c e n t e r s  i n  
d i f f e r e n t  p a r t s  o f  t h e  coun t ry  a b l e  t o  p rov ide  in fo rma t ion  on chemicals  t r a n s p o r t e d  
o r  t o  c o n t a c t  emergency earns provided by menufactur am, Examples of such  sys tems 
a r e  t h e  American CHEMTRECk' and t h e  B r i t i s h  CHEMSAFE- - 

These c e n t e r s  were set up t o  f u l f i l  two impor t an t  f u n c t i o n s .  F i r s t ,  i f  t h e  
product  h a s  been i d e n t i f i e d ,  i n fo rma t ion  w i l l  be provided t o  t h e  emeraency r e sponse  
pe r sonne l  on how t o  handle  t h e  s i t u a t i o n .  Second, i f  t h e  product  is unknown, but  
o t h e r  f a c t s  such a s  s h i p p e r ,  manufacturer  o r  t r a d e  name a r e  known, t h e  c e n t e r  shou ld  
be a b l e  t o  t a p  many o t h e r  s o u r c e s  t o  o b t a i n  t h e  necessa ry  in fo rma t ion .  

Once t h e  manufacturer  of t h e  product  is known, he  w i l l  be c o n t a c t e d  d i r e c t l y  f o r  
e x p e r t  informat ion .  In  a d d i t i o n ,  i f  t h e  a c c i d e n t  is s e v e r e  enough, t h e  manufacturer  
w i l l  be asked t o  send q u a l i f i e d  h e l p  d i r e c t l y  t o  t h e  scene .  The s h i p p e r  is a l s o  
n o t i f i e d  s o  t h a t  he,  t oo ,  can p rov ide  on-the-scene a s s i s t a n c e .  

I n  o r d e r  t o  r each  t h e s e  c e n t r e s ,  24-hour t e l ephone  numbers shou ld  be a v a i l a b l e .  
The c a l l e r  should  then be a b l e  t o  p rov ide  t h e  c e n t r e  wi th  in fo rma t ion  such a s :  

c a l l e r ' s  name; 
means o f  ma in ta in ing  t h e  c o n t a c t ;  
p l a c e  and time of a c c i d e n t ;  
sh ippe r ;  
manufacturer ;  
c o n t a i n e r  type;  
r a i l  c a r  o r  t r u c k  number; 
m a t e r i a l s  involved;  
type  of problem; 
i n j u r i e s  o r  dea ths ;  
su r round ing  a r e a  (open coun t ry ,  town); 
weather  c o n d i t i o n s ;  and 
type  of a s s i s t a n c e  a v a i l a b l e  ( p o l i c e ,  f i r e  f i g h t e r s ) .  

I f  t h e  r e s p o n s i b l e  pe r sonne l  cannot  l o c a t e  t h e  s h i p p i n g  pape r s  and t h e  i d e n t i t y  
of t h e  m a t e r i a l s  is unknown, t h e  c e n t r e s  could  still u t i l i z e  t h e  name of s h i p p e r  o r  
manufacturer  and r a i l  c a r  o r  t r u c k  number t o  t r a c e  t h e  ca rgo  back t o  i ts p o i n t  of 
o r i g i n .  Another impor tant  f u n c t i o n  of t h e  c e n t r e s  is t o  i d e n t i f y  chemicals .  



I n  order t o  accomplish a l l  these tasks the  centers  should be equipped w i t h  a 
data bank concerning chemical products and t h e i r  t rade  names, manufacturers, 
t raders,  impor ters  and t ranspor ters .  An a l t e r n a t i v e  t o  a network o f  cent res i s  the  
establ ishment o f  j u s t  one centre, e i t h e r  n a t i o n a l l y  o r  r eg i ona l l y ,  prov ided t h a t  a 
good telephone network e x i s t s  a t  such leve ls .  

E. D i r e c t i o n  o f  emerqency operat ions 

O f  major concern dur ing  hazardous m a t e r i a l  acc idents  i s  the  quest ion o f  who i s  
i n  charge. Th is  i s  espec i a l l y  t r u e  when t h e  scene o f  the  emergency i s  ou ts ide  an 
i n d u s t r i a l  f a c i l i t y  o r  on a highway o r  r a i l r o a d  right-of-way. The m a j o r i t y  o f  
t r anpo r t  acc idents  f a l l s  i n  these categories. P o l i c e  o f f i c e r s ,  o f f i c i a l s  o f  the  
environmental  p ro tec t i on  agency, water resources, c i v i l  defense, and the c a r r i e r ,  
may be present. Generally, t he  f i r e  department should be i n  charge where there  i s  a 
f i r e  and/or s p i l l ,  e spec i a l l y  i f  the re  i s  a t h rea t  t o  l i f e  o r  property.  The h ighest  
rank ing f i r e  o f f i c e r  would, therefore,  be t he  o f f i c e r  i n  charge o f  the accident.  
However, law enforcement personnel may f e e l  they are i n  charge o f  a highway acc ident  
when hazardous commodities are involved. Ra i l road  o f f i c i a l s  who own the  
r ight-of-way may want t o  take charge. 

L ines  o f  a u t h o r i t y  should be es tab l i shed  i n  advance so i t  i s  immediately 
apparent who i s  i n  charge o r  responsible.  Th is  should be determined a f t e r  l e g a l  
a u t h o r i t i e s  have checked na t iona l ,  p r o v i n c i a l  and munic ipa l  laws cover ing the  
subject .  I f  necessary, an agreement should be drawn up, which s p e c i f i c a l l y  
designates the  r e s p o n s i b i l i t y  and a u t h o r i t y  o f  the  var ious agencies t h a t  can be 
invo lved  even a t  minor  accidents.  A t  t he  a c t u a l  t ime o f  an accident,  t he  agency i n  
charge should co-operate as necessary w i t h  the  Ra i l r oad  Admin is t ra t ion,  Highway 
Admin is t ra t ion  o r  personnel o f  o ther  agencies. 

Decisions on evacuat ion f a l l  under t he  j u r i s d i c t i o n  o f  the  o f f i c e r  i n  charge o f  
t h e  ;g t$ent and are o f t e n  p a r t i c u l a r l y  d i f f i c u l t ,  as the  Glendora accident 
s h o w -  . I n  t h i s  accident a t r a i n  cons i s t i ng  o f  157 cars, i n c l u d i n g  8 con ta in ing  
v i n y l  ch l o r i de  monomer (VCM), de ra i l ed  near t he  town o f  Glendora, M i ss i s s i p i ,  
(U.S.A.). One o f  the VCM tanks rup tu red  and s t a r t e d  leak ing,  forming a heavy f og  o f  
VCM. A f t e r  seven hours t he  leak  i gn i t ed ,  c rea t i ng  t he  hazard t h a t  phosgene, a 
deadlygas, could form as a r e s u l t  o f  the  h i gh  flame temperature. I n  s p i t e  o f  the  
extremely low p r o b a b i l i t y  t h a t  phosgene could form under t he  phys i ca l  cond i t i ons  
present a t  t h e  accident, t he  o f f i c i a l  i n  charqe f e l t  t h a t  the  nearby popu la t ion  had 
t o  be evacuated. Some 30,000 people were repor ted t o  have been evacuated. No one 
d ied  o r  was i n j u r e d  as a r e s u l t  o f  the  accident.  A p o s t e r i o r i  judgement o f  the  
accident revealed t h a t  the  phosgene poisoning r i s k  a c t u a l l y  r un  by t he  popu la t ion  
was marginal .  

F. Emergency teams and procedures 

Unless p roper l y  'informed on t he  na tu re  o f  the  hazard and equipped t o  f i g h t  i t  
t h e  r o l e  o f  p o l i c e  and c i t y  f i r e  f i g h t e r s  should be l i m i t e d  t o  evacuat ion of the  
popu la t ion  ( i f  necessary) and containment o f  s p i l l s  and/or f i r e s .  A more 
spec ia l i zed  emergency team should in tervene i n  any o ther  case. The team (which 
could a lso  be prov ided by the manufacturer o f  the hazardous ma te r i a l )  should be 
thoroughly f a m i l i a r  w i t h  t h e  chemical, and t r a i ned  t o  handle accidents.  

I n  a d d i t i o n  t o  the  general  i n c i den t  c o n t r o l  measures, t he  emergency team should 
have exper t i se  i n  dea l ing  w i t h  leaks  and f i r e s ,  and i n  emptying damaged con ta iners  
and c l ea r i ng  up. 



44/ A moderate l e a k  may o f t e n  be plugged wi th  wood o r  s p e c i a l  ma te r i a l -  . I f  a  
l eak  has  i g n i t e d ,  t h e  b e s t  p o l i c y  may be t o  l e t  it  con t inue  burning.  The danger of 
p u t t i n g  out  a f i r e  wi thout  e l i m i n a t i n g  t h e  l eak  is t h a t  t h e  amount of flammables may 
b u i l d  up and,  i f  r e - i g n i t e d ,  cause  a more s e r i o u s  f i r e  o r  exp los ion .  I f  o t h e r  
c o n t a i n e r s  a r e  p r e s e n t ,  a s  is t y p i c a l l y  t h e  c a s e  i n  r a i l  i n c i d e n t s ,  i t  may be  
necessa ry  t o  coo l  t h e s e  wi th  wa te r  t o  prevent  t h e i r  ove rhea t ing .  

The equipment c a r r i e d  by an emergency team v a r i e s  acco rd ing  t o  t h e  chemical  
involved,  bu t  may i n c l u d e  i t ems  such  as :  

- chemical  d a t a ;  
- p r o t e c t i v e  c l o t h i n g ;  
- b r e a t h i n g  appa ra tus ;  
- s a f e t y  h a r n e s s  and l i n e ;  - g e n e r a l  t o o l s  and f l a s h l i g h t s ;  - l eak  p l u q ~ i n g  equipment (e.g.  wood p lugs ) ;  
- a n a l y t i c a l  equipment; 
- f l o o d l i g h t s  wi th  g e n e r a t o r s ;  and 
- f i r s t  a i d  k i t .  

Emergency p rocedures  have been developed t o  F igh t  a c c i d e n t s  i nvo lv ing  many 
hazardous m a t e r i a l s  o r  c l a s s e s  o f  hazardous  m a t e r i a l s .  The emergency p roc  d u r e s  

327 des igned f o r  some g e n e r a l  c l a s s e s  of m a t e r i a l s  a r e  r e p o r t e d  i n  the following- . 
1. G u i d e l i n e s  f o r  handl ing  o x i d i z e r  a c c i d e n t s  

Emergency r e sponse  personnel  must approach an  o x i d i z e r  i n c i d e n t  i n  t h e  same 
manner a s  t hey  would t r e a t  an a c c i d e n t  i nvo lv ing  e x p l o s i v e  m a t e r i a l s .  Caut ion  must 
be  e x e r c i s e d  a t  a l l  times. The fo l lowing  procedures  a r e  sugges ted:  

( a )  Evacuate pe r sonne l  from su r round ing  a reas .  

(b )  Try t o  i d e n t i f y  product  involved;  u s e  r e f e r e n c e  s o u r c e s  t o  de t e rmine  hazard .  

( c )  P o s i t i o n  pe r sonne l  and a p p a r a t u s  upwind from t h e  s p i l l  o r  l eak .  Make s u r e  t h e r e  
is a pa th  o f  escape  f o r  both personnnel  and appa ra tus .  

( d l  Use f u l l  p r o t e c t i v e  equipment and b r e a t h i n g  appa ra tus .  

( e )  I f  p o s s i b l e ,  c o n t a i n  t h e  l eak  wi th  t h e  use  of n a t u r a l  o r  c o n t r i v e d  b a r r i e r s .  Try 
t o  d i v e r t  f low from exposures  o r  chemicals  from mixing wi th  o t h e r  chemicals  o r  
from e n t e r i n g  t h e  sewage system. 

( f )  Attempt t o  c l o s e  o r  s t o p  l eak .  Pe r sonne l  making t h i s  a t t empt  shou ld  be p r o t e c t e d  
from t h e  fumes and from p o s s i b l e  i g n i t i o n  of t h e  vapours.  

( a )  I f  t h e  o x i d i z e r  is burning,  u s e  e x t i n g u i s h i n g  methods sugges t ed  by t h e  r e f e r e n c e  
sources .  In  most c a s e s  wa te r  is e f f e c t i v e  i n  e x t i n g u i s h i n g  t h e  f i r e .  

( h )  Most o x i d i z e r s  a r e  s o l u b l e  i n  wa te r ,  s o  s o l u t i o n s  of t h e  m a t e r i a l  can be 
absorbed i n  many p l a c e s .  These i n c l u d e  wood f l o o r s ,  merchandise and o t h e r  
combust ib les .  Then, a s  t h e  m a t e r i a l  d r i e s  o u t ,  i t  could  p o s s i b l e  i g n i t e  
spontaneously .  Overhaul,  t h e r e f o r e ,  is ext remely  impor t an t  a f t e r  ext inguishment  
is accomplished. 



2. Guide l ines  f o r  hand l ing  flammable g a s  a c c i d e n t s  

Flammable a a s  emergency i n c i d e n t s  w i l l  i nvo lve  a  g a s  l eak  t h a t  is e i t h e r  i g n i t e d  
o r  not .  The g e n e r a l i z e d  p rocedures  f o r  handl ing  t h e  a c c i d e n t  a r e  d e t a i l e d  below. 

Unigni ted  Leak 

( a )  Evacuate personnel  downwind from t h e  l eak .  Remember when approaching t h e  scene ,  
do no t  d r i v e  a p p a r a t u s  through vapour c loud.  Keep s p e c t a t o r s ,  unnecessary  
emergency response pe r sonne l  and s i g h t s e e r s  away from t h e  scene .  

( b )  I d e n t i f y  t h e  m a t e r i a l  which is leak ing .  

( c )  Determine b e s t  method of a t t a c k .  For example, i f  t h e  g a s  is wa te r  s o l u b l e ,  f o g  
s t r eams  produced by water  jets sp rayed  through s p e c i a l  n o z z l e s  can  be used. 

( d )  Begin t h e  a t t a c k  from upwind and ou t  of  t h e  vapour cloud.  

( e l  I f  p o s s i b l e ,  c l o s e  v a l v e s  t o  s t o p  f low o f  gas .  

I g n i t e d  Leak 

( a )  A s  a  g e n e r a l  r u l e ,  a  g a s  l e a k  t h a t  has  i g n i t e d  shou ld  no t  be  e x t i n g u i s h e d  u n l e s s  
t h e  leakage  can be s topped  immediately.  T h i s  must be  c a r e f u l l y  fo l lowed because 
vapours from an u n i q n i t e d  l e a k  can  t r a v e l  ove r  a  wide a r e a ,  i g n i t e  from a  remote 
sou rce ,  and cause  e x t e n s i v e  i n j u r y  and p rope r ty  damage. 

( b )  Any s u r f a c e s  t h a t  a r e  exposed t o  g a s  f i r e  must be kep t  coo l .  I f  t h e  exposure  is 
a  p r e s s u r i z e d  c o n t a i n e r ,  t h e n  a  BLEVE ( B o i l i n g  Liquid  Expanding Vapor Explos ion)  
is p o s s i b l e .  Large q u a n t i t i e s  of  wa te r  a r e  necessa ry  t o  c o o l  t h e  v e s s e l .  

( c )  Under t h e  cover  of p r o t e c t i v e  s t r eams ,  a t t empt  t o  s h u t  o f f  t h e  f u e l  supply .  

( d )  I f  t h e  va lve  cannot  be c l o s e d ,  t hen  c o n s i d e r a t i o n  shou ld  be g iven  t o  c o n t r o l l e d  
burning t o  a l low f u e l  t o  be  consumed. 

3. G u i d e l i n e s  f o r  hand l ing  flammable l i q u i d  a c c i d e n t s  

Flammable l i q u i d  i n c i d e n t s  can invo lve  a  l e a k  wi th  o r  wi thout  i g n i t i o n .  The 
fo l lowing  gene ra l i zed  procedures  a r e  g iven f o r  handl ing  t h e  i n c i d e n t :  

Unigni ted  Leak 

( a )  Evacuate personnel  downwind and downhi l l  from t h e  l e a k .  Use c a u t i o n  i n  l o c a t i n g  
and p o s i t i o n i n g  a p p a r a t u s  and personnel .  Keep s i g h t s e e r s  and non-required 
emergency response  pe r sonne l  away from t h e  scene .  

(b)  I d e n t i f y  t h e  l e a k i n g  product .  

( c )  I f  p o s s i b l e ,  a t t empt  t o  c o n t a i n  l eak  w i t h i n  n a t u r a l  o r  a r t i f i c i a l  b a r r i e r s .  Try 
t o  d i v e r t  f low from exposures  and p reven t  l i q u i d  from e n t e r i n g  sewer system. 

( d l  E l imina te  p o s s i b l e  i g n i t i o n  sources .  

( e )  Attempt t o  c l o s e  v a l v e s  o r  s t o p  l eak .  Pe r sonne l  making t h e  a t t empt  shou ld  be 
p r o t e c t e d  from p o t e n t i a l  i q n i t i o n  o f  vapours.  I f  p o s s i b l e ,  s p i l l  shou ld  be  
c o w r e d  wi th  a foam t o  reduce  vapour product ion .  S p e c i a l  d e v i c e s  can be used i n  
a t t empt ing  t o  c l o s e  t h e  h o l e  o r  l eak .  



I g n i t e d  Leak 

(a )  Keep personnel and apparatus upwind and on h igher  ground than l i q u i d .  

( b) I d e n t i f y  leak ing  product. 

(c)  If possible,  attempt t o  con ta in  leak as i n  procedure ( c )  above. 

(d)  Attempt t o  s top  the  leak  as i n  procedure (e)  g iven f o r  un i gn i t ed  leaks. 

(e)  Use water streams t o  keep s torage tanks coo l  t o  prevent a BLEVE. F lush burn ing 
l i q u i d s  out  from under storage tanks. Remember, unmanned master streams can be 
used t o  cool  tanks. 

( f )  Stay away from t he  ends o f  s torage tanks. Since t h e  tank can sw ive l  i n  the event 
o f  a BLEVE, an area 30" from the h o r i z o n t a l  should a l so  be kept c l ea r .  I t  i s  
impor tant  t o  note t ha t  t h i s  does n o t  imply  t h a t  an a t tack  from the  s ides i s  
safe. Tanks have been known t o  sw i ve l  9fI0 and t o  overrun s ide  pos i t i ons .  Use 
unmanned streams wherever poss ib le .  

(q )  Coordinate use o f  fog streams. One crew should no t  t r y  t o  f l u s h  product out  from 
under the tank wh i l e  t he  o ther  crew pushes i t  back. 

(h)  The change i n  p i t c h  o f  escaping gas from the  r e l i e f  va lve  can i n d i c a t e  a bu i ldup  
o f  pressure. Should t h i s  occur, move personnel out  o f  t he  way. 

( i )  P ro tec t  s t e e l  supports o f  storage tanks t o  prevent weakening and co l lapse  due t o  
heat. 

(j) Apply co r rec t  ex t ingu ish ing  agent f o r  product involved. 

( k )  Always keep personnel sa fe t y  i n  mind. Make sure an escape pa th  i s  always 
ava i lab le .  Keep backup l i n e s  ready and apparatus headed i n  d i r e c t i o n  o f  escape. 

CHAPTER V I .  A SUMMING UP: RECOMMENDED STRUCTURES FOR INDUSTRIAL 
EMERGENY CONTINGENCY PLANS 

Once t he  appropr ia te  type o f  p l a n  has been chosen, t he  background m a t e r i a l  
c o l l e c t e d  (such as hazardous m a t e r i a l  i n fo rmat ion ,  manufactur ing process 
descr ip t ions,  resources ava i l ab l e )  and the  p re l im inary  work completed ( i .e.  hazard 
ana lys is ) ,  one can o u t l i n e  t he  k i n d  o f  i n f o rma t i on  the  continqency p l a n  should 
conta in ,  and then proceed t o  w r i t e  i t  down. I n  t h i s  chapter a l i s t  o f  t he  major 
sec t ions  usua l l y  found i n  contingency p lans  i s  given, together w i t h  a b r i e f  
desc r i p t i on  o f  t he  contents o f  these sect ions. Table 5 ou t l i nes  the  sec t ions  
usua l l y  present i n  a t y p i c a l  contingency p l an  and i nd i ca tes  the  types o f  p l ans  t o  
which each sec t ion  i s  app l i cab le  ( a  desc r i p t i on  o f  the  d i f f e r e n t  types of p lans  was 

, g iven i n  Chapter 11). I t  i s  no t  mandatory t h a t  a l l  p lans con ta in  the  sec t ions  
ind ica ted .  The l i s t  has been developed t o  prov ide p lanners w i t  a se t  of gu i de l i nes  

6 7 which map out what can be inc luded  i n  d i f f e r e n t  types o f  plans- . With re ference t o  
t a b l e  5, the  d e t a i l e d  p l an  sec t ions  a re  now examined and described. 



A. Emerqency response n o t i f i c a t i o n  (Front  page n o t i f i c a t i o n )  

Th is  sec t ion  i s  designed t o  p rov ide  t he  p l a n  user  w i t h  a qu ick method t o  
communicate the i n d u s t r i a l  emergency s i t u a t i o n ,  i t s  seriousness and o ther  re levan t  
in fo rmat ion  t o  the "action-response people" o r  o thers  t o  be a l e r t e d  i n  case o f  an 
emerqency. The quickest  method f o r  n o t i f y i n g  an emergency i s  the  telephone, if 
ava i lab le .  I n  t h i s  case, t he  r e l evan t  phone numbers t o  be c a l l e d  should appear i n  
t h i s  sect ion.  A l t e rna t i ve l y ,  any o ther  method o f  making the  emergency known cou ld  
be used and t he  r e l a t i v e  i n s t r u c t i o n s  descr ibed i n  t h i s  sect ion.  I n  many i n d u s t r i a l  
p l a n t s  an alarm i s  commonly used i n  case o f  an emergency. I f  t h i s  system i s  used, 
t h e  way t he  alarm could be r a i sed  and the l o c a t i o n  o f  the  alarm s t a t i o n s  should be 
q iven i n  t h i s  sect ion.  

The emergency response n o t i f i c a t i o n  sec t i on  should be: 

- b r i e f  (never more than one page i n  length);  

- e a s i l y  access ib le  ( l o ca ted  on cover o r  f i r s t  page o f  plan; i t  should a l so  be 
repeated a t  l e a s t  once i n s i d e  t he  plan, i n  case t h e  cover i s  t o r n  o f f ) ;  and 

- simple ( r epo r t i ng  in format ion,  emergency telephone numbers o r  o ther  operat ing 
i n s t r u c t i o n s  should be kept  t o  a minimum). 

Table 5: Contents o f  d i f f e r e n t  contingency p lans  

.............................................................................. 
Sect ions R.L.+T.R. A .G R.P C. .............................................................................. 
Emergency Response N o t i f i c a t i o n  1 1 1 1 
Record o f  Changes o r  Amendments 1 1 1 1 
L e t t e r  o f  Promulgat ion N A N A 2 2 
Glossary and Abbrev ia t ions 1 N A 1 1 
Table o f  Contents N A N A 1 1 
I n t r o d u c t i o n  N A N A 1 1 
Emergency Response Operat ions N A 1 1 2 
Emergency Assistance Telephone Roster 1 N A 1 2 
Legal  Au tho r i t y  and Respons ib i l i t y  N A N A 2 1 
D isas te r  Assistance and Co-ordinat ion N A N A 1 1 
Procedures f o r  Changing o r  Updat ing P lan  2 2 1- 1 
Plan  D i s t r i b u t i o n  2 2 1 1 
Emergency Handl inq Techniques N A N A 1 2 
Resources Ava i lab le  1 N A 1 2 
Laboratory and Consultant Resources 1 N A 1 2 
Technical  L i b r a r y  o r  B ib l iog raphy  N A N A 1 1 
Hazards Analys is  2 2 1 1 
Documentation o f  I n d u s t r i a l  Accidents N A N A 1 1 
Hazardous Ma te r i a l s  In fo rmat ion  N A N A 1 2 
T ra i n i ng  Exercises N A N A 1 1 
.............................................................................. 
Explanat ion o f  symbols: 

Resources and Equipment L i s t  and Telephone Roster 
Act ion Guide, Check l i s t  
Response Plan 
Co-ord inat ion Plan 
Recommended 
Opt iona l  
Not Appl icab le 



The f o l l ow inq  i s  a  sample o f  the  type o f  i n f o rma t i on  j 2luded i n  the  emergency 
response n o t i f i c a t i o n  sect ion:  

24-hour emergency response telephone number and/or method 1.0 r a i s e  t h e  alarm. 

Emergency r epo r t i ng  in fo rmat ion  

- C a l l e r ' s  name, telephone number, i d e n t i f i c a t i o n  
- Locat ion and source o f  accident 
- Ma te r i a l  i nvo lved  and amount the reo f  
- Time o f  acc ident  
- Area and/or waterbody endangered 
- Personnel a t  scene 
- Act ions i n i t i a t e d  
- Shipper, manufacturer i d e n t i f i c a t i o n *  
- Container type* 
- Ra i l ca r / t r uck  i d e n t i f i c a t i o n  numbers* 
- P lacard / labe l  in format ion*  

*Appl icab le t o  t ranspor t  acc idents  

Other agencies t o  n o t i f y  immediately. 

The contents  o f  the i n i t i a l  acc ident  r epo r t  are c r i t i c a l .  Incomplete o r  
inaccurate in fo rmat ion  t ransmi t ted  o r  communicated a t  the  beginning o f  an emergency 
can lead  t o  improper response and delay which may produce a d d i t i o n a l  hazards. 

0 .  Records o f  amendments o r  chanqes 

Ma in ta in ing  an up-to-date ve rs ion  o f  a  p l an  i s  o f  pr ime importance. When 
correct ions,  addi t ions,  o r  changes are made, they should be recorded i n  a  simple 
bookkeeping s t y l e  so t h a t  a l l  p l an  users w i l l  be aware t h a t  they are us i ng  a cu r ren t  
plan. The s ignature o f  the  person making the  change, t he  changes made, and t he  date 
should a l l  be noted. 

C. L e t t e r  o f  promulqat ion 

This  l e t t e r  i s  a  statement by t h e  l e g a l  a u t h o r i t y  responsib le  f o r  p u t t i n g  t he  
p l an  i n t o  act ion.  The l e t t e r  i s  usua l l y  s igned by t he  c h i e f  execut ive f o r  the  area 
t he  p l an  covers. 

D. Glossary and abbrev ia t ions 

The g lossary sec t ion  de f ines  terms and abbrev ia t ions used i n  t he  plan. 

E. Table o f  contents  

Page references should be used t o  make sure key sec t ions  can be found qu i ck l y  
dur ing  emergencies. C r i t i c a l  tab les  and f i g u r e s  should a l so  be l i s t e d .  

I n t r oduc t i on  

This  sec t i on  exp la ins  the  purpose o f  t he  plan, i t s  scope and major assumptions 
made dur ing the p l an  preparat ion.  



G. Emerqency response  o p e r a t i o n s  

1. N o t i f i c a t i o n  of emergency 
2. I n i t i a t i o n  of a c t i o n s  
3. Co-ordination of decision-making 
4. Containment and countermeasures  
5. Clean-up and d i s p o s a l  
6 .  R e s t o r a t i o n  
7. Recovery of damages 
8. Follow-up 
9.  S p e c i a l  response  o p e r a t  i o n s  

10. Agent-speci f ic  c o n s i d e r a t i o n s  

C e r t a i n  response  a c t i o n s  may occur  s imul t aneous ly .  Fo r  example, du r ing  
containment and countermeasures  one may be us inq  clean-up and d i s p o s a l  techniques .  

1. N o t i f i c a t i o n  of emergency 

An i n d u s t r i a l  a c c i d e n t ,  w i t h i n  o r  o u t s i d e  an i n d u s t r i a l  f a c i l i t y ,  may be  
d i scove red  by a v a r i e t y  of pe r sons  such  a s  c a r r i e r s ,  p l a n t  workers ,  government 
workers ,  o r  bys tanders .  I t  is necessa ry  t h a t  t h e s e  peop le  have a t  t h e i r  d i s p o s a l  a 
way of communicating t h e  emergency t o  p l a n t  key pe r sonne l  f o r  a c c i d e n t s  o c c u r r i n g  i n  
an  i n d u s t r i a l  f a c i l i t y ,  o r  t o  t h e  p rope r  governmental  agency f o r  a c c i d e n t s  o c c u r r i n g  
o u t s i d e  t h e  p l a n t  o r  sp read ing  o u t  of  its boundar ies .  The methods o f  communicating 
t h e  emergency shou ld  a l r e a d y  have been d e s c r i b e d  i n  t h e  emergency r e sponse  
n o t i f i c a t i o n  s e c t i o n .  The re fo re ,  t h i s  sub-sec t ion  o f  t h e  p l an  should:  

- r e p e a t  and r e i n f o r c e  any item l i s t e d  i n  t h e  response  n o t i f i c a t i o n  s e c t i o n ;  - o f f e r  any exp lana t ion ,  d i s c u s s i o n  o r  s p e c i a l  comments on t h o s e  i tems;  and 
- add any item t h a t  h a s  n o t  been inc luded  i n  t h e  r e sponse  n o t i f i c a t i o n  s e c t i o n s  

such as:  

- t y p e  of a i d  r e q u i r e d  - person t o  c o n t a c t  on scene  
- observed behaviour  o f  f i r e  and/or m a t e r i a l  involved i n  a c c i d e n t .  
- weather  and l o c a l  t e r r a i n  c o n d i t i o n s  
- popu la t ion  of a r e a  - a n t i c i p a t e d  movement of s p i l l e d  m a t e r i a l  o r  f i r e .  

I n  some c o u n t r i e s  i t  may be mandatory t o  r e p o r t  any s p i l l  o f  o i l  o r  des igna ted  
hazardous m a t e r i a l ,  o r  o t h e r  t y p e s  of s e v e r e  i n d u s t r i a l  a c c i d e n t s .  I n  t h i s  c a s e ,  t h e  
qovernmental  agency t o  be  c o n t a c t e d ,  i n c l u d i n g  its a d d r e s s  and t e l ephone  number, 
shou ld  appear  i n  t h i s  s u b s e c t i o n  of t h e  p lan .  

2. I n i t i a t i o n  of a c t i o n  

Before  a c t u a l l y  responding t o  an i n d u s t r i a l  a c c i d e n t ,  t h e r e  a r e  c e r t a i n  a c t i o n s  
t h a t  must be  taken t o  e s t a b l i s h  a f i rm  base  of o p e r a t i o n s .  In  t h i s  s e c t i o n ,  t h e  
fo l lowing  a c t i o n s  shou ld  be covered:  

- e s t a b l i s h  on-scene a u t h o r i t y ,  i.e. who is i n  charge;  
- e s t a b l i s h  command p o s t  and communications network; 
- i d e n t i f y  t h e  m a t e r i a l  (from l a b e l s ,  s h i p p i n o  pape r s ,  p l a c a r d i n g ,  e t c . ) ;  
- determine  hazard  t h r e a t  (workers ,  p u b l i c  s a f e t y ,  envi ronmenta l ,  p r o p e r t y ,  e t c . ) ;  
- warn p l a n t  workers and employees and/or pub l i c ;  
- a c t i v a t e  emergency response  teams; 
- i n i t i a t e  evacua t ion  procedure  i f  necessa ry  and f e a s i b l e .  



3. Co-ordinat ion  of d e c i s i o n  m. -.ing 

I n  any i n d u s t r i a l  emergency con ta ined  w i t h i n  t h e  p l a n t  t h e  i n t e r n a l  s t r u c t u r e  of 
command w i l l  have t o  be dec ide0  i n  advance ( s e e  p rev ious  c h a p t e r s )  and d e s c r i b e d  i n  
t h i s  subsec t ion .  I n  any o t h e r  c a s e  ( i . e .  f o r  l a r g e r  a c c i d e n t s  r e q u i r i n g  e x t e r n a l  
he lp )  a t  l e a s t  two o r  more a g e n c i e s  a r e  l i k e l y  t o  be involved ( l o c a l  p o l i c e  and f i r e  
pe r sonne l ) .  For  even l a r g e r  a c c i d e n t s  t h e  number of a g e n c i e s  involved can grow a s  
mun ic ipa l ,  p r o v i n c i a l  o r  n a t i o n a l  r e s o u r c e s  a r e  mobi l ized .  I n  a d d i t i o n ,  m a t e r i a l s ,  
manpower and t e c h n i c a l  a s s i s t a n c e  may be r eques t ed  from o t h e r  i n d u s t r i e s .  
Consequently,  one should  work ou t  i n  advance and d e s c r i b e  i n  t h i s  s u b s e c t i o n ,  t o  
t h e  q r e a t e s t  e x t e n t  p o s s i b l e ,  t h e  fo l lowinq:  . 

f i r s t  and foremost ,  who w i l l  be i n  charge;  
what w i l l  be t h e  cha in  of command; 
who w i l l  ma in ta in  t h e  command pos t ;  
when w i l l  on-scene a u t h o r i t y  p a s s  t o  a n o t h e r  l e v e l ;  who w i l l  be new o f f i c i a l  
r e s p o n s i b l e ;  
who w i l l  have adv i so ry  r o l e s ;  
who w i l l  have t e c h n i c a l  say-so on response  a c t i o n s ;  
how do o f f i c i a l s  i n  cha rge  of d i f f e r e n t  t a s k s  keep each o t h e r  informed. 

4. Containment and countermeasures  

Ac t ions  t aken  du r ing  t h i s  phase  a r e  d i r e c t e d  towards l i m i t i n g  t h e  damage caused 
t o  l i f e ,  environment and p r o p e r t y  by t h e  i n d u s t r i a l  acc iden t . ,  Depending on t h e  t y p e  
o f  a c c i d e n t  and its consequent h a z a r d s  s e v e r a l  p rocedures  may be  employed. The 
fo l lowing  is a  list of t h e  most common a c t i o n s  t o  be taken i n  c a s e  of an emergency. 
T h i s  list is obvious ly  n o t  e x h a u s t i v e  and shou ld  be completed wi th  whatever a c t i o n s  
t h e  p l anne r  e s t i m a t e s  t o  be most a p p r o p r i a t e :  

- evacua te  workers and p u b l i c  from danger of exp los ion ,  po i son ing  o r  d i r e c t  f i r e  
exposure ;  

- f i g h t  f i r e  ( i f  any) ;  avo id  hazard  t o  f i r e f i g h t e r s ;  l e t  it burn ou t  i f  prudent ;  
- s h u t  o f f / i s o l a t e  s o u r c e s  o f  hazardous  o r  flammable m a t e r i a l s  whenever f e a s i b l e ;  
- t r y  t o  p r e d i c t  s p i l l e d  o r  escaped m a t e r i a l  movement ( such  a s  t o x i c  g a s  c loud  

s u b j e c t  t o  wind a c t i o n ) ,  i f  a p p l i c a b l e ;  
- c o n t a i n  s p i l l e d  m a t e r i a l s ;  
- c o n t a c t  manufacturer  o f  hazardous  m a t e r i a l  i n  c a s e  of t r a n s p o r t  a c c i d e n t s ;  and 
- perform s u r v e i l l a n c e  a c t i v i t i e s .  

5. Clean-up and d i s p o s a l  

A f t e r  t h e  a c u t e  phase of t h e  emergency is o v e r ,  t h e  clean-up and d  
hazardous m a t e r i a l s  t h a t  were r e l e a s e d  d u r i n g  t h e  a c c i d e n t  should  
phase is p a r t i c u l a r l y  r e l e v a n t  i n  t r a n s p o r t  a c c i d e n t s  i n  which some of 
a s p e c t s  of  t h e  problem a r e  interwoven wi th  l e g a l  r e s p o n s i b i l i t i e s .  
be  cons idered  i n  t h i s  s u b s e c t i o n  inc lude:  

- determine  clean-up r e s p o n s i b i l i t y ;  
- determine  a v a i l a b i l i t y  o f  approved d i s p o s a l  s i t e s ;  and 
- list temporary s t o r a g e  s i t e s .  

6. R e s t o r a t i o n  

i s p o s a l  of  any 
fo l low.  T h i s  
t h e  t e c h n i c a l  

The a c t i o n s  t o  

The purpose of t h i s  r e sponse  phase is t o  r e s t o r e  t h e  environment t o  n a t u r a l  
c o n d i t i o n s  t o  whatever e x t e n t  is p o s s i b l e .  The degree  of damage shou ld  be  a s s e s s e d  
and g u i d e l i n e s  e s t a b l i s h e d  f o r  r e p l a n t i n g  and r e s t o c k i n g  of s p e c i e s  a s  necessa ry .  



7. Recovery of  Damages 

This  sub-section of t h e  plan d e a l s  with the  recovery of the  l o s s e s  due t o  t h e  
acc iden t  and c o s t s  of emergency a c t i o n s .  Hence, i t  should cover some o r  a l l  of t h e  
following items: 

determinat ion of l i a b i l i t y  (wi tness  s t a tements  and photooraphs may be required) ;  
ex ten t  of damages ( s h o r t  and long term monitorinq may be requ i red) ;  
recommended reimbursement procedures;  and 
l e g a l  means f o r  r eso lv ing  d i spu tes .  

Follow-up 

This  sub-section e x p l a i n s  t h e  use  of post-accident monitoring da ta  and o t h e r  
s c i e n t i f i c  r e p o r t s  f o r  updating acc iden t  response procedures.  

9. Spec ia l  response opera t ions  

Safe ty  of  response personnel,  w i l d l i f e  clean-up and p r o t e c t i o n  techniques ,  and 
s p e c i a l  region-specif ic  problems a r e  documented i n  t h i s  s e c t i o n .  The response 
personnel s a f e t y  s e c t i o n  should inc lude  a d i scuss ion  .of recommended s a f e t y  equipment 
and personal  hygiene a c t i v i t i e s .  

10. Hazard-specif ic  cons ide ra t ions  

Guidel ines  f o r  response t o  p a r t i c u l a r  hazards,  such a s  f i r e ,  o i l  and 
petroleum-related substances  o r  hazardous chemicals,  may be required.  

F i r e  department personnel a r e  usua l ly  t r a i n e d  and equipped t o  f i g h t  convent ional  
f i r e s .  In  some i n d u s t r i a l  p l a n t s  t h e  presence of chemicals may r e q u i r e  t h a t  
p o s s i b l e  f i r e s  be fought with s p e c i a l  techniques ,  which should be ou t l ined  i n  
t h i s  sub-section. An example is provided by unconteined l i q u i d  f i r e s  being fed 
by a l i q u i d  not  held  i n  an open o r  c losed v e s s e l ,  such a s  a s t o r a g e  tank,  bund 
o r  deep depress ion.  When t h e  l i q u i d  f i r e  is uncontained i t  may spread very 
rap id ly  i f  t h e  s p i l l e d  l i q u i d  f u e l l i n g  t h e  f i r e  cont inues  t o  flow. In such a 
case ,  t h e  f i r s t  s t e p  is usua l ly  not  t o  ex t ingu i sh  t h e  f i r e ,  but t o  c u t  o f f  t h e  
flow of 1iquid. f rom t h e  s p i l l i n g  tank. I f  such a f i r e  is merely ext inguished 
without c u t t i n g  o f f  t h e  flow of f u e l  t h e r e  is a s e r i o u s  r i s k  t h a t  it w i l l  
re- iqni  e and cause a much l a r g e r  f i r e  o r  poss ib ly  an explosion. A s  Rinsinger  

46) w r o t e ~  : " I t  is more important t o  know when not  t o  put a f i r e  out  than t o  know 
t h e  d e t a i l s  of a c t u a l  extinguishment". 

O i l  and r e l a t e d  petroleum products  may have caught f i r e  o r  simply s p i l l e d .  F i r e  
departments a r e  genera l ly  prepared t o  cope with such f i r e s .  However, they may 
n o t  be prepared t o  con ta in  a s p i l l  proper ly .  

When hazardous chemicals a r e  handled, g u i d e l i n e s  a r e  r e q u i r  d t o  dea l  with 2 s p i l l s  and hazards (such a s  f i r e  and t o x i c  r e l e a s e  of gases)  . 
Emeruency a s s i s t a n c e  te lephone r o s t e r  

An accura te  and up-to-date emergency te lephone r o s t e r  is an e s s e n t i a l  item of 
response type contingency plan.  A comprehensive telephone r o s t e r  should con ta in  
numbers of a l l  those  i n d i v i d u a l s ,  personnel ,  agencies ,  i n d u s t r i e s  and 

o rgan iza t ions  t o  be contacted when an emergency occurs.  A l l  phone numbers should be 
v e r i f i e d  by p e r i o d i c  c a l l s  t o  s e e  t h a t  telephone numbers and personnel a r e  s t i l l  
cur ren t .  



I .  ' -qa l  a u t h o r i t y  and r e s p o n s i b i l . i t y  

I n  many c a s e s ,  planned r e sponses  t o  c e r t a i n  emergencies may have been 
e s t a b l i s h e d  a s  a  r e s u l t  of laws,  s t a t u t e s ,  o rd inances ,  etc. These laws p rov ide  t h e  
l e q a l  background t o  do some o r  a l l  of t h e  fo l lowing:  

- a u t h o r i z e  p r e p a r a t i o n  of a  p lan;  
- r e q u i r e  a c c i d e n t  n o t i f i c a t i o n ;  
- determine  l i a b i l i t i e s ;  
- impose p e n a l t i e s ;  
- r e a u i r e  clean-up; 
- d e f i n e  governmental  r e s p o n s i b i l i t i e s ;  and 
- a p p r o p r i a t e  funds  f o r  clean-up. 

Th i s  s e c t i o n  q i v e s  t h e  oppor tun i ty  t o  e x p l a i n  what laws a r e  i n  e f f e c t ,  who h a s  
t h e  a u t h o r i t y  t o  e n f o r c e  them, and what a r e  t h e  mandated r e s p o n s i b i l i t i e s  of  
government. 

3 .  D i s a s t e r  a s s i s t a n c e  and co -o rd ina t ion  

Th i s  s e c t i o n  shou ld  i n d i c a t e  where a s s i s t a n c e  can be ob ta ined  when t h e  o p e r a t i n g  
emergency response  system becomes overburdened d u r i n g  an emergency. 
P r e a r r a n g e m e n t s  f o r  a s s i s t a n c e  may be made wi th  governmental  agenc ie s ,  bo rde r ing  
p o l i t i c a l  p rov inces  and l a r g e  i n d u s t r i a l  f i rms .  P r o v i s i o n s  f o r  i n t e r f a c i n g  wi th  
o t h e r  contingency p l a n s  (e .q .  n a t u r a l  d i s a s t e r )  may be made. 

I t  is impor tant  t o  be f a m i l i a r  w i th  t h e  c i v i l  de fense  d i s a s t e r  p l an ,  i f  one 
e x i s t s ,  cover ing  t h e  a r e a  i n  ques t ion .  When i n d u s t r i a l  a c c i d e n t s  o r  hazardous  
m a t e r i a l  emergencies reach d i s a s t e r  magnitudes o r  when a  n a t u r a l  d i s a s t e r  t h r e a t e n s  
t o  compl ica te  an a l r e a d y  e x i s t i n g  i n d u s t r i a l  emergency, i n d u s t r y  o f f i c i a l s  o r  
governmental  a u t h o r i t i e s  must know whom t o  c o n t a c t  i n  o r d e r  t o  r e c e i v e  d i s a s t e r  
a s s i s t a n c e  from t h e  c i v i l  de fense  s e c t o r .  

Any o u t s i d e  co -o rd ina t ion  shou ld  b e  fo rma l i zed  through mutual  a i d  agreements o r  
memoranda of unders tanding s p e c i f y i n g  d e l e g a t i o n  of a u t h o r i t y ,  r e s p o n s i b i l i t y ,  and 
d u t i e s .  These agreements can be inc luded  i n  t h e  p l a n  i f  d e s i r e d .  

K .  Procedures  f o r  chanqinq o r  updat inq  t h e  p l an  

Th i s  s e c t i o n  p rov ides  t h e  mechanism f o r  e n s u r i n g  t h a t  p l an  c o n t e n t s  a r e  kep t  i n  
a c o r r e c t  and up-to-date manner. Accura te  p l an  in fo rma t ion  is necessa ry  f o r  s w i f t  
and e f f i c i e n t  emergency r e sponse  a c t i o n s .  

R e s p o n s i b i l i t y  should  be  d e l e g a t e d  t o  someone t o  make s u r e  t h a t  t h e  p l an  is 
updated f r e q u e n t l y  and t h a t  a l l  p l an  h o l d e r s  a r e  informed of t h e  changes. Someone 
should  p e r i o d i c a l l y  ( a t  l e a s t  every  s i x  months) check t o  see i f  s t o c k p i l e d  r e s o u r c e s  
a r e  a v a i l a b l e  a s  i n d i c a t e d  i n  t h e  p lan .  

N o t i f i c a t i o n  of changes shou ld  be v i a  some type  of w r i t t e n  memorandum o r  l e t t e r ,  
and t h e  changes shou ld  be recorded on t h e  r eco rd  of amendments s e c t i o n .  

L .  P l a n  d i s t r i b u t i o n  

The p l an  d i s t r i b u t i o n  list should  account  f o r  a l l  i n d i v i d u a l s ,  agenc ie s ,  
i n d u s t r i e s  and o r g a n i z a t i o n s  r e c e i v i n g  c o p i e s  of t h e  p lan .  T h i s  i n fo rma t ion  is 
e s s e n t i a l  when determining t o  whom r e v i s i o n s  and upda te s  of t h e  p l an  shou ld  be s e n t .  



Also,  i t  is impor t an t  f o r  each i n d i v i d u a l  o r  group on t h e  list t o  be aware of who 
h a s  a c c e s s  t o  t h e  p l an .  Such knowledge w i l l  promote co-ordinated  emergency r e a d i n e s s  
and response  among t h e  v a r i o u s  o r g a n i z a t i o n s .  When planninq a t  p l a n t  l e v e l  i t  is 
a d v i s a b l e  t h a t  a copy o f  t h e  p l an  be d i s t r i b u t e d  t o  o u t s i d e  r e sponse  groups  ( such  a s  
p o l i c e  o r  f i r e  f i g h t e r s )  most l i k e l y  t o  i n t e r v e n e  i n  c a s e  of major  emergencies.  

M. Emerqency handl inq  t echn iques  

Th i s  s e c t i o n  shou ld  s e r v e  a s  a complement t o  some p a r t s  of  s e c t i o n  G concerning 
a c t i o n  t o  be  t aken  du r ing  i n d u s t r i a l  emergency s i t u a t i o n s .  T h i s  s e c t i o n  shou ld  

c o n t a i n  some b a s i c  r e f e r e n c e  t echn iques  f o r  f i g h t i n g  l i k e l y  a c c i d e n t s  
expected  i n  a p a r t i c u l a r  i n d u s t r y  o r  a r ea .  Reference)- 4 Îv cou ld  be used a s  
s o u r c e s  of i n fo rma t ion  concerning hazardous  m a t e r i a l  s p i l l s ,  s u r f a c e  t r a n s p o r t a t i o n  
a c c i d e n t s ,  f i r e  p r o t e c t i o n  and hazardous  m a t e r i a l ,  o r  s p i l l  clean-up techniques .  

N. Resources a v a i l a b l e  

Th i s  s e c t i o n  shou ld  c o n t a i n  t h r e e  impor t an t  p i e c e s  o f  i n fo rma t ion :  

- what t y p e s  of r e s o u r c e s  a r e  a v a i l a b l e  i n  c a s e  of emergency; 
- how much m a t e r i a l  and equipment is s t o c k p i l e d ;  and 
- where i t  is l o c a t e d  ( i n c l u d i n g  t h e  way i t  can be ob ta ined  i f  necessa ry ,  

a d d r e s s  and t e l ephone  numbers). 

A comprehensive list of r e s o u r c e  items cou ld  inc lude :  

- f i r e  f i g h t i n g  equipment ( b o t h  f i x e d  and mobi le) ;  
- hazardous  m a t e r i a l  s p i l l  clean-up equipment; 
- communication equipment; - emergency t r a n s p o r t a t i o n  ( l a n d  v e h i c l e s ,  boa t s ,  a i r c r a f t  e t c . ) ;  
- r e sponse  personnel ;  
- p e r s o n a l  p r o t e c t i v e  equipment; and 
- approved d i s p o s a l  sites f o r  hazardous m a t e r i a l s .  

When p r e p a r i n g  a p l an  a t  t h e  p l a n t  l e v e l  it is a d v i s a b l e  t o  i n c l u d e  n o t  only  t h e  
r e s o u r c e s  a v a i l a b l e  w i t h i n  t h e  p l a n t ,  but  a l s o  t h o s e  of t h e  community ( c i t y  o r  
p rov ince ,  depending on t h e  p l a n t  s i z e )  t h a t  cou ld  be made a v a i l a b l e  i n  c a s e  of a 
major  a c c i d e n t .  Vice-versa,  when planninq a t  t h e  munic ipal ,  p r o v i n c i a l  o r  n a t i o n a l  
l e v e l ,  p r i v a t e  r e s o u r c e s  shou ld  a l s o  be inc luded  b e s i d e s  t h o s e  of p u b l i c  a g e n c i e s  
such  a s  f i r e  department,  p o l i c e ,  and c i v i l  defence .  

Resource a v a i l a b i l i t y  w i l l  change wi th  time s o  t h i s  s e c t i o n  of t h e  p l an  shou ld  
be  kept  up-to-date. 

0. Labora tory  and c o n s u l t a n t  r e s o u r c e s  

The s c i e n t i f i c  community may be  a v a l u a b l e  s o u r c e  of t e c h n i c a l  i n fo rma t ion  
du r ing  hazardous  m a t e r i a l  s p i l l  emergencies.  Technica l  e x p e r t s  can  p rov ide  such  
s e r v i c e s  a s  adv ice  on chemical  t o x i c i t y ,  r e a c t i v i t y ,  and envi ronmenta l  damage, and 
p u b l i c  and p r i v a t e  l a b o r a t o r i e s  may be equipped t o  perform chemical  a n a l y s e s  f o r  
moni tor ing  purposes  o r  f o r  de t e rmina t ion  of unknown s p i l l e d  subs t ances .  

Th i s  s e c t i o n  shou ld  i d e n t i f y  t h e  v a r i o u s  s c i e n t i f i c  groups  capab le  of p rov id ing  
t e c h n i c a l  s u p p o r t ,  t h e  pe r sons  a t  t h e s e  f a c i l i t i e s  t o  c o n t a c t  i n  an emergency, and 
t h e  s e r v i c e s  a v a i l a b l e .  P l a c e s  t o  c o n t a c t  i n c l u d e  c o l l e g e s  and u n i v e r s i t i e s ,  
government and p r i v a t e  i n d u s t r i a l  l a b o r a t o r i e s .  



P. Technical  l i b r a r y  

Much in fo rmat ion  has been publ ished on i n d u s t r i a l  emergencies, hazardous 
mate r ia l s ,  hazardous m a t e r i a l  s p i l l s ,  and contingency planning. For  an emergency 
response o r  p lanning organizat ion,  a t echn i ca l  l i b r a r y  a t  a convenient l o c a t i o n  
could serve as a re ference source and an i n s t r u c t i o n a l  t oo l .  

Th is  sec t ion  should simply l i s t  t he  t echn i ca l  references kept on hand. The 
reference may be annotated t o  supply a d d i t i o n a l  i n fo rmat ion  about contents.  

The f o l l ow ing  are some o f  the  types o f  pub l i ca t i ons  t o  be inc luded:  

- general  references, such as p e r t i n e n t  laws, l e g i s l a t i o n ,  r egu la t i ons  and 
contingency p lans opera t ing  i n  the  area; 

- s p e c i f i c  techn ica l  references; and 
- maps, i n c l u d i n g  land  use, topographic and streams, drainage basins. 

0. Hazard ana lys is  

Th is  ana lys is  cons is ts  o f  determining where hazards are l i k e l y  t o  e x i s t ,  what 
p laces would most l i k e l y  be adversely a f fec ted ,  and what i s  t he  p r o b a b i l i t y  t h a t  an 
i n d u s t r i a l  accident cou ld  occur a t  a g iven  loca t ion .  A method f o r  conduct ing a 
hazards ana lys is  was g iven i n  Chapter 11. 

The r e s u l t s  o f  the  ana l ys i s  should be o u t l i n e d  i n  t h i s  sect ion.  When a J 

numerical  c a l c u l a t i o n  o f  t he  r i s k  has been c a r r i e d  out, t he  method adopted should 
a l so  be descr ibed here. 

R .  Documentation o f  i n d u s t r i a l  acc idents  

Wr i t t en  r epo r t s  a re  necessary t o  eva luate success fu l l y  an i n d u s t r i a l  accident as 
w e l l  as lending support t o  poss ib le  cos t  reimbursement and l e g a l  act ion.  A standard 
format should be estab l ished.  The f o l l o w i n g  i s  a l i s t  o f  the  va r ious  types of 
r epo r t s  t ha t  have been used t o  document i n d u s t r i a l  accidents: 

I n i t i a l  acc ident  repor t :  r epo r t s  t he  i n i t i a l  s p e c i f i c s  o f  an acc ident ,  such as 
type, time, l o ca t i on ,  ma te r i a l s  invo lved,  source o f  accident,  h e a l t h  hazards, 
response teams intervened, agencies contacted and comments. 

Chronoloq ica l  log:  mainta ins a minute-by-minute account o f  the  acc ident  response 
a c t i v i t i e s  such as emergency response team ac t i va t i on ,  c a l l s  f o r  he lp  ou ts ide  
t he  p lan t .  

F i n a l  accident repor t :  summarizes the  t o t a l  event i n c l ud i ng  cause o f  accident,  
acc ident  c r i t i q u e ,  damage assessment, expenditures, and l i a b i l i t y  conc lus ions.  

I n v e s t i g a t i v e  repor t :  i t  i s  t he  foundat ion f o r  c i v i l  a c t i on  against  the  accident 
respons ib le  i n d i v i d u a l s  o r  companies. The r e p o r t  a l so  inc ludes  who and what was 
invo lved  i n  the  accident,  where, when, how and why accident occurred, witness 
statements, photographs, and o ther  r e l evan t  ma te r i a l .  

S. Hazardous m a t e r i a l  i n fo rmat ion  

This  sec t ion  should p rov ide  t echn i ca l  support  i n fo rmat ion  on the  hazardous 
ma te r i a l s  invo lved i n  the manufactur ina process ( f o r  a p l an t  contingency p lan)  o r  on 
t he  most common hazardous ma te r i a l s  ( f o r  munic ipa l ,  p r o v i n c i a l  o r  n t i  na lans ) .  

32?40?49h2? 
I n f o rma t i on  t o  be developed i n  t h i s  sec t i on  inc ludes the  f o l 1 o w i n q ~ - - -  : 



- l i s t i n g  of hazardous mate r ia l s ;  - t e c h n i c a l  information: 

- Chemical p r o p e r t i e s  - Physical  p r o p e r t i e s  
- Measurment techniques  
- Toxicological  d a t a  
- Response personnel s a f e t y  d a t a  - Recommended f  i re-f  i q h t i n q  techniques  ( i f  no t  a l ready  mentioned i n  previous  

s e c t i o n s ) ;  

- shipping r e g u l a t i o n s  (packaging, l a b e l l i n g ,  and p laca rd ing) .  

T .  Traininq e x e r c i s e s  

Training e x e r c i s e s  a r e  t h e  most important t o o l  i n  keeping a  plan f u n c t i o n a l l y  
up-to-date. These a r e  s imulated f i r e  o r  hazardous m a t e r i a l  s p i l l  e x e r c i s e s  where 
t h e  emergency response personnel a c t  ou t  t h e i r  d u t i e s  and co-ordination i n t e r f a c e s  
a r e  checked f o r  proper match-up. The e x e r c i s e s  may be r e a l i s t i c  enough s o  t h a t  
equipment is deployed, communication gear  is t e s t e d ,  and "victims" a r e  s e n t  t o  
h o s p i t a l s  wi th ,  f o r  example, s imulated t o x i c  exposures. The purpose of t h e  e x e r c i s e s  
may be th ree fo ld :  

- t o  t e s t  t h e  adequacy of t h e  plan; 
- t o  t r a i n  personnel;  and , 

- t o  in t roduce new procedures,  concepts,  o r  equipment. 

The contingency plan should de lega te  t h e  a u t h o r i t y  f o r  e s t a b l i s h i n g  t r a i n i n g  
e x e r c i s e s ,  t h e i r  frequency and means of eva lua t ing  t h e i r  e f f e c t i v e n e s s .  

CHAPTER VII. CASE STUDIES: LIBERIA AND SENEGAL 

LIBERIA 

A. In t roduc t ion  

A f i e l d  mission t o  L i b e r i a  was c a r r i e d  ou t  by a  UNIDO consu l tan t  dur ing t h e  
per iod 2-23 September 1983. The purpose of t h e  mission was t o  document t h e  e x i s t i n g  
s i t u a t i o n  i n  L iber ia  concerning t h e  preparedness and c a p a b i l i t y  of i n t e r v e n t i o n  a t  
n a t i o n a l ,  p rov inc ia l  municipal and p l a n t  l e v e l  i n  case  of major i n d u s t r i a l  
acc iden t s .  The consu l t an t  c a r r i e d  out  an assessment of t h e  hazards  p resen t  i n  some 
of t h e  major i n d u s t r i a l  es tabl ishments  i n  t h e  country and, when poss ib le ,  advised 
t h e  l o c a l  r espons ib le  o f f i c i a l s  on measures t o  t ake  i n  o rder  t o  prevent ,  c o n t r o l  and 
f i g h t  i n d u s t r i a l  acc iden t s ,  wi th  p a r t i c u l a r  r e fe rence  t o  t h e  p repara t ion  of 
contingency plans.  

An o f f i c e r  a t t ached  t o  t h e  UNDP o f f i c e  i n  Monrovia e s t a b l i s h e d  the  i n i t i a l  
con tac t  between t h e  consu l t an t  and t h e  l o c a l  government o f f i c i a l s .  The Liber ian 
government coun te rpar t s  were o f f i c i a l s  of t h e  Minis t ry  of Planning and Economic 
A f f a i r s ,  Mrs. E s t e l l e  L iber ty ,  Di rec to r  of Economic Planning and Ms. Louiza Reeves, 
Research Of f ice r .  They proved t o  be of va luab le  h e l p  i n  con tac t ing  r e p r e s e n t a t i v e s  
of  t h e  l o c a l  government and i n d u s t r i e s .  

The consu l t an t  and a  coun te rpar t  v i s i t e d  a number of m i n i s t r i e s  and i n d u s t r i a l  
e s tab l i shments  i n  order  t o  c o l l e c t  r e levan t  d a t a  and information. 



The p rev ious  UNIDO s t u d y  " S u r v ~ y  of m r i n e  p o l l u t a n t s  from i n d u s t r i a l  s o u r c e s  i' '' end t h e  a s s o c i a t e d  coun t ry  survey of t h e  West and C e n t r a l  Af r i can  reqion1I- 
53/ Liberia- were used a s  a  g e n e r a l  sou rce  of background informat ion .  

B. Genera l  informat ion  on L i b e r i a  

1. Popu la t ion  and employment 

The popu la t ion  of L i b e r i a  was e s t i m a t e d  t o  be 1.9 m i l l i o n  peop le  i n  1981 wi th  a  
d e n s i t y  of some 43.6 i n h a b ' t a n t s  p e r  squa re  mi l e .  I n  1985 t h e  p r o j e c t e d  popu la t ion  

5 4 j  w i l l  be about 2.2  million^ . 
The employment s t r u c t u r e  is p resen ted  i n  t a b l e  6 .  The f i g u r e s  f o r  1985 were 

ob ta ined  by us ing  an annual  growth r a t e  of  3.1 p e r  c e n t .  

2 .  Admin i s t r a t ive  o r g a n i z a t i o n  

The country  is d i v i d e d  i n t o  n i n e  c o u n t i e s  and s i x  t e r r i t o r i e s ,  each admin i s t e red  
by a  supe r in t enden t  under t h e  d i r e c t i o n  of t h e  Min i s t ry  of I n t e r n a l  A f f a i r s .  

3. The i n d u s t r i a l  s e c t o r  

The L i b e r i a n  economy is s t i l l  predominantly a g r a r i a n  ( s e e  t a b l e  6 ) .  Monetary 
a g r i c u l t u r e ,  which i n c l u d e s  t h e  a g r i c u l t u r a l  concess ions  and p l a n t a t i o n s ,  and 
f o r e s t r y  accoun t s  f o r  some n i n e  pe r  c e n t  of  t o t a l  employment. The i n d u s t r i a l  
s e c t o r ,  i n c l u d i n g  both mininq and manufactur ing  a c t i v i t i e s ,  employs only  4.2 p e r  
c e n t  of  t h e  working f o r c e ,  but  accoun t s  f o r  some 40 p e r  c  n  of t h e  g r o s s  domest ic  ^ product  (mining,  30 p e r  c e n t ;  manufactur ing ,  10 p e r  cent)- . 

About 95 p e r  c e n t  of  t h e  annual  p roduc t ion  va lue  from mininq a c t i v i t i e s  conies 
from i r o n  o r e  product ion .  The remaining 5  p e r  c e n t  is d iv ided  among go ld ,  diamonds 
and mine ex l o i t a t i o n .  Cur ren t  i r o n  o r e  p roduc t ion  is of t h e  o r d e r  of 17 m i l l i o n  

547 tons/year-  . 
The manufactur ing  s e c t o r  i n c l u d e s  some 850 r e g ' s  e r e d  manufactur ing  ^) e s t a b l i s h m e n t s ,  mainly concen t r a t ed  i n  t h e  Monrovia are- . These a r e  p r i v a t e  

except  f o r  24 j o i n t  v e n t u r e s  and f o u r  p u b l i c  ones.  Gene ra l ly ,  t hey  a r e  sma l l - sca l e  
e n t e r p r i s e s  producing goods such a s  c l o t h i n g  o r  f u r n i t u r e .  Only about  60  of them a r e  
medium o r  l a r g e  s c a l e ,  employing 20 t o  400 people .  Some 25 i n d u s t r i e s  manufacture  
chemical ,  p l a s t i c ,  petroleum and o t h e r  non-meta l l ic  mine ra l  p roduc t s  employing some 
20 p e r  c e n t  of  t h e  l abour  f o r c e  of t h e  medium and l a r g e  i n d u s t r y  groups.  With a  few 
excep t ions ,  only  semi-processing o r  assemblyinq p l a n t s  e x i s t  i n  L i b e r i a .  



Table 6: Estimated employment s t r u c t u r e  d i s t r i b u t i o n  . . I  L i b e r i a  by 
major indus t ry  d i v i s i o n s  a s  a t  December 1980 

Major Industry  Divis ion Number D i s t r i b u t i o n  
employed by per  cen t  

Agr icu l tu re  and Related A c t i v i t i e s *  
Mining and Quarrying 
Manufacturing 
E l e c t r i c i t y ,  Gas and Water 
Construct ion  
Wholesale/Retail Trade, 
Restaurants  and Hote l s  
Transport ,  Storage and 
Communications 
Finance, Insurance and 
Business Serv ices  
Government S e r v i c e s  
Other S e r v i c e s  
A l l  I n d u s t r i e s  

The t o t a l  i n s t a l l e d  capac i ty  f o r  e l e c t r i c  power generat ion is est imated a t  355 
MW of  which 68 a r e  hydro-e lec t r i c  and t h e  remaining t h e m o - e l e c t r i c .  Some 45 p e r  
cen t  of t h e  t o t a l  capac i ty  comes from power p l a n t s  owned by t h e  t h r e e  major i r o n  o r e  
companies. About one h a l f  of t h e  t o t a l  i n s t a l l e d  capac i ty  is concentra ted i n  t h e  
Monrovia a r e a  and produced by a government-owned e n t e r p r i s e .  Due t o  age and 
a t t e n d  n t  d e f e c t s ,  t h e  a v a i l a b l e  capac i ty  i n  t h e  Monrovia a r e a  is probably much 

549 l e s s  . 
4. Development plans  

Two four-year development p lans  have been e labora ted  by t h e  L iber ian  gov r 
5 4 T e n t  

The f i r s t  covers  t h e  per iod 1976-80. The second covers  the  per iod 1981-1985- . 
In s p i t e  of t h e  world-wide recess ion  i n  t h e  s t e e l  indus t ry ,  t h e  t h r e e  major 

mining companies plan t o  i n v e s t  some $630 mi l l ion  i n  t h e  expansion of r a i l  and p o r t  
c a p a c i t i e s .  More investments w i l l  be necessary i f  new d e p o s i t s  of i r o n  o re  a r e  
loca ted  i n  t h e  Tokadeh, Granqra and Y e l l i t o n  regions  (es t imated  r e s e r v e s  530 m i l l i o n  
tons)  a r e  exp lo i t ed .  The c a p i t a l  expendi ture  f o r  new f a c i l i t i e s  and equipment is 
expected t o  be $296.4 mi l l ion  dur ing t h e  years  1983-85. Addi t ional  funds a r e  going 
t o  be infused i n  t h e  r e h a b i l i t a t i o n  of t h e  National I ron  Ore Company (NIOC) which, 
a t  p resen t ,  is not  f i n a n c i a l l y  v iab le .  A consortium of banks a l ready  g ran ted  a 
64.1 m i l l i o n  d o l l a r  loan i n  1982. 



There are three proarammes i n  the  Second Plan aimed . promoting and suppor t ing 
i n d u s t r i a l  development both i n  the p u b l i c  and p r i v a t e  sectors:  Monrovia I n d u s t r i a l  
Park, L i be r i an  I n d u s t r i a l  Free Zone, and Small and Medium Scale En te rp r i se  
Department. The Monrovia I n d u s t r i a l  Park and the Fred Zone are areas devolved t o  
i n d u s t r i a l  development and operated under the management o f  spec i a l  i n s t i t u t i o n s  
created by the L i b e r i a n  government. The areas should be prov ided w i t h  u t i l i t i e s  and 
i n f r a s t r u c t u r e  f a c i l i t i e s  t o  accommodate i n d u s t r i a l  establishments. The Monrovia 
I n d u s t r i a l  Park has n ine  manufacturers. I t  i s  proposed t o  spend f u r t h e r  $3.1 m i l l i o n  
t o  improve and expand i t s  i n f r a s t r u c t u r e .  An a d d i t i o n a l  $3 .8  m i l l i o n  have been made 
a v a i l a b l e  t o  improve and enlarge the I n d u s t r i a l  Free Zone f a c i l i t y .  

The Small and Medium Scale En te rp r i se  Department a s s i s t s  L i be r i ans  i n  
es tab l i sh i ng  and managing sma l l  and medium scale i n d u s t r i e s  throughout the country.  
Assistance t o  t he  en te rp r i ses  i s  g iven i n  a  package i nc l ud i ng  f i n a n c i a l ,  t e chn i ca l  
and managerial assistance. The th ree  loan  schemes which have a l ready been arranged 
w i l l  p rov ide a  t o t a l  o f  $6.6 m i l l i o n  f o r  t h i s  on-going p ro j ec t .  

The p r o j e c t s  proposed i n  t he  Second Plan t o  improve and expand the e x i s t i n g  
power generat ing f a c i l i t i e s  w i l l  cost about $38 m i l l i o n  o f  which $27 m i l l i o n  f o r  
on-aoinq p ro j ec t s  and $11 m i l l i o n  f o r  p ro j ec t s  t o  be implemented dur ing  the pe r i od  
1982-85 

Contingency p lanning i n  L i be r i a :  t he  na t i ona l ,  p r o v i n c i a l  and mun ic ipa l  l e v e l  

The consul tant  obtained in fo rmat ion  on t h i s  sub jec t  through in te rv iews  w i t h  
o f f i c i a l s  o f  the f o l l ow ing  m i n i s t r i e s  and agencies: 

- M i n i s t r y  o f  
- M i n i s t r y  o f  
- M i n i s t r y  o f  
- M i n i s t r y  o f  
- M i n i s t r y  o f  
- M i n i s t r y  of 
- M i n i s t r y  o f  

Commerce, I ndus t r y  and Transpor ta t ion 
Finance 
I n t e r n a l  A f f a i r s  
Jus t i ce  . 

Labour 
Land, Mines and Energy 
Planning and Economic A f f a i r s  

- Nat iona l  F i r e  Serv ice Bureau 
- Nat iona l  Investment Commission 
- Na t i ona l  Po r t  Au tho r i t y  
- L i b e r i a n  I n d u s t r i a l  Free Zone Au tho r i t y  

A t  present the capac i t y  o f  the  country  t o  respond t o  a  major i n d u s t r i a l  accident 
appears t o  be r a t he r  l i m i t e d  i n  terms o f  resources and equipment, and response 
s t r u c t u r e  and organizat ion.  

L i b e r i a  does no t  have a  code o f  laws dea l ing  s p e c i f i c a l l y  w i t h  the  prevent ion 
and combatting o f  i n d u s t r i a l  accidents.  A C i v i l  Defence D i v i s i o n  or  Bureau does n o t  
e x i s t .  

A Na t iona l  D isas te r  R e l i e f  Commission was created i n  1976 i n  order  t o  
co-ord inate the  ac t ions  o f  d i f f e r e n t  m i n i s t r i e s  i n  case o f  n a t i o n a l  d i sas te r .  The 
commission was never operat ional .  A proposal  f o r  i t s  re-establ ishment should be 
under preparat ion, but  i t  i s  d i f f i c u l t  t o  a n t i c i p a t e  i f  and when i t  w i l l  f i n a l l y  be 
approved. I t s  implementat ion would a lso  be an a d d i t i o n a l  problem because of t he  
lack  o f  funds and resources t o  be used o r  mob i l i zed  d u r i n g a n  emergency. 

I n  case o f  a  n a t i o n a l  d i sas te r  the  head o f  s t a t e  has t he  power t o  mob i l i ze  a l l  
the  resources t ha t  he may deem necessary, i n c l u d i n g  t he  Nat iona l  Army. 



L i b e r i a  does  n o t  have a  uniform .de of laws d e a l i n g  wi th  t h e  c l a s s i f i c a t i o n  of 
i n d u s t r i e s  according t o  r i s k  t o  t n e  popu la t ion ,  which s p e c i f i e s  c r i t e r i a  f o r  p l a n t  
s a f e t y  and p l a n t  s i t i n g .  The e x i s t i n g  laws a r e  only  qea red  towards t h e  p reven t ion  
of a c c i d e n t s  a t  t h e  i n d i v i d u a l  workc.r l e v e l  (e.g.  p r e s c r i p t i o n  of mechanical  gua rds  
on moving o r  r o t a t i n g  machinery,  o r  a v a i l a b i l i t y  o f  f i r s t  a i d  k i t s ) .  A s  f o r  l a r g e  
i n d u s t r i e s  such a s  t h e  mining companies, t h e  government h a s  d e a l t  s o  f a r  on a  
one-to-one b a s i s ,  by approving concess ion  a c t s  which a l s o  c o n t a i n  p l a n t  s a f e t y  and 
a c c i d e n t  p reven t ion  measures based on i n t e r n a t i o n a l  s t a n d a r d s  and s u b j e c t  t o  
i n t e r n a t i o n a l  a r b i t r a t i o n  i n  c a s e  of c o n f l i c t .  

An i n t e r n a l  s a f e t y  committee is p r e s e n t  i n  each mining company. I t s  t a s k s  
c o n s i s t  of  i n v e s t i g a t i n g  i n j u r i e s  and a c c i d e n t s ,  examining p l a n t  and worker s a f e t y  
measures and i n s p e c t i n g  t h e  p l a n t .  

Even though no g e n e r a l i z e d  laws on i n d u s t r i a l  p l a n t  s i t i n g  and l and  use  e x i s t  a t  
p r e s e n t  i n  L i b e r i a ,  some i n d u s t r i a l  pa rks  have been c r e a t e d  i n  t h e  neighbourhood of 
Monrovia such a s  those  d e s c r i b e d  i n  s e c t i o n  0. Most of t h e  manufactur ing  i n d u s t r i e s  
o f  t h e  country  a r e  l o c a t e d  i n  t h e s e  parks .  The a u t h o r i t i e s  i n  charge  of t h e  
a c t i v i t i e s  i n  two o f  t h e s e  p a r k s  ( ~ o n r o v i a  F reepor t  and I n d u s t r i a l  F r e e  o  e )  have 
set up a  code of r u l e s  and r e g u l a t i o n s  d e a l i n g  wi th  i n d u s t r i a l  s a f e t 9 l L 7 .  A s  an  
example, t h e  Nat ional  P o r t  Au thor i ty  (NPA), i n  cha rqe  of t h e  F r e e p o r t  a r e a ,  h a s  a  
g e n e r a l  set of g u i d e l i n e s  t o  d e a l  w i th  dangerous goods such a s  calcium c a r b i d e  o r  
t e t r a e t h y l  lead .  A s  f o r  t h e  t r a n s p o r t  and hand l ing  of o t h e r  dangerous goods w i t h i n  
t h e  F r e e p o r t  a r e a ,  NPA r e f e r s  t o  t h e  US Marit ime law which i s d e c l a r e d  e x p l i c i t l y  t o  
be  t h e  mar i t ime law adopted  by t h e  government of L i b e r i a .  

The i n d u s t r i e s  o p e r a t i n g  w i t h i n  t h e  i n d u s t r i a l  pa rks  a r e  n o t  r e q u i r e d  t o  
e l a b o r a t e  o r  keep any k ind  o f  cont ingency p l ans .  A s  a  s a f e t y  p r e c a u t i o n  both  t h e  
Monrovia F r e e p o r t  and t h e  I n d u s t r i a l  F r e e  Zone have a t  t h e i r  d i s p o s a l  a  team of 
i n t e r n a l  f i r e  f i g h t e r s  who can i n t e r v e n e  i n  c a s e  of i n d u s t r i a l  a c c i d e n t s .  

The Na t iona l  Investment Commission (NIC) was c r e a t e d  i n  1979 wi th  t h e  broad 
mandate o f  co -o rd ina t ing  t h e  inves tment  p o l i c i e s  i n  L i b e r i a  and promoting its 
development. NIC 1s i n  charge  of reviewing t h e  a p p l i c a t i o n s  f o r  any new l a r g e  
inves tment  i n  t h e  i n d u s t r i a l  s e c t o r .  New p r o j e c t s  a r e  examined by NIC mainly from 
an  economic s t a n d p o i n t ,  but  a  t e c h n i c a l  committee w i t h i n  N I C  a l s o  e x i s t s .  The 
committee, which . i s  formed by r e p r e s e n t a t i v e s  of NIC and d i f f e r e n t  i n t e r e s t e d  
m i n i s t r i e s ,  can i n  p r i n c i p l e  g i v e  recommendations on s a f e t y  a s p e c t s ,  even though 
only  a  very  l i m i t e d  number of t e c h n i c a l  e x p e r t s  a r e  members of t h e  committee. 

A t  p r e s e n t  no l e q i s l a t i o n  e x i s t s  i n  L i b e r i a  concerning t h e  e s t a b l i s h m e n t  o r  
implementation of n a t i o n a l  cont ingency p l a n s ,  f o r  n a t u r a l  d i s a s t e r s  o r  i n d u s t r i a l  
a c c i d e n t s .  

The l e q i s l a t i o n  on p reven t ion  of i n d u s t r i a l  a c c i d e n t s  is a l s o  very  l i m i t e d .  The 
D i v i s i o n  of S tanda rds  o f  t h e  M i n i s t r y  o f  Commerce, Indus t ry  and T r a n s p o r t a t i o n  h a s  
e l a b o r a t e d  some s t a n  a r d  codes  f o r  t h e  s t o r a g e  and t r a n s p o r t  o f  inflammable goods 

577 such  a s  gasol ine-  . Other  dangerous goods,  such a s  t o x i c ,  c o r r o s i v e  o r  poisonous 
chemicals ,  a r e  no t  mentioned. The implementaton phase is ass igned  t o  t h e  F i r e  
S e r v i c e  Bureau and its i n s p e c t o r s .  

I n d u s t r i e s  a r e ,  i n  g e n e r a l ,  n o t  r e q u i r e d  t o  n o t i f y  m i n i s t r i e s  o r  a g e n c i e s  of any 
a c c i d e n t s .  Accidents  occur inq  i n  connexion wi th  mining o p e r a t i o n s  must be  r e p o r t e d  
t o  t h e  M i n i s t e r  of  Lands, Mines and Eneroy w i t h i n  24 hours .  Neve r the l e s s ,  t h e  
M i n i s t r y  of Labour y e a r l y  p u b l i s h e s  s t a t i s t i c s  on i n d u s t r i a l  a c c i d e n t s ,  on t h e  b a s i s  

58/ of t h e  r e q u e s t s  f i l e d  f o r  workman c o m p e n s a t i o n s  . 



L i b e r i a  l a c k s  cont inqenc* p l a n s  a l s o  a t  t h e  p r o v i n c i a l  l e v e l .  The county o r  
t e r r i t o r y  s u o e r i n t e n d e n t s ,  who depend on t h e  Min i s t ry  of I n t e r n a l  A f f a i r s ,  a r e  n o t  
even r equ i r ed  t o  e l a b o r a t e  any i n t e r v e n t i o n  p l an  f o r  n a t u r a l  d i s a s t e r s .  

The p o s s i b l e  i n t e r v e n t i o n  qroups  i n  c a s e  of a c c i d e n t s  would be t h e  f i r e  f i g h t e r s  
(who a r e  under t h e  j u r i s d i c t i o n  of t h e  Min i s t ry  of J u s t i c e ) ,  t h e  p o l i c e ,  t h e  l o c a l  
u n i t s  of t h e  army, and o t h e r  r e l i e f  o r q a n i z a t i o n s  ( such  a s  t h e  Red Cross ) .  

The s t a t u t o r y  d u t i e s  of  t h e  f i r e  f i g h t e r s  a r e  f i r e  p reven t ion ,  and f i r e  f i g h t i n g  
and r e s c u e Ã  . The f i r s t  t a s k  is accomplished by p e r i o d i c a l  i n s p e c t i o n s  ( u s u a l l y  
once a  yea r )  of b u i l d i n q  and i n d u s t r i a l  f a c i l i t i e s  t o  check t h e  a v a i l a b i l i t y  of f i r e  
f i g h t i n g  equipment, a s  e s t a b l i s h e d  i n  t h e  L i b e r i a  F i r e  Code. A f i r e  c e r t i f i c a t e  
shou ld  be r e l e a s e d  by t h e  f i r e  department b e f o r e  s t a r t i n g  t h e  o p e r a t i o n  a t  any new 
i n d u s t r i a l  e s t ab l i shmen t .  I n  p r a c t i c e ,  t h e  enforcement of t h e  f i r e  code is r a t h e r  
d i f f i c u l t  because of t h e  l a c k  of r e s o u r c e s  i n  te rms of both men and equipment. 

Th i s  problem a l s o  s e r i o u s l y  a f f e c t s  t h e  f i r e  f i g h t i n g  and i n t e r v e n t i o n  
c a p a b i l i t y  i n  c a s e  of a c c i d e n t s .  Four c o u n t i e s  o u t  of n i n e  have v i r t u a l l y  no f i r e  
p r o t e c t i o n .  Only two f i r e  s t a t i o n s  wi th  a  t o t a l  of  75 men e x i s t  i n  Monrovia, where 
a  l a r g e  m a j o r i t y  of manufactur ing  i n d u s t r i e s  a r e  found. They a r e  equipped wi th  j u s t  
one f i r e  engine  which is f r e q u e n t l y  o u t  of  work because  of l a c k  o f  s p a r e  p a r t s .  
Most of  t h e  hydran t s  e x i s t i n q  i n  t h e  Monrovia a r e a  a r e  n o t  o p e r a t i o n a l .  I n  most 
c i r cums tances  only  t h e  l i m i t e d  amount of wa te r  c a r r i e d  by t h e  f i r e  eng ine  could  be 
used t o  put  o u t  a  f i r e .  Communication problems a r e  a l s o  ext remely  s e r i o u s ,  t h u s  
r ende r inq  d i f f i c u l t  t h e  s w i f t  r a i s i n g  of t h e  a larm.  Some a r e a s  i n  t h e  neighbourhood 
of Monrovia could  no t  be  qu ick ly  reached because  of bad road c o n d i t i o n s .  The 
c a p a c i t y  f o r  i n t e r v e n t i o n s  i n  a c c i d e n t s  o t h e r  t han  f i r e  ( e .g .  t o x i c  r e l e a s e  o r  
s p i l l s )  is non-exist ing.  

The n e g a t i v e  s i t u a t i o n  cou ld  be p a r t i a l l y  r e c t i f i e d  i f  new equipment and 
m a t e r i a l  were a v a i l a b l e .  N e q o t i a t i o n s  a r e  a l r e a d y  under way t o  purchase  some $1.5 
m i l l i o n  worth of new f i r e  f i g h t i n g  equipment. 

Given t h e  s i t u a t i o n ,  some of t h e  major i n d u s t r i e s  i n  t h e  Monrovia a r e a  have 
organized t h e i r  own f i r e  f i g h t i n g  teams and i n t e r v e n t i o n  schemes. In  g e n e r a l  t h e  
co -o rd ina t ion  between t h e s e  and the  munic ipal  f i r e  f i g h t i n g  team is r a t h e r  l i m i t e d .  
In  some i n s t a n c e s ,  however, i n d u s t r y  f i r e  f i g h t i n g  teams have co-operated wi th  t h e  
munic ipal  team i n  p u t t i n g  out  b u i l d i n q  f i r e s  i n  downtown Monrovia. 

No list of i n d u s t r i e s  is kep t  and no p rep lann ing  f o r  major a c c i d e n t s  a t  l o c a l  
i n d u s t r i a l  f a c i l i t i e s  is c a r r i e d  o u t  by t h e  munic ipal  f i r e  f i g h t e r s .  They a r e  n o t  
aware of t h e  i n d u s t r y  i n t e r v e n t i o n  p l a n s ,  when t h e y  e x i s t .  A r eco rd  of a l l  f i r e s  and 
i n t e r v e n t i o n s  is kep t  by t h e  munic ipal  f i r e  department.  

The c o n s u l t a n t  v i s i t e d  many l o c a l  i n d u s t r i e s  and in t e rv i ewed  t h e  o f f i c i a l s  i n  
charqe.  The i n t e r v i e w s  were conducted u s i n g  t h e  q u e s t i o n n a i r e  prepared  by t h e  
c o n s u l t a n t  and shown i n  t a b l e  7 a s  a  model. The most r e l e v a n t  i n fo rma t ion  ob ta ined  
is r e p o r t e d  i n  t a b l e  8. 

Comparatively s p e a k i n g , . t h e  l a r g e r  f a c i l i t i e s  v i s i t e d  tended t o  be b e t t e r  
equipped and o rgen ized  than t h e  s m a l l e r  ones.  I n  t h e  judgement of t h e  a u t h o r ,  t h i s  
improved c a p a b i l i t y  is due t o :  



- use - f  i n t e r n a t i o n a l  s a f e t y  s t andards  der ived from p a s t  exper iences  i n  
i n d ~ ~ t r i a l i z e d  coun t r i es ;  

- l a r g e r  negat ive  impact on people,  proper ty  and environment i n  case  of acc iden t ;  

- b e t t e r  design of p l a n t  layout ;  

- p l a n t  l o c a t i o n  i n  i n d u s t r i a l  parks o r  away from populated a reas ;  

- use of more q u a l i f i e d  manpower and management; 

- b e t t e r  worker t r a i n i n g ;  and 

- higher  pub l ic  " v i s i b i l i t y " .  

Table 7: Ques t ionna i re  used dur ing t h e  v i s i t s  t o  i n d u s t r i a l  f a c i l i t i e s  i n  L i b e r i a  

Data of es tabl ishment ,  number of employees and s h i f t s .  
Raw m a t e r i a l s ,  f i n a l  and in te rmedia te  products  ( inc lud ing  p l a n t  capac i ty ) .  
Manufacturing process ,  machinery and process  u n i t s .  
Amount of raw m a t e r i a l s  and f i n a l  products  usua l ly  i n  s to rage .  Type of s to rage .  
Sa fe ty  devices  on s t o r a g e  and process  u n i t s  (e.g. s a f e t y  va lves ,  bunds, f lame 
a r r e s t e r s ) .  
Basic  layout of p l a n t  ( i s  s t o r a g e  separa ted  from process?).  
F i r e  proofing. 
Alarm and f i r e  d e t e c t i o n  systems. 
Fixed and mobile f i r e  f i g h t i n g  equipment. 
Contingency p lans  and s a f e t y  a u d i t s .  
Command and r e s p o n s i b i l i t i e s  i n  case  of acc iden t .  
I n t e r n a l  f i r e  f i g h t e r  department and/or emergency squad. 
Arrangements and connections with e x t e r n a l  f i r e  department. 
Training and evacuat ion exerc i ses .  . 

Access t o  the  f a c i l i t i e s  from t h e  ou t s ide .  
Transporta t ion of raw m a t e r i a l s  and f i n i s h e d  products  t o  and from t h e  p l a n t .  
Label l ing and placarding of dangerous goods. 
Pas t  acc iden t s  and consequences. 
Major acc iden t s  t h a t  could occur. 





Table 8 (cont inued) 

Company Products Raw Amounts o f  Number Intel^- T ra in ing  FIRE FIGHTING EQUIPMENT Contingency 
and annual ma te r i a l s  raw ma te r i a l s  o f  ven t ion  exerc ices Water Foam Dry C02 o r  P lan 
product ion and products employees squad hoses moni tor  powder o ther  

i n  storage ext ing-  type 
u ishers  

L IPF0C0 Mattresses TDI , 1 month 52 no no Yes no no Yes no 
( l l ,n00)  Freon stock, 500 

Po l yo l s  mattresses 

L i b e r i a  Ba t t e r i es  Sulphur ic  ac i d  30t  26 no no no no no Yes no 
Manuf actu- (21,000) Lead oxide 281 
r i n g  Co. Lead l o t  

L i b e r i a  D i s t i l l a t i o n  Crude o i l  600,000 b b l  480 yes one yes Yes Yes Yes Yes Yes 
Petroleum products Essence 65,000 b b l  f i r e  en- weekly ( w r i t t e n )  
Re f i n i ng  4 , 5 m i l l i o n s  Kerosene 43,000 b b l  g ine 10 I 

Company b b l  Fue l  200,000 b b l  men 4 
u 

Gaz o i l  131,000 b b l  I 

LPG 1,000 b b l  

Meta l lo -  P l a s t i c  Polyethy- 10 tons 30 no no no no no Yes no 
p l a s t i c a  i tems lene, poly- t o t a l  

300 tons propylene, 
CPV 

L i b e r i a  Matches Potassium 3 month 53 Yes Yes Yes no Yes Yes no 
Matches Co. 100,000 c lo ra te ,  stock 6 (monthly) 
(LJMACO) boxes/day Antimony 2 m i l l i o n  men 

(50 m/box) sulphide, boxes 
Red phos- 
phorus. Sand, 
Glue, Water 





Table 8 (cont inued)  

Company Products Raw Amounts of Number In te r -  Training FIRE FIGHTING EQUIPMENT Contingency 
and annual m a t e r i a l s  raw m a t e r i a l s  of vention e x e r c i c e s  Water Foam Dry C02 o r  Plan 
production and products  employees squad hoses monitor powder o t h e r  

i n  s to rage  e x t  ing- type 
u i s h e r s  

F i res tone  Rubber 
P l a n t a t i o n  140,OOOt 
Company 

Rubber N.A. 10,000 y e s , 5  yes  Yes Yes Yes Yes Yes 
Ammonia f i r e  

engines 
40 men 

CFMENCO Cement Cl inkers  26,000 1 125 no no Yes no Yes Yes no 
72,000t Gypsum t o t a l  

TEXAf- f l  Gasoline same 210,000 25 Yes no Yes no Yes Yes Yes 
Diesel  o i l  bbl  
Kerosene 
s t o r a g e  

- - -- - - - - - - - - - - 

* The p l a n t s  a r e  located i n  t h e  Monrovia Freeport  zone which possesses  a f i r e  department a v a i l a b l e  f o r  in te rven t ion  

N . A .  - not a v a i l a b l e  



O f  t he  t h r e  major i n d u s t r i a l  hazards, i .e.  f i r e ,  explosion, and t o x i c  release, 
t he  f i r s t  one appears t o  be, by f a r ,  t he  most ser ious. A l l  the i n d u s t r i e s  v i s i t e d  
had some type o f  f i r e  f i q h t i n g  equipment even though on ly  a few had any s o r t  o f  
i n t e r v e n t i o n  s-hpme and even fewer had i t  i n  a w r i t t e n  form. An example o f  a aood 
contingency p lan  obta ined from a l o c a l  i ndus t r y  i s  g iven i n  sec t ion  E. Laraer 
i n d u s t r i e s  were the  on ly  ones t o  have an i n t e r v e n t i o n  squad o r  even an i n t e r n a l  
f u l l - t i m e  f i r e  f i g h t i n g  team. When ex i s t i nq ,  these teams were r e l a t i v e l y  w e l l  
equipped and t ra ined.  Three i n d u s t r i e s  had very w e l l  equipped teams prepared t o  
combat accidents.  I n t e r ven t i on  squads which ex i s t ed  genera l l y  h e l d  t r a i n i n g  
exerc ises r equ la r l y  . 

Because o f  the lack  o f  governmental standards on safety ,  most l a r g e r  i n d u s t r i e s  
used t h e i r  own standards i nc l ud i nq  those concerning f i r e  f i g h t i n g .  Smal ler 
i n d u s t r i e s  r e l i ed ,  ins tead,  on q u i d ~ l i n e s  and inspec t ions  o f  l o c a l  f i r e  f i g h t e r s  and 
insurance companies. Because o f  t he  h igher  r i s k  gene ra l l y  invo lved,  insurance 
companies charged premiums 50 t o  100 per  cent h igher  than those they would charge an 
equ iva len t  company i n  an i n d u s t r i a l i z e d  country.  

I n  some instances the  consul tant  observed the  use o f  some obsolete i n d u s t r i a l  
equipment which d i d  no t  con ta in  the b u i l t - i n  sa fe t y  devices t h a t  would be considered 
standard on modern equipment. 

So f a r  L i b e r i a  has been spared l a r g e  i n d u s t r i a l  d i sas te r s  w i t h  the  except ion o f  
one indus t ry - re la ted  accident:  t he  l and  s l i d e  o f  i r o n  ore waste on a v i l l a g e ,  which 
caused many casual t ies .  The most common i n d u s t r i a l  acc idents  are due t o  machine o r  
veh i c l e  operat ion. Because o f  t he  sma l l  s i ze  and the s i t e  o f  the  i ndus t r i e s ,  i t  
seems ra the r  u n l i k e l y  t h a t  an acc ident  o f  l a r g e  p ropo r t i on  would a f f e c t  the  
populat ion.  The on ly  except ions cou ld  be t ranspor t  acc idents  i n  an urban area and 
acc idents  i n  smal l  i n d u s t r i e s  loca ted  i n  bu i l t - up  areas. 

E. Examole o f  a continaencv o l an  i n  L i b e r i a  

A very  good example o f  an i n d u s t r i a l  contingency p l an  was obta ined from West 
A f r i can  Explosives and Chemicals, Ltd. (EXCHEM), which has a p l a n t  ( C a u l f i e l d  P lan t )  
a t  Harbel, Monserrado County. Th is  company i s  a subs id ia ry  o f  a Canadian explos ives 
manufacturing company. 

The p l an  i s  concise and simple enough t o  be adapted t o  the  d i f f e r e n t  
circumstances i n  which an accident may occur. I t  conta ins a l l  the main elements o f  
a contingpncy p l an  as descr ibed i n  Chapter V I .  

The p l an  i s  organized i n  sect ions. Sect ion 1 conta ins the  i n t r oduc t i on ,  the  
purpose o f  the  p l a n  and the r e s u l t s  o f  the  hazard ana lys is  i n d i c a t i n g  what type o f  
acc idents  can be expected. Sect ion 2 conta ins a g lossary o f  terms and the command 
s t r u c t u r e  i n  case o f  accident.  Th is  s t r u c t u r e  i s  the same as dur ing  normal 
opera t ion  as t o  avo id confus ion dur ing  an emergency. 

Sect ion 3 conta ins the  ac t ions  t o  be taken i n  case an accident occurs. Several  
p o s s i b i l i t i e s  a re  considered as a r e s u l t  o f  the  hazard analys is .  The emergency 
ac t i ons  and r e s p o n s i b i l i t i e s  assigned t o  every employee o f  t h e  p l a n t  are spec i f i ed .  

Sect ion 4 conta ins a telephone r o s t e r  and the r a d i o  channels t o  be used t o  
contact  ex te rna l  response teams. This  l i s t  a l so  inc ludes  emergency phone numbers t o  
ob ta i n  resources ava i l ab l e  i n  another nearby company ( t h e  F i res tone  p l an ta t i on ,  
which i s  a few m i l e s  away from the p l an t ) ,  the phone number o f  a l e g a l  o f f i c e  f o r  
consu l t a t i on  on the  l e g a l  aspect r e l a t e d  t o  an accident,  and t ha t  o f  a p u b l i c  
r e l a t i o n s  f i rm.  



S e c t i o n  5 d e a l s  w i th  t r a i n i n g  e x e r c i s e s  and wi th  t h e  procedures  t o  review and 
upda te  t h e  manual. During t h e . i n t e r v i e w  wi th  t h e  c o n s u l t a n t ,  t h e  q e n e r a l  s e r v i c e  
manager o f  t h e  p l a n t  confirmed t h a t  t h e s e  e x e r c i s e s  were h e l d  according t o  t h e  
schedu le  f i x e d  i n  t h e  cont ingency p lan .  

The l ayou t  of  t h e  p l a n t  is shown s c h e m a t i c a l l y  fo l lowing  t h e  t e x t  of  t h e  
cont ingency p l a n  ( s e e  f i q u r e  7) .  The l a y o u t  shows t h e  l o c a t i o n  of t h e  f i r e  f i g h t i n g  
equipment, t h e  assembly a r e a ,  t h e  c o n t r o l  c e n t r e  i n  c a s e  of a c c i d e n t ,  t h e  emergency 
communication equipment and t h e  a c c e s s e s  t o  t h e  p l a n t ,  u s u a l l y  guarded by s e c u r i t y  
guards .  

The c o n s u l t a n t  n o t i c e d  du r inq  t h e  v i s i t  t o  t h e  p l a n t  t h a t  s e c u r i t y  measures were 
i n  e f f e c t  a t  a l l  times and t h a t  on ly  c l e a r l y  i d e n t i f i e d  and a u t h o r i z e d  pe r sonne l  had 
a c c e s s  t o  t h e  p l a n t .  

The p l an  is presen ted  i n  s e c t i o n  H. 

F. Planninq f o r  t r a n s p o r t  a c c i d e n t s  i n  L i b e r i a  

There is no  s p e c i a l  l e g i s l a t i o n  on t h e  s u b j e c t  excep t  f o r  t h e  t r a n s p o r t  o f  
petroleum p roduc t s .  The requi rements  f o r  t h e  use  o f  a g a s o l i n e  tank t r u c k  a r e  
s p e c i f i e d .  

The i n t e r n a t i o n a l  sys tems which a r e  used t o  l a b e l  hazardous  m a t e r i a l s  a r e  only  
o c c a s i o n a l l y  known ( th rough  p r o p e r l y  l a b e l l e d  packages imported from more 
i n d u s t r i a l i z e d  c o u n t r i e s )  and ve ry  seldom used. A n o t a b l e  excep t ion  is t h e  l o c a l  
e x p l o s i v e s  f a c t o r y .  Exp los ives  a r e  u s u a l l y  moved a t  n i g h t  by s h i p  o r  by t r u c k s  
u s i n g  r o u t e s  through non-populated a r e a s .  

Most dangerous goods can  f r e e l y  c i r c u l a t e ,  u n l a b e l l e d ,  through dense ly  popu la t ed  
a r e a s .  I n  some i n s t a n c e s  t h e  l o c a t i o n  of t h e  i n d u s t r y  and a v a i l a b i l i t y  o f  j u s t  one 
r o u t e  do n o t  l e a v e  any o t h e r  a l t e r n a t i v e .  

Conclus ions  and recommendations 

The country  does  n o t  posses s  e f f e c t i v e  s t r u c t u r e s ,  o r g a n i z a t i o n  and r e s o u r c e s  t o  
f i g h t  maj.or i n d u s t r i a l  a c c i d e n t s .  Except ions  e x i s t  f o r  c e r t a i n  i n d u s t r i a l  
p l a n t s ,  but  t h e i r  r e sources  would probably  no t  be s u f f i c i e n t  t o  cope wi th  an 
i n d u s t r i a l  d i s a s t e r  sp read ing  o u t s i d e  t h e  p l a n t  boundar ies .  

An informal  co -o rd ina t ion  p l an  e x i s t s  among most of  t h e  l o c a l  i n d u s t r i e s .  I n  
c a s e  of a major a c c i d e n t  i n  one p l a n t  t h e  emergency teams of t h e  ne ighbour ing 
f a c i l i t i e s  would most l i k e l y  i n t e r v e n e  a s  they  have a l r e a d y  done i n  t h e  p a s t  
du r ing  f i r e s  i n  t h e  Monrovia a r e a .  

The l a r g e r  i n d u s t r i e s  i n  t h e  coun t ry  appear  t o  be,  i n  g e n e r a l ,  r e l a t i v e l y  well 
equipped and organized t o  combat i n d u s t r i a l  a c c i d e n t s .  The t h r e a t  t hey  pose t o  
t h e  popu la t ion  is sma l l  because o f  t h e  s m a l l  number of l a r q e  f i rms .  
Furthermore,  they  a r e  l o c a t e d  i n  s p a r s e l y  popu la t ed  a r e a s  o r  i n d u s t r i a l  pa rks  
and t h e  p r o b a b i l i t y  t h a t  a major  a c c i d e n t  w i l l  s p read  beyond a p l a n t  boundary is 
sma l l .  

The medium and sma l l  i n d u s t r i e s  a r e  more numerous and,  g e n e r a l l y  speaking,  much 
l e s s  prepared  t o  cope wi th  i n d u s t r i a l  a c c i d e n t s .  In  a d d i t i o n ,  some of t h e s e  
i n d u s t r i e s  a r e  l o c a t e d  i n  r e l a t i v e l y  popula ted  a r e a s .  The re fo re  t h e  
v u l n e r a b i l i t y  of t h e  popu la t ion  t o  a c c i d e n t s  o c c u r r i n g  i n  t h e s e  i n d u s t r i e s  is 



much l a r g e r  than  i n  l a r q e r  i n d u s t r i e s .  Gene ra l ly ,  t h e  l e v e l  of  
i n d u s t r i a l i z a t i o n  i n  t h e  country  is very  modest and t h e  r i s k  of exposure  of t h e  
popu la t ion  t o  i n d u s t r i a l  a c c i d e n t s  is still very  sma l l .  

Because of t h e  ongoing p rocess  of u r b a n i z a t i o n  i n  t h e  Monrovia a r e a  t h e  
popu la t ion  is most l i k e l y  t o  i n c r e a s e ,  a l s o  i n  a r e a s  n e a r  l o c a l  i n d u s t r i e s .  
This ,  when combined wi th  t h e  expansion of such i n d u s t r y ,  could  c r e a t e  new 
haza rds  and i n c r e a s e  t h e  v u l n e r a b i l i t y  of t h e  popu la t ion  t o  i n d u s t r i a l  
a c c i d e n t s .  

I t  is recommended t h a t  t h e  l o c a l  government t a k e  measures t o  l i m i t  t h i s  
occurrence  by p r e p a r i n g  zoning r e g u l a t i o n s  s p e c i f y i n g  t h e  a r e a s  t o  be a s s igned  
t o  i n d u s t r i a l  and human s e t t l e m e n t s .  

F i r e  appea r s  t o  be t h e  most common i n d u s t r i a l  hazard ,  p a r t i c u l a r l y  i n  sma l l  
i n d u s t r i e s  wi th  l i m i t e d  i n t e r v e n t i o n  c a p a b i l i t y  and o r g a n i z a t i o n .  The re fo re ,  i t  
is e s p e c i a l l y  v i t a l  t h a t  t h e  l o c a l  f i r e  depar tments  be brought t o  an a c c e p t a b l e  
l e v e l  of i n t e r v e n t i o n  c a p a b i l i t y  by p rov id ing  them wi th  t h e  necessa ry  equipment,  
manpower and t r a i n i n g .  The p l an  f o r  buying new f i r e  f i g h t i n g  equipment should  
be implemented i n  s t a g e s  s t a r t i n g  i n  1984. 

In  o r d e r  t o  document more thoroughly  t h e  e x i s t i n g  s i t u a t i o n ,  t h e  government 
should  make a  census  of t h e  e x i s t i n g  i n d u s t r i e s  and c l a s s i f y  them accord ing  t o  
t h e  r i s k  they  r e p r e s e n t  f o r  t h e  popu la t ion .  Then, t h e  l o c a l  r e sponse  teams 
could  s t a r t  t o  develop i n t e r v e n t i o n  p l a n s  t o g e t h e r  w i th  t h e  l o c a l  i n d u s t r i e s .  

A t  p r e s e n t ,  t r a n s p o r t  a c c i d e n t s  i nvo lv ing  dangerous m a t e r i a l s  r e p r e s e n t  a major 
i n d u s t r y - r e l a t e d  hazard  f aced  by t h e  popula t ion .  The r i s k  a s s o c i a t e d  wi th  t h e  
t r a n s p o r t  of hazardous m a t e r i a l s  i n  urban a r e a s  is l i k e l y  t o  become even g r e a t e r  
a s  a  r e s u l t  of  t h e  h i g h e r  popu la t ion  and t r a f f i c  conges t ion  i n  t h e  Monrovia a r e a  
and t h e  i n c r e a s i n g  number and volume of hazardous  m a t e r i a l s  t r a n s p o r t e d .  
Therefore ,  t r a n s p o r t  r e g u l a t i o n s  need t o  be adopted  and enforced.  A w e l l  
equipped and t r a i n e d  f i r e  department is aga in  t h e  most impor tant  response  team. 

10 .  I t  is recommended t h a t  t h e  government i n c l u d e  t h e  . i n s t i t u t i o n  of a  n a t i o n a l  
contingency p l an  a s  p a r t  of  t h e  nex t  four-year  p l an  beqinninq i n  1986. The 
g u i d e l i n e s  d i s c u s s e d  i n  t h i s  document could  be used f o r  t h i s  purpose.  The 
development of the n a t i o n a l  cont ingency p l an  should  be based on t h e  conc lus ions  
and recommendations of t h i s  s tudy .  A good p l a n ,  combined wi th  an expanded 
i n t e r v e n t i o n  c a p a b i l i t y  o f  t h e  f i r e  f i g h t e r s  should  reduce t h e  number and 
consequences of major i n d u s t r i a l  a c c i d e n t s  and minimize damage from t h o s e  which 
occur ,  thereby p r o t e c t i n g  t h e  popu la t ion .  
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WEST AFRICAN EXPLOSIVES AND CHEMICALS LIMITED . 

EMERGENCY PLAN 

1. Introduct ion 

2 .  D e f i n i t i o n s  

3 .  Ind iv idua l  Action Sheets 

4 .  Outside Contact L i s t  

5 .  Routine Upgrading 



SECTION 1 

I n t r o d u c t i o n  

The o b j e c t i v e  of t h e  emergency p l an  is t o  s e t  up a  sequence of a c t i o n s  des igned 
t o  have t h e  fo l lowinq  e f f e c t :  

1. Reduce o r  e l i m i n a t e  i n j u r y  and l o s s  of l i f e  

2 .  Reduce o r  e l i m i n a t e  m a t e r i a l  damage 

3. Reduce l o s t  p roduc t ion  t o  t a  minimum 

4 .  Reduce e x t e r n a l  e f f e c t s  t o  a  minimum 

An emerqemcy is something which cannot  be c l e a r l y  p r e d i c t e d  a t  t o  time, scope  o r  
l o c a t i o n .  To d e a l  wi th  an emergency, d i r e c t i o n  by a  knowledgeable r e s p o n s i b l e  
person is requ i r ed .  This  person,  d e s c r i b e d  i n  t h i s  p l a n  a s  t h e  warden, must make 
f u l l  u s e  of a v a i l a b l e  r e s o u r c e s  wi th  t h e  f o u r  o b j e c t i v e s  l i s t e d  above i n  mind. 

The major aim of t h e  procedures  g iven  i n  t h e  p l an  is t o  p rov ide  t h e  co -o rd ina to r  
w i th  t h e s e  r e s o u r c e s  i n  such a  way t h a t  they  can be deployed wuickly wi th  a  minimum 
amount of d i r e c t i o n  and maximum e f f e c t i v e n e s s .  

There a r e  t h r e e  p o s s i b l e  s i t u a t i o n s  which r e q u i r e  implementation of emergency 
procedures  a t  t h e  C a u l f i e l d  P l a n t :  

1. F i r e  which cannot  be c o n t r o l l e d  o r  i s o l a t e d  t o  a  s m a l l  a r e a ,  o r  which t h r e a t e n s  
magazines o r  ammonium n i t r a t e .  

2. Major a c c i d e n t .  I n  t h e  c a s e  of t h e  C a u l f i e l d  P l a n t ,  t h e  most l i k e l y  s o u r c e  w i l l  
be a  p l ane  c r a s h  w i t h i n  t h e  l e a s e  a r e a .  

3. Explosion.  Although normally a  r e s u l t  of e i t h e r  ( 1 )  o r  ( 2 )  above, emergency 
p rocedures  must t a k e  i n t o  account an unforwarned de tona t ion .  

I n  an emergency s i t u a t i o n ,  peop le  r e a c t  b e t t e r  when they unders tand what they  
a r e  t o  do and what is expected  t o  each and everyone.  Th i s  book le t  is f o r  your 
SAFETY; you a r e  asked t o  thoroughly  r e d - i t  and keep i f  handy a t  a l l  times. 



SECTION 2 

D e f i n i t i o n s  

On-Site-Warden 

The senior  person a t  the  p lan t ,  among "the ones l i s t e d  under Organizat ion, t o  
take charge o f  the Emergency Procedures. 

Ex te rna l  Warden 

The sen io r  person a t  Peabody Farm (C-1 Compound)* who i s  ava i l ab l e  t o  take 
charge o f  co -o rd ina t ion  w i t h  ou ts ide  agencies. 

Observer 

Any person who observes an i n c i d e n t  which he t h i n k s  should be c l a s s i f i e d  as a 
f i r e ,  exp los ion o r  accident. 

Organizat ion 

General Manager 

Technical  Services Supervisor 

C o n t r o l l e r  

Superintendant Superintendant 

* A nearby smal l  farm where the  ex te rna l  warden i s  lodged (uNIDO explanatory note) 



SECTION 3 

This  sec t ion  o f  the p l an  has been tabu la ted  i n  such a way t h a t  i n d i v i d u a l  
members o f  t he  superv isoty  s t a f f  w i l l  r e f e r  t o  on ly  one sheet i n  order  t o  perform 
the  ac t ions  necessary t o  get  the  emergency procedures r o l l i n g .  

The observer, who may be any employee and may no t  be l i t e r a t e ,  has on ly  s imple 
ac t ions  t o  make; these can be explained t o  a l l  emplyees i n  group sessions. 

The wardens w i l l  r equ i r e  a complete knowledge o f  the  p l an  i n  order t o  make f u l l  
use o f  the f a c i l i t i e s  a t  t h e i r  d isposal .  



FIRE ACCIDENT EXPLOSION 

Cal l  Guard House ( t e l .  24) o r  1. 
use VHF radio .  

Have Main Gate S e c u r i t y  guard 
repeat  message. 

Not explos ives  2. 
a )  Remove any exp los ives  t o  a 

s a f e  p lace;  
b) Fiqht f i r e .  

I f  t h e r e  a r e  burning exp los ives  3.  
qo quickly  t o  quard house o r  
n e a r e s t  gate .  

C a l l  Guard House ( t e l .  24) o r  1. C a l l  Guard House ( t e l .  24) o r  
use  VHF radio.  use  VHF radio .  

Have Main Gate S e c u r i t y  guard 
repea t  message. 

Have Main Gate Secur i ty  guard 
repea t  message. 

Help any i n j u r e d  person. 2. Help any i n j u r e d  person. 

Stand by t o  he lp  superv i s ion  3.  Go t o  guard house o r  t o  n e a r e s t  
gate .  



MAIN GATE GUARD AND SECURITY SFRGFANT 

FIRE ACCIDENT FXPL DSION 

Repeat message t o  observer  t o  check 
accuracy.  Write down h i s  name, 
where he is and time. 

a )  C a l l  duty  Supervisor  ( s e e  board) 
b) Ca l l  Product ion  Super in tendent  

( t e l .  28 o r  23) 
c )  C a l l  Operat i o n s  Manaqer ( t e l  . 12)  

Repeat message each t ime.  

Announce "FMFRGFNCY" 3 t imes  on 
r a d i o  CH 2 HOLD ON CH 2. 

Sound stand-by alarm 1 minute 
cont inued b l a s t  on t h e  s i r e n .  

L e t  only  FXCHFM personnel  i n t o  p l a n t .  
C h ~ r k  out v i s i t o r s .  

Follow r a d i o  i n s t r u c t i o n s  from 
warden. 

1. Repeat message t o  obse rve r  t o  check 
accuracy.  Write down h i s  name, 
where h e  is and t ime.  

2 .  a )  C a l l  du ty  Supe rv i so r  ( s e e  board) 
b)  C a l l  Product ion  Super in tendent  

( t e l .  28 o r  23 )  
c )  C a l l  Opera t ions  Manager ( t e l .  12 )  

Repeat message each time. 

3. Annnounce "FMFRGFNCY" 3 times on 
r a d i o  CH 2 HOLD ON CH 2. 

4.  On i n s t r u c t i o n  from duty  Supe rv i so r  
o r  warden sound stand-by alarm. 

5. l e t  o n l y  FXCHFM personnel  i n t o  p l an t  
Check out  v i s i t o r s .  

6. Follow r a d i o  i n s t r u c t i o n s  from 
warden. 

1.  Repeat message t o  obse rve r  t o  check 
accuracy.  Wri te  down h i s  name, 
where he is  and t ime.  

2. a )  C a l l  duty  Supe rv i so r  ( s e e  board) 
b)  C a l l  Product ion  Super in tendent  

( t e l .  28 o r  25) 
c )  C a l l  Operat i o n s  Manager ( t e l .  1 2 )  

Repeat message each t ime.  

3. Announce "EMFRGENCY" 3 t imes  on 
r a d i o  CH 2 HOLD ON CH 2.  

4 .  On i n s t r u c t i o n  from du ty  Supervisor  
o r  warden sound stand-by alarm. 

5 .  Let on ly  FXCHFM personnel  i n t o  p l a n t .  
Check out  v i s i t o r s .  

6. Follow r a d i o  i n s t r u c t i o n s  from 
warden. 



SECURITY CHIEF 

FIRE ACCIDENT EXPL OSION 

1. Locate personnel a s  follows: 1 .  l o c a t e  personnel a s  follows: 1. Locate personnel a s  follows: 

a )  Day S h i f t  a )  Day S h i f t  a  
i )  Serqeant a t  con t ro l  cen t re .  i )  Sergeant a t  c o n t r o l  c e n t r e .  
i i )  Gatman-check out v i s i t o r s ,  l e t  i i )  Gateman-check out v i s i t o r s ,  l e t  

in  only personnel author ized by i n  only personnel author ized 
warden. by warden. 

i i  i )  Secur i ty  dr iver-pick a t  l e a s t  i i i )  S e c u r i t y  d r i v e r  pick-up a t  l e a s t  
4 more off-dut y  s e c u r i t y  personnel.  10 more off-duty s e c u r i t y  guards.  

i v )  1  i eu tenan t -ass i s t  f i r e  c h i e f .  i v )  1  ieutenant-go c a r e f u l l y  t o  scene 
with a  por tab le  r a d i o  repor t  f a c t s .  

h) Off-Shift  b) Off-Shift  b  
i )  Sergeant open o u t e r  g a t e  ( 2 ) ,  i )  Sergeant open o u t e r  g a t e  (21,  

c l o s e  inner  qat  e  (1 ) . St and-by c l o s e  inner  g a t e  ( 1 ) .  Stand-by 
a t  guard house rad io ,  p roh ib i t  a t  guard house rad io ,  p roh ib i t  
en t ry  t o  a l l  except EXCHFM s t a f f .  e n t r y  t o  a l l  except EXCMM s t a f f .  

i i )  Gateman-go quickly  t o  scene of  i i )  Gateman-go t o  scene of  accident  
f i r e ,  f i g h t  i t  with a l l  a v a i l a b l e  with p o r t a b l e  radion,  r epor t  f a c t s .  
s e c u r i t y  guards.  

Day S h i f t  
i )  Sergeant a t  c o n t r o l  cent r e .  
i i )  Gateman-check out v i s i t o r s ,  

l e t  i n  only personnel 
author ized by warden. 

i i i )  S e c u r i t y  dr iver-pick a t  l e a s t  
10 more off-duty s e c u r i t y  
guards.  

i v )  Lieutenant  wi l l  s t and  by near  t 
o} 

c o n t r o l  cent  r e .  'hp 

t 

Of f-Shif t  
i )  Sergeant open ou te r  g a t e  (21,  

c l o s e  inner  g a t e  (1 ). Stand- 
by a t  guard house rad io ,  pro- 
h i b i t  e n t r y  t o  a l l  except 
EXCHEM s t a f f .  

i i )  Guards-withdraw t o  fence 
g a t e s  (31, (4). 

2.  When addi t ional  he lp  a r r i v e s  go with 2. When add i t iona l  he lp  a r r i v e s  qo 2. When add i t iona l  he lp  a r r i v e s  qo with 
2  men t o  pole  g a t e  a t  end of  plant  with 2 men t o  pole  g a t e  a t  end o f  2  men t o  pole  g a t e  a t  end of  p lan t  
access  road and r e g u l a t e  access  o f  p lan t  access  road and r e q u l a t e  access  road and r e g u l a t e  access  o f  
t r a f f i c  t o  plant  a rea .  access  of  t r a f f i c  t o  plant  a rea .  of t r a f f i c  t o  plant  a rea .  



FIRâ CAPTAIN 

FIRE ACCIDENT EXPLOSION 

1 .  A s s e m b l ~  f i r e  crew. 1 .  Assemble f i r e  crew. 

2 .  a )  F i r e  i n  a r e a s  a c c e s s i b l e  t o  2 .  a )  Fire i n  a r e a s  a c c e s s i b l e  t o  
hoses  : hoses:  
i )  Uncoil hoses  from hydrant  i )  Uncoil hoses  from hydrant  

houses. houses. 
i i )  S t a r t  f i r e  pumps. i i )  S t a r t  f i r e  pumps. 

h) F i r e  i n  o t h e r  a reas :  b)  F i r e  i n  o t h e r  a r e a s :  
i )  Put a l l  s p a r e  e x t i n g u i s h e r s  . i )  Put a l l  s p a r e  e x t i n g u i s h e r s  

on a t ruck .  on a t r u c k .  

1. Assemble f i r e  crew. 

2 .  a )  F i r e  i n  a r e a s  a c c e s s i b l e  t o  
hoses  : 
i )  Uncoil  hoses  from hydrant  

houses.  
i i )  S t a r t  f i r e  pumps. 

b)  F i r e  i n  o t h e r  a r e a s :  
i )  Put  a l l  s p a r e  e x t i n g u i s h e r s  

on a t ruck .  
i i )  Take t r u c k ,  f r o n t  end loade r ,  i i )  Take t r u c k ,  f r o n t  end l o a d e r ,  i i )  Take t r u c k ,  f r o n t  end l o a d e r ,  

q r a d e r  t o  scene  o f  f i r e .  from warden. from warden. 
i i i )  Go by c a r  with r a d i o  t o  t ake  charqe  

o f  f i r e  f i q h t i n q .  Switch r a d i o  t o  CH 2. 



DUTY SUPERVISOR 

F IRE ACCIDENT EXPLOSION 

Cal l  fo r  r ad io  s i l e n c e  on both 
channels  by a l l  except superv i s ion .  

C h ~ r k  t h a t  s e c u r i t y  c o n t a c t s  
Product ion Superintendent 'and 
Operations Manager. 

Contact Maintenance Supervisor  and 
Superintendent o r  t h e  e l e c t r i c i a n .  

Contact a )  F i r e  Chief b)  production,  
t r a n s p o r t ,  s e c u r i t y  and magazine 
superv i so r s  t o  have them i n i t i a t e  
pmerqency procedures. 

Go t o  scene of f i r e  with a por tab le  
r a d i o  tuned t o  CH 2. 

Off-Shift  send fo r  a u x i l i a r y  f i r e  
crew. 

Ca l l  f o r  r a d i o  s i l e n c e  on both  
channels  by a l l  except supervis ion.  

Check t h a t  s e c u r i t y  cont a c t s  
Product ion Superintendent and 
Operations Manager. 

Contact Maintenance Supervisor  and 
Superintendent o r  t h e  e l e c t r i c i a n .  

Contact a )  F i r e  Chief b)  product ion,  
t r a n s p o r t ,  s e c u r i t y  and mnqazine 
superv i so r s  t o  have them i n i t i a t e  
emergency procedures.  

Stand by a t  c o n t r o l  c e n t r e .  

Send t o  plant  road j u c t i o n  f o r  
d r i v e r s  and help.  

C a l l  f o r  r a d i o  s i l e n c e  on both 
channels  by a l l  except superv i s ion .  

Check t h a t  s e c u r i t y  c o n t a c t s  
Product ion Superintendent and 
Operat i o n s  Manager. 

Contact Maintenance Supervisor  and 
Superintendent o r  t h e  e l e c t r i c i a n .  

I 

m 
Contact a )  F i r e  Chief b)  product ion,  ~1 

t r a n s p o r t ,  s e c u r i t y  and magazine I 

s u p e r v i s o r s  t o  have them i n i t i a t e  
emergency procedures.  

Stand by a t  c o n t r o l  c e n t r e .  

Send t o  p lan t  road junc t ion  
f o r  d r i v e r s  and help.  





PRODUCTION SUPFRVISOR AND MAGAZINF SUPFRVISOR 

FIRâ ACCIDFNT EXPL OSION 

Remove a l l  HF includinq T N T  t o  near- 1. Remove a l l  HE includinq TNT t o  near- 1.  Remove a l l  HE including T N T  t o  near- 
e s t  s a f e  magazine o r  t o  PI sample room. e s t  s a f e  magazine o r  t o  PI sample e s t  s a f e  magazine o r  t o  PI room. 
Lock up. room. Lock up. lock  up. 

Dump PI mixer batches  whatever 
s t  nqe i n t o  packer tanks .  Leave 
packaqes s l u r r y  i n s i d e  bu i ld ing .  

Park any s l u r r y  o r  ANFO i n  t r a n s i t  
a t  neares t  s a f e  ba r r i caded  maqazine 
o r  any bu i ld ing  on s i d e  away from 
f i r e  and p lan t .  

Send work l e a d e r s  ( a )  t o  c o n t r o l  
point  o r  b) t o  nea res t  s a f e  e x i t  g a t e  
i f  c o n t r o l  point  is not access ib le .  
Work l e a d e r s  w i l l  r e g u l a t e  and record 
e x i t  o f  .personnel from t h e  p lan t .  

Provide any personnel needed t o  
a s s i s t  t h e  f i r e  crew. 

Line up o rde r ly  depar tu re  t o  
con t ro l  c e n t r e  o r ,  i f  evacuat ion s i r e n  
is sounded, t o  nea res t  e x i t  g a t e .  

Of f - sh i f t :  c a l l  i n  work l e a d e r ,  6 men 
from C h a r l e s v i l l e  and road junct ion.  

2. Dump PI mixer batches  whatever 2. Dump PI mixer batches  whatever 
' s t a g e  i n t o  packer tanks .  Leave s t a g e  i n t o  packer tanks.  Leave 

packages s l u r r y  i n s i d e  bui ld ing.  packages s l u r r y  i n s i d e  bu i ld ing .  

3 .  Park any s l u r r y  o r  ANFO i n  t r a n s i t  3 .  park any s l u r r y  o f  AWO i n  t r a n s i t  
a t  nea res t  s a f e  barr icaded magazine a t  nea res t  s a f e  barr icaded magazine 
o r  any bu i ld ing  on s i d e  away from o r  any bu i ld ing  on s i d e  away from 
f i r e  and p l a n t .  f i r e  and p l a n t .  

4. Send work l e a d e r s  ( a )  t o  c o n t r o l  
point  o r  b)  t o  nea res t  s a f e  e x i t  g a t e  
i f  c o n t r o l  point  is not a c c e s s i b l e .  
Work l e a d e r s  w i l l  r e g u l a t e  and re- 
cord e x i t  o f  personnel from t h e  p lan t  

4. Send work l e a d e r s  ( a )  t o  c o n t r o l  
point  o r  b)  t o  nea res t  s a f e  e x i t  I 

g a t e  i f  c o n t r o l  point  is not acces- 00 
\0 

s i b l e .  Work l e a d e r s  w i l l  r e g u l a t e  I 

and record e x i t  o f  personnel from 
t h e  p lan t .  

5. Provide any personnel needed t o  5. Provide any personnel needed t o  
a s s i s t  t h e  f i r e  crew. a s s i s t  t h e  f i r e  crew. 

6. Line up o r d e r l y  depar tu re  t o  c o n t r o l  6. l i n e  up o r d e r l y  depar tu re  t o  con- 
c e n t r e  o r ,  i f  evacuat ion s i r e n  is t r o l  c e n t r e  o r ,  i f  evacuat ion s i r e n  
sounded, t o  n e a r e s t  e x i t  ga te .  is sounded, t o  n e a r e s t  e x i t  g a t e .  

7. Of f - sh i f t :  c a l l  i n  work l e a d e r ,  6 7. Of f - sh i f t :  c a l l  i n  work l eader  6 men 
men from C h a r l e s v i l l e  and road junct ion.  from C h a r l e s v i l l e  and road junct ion.  - 

HF - hiqh explos ive  
TNT - t r i n i t r o t o l u e n e ,  a h igh explos ive  
PI - i d e n t i f i c a t i o n  code f o r  one of t h e  opera t ion  b u i l d i n q s  
ANFO - tade  name f o r  n i t r o c a r b o n i t r a t e ,  a commercial bas t inq  aqent 



MAINTENANCE SUPFRINTENOENT/SUPERVISORS/ELECTRICIAN 

F IRE ACCIDENT EXPLOSION 

Check t ha t  the power t o  f i r e  pump 1. Have e l e c t r i c i a n  stand-by t o  i s o l a t e  1. Check t ha t  the  power t o  f i r e  pump 
i s  on. Get plumber on stand-by. areas spec i f i ed  by f i r e  c h i e f  o r  warden. i s  on. Get plumber on stand-by. 

Have e l e c t r i c i a n  stand-by t o  i s o l a t e  2. S ta r t  enqines on grader, f r on t  end 2. Have e l e c t r i c i a n  stand-by t o  i so -  
areas spec i f i ed  by f i r e  c h i e f  o r  warden. loader,  buses, 2 t rucks  and pickup. l a t e  areas spec i f i ed  by f i r e  c h i e f  

Provide d r i v e r s  f o r  graders and pickup. o r  warden. 

S t a r t  enqines on grader, f r on t  end 3. S ta r t  enqines on grader, f r o n t  men 3. Have e l e c t r i c i a n  stand-by t o  end I 

loader,  buses, 2 t rucks  and pickup. ready t o  connect i t  t o  main t ransmi t te r .  loader,  buses, 2 t rucks  and pickup. Ã  ̂
0 

Provide d r i ve r s  f o r  qraders and pickup. Provide d r i v e r s  f o r  graders and I 

pickup. 

S ta r t  s t  and-by qenerator . Have man 4. l oad  oxyacetylene equipment 
r e a d y t o c o n n e c t  i t  t o m a i n t r a n s m i t t e r .  onp ickup .  

4. S t a r t  stand-by generator. Have man 
ready t o  connect i t  t o  main t rans-  
m i t t e r .  

Have mechanic w i t h  t o o l s  5. Have mechanic w i t h  t o o l s  on 5. Have mechanic w i t h  t o o l s  on 
on stand-by near c o n t r o l  po in t .  stand-by near c o n t r o l  po in t .  stand-by near c o n t r o l  po in t .  - 
O f f - s h i f t :  b r i n g  e l e c t r i c i a n ,  6. O f f - s h i f t :  b r i n g  e l e c t r i c i a n ,  6. O f f - s h i f t  : b r i n g  e l e c t r i c i a n ,  
mechanic, d r i ve rs ,  plumber, mechanic, d r i ve r s ,  plumber, mechanic, d r i ve r s ,  plumber, 
qrader operator. grader operator.  grader operator.  



TRANSFORMAT ION SUPERVISOR 

ACCIDENT EXPL OSION 

1 .  Have d r i v e r s  take buses ,  two t r u c k s  1. Have d r i v e r s  t ake  buses ,  two 1. Have d r i v e r s  t ake  business ,  two 
and pickup t o  be parked i n  o r d e r l y  t rucks  and pickup t o  be parked i n  t rucks  and pickup t o  be parked i n  
fashion ou t s ide  g a t e  No. 1. o rder ly  fashion o u t s i d e  g a t e  No. 1. o r d e r l y  fashion o u t s i d e  g a t e  No. 1. 

2.  Have two more d r i v e r s  stand-by 2. Have two more d r i v e r s  stand-by 2. Have two more d r i v e r s  stand-by I 

near con t ro l  s i t e .  near c o n t r o l  s i t e .  - near  c o n t r o l  s i t e .  A UY 

I 



OPERATIONS MANAGFR/ON-SITE W A R E N  

F IRE ACCIDENT EXPLOSION 

Take over a s  warden on a r r i v a l  
a t  c o n t r o l  p o i n t .  

Check t h a t  requi rements  1 i s t e d  i n  
a l l  s e c t i o n s  a r e  be ing c a r r i e d  o u t .  

Obtain feed-back on CH 2 r a d i o  from 
du ty  Supervisor  o f  F i r e  Chief.  

Contact  e x t e r n a l  warden r e l a t i n g  
n a t u r e  o f  i nc iden t  & h e l p  r e w i r e d .  

Arrange for  a d d i t i o n a l  h e l p  a s  
r equ i r ed .  

Arranqe fo r  one person t o  record  
proceedings.  

Take over a s  warden on a r r i v a l  
a t  c o n t r o l  po in t .  

Check t h a t  requi rements  l i s t e d  i n  
a l l  s e c t i o n s  a r e  be ing c a r r i e d  o u t .  

Obta in  feed-back from S e c u r i t y  
man a t  t h e  scene .  

Contact  e x t e r n a l  warden r e l a t i n g  
n a t u r e  o f  i n c i d e n t  & h e l p  r e q u i r e d .  

Arranqe f o r  a d d i t i o n a l  h e l p  a s  
r equ i r ed .  

Arranqe f o r  one person t o  r eco rd  
proceedings.  

Not i fy  F i r e s t o n e  Hosp i t a l  a s  t o  
type  o f  i n j u r i e s .  

Record names o f  persons  s e n t  t o  
hosp i t  a 1  . 

Take over  a s  warden on a r r i v a l  
a t  c o n t r o l  p o i n t .  

Check t h a t  requi rements  l i s t e d  i n  
a l l  s e c t i o n s  a r e  being c a r r i e d  ou t  
and determine  whether i t  is s a f e  t o  
approach t h e  scene  o f  exp los ion .  

Obta in  feed-back from Product ion  
Super in tendent .  

Contact  e x t e r n a l  warden r e l a t i n q  
n a t u r e  o f  i n c i d e n t  & h e l p  r e q u i r e d .  

Arrange f o r  a d d i t i o n a l  h e l p  a s  
r equ i r ed .  

Arrange f o r  one person t o  r eco rd  
proceedings .  



EXTERNAL WARDEN 

A l l  EMERGENCIES 

Set up c o n t r o l  po in t  a t  Peabody Farm house o f  the  General Manager. Have one 
 ort table rad io  and the  car  w i t h  four  channel r ad io  avai lab le.  

C a l l  personnel on t h e  ou ts ide  contact  l i s t  request ing EMERGENCY stand-by. 

On request from the  on-s i te  warden, g i v e  s p e c i f i c  rquirements and t im ing  t o  the 
ou ts ide  contacts. 

Arrange t o  record a sequence o f  events, ac t i on  taken and t iming.  

Provide feedback on t he  progress o f  he lp  t o  the  on-s i te  warden. 

Prepare statements and data f o r  press and Government aqencies. The General 
Manaqer o r  h i s  ass is tan t  i s  t he  on l y  one authorized t o  deal w i t h  t he  press and 
pub1 i c  aqen6i es . 



SFCTION 4 

Ou t s ide  Contact  l ist 

A. Rober ts  I n t e r n e t  i o n a l  A i rpo r t  

1.  Communications equipment 
2. A i rpo r t  approach hazard  n o t i f i c a t i o n  
3. Ambulance, f i r s t  a i d  
4 .  F i r e  equipment 
5 .  S e c u r i t y  a s s i s t a n c e  
6. Genera to r ,  p o r t a b l e  l i g h t i n g  
7 .  Personnel  t r a n s p o r t a t i o n  

f o r  a l l  i tems c o n t a c t :  
Telephone 

O f f i c e  Home --  
General  Manaaer 
A i r c r a f t  Hand1 inq  S e r v i c e s  Manaqer 
Fire/Rescue 
Pol  i c e  
Base S a f e t y  Manager 

B. F i r e s t o n e  P l a n t a t i o n s  Company 

1 .  Ambulance/first  a i d  
2. Hosp i t a l  s e r v i c e s  
3. Front end l o a d e r ,  b u l l d o z e r  

f o r  i tems 1 and 2 c o n t a c t :  

Medical D i r e c t o r  - h o s p i t a l  
Ambulance s e r v i c e  and P o l i c e  

f o r  item 3 c o n t a c t :  

Engineer ing  Manager 
U.S. L i b e r i a  Radio Corp. 

5-2939 5-2424 ( n i g h t )  
5-2336 5-2494 
5-2876 5-2222 ( n i g h t )  

5-201 1 5-2341 
5-27 31 5-2567 ( n i g h t )  

A l t e r n a t i v e l y ,  use  channel  3 on t h e  4 channel  c a r  r a d i o  f o r  any F i r e s t o n e  c o n t a c t .  

Ou t s ide  Contpct L ist 

Nat i o n a l  Pol i c e  Force .  Rober ts f  i e l d  

1.  T r a f f i c  c o n t r o l  
2 .  Bystander c o n t r o l  

Nat ional  S e c u r i t y  Aqency, c o n t a c t  - D i r e c t o r  

Simpson, Rr iaht  and Cooper. l e q a l  adv ice  
c o n t a c t  - H . R .  Cooper 

A and A F n t e r o r i s e s .  P u b l i c  Re1 a t  i o n s  

Phone 

199 

22833 ( r e s . )  
26229 (home) c o n t a c t  - J. Adighibe 



SECTION 5 

Routine Uppradin? 

P r a c t i c e  and Drills 

F i r e  d r i l l s  w i l l  be held  monthly s imula t ing  d i f f e r e n t  hazards .  

F u l l  emergency d r i l l  including evacuat ion and s e t u p  o f  c o n t r o l  c e n t r e  t o  be he ld  
twice  year ly .  

Review o f  Procedures and Manuals 

Manual t o  be  reviewed be fo re  and a f t e r  t h e  b i -yea r ly  p r a c t i c e .  Procedures and 
write-up t o  be updated accordingly .  
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Figure 7: Layout o f  EXCHFM p l a n t  



Key: * Extinguisher 
a Water drum with bucket 
A Sand bucket 

Scale 1 inch = 200 feet 

Figure 7 ( cont inued) 



SENEGAL 

A .  I n t r o d u c t i o n  

The p u r p o s e  o f  t h e  s t u d y  was t o  e s t a b  

- whether  t h e r e  were any n a t i o n a l  o r  
d i s a s t e r ;  

l i s h :  

l o c a l  r e p o r t s  f o r  a c t i o n  i n  t h e  e v e n t  o f  a  

- w h e t h e r  t h e r e  were any  s u c h  r e p o r t s  i n  i n d u s t r y ;  
- what p r o v i s i o n  was made i n  w h a t e v e r  r e p o r t s  t h e r e  were f o r  c o l l a b o r a t i o n  and 

c o - o r d i n a t i o n .  

I n  a d d i t i o n ,  i f  t h e r e  was n o  g e n e r a l  p l a n ,  t h e  aim was t o  draw up a  d r a f t  
q e n e r a l  scheme f o r  t h e  i m p l e m e n t a t i o n  o f  c o n t i n g e n c y  r e p o r t s  i n  a d i s a s t e r .  

On t h e  b a s i s  o f  UNIDO/ICIS s t u d  170  o f  30 J u l y  1980, "Etude  d e s  p o l l u a n t s  
o and i n  c o n j u n c t i o n  w i t h  t h e  S e n e g a l e s e  mar i n s  r i a  o r i g i n e  i n d u s t r i e l l e "  - 

a u t h o r i t i e s  c o n c e r n e d  a number o f  p l a n t s  were chosen  which might  p r e s e n t  some d a n g e r  
by r e a s o n  o f  t h e i r  p r o d u c t s  o r  t h e i r  s i t u a t i o n .  L a t e r ,  a f t e r  a  v i s i t  t o  t h e  
i n d u s t r i a l  zone ( ~ a k a r - T h i f e s ) ,  a  f i n a l  list o f  p l a n t s  t o  be  v i s i t e d  was drawn up. A 
summary of  t h e  f i n d i n g s  r e s u l t i n g  from t h e s e  v i s i t s  is g i v e n  i n  t a b l e  1 3 .  

A more d e t a i l e d  d e s c r i p t i o n  h a s  been  p r e p a r e d  s e a p r a t e l y  f o r '  a  more s p e c i f i c  
s t u d y  t o  a s s e s s  t h e  r i s k s  t h a t  e x i s t .  

On t h e  b a s i s  o f  d i s c u s s i o n s  w i t h  t h e  compoten t  a u t h o r i t i e s ,  i t  h a s  been  
p o s s i b l e ,  i n  s e c t i o n  G ,  t o  g i v e  a  r e v i e w  o f  t h e  g e n e r a l  means a v a i l a b l e  f o r  d e a l i n g  
w i t h  d i s a s t e r s .  To c o m p l e t e  t h e  p i c t u r e ,  i n f o r m a t i o n  h a s  been  added i n  t h e  same 
s e c t i o n  on m a r i n e  p o l l u t i o n ,  a l t h o u g h  t h a t  s u b j e c t  d o e s  n o t  l i e  w i t h i n  t h e  s c o p e  o f  
t h e  s t u d y .  

Throughout  h i s  m i s s i o n  t h e  e x p e r t  g r e a t l y  a p p r e c i a t e d  t h e  f a c t  t h a t  he  was a b l e  
t o  c a l l  on t h e  c o l l a b o r a t i o n  o f  t h e  s e r v i c e s  o f  t h e  UNIDO SIDFA, Mr. Luong, and t h e  
UNDP R e s i d e n t  R e p r e s e n t a t i v e ,  Mr. Borna. 

The e x p e r t  was a l s o  g r e a t l y  a s s i s t e d  by t h e  g r e a t  commitment shown by Mr. 0 .  
Kant6 ,  r e p r e s e n t i n g  t h e  S e n e g a l e s e  Government, and t h e  h e l p  g i v e n  by Mr. Diop and 
h i s  c o l l e a g u e s  i n  t h e  Department  o f  t h e  Environment .  Wi thout  t h e i r  s u p p o r t ,  t h e  
m i s s i o n  c o u l d  n o t  h a v e  been b r o u g h t  t o  a  s u c c e s s f u l  c o n c l u s i o n .  

0 .  Genera l  i n f o r m a t i o n  on S e n e q a l  

1. Area and p o p u l a t i o n  (1981)  

T a b l e  9 shows t h e  d i s t r i b u t i o n  o f  p o p u l a t i o n  i n  t h e  d i f f e r e n t  r e g i o n s  i n  which 
t h e  c o u n t r y  is  d e v i d e d .  I t  is t o  b e  n o t e d  t h a t  t h e r e  is a  heavy c o n c e n t r a t i o n  o f  
t h e  p o p u l a t i o n  i n  Cap-Vert and t h a t  i n d u s t r y  is  a l s o  c o n c e n t r a t e d  i n  t h a t  r e g i o n .  

2 .  A d m i n i s t r a t i v e  o r g a n i z a t i o n  

E i g h t  r e g i o n s ,  30 d e p a r t m e n t s  and 90 d i s t r i c t s .  

3 .  R e s o u r c e s  

P h o s p h a t e s ,  l i m e s t o n e ,  i l m e n i t e ,  z i r c o n  and m a r i n e  s a l t .  There  a r e  known 
d e p o s i t s  o f  i r o n ,  manqanese,  a lumin ium,  g r a p h i t e ,  t i n ,  l e a d ,  g o l d ,  molybdenum, 
l i t h i u m ,  b a r i u m ,  t u n q s e n ,  uranium and p e t r o l e u m .  

4 .  Employment: p r i v a t e  and s e m i - p r i v a t e  

T a b l e  1 0  shows t h e  employment s i t u a t i o n  i n  S e n e g a l  by s e c t i o n .  



Table 9: Popu.1 a t  ion d i s t r i b u t i o n  i n  Senegal 

Region 
Popul a t  ion Area 

.................................................. 
No. 0, ,a No . / km2 km2 w m 

Sine-Saloum (Kaolack) 
Cap-Vert (Dakar) 
C a s m a n c ~  ( Ziquinchor) 
Thiks (Thiks) 
D i o u r b ~ l  (Diourbel) 
Fleiwe (Saint-Louis) 
Louqs (Louqa) 
S6nPqal-Orient a1 (Tambacounda) 

Table 10: Employment i n  Senegal: p r i v a t e  and semi-private 

Agr icu l tu re ,  hunting f i s h i n g  
E x t r a c t i v e  i n d u s t r i e s  
Manufacturing i n d u s t r i e s  
F l e c t r i c i t y ,  water and g a s  
Building and pub1 ic works 
Commerce, h o t e l s ,  r e s t a u r a n t s  
Transport ,  s t o r a g e ,  c m u n i c a t  i o n s  
Banking , insurance,  r e a l  e s t a t e  
Other a c t i v i t i e s  

------ ------- 
TOTAL : 81,833 136,093 

- -  -- 

I /  Extrapolated from mean annual growth f o r  t h e  period 1971-1978 - 
2 /  These two a c t i v i t i e s  a r e  included i n  t h e  f i a u r e  o f  28,638 f o r  " o t h ~ r  a c t i v i t i e s "  - 



5. Economic devdopment 

F i f t h  P l m  (1977-1981) 

The F i f t h  P lan r esu l t ed  i n  t he  f o l l ow inq  achievements: 

s e t t i n g  up o f  Dakar-Marine p ro j ec t  w i t h  a f l o a t i n g  dock f o r  vessels o f  up t o  
60,000 tonnes; 
cons t ruc t ion  o f  a new 200,000 tonne o i l  works at D iourbe l  t o  rep lace the  o l d  
SF I B  and Pet ersen i n s t  a l l a t  ions; 
f i s h  meal p ro j ec t  a t  D i j f f e r ;  
expansion o f  t e x t i l e  dyeing (ICOTAF) and p r i n t i n q  (SOTIBA-SIMPAFRIC) 
f a c i l i t i e s ;  
s t a r t  o f  e x p l o i t a t i o n  o f  DIAM-MIADIG gas; 
t h i s  r esu l t ed  i n  4,708 new jobs. 

S i x t h  Plan (1981-1985) 

The S i x t h  P lan provides f o r  t h e  c r e a t i o n  o f  6,270 jobs and new ICS f a c t o r i e s  at  
Taiba and Maao, t h e  extension o f  Socomin ( b r i c k s  and cement), SAR (crude o i l  
r e f i n i n g ) ,  STS and t h e  Sotexka p r o j e c t  ( t e x t i l e s ) .  Table 11 shows t he  proposed 
investment by sector .  

On 19 May 1983, a r e v i s i o n  o f  t he  p l an  was introduced. By 30 June 1983, 37 per  
cent o f  the  t o t a l  value o f  t he  planned p ro j ec t s  had been implemented. With 41 o f  
t h e  approved p ro j ec t s  Cap Ver t  has more than h a l f  o f  the  t o t a l  investment, wh i l e  t h e  
Thiks req ion  has 15; t h e  f u r t h e r  away one goes from t he  Dakar-Thibs zone t h e  smal ler  
t h e  nunber o f  p ro jec ts .  The main r i s k s  o f  i n d u s t r i a l  accidents are thus around t h i s  
i n d u s t r i a l  development zone. 

Heavy i ndus t r y  (e.q. chemicals, petrochemicals,  i r o n  and s tee l )  i s  no t  much 
developed at  present,  bu t  w i t h  t h e  ICS p r o j e c t  Senegal w i l l  enter  t h i s  f i e l d .  
Ce r t a i n  new dangers w i l l  then a r i s e  w i t h  t h e  t ranspor t  o f  dangerous qoods by r a i l  
and sea. 

Some i n d u s t r i a l  i n d i c a t o r s  f o r  Sengal are g iven  i n  Table 12. 

The ICS and SAR p r o j e c t s  represent 98 per cent o f  investment planned i n  t h e  
chemicals indust ry .  

ICS p ro j ec t :  The purpose o f  the  p ro j ec t  i s  t o  e x p l o i t  t e r t i a r y  calcium 
phosphate, w i t h  a view t o  t he  product ion, main ly  f o r  export ,  o f  l i q u i d  
phosphoric ac i d  and de r i va t i ves  such as monoammonium phosphate (MAP) and 
diammoniun phosphate (DAP), as w e l l  as simple and t r i p l e  superphosphates, a l l  
products used i n  t he  manufacture o f  f e r t i l i z e r s .  

The new p l an t  w i l l  have an output o f  600 tonnes a day o f  phosphoric ac id ,  
necess i ta t ing  an annual i npu t  o f  600,000 tonnes o f  crude phosphate. 

Product ion o f  n j t roqenous f e r t i l i z e r s :  The p roduc t ion  o f  n i t rogenous f e r t i l i z e r s  
invo lves an extension o f  SIFS, which w i l l  be c a r r i e d  out  as p a r t  o f  the  ICS 
p ro j ec t .  I t  i s  i n  f ac t  des i r ab l e  t ha t  t he  manufacture o f  s o l i d  pr imary 
f e r t i l i z e r s  (MAP, DAP), which w i l l  be produced and exported by ICS, and t h a t  o f  
comp l~x  f e r t i l i z e r s  p r i m a r i l y  intended f o r  t h e  domestic market shoudl be 
combined i n  a s i n q l e  u n i t .  



Table 1-1: Proposed investment i n  Seneqal by sector  

Proposed investment i n  m i l l i o n s  o f  CFA f rancs  

Aqro Chemicals Fngin- Mining and T e x t i l e s  w /o 

eer ing  const ruct  i o n  & o t he r  

Sine-Saloum 
Cap-Vcrt 
Casamance 
Thiks 
D iourbe l  
Fleuve 
L ouga 
S6n6qal-Orient a1 

Whole country  11,942 63,253 2,788 28,510 17,079 123,562 
0' 
80 9.66 51.19 2.22 23.07 13.82 100 

Table 12: Senegalese i n d u s t r i a l  i n d i c a t o r s  

F i sh i ng  
Petro leun r e f i n i n g  (1983) 
Phosphates o f  l ime,  Thaiba 
Phosphates, T h i h  
Phosphates o f  crude alumina, Thies 
Phosphates o f  ca lc ina ted  alumina. Thiks 

I n s t a l l e d  power capac i t y  
Number o f  sh ips recorded at  Dakar 
Volume o f  water produced i n  1000 m3 
Number o f  hosp i t a l s  
Number o f  hea l t h  cen t res  



(r) Fxt-ension o f  S o c i b t e  A f r i c a i n e  rip Ra f f inaqe  (SAR): The e x t e n s i o n  p r o j e c t  f o r  
SAR w i l l  i n c r e a s e  i t s  annual  r e f i n i n q  c a p a c i t y  from 900,000 t o  1 ,200,000 tonnes .  
The e x i s t i n g  p l a n t  w i l l  a l s o  be modif ied  and adapted  f o r  t h e  t r ea tmen t  o f  
h e a v i e r  c rudes .  L a s t l y ,  t h e  t a n k e r  unloadinq  f a c i l i t i e s  w i l l  b e  remodel led  and 
en l a rqed  t o  t a k e  s h i p s  wi th  a  h i q h e r  u n i t  tonnaqe .  

k c h a n i c a l  and e l e c t r i c a l  eng inee r ing  i n d u s t r i e s  

The e s t ab l i shmen t  o f  a  s t e e l  p l a n t  w i th  an e l e c t r i c  fu rnace  and o f  a  r o l l i n g  
m i l l  producing long i r o n  and steel p roduc t s :  c o n c r e t e  r e i n f o r c i n g  rods ,  l i q h t  and 
medium s e c t i o n s  and wier  r o d s  ( s o  supp ly  t h e  Dakar drawing m i l l )  shou ld  make i t  
p o s s i b l e  t o  ach ieve  t h e  o b j e c t i v e  o f  s e t t i n g  up a  s t e e l  i n d u s t r y .  The planned s w i t h  
t o  i n d u s t r i a l - s c a l e  o p e r a t i o n s  by t h e  Thiks foundry shou ld  t a k e  p l a c e  d u r i n g  t h e  
S i x t h  P l an .  

Mehta group: Th i s  is a  p r o j e c t  f o r  t h e  manufac ture  o f  e l e c t r i c  c a b l e s  which h a s  
been under c o n s i d e r a t i o n  s i n c e  t h e  F i f t h  P l a  nand on which a  s t a r t  cou ld  be made 
du r inq  t h e  S i x t h  P l an .  

Minina and c o n s t r u c t i o n  m a t e r i a l s  i n d u s t r y  

E x p l o i t a t i o n  o f  t h e  La Fal6m6 i r o n  o r e  d e p o s i t  

On t h e  b a s i s  o f  t h e  l i c e n c e  g r a n t e d  by Senega l -Or i en t a l ,  BRGM w i l l  c o n t i n u e  i ts  
o p e r a t i o n s ,  i . e .  p r e p a r a t i o n s  f o r  working t h e  Sabodale  qo ld  d e p o s i t  ( p r o d u c t i o n  i n  
1988) .  

Only one brick-makinq p l a n t  is a t  p r e s e n t  o p e r a t i n q  i n  t h e  Thiks r e a i o n .  Th i s  
u n i t  o f  SOCOCIM-Industrie produces  approximate ly  12,000 t o n n e s  o f  b r i c k  p r o d u c t s  a  
yea r .  An e x t e n s i o n  p r o j e c t  shou ld  be c a r r i e d  o u t  d u r i n g  t h e  S i x t h  P l an .  Tow 
p r o j e c t s  f o r  new brick-making p l a n t s  a r e  under s t u d y ,  one a t  Sa in t -Lou i s  
(12,000-14,000 t o n n e s  a y e a r )  and t h e  o t h e r  a t  S igu inchor .  

Lime: s i n c e  1982 a  p l a n t  h a s  been producing 14 ,000 tonnes  a  yea r  o f  uns laked 
l ime  o r  20,000 tonnes  a  yea r  o f  s l a k e d  l ime .  

P l a s t e r  (SICS):  p roduc t ion  - 2,000 tonnes  a  yea r ;  c a p a c i t y  20,000 t o  25,000 
tonnes  a  y e a r .  

Cement: e x t e n s i o n  and r e n o v a t i o n  o f  t h e  SOCOCIM p l a n t ,  i n c r e a s i n g  i ts p r e s e n t  
annual  ou tpu t  o f  370,000 tonnes  t o  820,000 t o n e s  i n  1983. 

A t t a p u l g i t e :  t h e s e  c l a y s  a r e  be inq  e x p l o i t e d  f o r  i n d u s t r i a l  purposes  by 
Prochimat.  SSPT h a s  a p p l i e d  f o r  a  l i c e n c e  f o r  t h e  p r o j e c t i o n  o f  50,000 t o n n e s  o f  
a t t a p u l q i t e  i n  1983 and 60,000 tonnes  i n  1985. 

C .  Action i n  t h e  even t  o f  a  d i s a s t e r  o r  major a c c i d e n t  

1 .  C i v i l  de fence  

Seneqal  has  had an adeouate  c i v i l  de fence  system s i n c e  1964 (Decree No. 64-564 
o f  30 J u l y  196A). 

The dec ree  makes t h e  M i n i s t e r  o f  t h e  I n t e r i o r  r e s p o n s i b l e  f o r  drawing up 
o r q a n i z a t i o n a l  r e p o r t s ;  he  is  t o  be  a s s i s t e d  by t h e  Department f o r  C i v i l  Defence and 
t h e  Hiqher Commission. 



C i v i l  defence measures o f  prevent ion,  p r o t e c t i o n  a n d  ass is tanr  a re  t o  be 
undertaken t o  deal w i t h  f i r e  and o ther  d isas te rs ,  ca tas t roph ies  o r  cataclysms which 
th rea ten  pub1 i c  secur i t y .  

Oraanizat i o n  

Measures t o  combat f i r e s  and t o  prov ide assistance are t o  be undertaken by u n i t s  
o f  t he  Na t iona l  F i r e  Service. 

The most senior  o f f i c e r  o f  t h e  Na t iona l  F i r e  Serv ice se rv ing  i n  a reg ion  i s  
responsible,  under t he  a u t h o r i t y  o f  t he  Governor, f o r  mat te rs  concerning t he  
o rgan iza t ion  o f  assistance. As p r a t  o f  t he  general  arrangements f o r  as is tance i n  
t h e  event o f  a maj ro  accident o r  ser ious inc iden t ,  t h e  M i n i s t e r  o f  the  I n t e r i o r ,  
w i t h  t h e  assistance o f  t he  m i n i s t e r s  concerned, organizes and co-ordinat es 
i n t e r v e n t i n  by t he  machinery o f  t h e  p u b l i c s e r v i c e s  and p r i v a t e  agencies capable o f  
render ing assistance. 

The o rgan iza t ion  o f  c i v i l  defence inc ludes among o ther  t h i n g s  measures o f  
assistance such as f i r e  f i gh t i ng ,  removal o r  rubble, rescue operat ions, h e a l t h  
p ro tec t ion ,  decontamination and t h e  p rov i s i on  o f  food f o r  a f f ec ted  populat ions. 

Orders spec i f y  t h e  p a r t i c u l a r  p rov is ions  app l i cab le  t o  t he  areas and l a r q e  
popu la t ion  centes covered by spec i a l  measures. 

^ 

Department f o r  C i v i l  Defence 

I t s  func t ions  are: 

- t o  study appropr ia te  methods o f  p r o t e c t i o n  o f  populat ions against t h e  r i s k s  
o f  peacetime and t h e  dangers o f  wartime; 

- t o  prepare t h e  necessary l e g a l  instruments; 

- t o  organize and d i r e c t  t h e  va r ious  c i v i l  defence serv ices  a t  a l l  l e v e l s  and, 
i n  p a r t i c u l a r ,  t h e  Na t iona l  F i r e  Service; 

- t o  undertake t h e  recru i tment  and supervise t h e  t r a i n i n g  o f  c i v i l  defence 
personnel. 

The Department cons i s t s  o f  an adm in i s t r a t i ve  o f f i c e  (personnel and equipment), a 
research o f f i c e  and a sec re ta r i a t .  

Order No. 012341 o f  4 November 1975 makes t he  research d i v i s i o n  respons ib le  f o r :  

drawing up l e g a l  ins t ruments r e l a t i n g  t o  mat te rs  o f  prevent ion; 

examining f i l e s  r e l a t i n g  t o  t h e  cons t ruc t ion  o r  a l t e r a t i o n  o f  establ ishments 
open t o  t he  pub l i c ,  w i t h  a view t o  ensuring conformity w i t h  t h e  laws and 
regu la t i ons  i n  force. Such examination w i l l  enable t h e  D i r e c t o r  t o  g i v e  h i s  
op in ion  on the a d v i s a b i l i t y  o f  au tho r i z i ng  cons t r uc t i on  o r  a l t e r a t i o n ;  
moni tor ing t he  a p p l i c a t i o n  o f  t he  r u l e s  and r egu la t i ons  r e l a t i n g  t o  
establ ishments open t o  t he  pub l i c ;  
analys ing i nc i den t  r epo r t s  prepared by t he  Na t i ona l  F i r e  Service; 
apply ing permi ts  issued by M i n i s t e r  f o r  I n d u s t r i a l  Development f o r  opera t ion  
and opening o f  dangerous, unhealthy o r  noxious i n d u s t r i a l  establ ishments; 
determining the  genera l  p r i n c i p l e s  governing r epo r t s  f o r  t h e  o rgan iza t ion  o f  
assistance (ORSFC) ; 
main ta in ing  a na t i ona l  index o f  c l a s s i f i e d  establ ishments. 



H i q h e r  Commission 

D e c r e e  No. 81-1105 o f  18 November 1981 e s t a b l i s h e s  t h e  membership o f  t h e  
Commission, which is t h e  c o n s u l t a t i v e  body and is convened by t h e  M i n i s t e r  o f  t h e  
I n t e r i o r  whenever hp deems i t  n e c e s s a r y  and no t  l e s s  t h a n  t w i c e  a  y e a r .  

The Higher  Commission g i v e s  its o p i n i o n  on a l l  m a t t e r s  r e l a t i n g  t o  t h e  
p r o t e c t i o n  o f  p e r s o n s  and p r o p e r t y  i n  e s t a b l i s h m e n t s  open t o  t h e  p u b l i c  and on any 
o t h e r  q u e s t i o n s  which may b e  r e f e r r e d  t o  i t  by  t h e  M i n i s t e r  o f  t h e  I n t e r i o r .  

Req i o n s  

The e i a h t  r e g i o n s  have  c o - o r d i n a t i o n  commiss ions ,  i n  which a l l  p a r t i e s  
c o n c e r n e d .  i n c l u d i n g  i n d u s t r y ,  a r e  r e p r e s e n t e d .  

I n  an emergency,  t h e  c i v i l  d e f e n c e  s y s t e m  may, i f  n e c e s s a r y ,  s e e k  h e l p  from any 
q u a r t e r ,  e .q .  t h e  o o l i c e ,  t h e  p u b l i c ,  e t c .  

The c i v i l  d e f e n c e  s y s t e m  is b a s e d  o n  communal autonomy and r e s p o n s i b i l i t y .  

The h e a d q u a r t e r s  is i n  Dakar ,  and e a c h  r e g i o n a l  c a p i t a l  h a s  a  h i g h e r  c e n t r e  
(makinq e i g h t  i n  a l l ) .  

I n  a d d i t i o n  t h e m  a r e  30 e m e r g e n c i e s  a c t i o n  c e n t r e s  i n  t h e  d i s t r i c t s  and 
d e p a r t m e n t s .  Each emergency a c t i o n  c e n t r e  h a s  a  t r a n s p o r t ,  f i r e  and r e s c u e  u n i t .  

2 .  R e s e a r c h  and r e s c u e  s e r v i c e :  a v i a t i o n  

D e c r e e  No. 68-1274 o f  11 December 1 9 6 8  e s t a b l i s h e d  a  s e a r c h  and r e s c u e  s e r v i c e  
( t o  be  known by  t h e  i n t e r n a t i o n a l  t i t l e  o f  S e a r c h  and Rescue (SARI) w i t h  
r e s p o n s i b i l i t y  f o r  t h e  o r g a n i z a t i o n ,  management and s u p e r v i s i o n  o f  s e a r c h  and r e s c u e  
o p e r a t i o n s .  I t  is p l a c e d  under  t h e  d u a l  a u t h o r i t y  o f  t h e  M i n i s t e r  o f  T r a n s p o r t  and 
t h e  M i n i s t e r  f o r  t h e  Armed F o r c e s  ( D e f e n c e ) .  

SAR o p e r a t i o n s  a r e  c a r r i e d  o u t  by a  r e s c u e  c o - o r d i n a t i o n  c e n t r e  known a s  CCS. 

3. A c t i o n  i n  t h e  e v e n t  o f  m a r i n e  p o l l u t i o n  

F a c i l i t i e s  a r e  a v a i l a b l e .  Canada s e n t  S e n e g a l  a  s u r v e i l l a n c e  a i r c r a f t  on  10 J u n e  
1983.  

The p r o t o c o l  r e l a t i n q  t o  c o - o p e r a t i o n  i n  c o m b a t t i n g  p o l l u t i o n  i n  c r i t i c a l  
s i t u a t i o n s  a d o p t e d  a t  t h e  A b i d j a n  c o n f e r e n c e  p r o v i d e s  f o r  t h e  e s t a b l i s h m e n t  o f  a n  
emerqency p l a n  o f  a c t i o n  t o  d e a l  w i t h  s u c h  s i t u a t i o n s ,  t o  b e  e s t a b l i s h e d  a t  t h e  
n a t i o n a l ,  b i l a t e r a l  and m u l t i l a t e r a l  l e v e l s .  

On 2 J u l y  1981 ,  t h e  M i n i s t e r  f o r  Housing and t h e  Environment  s u b m i t t e d  t h e  
f o l l o w i n a  p r o p o s a l  f o r  t h e  S e n e g a l e s e  p l a n  t o  t h e  N a t i o n a l  C o u n c i l  f o r  Town P l a n n i n g  
and t h e  Fnvironment  : 

- s p i l l a q e  a l e r t  and e v a l u a t i o n  r e p o r t ;  
- a s s e s s m e n t  o f  t h e  s i t u a t i o n  and m o b i l i z a t i o n  o f  a c t i o n  teams;  
- a c t i o n  on l a n d  and s e a :  
- a d m i n i s t r a t i v e  and l e g a l  p r o c e d u r e s .  The p r o j e c t  f o r  t h e  e s t a b l i s h m e n t  o f  a n  

emerqeny p l a n  o f  a c t i o n ,  which is e s t i m a t e d  t o  c o s t  200 m i l l i o n  CFA f r a n c s ,  
is s c h e d u l e d  f o r  i n c l u s i o n  i n  t h e  S i x t h  Economic and S o c i a l  Development P l a n .  



The a l e r t  

This i n i t i a l  phase i s  t he  r e s p o n s i b i l i t y  o f  na t i ona l  agencies, i .e.  j o i n t  a c t i o n  
o f  the A i r  Force, t h e  Navy and t he  Fnqineer Corps. 

The Commander o f  t he  Navy i s  responsib le  f o r  o rder ing  t he  a l e r t  i n  t he  same 
circumstances as those apply ing t o  coas ta l  water mon i to r ing  operat ions, f o r  
t r ansm i t t i ng  t h e  message and f o r  making an eva lua t ion  repor t  w i t h i n  t h e  hour. 

Assessment 

The repo r t  o f  the  naval  commander s h a l l  con ta in  an assessment o f  t h e  i nc i den t  
(nature,  extent,  l o ca t i on ,  f l a g  under which t h e  sh i p  i s  s a i l i n g ,  etc.) .  

The mob i l i za t i on  o f  t h e  a c t i o n  teams i s  t he  r e s p o n s i b i l i t y  o f  t he  naval  
commander, t he  commander o f  t h e  M i l i t a r y  Enqineer Corps and t he  M i n i s t r y  o f  t he  
I n t e r i o r  . 

These ac t i on  teams, which s h a l l  be set up i n  each A t l a n t i c  coas ta l  reg ion,  s h a l l  
be composed o f :  

- For  ac t i on  at  sea: s p e c i a l l y  t r a i n e d  s t a f f  from t he  Nat iona l  Guard o f  t he  F i r e  ' 

Service placed under t h e  a u t h o r i t y  o f  t he  naval commander and t he  commander o f  
the  M i l i t a r y  Enqineer Corps. The naval  commander s h a l l  be i n  o v e r a l l  charge o f  
t h e  operat ion.  

- For a c t i o n  on land: t he  teams s h a l l  be composed o f  s p e c i a l l y  t r a i n e d  s t a f f  from 
t he  mobi le  opera t iona l  group and, as requi red,  p r i soners  conv ic ted under t he  
o rd inary  law and vo lunteer  serv ices.  

These teams s h a l l  be under t h e  a u t h o r i t y  o f  t h e  M i n i s t e r  o f  t he  I n t e r i o r .  

Act i o n  

The success o f  t h i s  c r u c i a l  phase depends on t h e  a v a i l a b i l i t y  o f  equipment and 
o ther  aids. I t  requi res:  

- For ac t i on  a t  sea: permanent and adeouate s tocks o f  a n t i - o i l  s l i c k  products, 
s to red  i n  por ts ,  f l o a t i n g  dams, powder cannons w i t h  a i r  compressors, tugs, f i r e  
boats, vor tex pumps and separat ing tanks, i f  the  opera t ion  concerns t he  recovery 
o f  crude petroleum, etc .  Some o f  these suppl ies are already ava i l ab l e  i n  por ts .  

- For l and  operat ions: ac t i on  teams should have equipment, and c lean ing  and 
coas ta l  r es to ra t  i o n  products. 

Procedures 

This phase, which begins as soon as t he  a l e r t  i s  announced, comprises the  
fo l lowing:  

- co-ord inat ion o f  the  adm in i s t r a t i ve  and l e q a l  procedures; 
- adm in i s t r a t i ve  procedures and l e g a l  fol low-up; 
- d ip lomat i c  act ion.  



Measures t o  combat f i r e s  and prov ide assistance s h a l l ,  i n  normal circumstances, 
be undertaken by u n i t s  o f  the  Na t iona l  F i r e  Service. 

Each town h?s f i r e  br igades. The one i n  Dakar i s  w e l l  orqanized and has a l l  t he  
usual f a c i l i t i e s  f o r  dea l inq  w i t h  f i r e s .  

E v ~ r y  i n d u s t r i a l  p l an t  i s  ob l iged  t o  contact  the  F i r e  Service be fo re  s t a r t i n g  
operat ions. The S ~ r v i c e  makes suggestions as t o  the  devices t o  be i n s t a l l e d .  

Communications, p a r t i c u l a r l y  by telephone, are the  qreatest  problem. The 
network i s  o f t en  out o f  order.  

5. I ndus t ry  

Con t in~ency  p lanning 

The p l an t s  v i s i t e d  have t he  usual  f a c i l i t i e s  f o r  dea l inq  w i t h  f i r e s :  powder 
e x t i n ~ u i s h e r s ,  hoses, powder wagons. Few o f  them have a  proper p l an  o f  a c t i o n  f o r  
dea l ing  w i t h  a  major accident. Two o f  them d i d  produce such a  plan. Table 13 shows 
t he  f i nd i nqs  o f  thpse v i s i t s .  

I t  i s  the re fo re  recommended t ha t  which present some danger should draw up 
emprqpncy repor ts .  A system which cou ld  serve as a guide i n  drawing up a  p l an  i s  
ann~xed  . 
C l a s s i f i e d  establ ishments 

When a c l a s s i f i e d  establishment i s  opened ( t h e r e  are th ree  categor ies,  depending 
on the  degree of danger, which are based on French l e g i s l a t i o n ) ,  spec ia l  f i r e  
prevent ion measures are l a i d  down. 

Act. No. 83-05 o f  28 January 1983 ( O f f i c i a l  Journal  o f  23 A p r i l  1983) 
reorganized t he  system o f  c l a s s i f i e d  establishments, superseding t he  e x i s t i n g  Act, 
which was based on t h e  French Act o f  1919. There are now two categor ies.  Texts 
r egu la t i nq  the new system o f  apply ing f o r  au tho r i za t i on  are i n  t he  course o f  
preparat ion. 

So f a r  2,881 app l i ca t i ons  f o r  permission t o  open a  c l a s s i f i e d  establishment have 
been made i n  Seneqal, most o f  which r e l a t e d  t o  hydrocarbon depots and p e t r o l  
s t a t i ons .  There are s t i l l  1,718 i n  operat ion. 

The op in ion o f  the  Department f o r  C i v i l  Defence i s  requested each t ime. 

As regards t h e  use o f  danqerous substances, few people know the  meaning o f  the  
danqer l abe l s  on ba r re l s ,  such as t h e  IMOG, ADR and EEC l abe l s .  

6. Exanple o f  an e x i s t i n q  p l an  

Gmera l  in format  i o n  

- F i r e  Service: emergency No. t e l .  18 
- Thiaroye S ta t ion :  emergency cent re :  t e l .  212629 
- Works alarm: s i r e n  

a1 arm b u t t  on 
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Thp p l an  conta ins t he  f o l l ow ing  s p e c i f i c  i n s t r uc t i ons :  

smoking i s  t o t a l l y  forb idden i n  t he  workshops; 
access t o  a l l  workshops must be kept f r ee  at  a l l  t imes (cardboard boxes, cases, 
shovels, etc.) ; 
workshops must be t i d i e d  and swept a t  t he  end o f  t he  day ( s t o o l s  under t ab l es  t o  
t o  permit  f r ee  passaqe); 
the  low-vol taqe subs ta t ion  must be turned o f f  be fo re  workshops a re  closed at  t he  
t h e  end o f  t h e  day; 
f i n i shed  o r  semi-f in ished products must be re t runed t o  t h e i r  respec t i ve  s t o re  
rooms; 
f i r e  ex t ingu ishers  must be access ib le  a t  a l l  times; 
premises must be kept closed; 
before departure, t h e  foreman must a c t i v a t e  t he  workshop, disconnect i n q  switches 
i n  the  low-vol taqe u n i t .  
on ly  t h e  p i l o t  l i g h t  must remain on. 

The names o f  t he  s t a f f  responsib le  are a lso  g iven  and t h e i r  dut i e s  are l a i d  down 
i n  o f f i c i a l  memorandums. 

The s t a f f  responsib le  f o r  the' f i r e  prevent ion se rv ice  ca r r y  out  regu la r  checks 
and organize p rac t i ce  d r i l l s .  There i s  a con t rac t  w i t h  SICLI ( t h e  f i r e  p r o t e c t i o n  
department o f  Establishments Peyr issac a t  Dakar). The layou t  o f  t he  p l an t  i s  shown 
i n  f i g u r e  8. 

Specia l  checks are l a i d  down f o r :  

High- and low-vol tage s t a t i o n  

By t he  responsib le  s t a f f ,  p l a n t  No. 1: 

Mechanical engineer and ass is tan t  works manager 

(a )  Dur ing scheduled i n t e r r u p t i o n s  i n  t h e  SENELEC h igh-vo l tage supply: 
dust ing,  l u b r i c a t i o n ,  pa in t inq ,  etc; 

(b)  Every weekend on low-vol tage c i r c u i t s  and dur ing  per iods o f  
maintenance ( ~ u ' l ~ - ~ u ~ u s t )  . 
Gas equipment 

c leaning , 

preven t i ve  

- permanent mon i to r ing  dur ing  use o f  deodor iz ing apparatus; 
- weekly checking o f  f lange j o i n t s  w i t h  soap foam; 
- a t  end o f  each working day, c i r c u i t  va lves must be turned o f f  and checked. 

As shown above, t he  emergency equipment cons is ts  o f  a 75 m3 reserve water supply 
(25 m3 underground tank and 50 m3 tower),  f i r e  hose p o i n t s  and ext inguishers.  Th is  
equipment i s  checked every quar te r  and t he  checks are entered i n  a r e g i s t e r .  I n  
add i t i on ,  SICLI a lso  checks t he  eauipment p e r i o d i c a l l y .  

7. Transport 

There i s  no spec ia l  l e g i s l a t i o n  on t h e  t ranspor t  o f  dangerous goods. The ADR 
system f o r  p rov id ing  in fo rmat ion  on such goods and marking them i s  unknown. 
Consignements o f  qoods o ther  t h a t  hydrocarbons are p r a c t i c a l l y  always accompanied by 
t h e  p o l i c e  o r  by a spec ia l  escort  car  from t he  fac to ry .  





But one may ask whether t h i s  w i l l  always be poss ib le  i n  t he  fu tu re .  Various 
danqerous qoods, moreover,, are t ranspor ted  i n  drums i n  conta iners  o r  by l o r r y  from 
the  po r t  o f  Dakar t o  the  fac to r ies ,  e.g. so lvents ,  sulphur,  caus t i c  soda, po l yo l ,  
TDI, pes t i c ides .  Some system, the re fo re ,  needs t o  be es tab l i shed  f o r  i d e n t i f y i n g  
t h i s  type o f  t ranspor t  operat ions. 

D. Orqanizat i o n  o f  environmental p r o t e c t i o n  

1. Senegal: Act o f  28 January 1983 promulgat ing the  Environmental Code 

The O f f i c i a l  Journal  o f  the  Republic o f  Senegal o f  23 A p r i l  1983 publ ished (pp. 
324-332) Act No. 83-05 o f  28 January 1983 promulgat ing t he  Environmental Code. The 
code i s  concerned w i t h  re form o f  t he  system o f  c l a s s i f i e d  establ ishments and t he  
i n t r o d u c t i o n  o f  arrangements f o r  prevent ing water, a i r  and no ise  p o l l u t i o n .  

C l a s s i f i e d  establ ishments 

The new Act rep laces t he  e x i s t i n g  l e g i s l a t i o n  based on t h e  French Act o f  1917. 
I t  reduces t h e  t h ree  categor ies t o  two and broadens t he  meaning o f  the  term 
' c l a s s i f i e d  establishment". I t  s i m p l i f i e s  t he  adm in i s t r a t i ve  system and a l lows  
c l a s s i f i e d  establ ishment t o  be temporar i l y  c losed i f  i t  i s  p h y s i c a l l y  imposs ib le  
comply w i t h  t h ~  e x i s t  i n q  regulat ions.  

F i nanc i a l  support 

There are va r ious  innovat ions t o  be noted: 

- i n t r o d u c t i o n  o f  a s i n g l e  fee, charged when t h e  permi t  i s  issued; - an annual charge l e v i e d  (by category) on t h e  bas is  o f  t he  area occupied and t he  
ac tua l  c o n t r o l  costs; 

- exemption o f  en te rp r i ses  which have been approved (under the  Investment code = 
exemption from taxes i n  c e r t a i n  i n d u s t r i a l  zones) from taxes on purchases o f  
equipment f o r  t he  c o n t r o l  o f  p o l l u t i o n  and o ther  harmfu l  phenomena. Non- 
approved en te rp r i ses  are e n t i t l e d  t o  f as te r  deprec ia t ion  o f  t h e  ant i - p o l l u t  i o n  
equipment; 

- persons operat ing p o l l u t a n t  i n s t a l l a t  i ons  who have no t  taken t h e  necessary 
measures by  23 A p r i l  1984 (exemption from taxes and r o y a l t i e s  and accelerated 
deprec ia t ion  are incen t i ves  f o r  t he  i n s t a l l a t i o n  o f  equipment) w i l l  be l i a b l e  t o  
a p o l l u t i o n  tax depending on t he  nature, quan t i t y  and t o x i c i t y  o f  t h e  waste 
produced by t h e i r  p lan ts .  

Wat e r  p o l l u t i o n  

The procedure f o r  au tho r i z i ng  c e r t a i n  k inds  o f  waste and l a y i n a  down the  
cond i t i ons  under which o ther  k inds  may be forbidden w i l l  be regu la ted  by a decree. 

A i r  p o l l u t i o n  

Enforcement decrees w i l l  s pec i f y  t he  cases and cond i t i ons  i n  which t he  emission 
o f  smoke, soot, dust o r  t o x i c ,  co r ros ive ,  odorous o r  r ad i o -ac t i ve  gas i n t o  the  
atmosphere w i l l  be forbidden o r  regulated. 

Sound pol l u t  i o n  

Measures w i l l  be taken t o  r egu la te  a whole ranqe o f  a c t i v i t i e s .  The AFNRR 
standards w i l l  be appl ied. 



2 .  Min i s t ry  o f  Nature and Natura l  Resources:  Department o f t h e  Environment 

D i r e r t o r :  Amadou Demba DIOP 

S e c r e t a r i e s :  M. Ndiaye 
N.  Seck 

Deputy: M.  Ka 

D i v i s i o n  o f  co-ordinat  i on :  
Chief :  â‚¬ Kante 

A.  Konte 
Y .  Cisse 

D i v i s i o n  o f  C l a s s i f i e d  Es t ab l i shmen t s :  
Chief :  11. Ka 

I .  Sow 

Div i s ion  o f  P o l l u t i o n  Con t ro l :  
Chief :  B. Bal 

A. Ndiaxye 
N.  S y l l a  

Admin i s t r a t ive  Off i c e :  
0. Diaw 
A .  Mane 

â‚ Conclus ions  

The p l a n t s  v i s i t e d  f o r  t h e  most p a r t  have t h e  u s u a l  f a c i l i t i e s  f o r  d e a l i n g  wi th  
f i r e s .  They a l s o  ma in ta in  good c o n t a c t  wi th  t h e  F i r e  Se rv ice .  

A s  r e g a r d s  cont ingency p l a n s  i s s u e d  i n  w r i t t e n  form o r  under s t u d y  f o r  f i r e s ,  
e x p l o s i o n s  o r  a c c i d e n t a l  r e l e a s e s  o f  l a r g e  q u a n t i t i e s  o f  p o l l u t a n t s  i n t o  t h e  a i r  o r  
wa te r ,  t h e r e  is ve ry  l i t t l e  o f  a  s p e c i f i c  n a t u r e .  P l a n t s  ouqht t o  draw up p r a c t i c a l  
cont ingency p l a n s  on t h e  b a s i s  o f  a q e n e r a l  p lan .  This  should  c e r t a i n l y  no t  e n t a i l  
t h e  i n t r o d u c t i o n  o f  s o p h i s t i c a t e d  equipment o r  compl ica ted  ar rangements ;  t h e  p l a n t  
p l a n s  should be s imple ,  p r a c t i c a l  and e f f e c t i v e .  In  c o l l a b o r a t i o n  wi th  t h e  F i r e  
S e r v i c e ,  p r a c t i c e  d r i l l s  can  t h e n  be organized.  

A t  t h e  i n t e r n a t i o n a l  l e v e l ,  danger l a b e l s  and a  system f o r  p rov id ing  in fo rma t ion  
on t h e  danqe r s  have been developed f o r  t h e  t r a n s p o r t  o f  dangerous qoods. D r i v e r s  
and persons  handl ing  dangerous goods should  be f a m i l i a r  wi th  t h e  meaning o f  t h e  
l a b e l s  and o t h e r  s a f e t y  a s p e c t s .  



CHAPTER V I I I .  THE WACAF REGIONAL R I S K  ASSESSMENT 

A. I n t r oduc t i on  

The purpose o f  t h i s  chapter i s  t o  prov ide an ana lys is  o f  the  major i n d u s t r i a l  
sources o f  r i s k  i n  t h e  West and Centra l  A f r i can  Region. Th is  research i s  an 
essen t i a l  f i r s t  s tep  i n  i d e n t i f y i n g  h i gh  r i s k  zones and sectors  o f  i ndus t ry ,  i n  
es tab l i sh i nq  a  b s s ~ l i n ~  t o  which f u t u r e  r i s k  l e v e l s  can be compared, and i n  
p rov i d i ng  mot i va t ion  and quidance f o r  the improved management and c o n t r o l  o f  bo th  
i n d u s t r i a l  operat ions and remedial response preparedness. 

The bas ic  data on i n d u s t r i e s  loca ted  i n  t h e  WACAF req i on  i s  taken from t he  
e a r l i e r  UNIDO/UNEP: "Survey f 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 he  
West and Cenral A f r i can  Reqion" 5'. This study was t he  f i r s t  survey o f  coas ta l  
sources o f  i n d u s t r i a l  p o l l u t i o n  f o r  t he  e n t i r e  req ion  and conta ins d e t a i l e d  data on 
i n d u s t r i a l  products and product ion. Whereas t he  focus o f  t h i s  study was on average 
waste water discharges t o  t he  marine environment t he  r i s k  assessment focuses on 
f i r e ,  exp los ion and/or sudden, acc iden ta l  re leases o f  a i r  and water p o l l u t i o n  i n t o  
t h e  t o t a l  environment. 

This study cons is ts  o f  severa l  phases, as fo l lows:  F i r s t  i s  t he  development o f  
a  sound and t r a c t  ab le  methodoloqy f o r  a Regional Environment a1 Risk Assessment 
(RERA). This inc ludes a  rev iew o f  a l t e r n a t i v e  methods f o r  q u a l i t a t i v e  and 
q u a n t i t a t i v e  r i s k  ana lys is  and on assessment o f  t he  s u i t a b i l i t y  o f  each approach f o r  
a p p l i c a t i o n  t o  the  WACAF reg ion.  Second i s  t he  a p p l i c a t i  o f  t h i s  methodology t o  
t h e  reg ion  us ing t h e  data from the  UNIDO/UNâ‚ survey x7 t o  perform a  p re l im ina r y  
RERA. . 

The ob jec t i ve  i s  t o  prov ide n a t i o n a l  decision-makers, environmental and resource 
planners, and pub l i c  sa fe t y  manaqers w i t h  in fo rmat ion  about t he  r e l a t i v e  r i s k  due t o  
e x i s t i n g  i n d u s t r i a l  a c t i v i t y .  This in fo rmat ion  i s  intended t o  be o f  a  screening 
nature. The zones o r  i n d u s t r i a l  sec to rs  t ha t  have been i nd i ca ted  as r e l a t i v e l y  h i qh  
r i s k  then need t o  undergo more d e t a i l e d  study. 

This chapter i s  composed o f  6 sect ions.  Sect ion B descr ibes r i s k  assessment, 
t h e  bas ic  goals  f o r  t he  analys is ,  and t he  assumptions i n  conduct ing t h i s  research. 
Sect ion C reviews bo th  q u a l i t a t i v e  and q u a n t i t a t i v e  methods f o r  conduct ing a  r i s k  
assessment. Sect ion D  presents  t he  proposed models f o r  es t  ima t ing  ( 1  ) f i r e  & 
exp los ion r i s k  and (2 )  environmental r i s k  and a  desc r i p t i on  o f  reou i red  inpu t  data. 
Sect ion E  i s  t he  Regional Environmental Risk Assessment. Sect ion F  presents  a  
summary o f  f i nd ings ,  and recommendations f o r  a d d i t i o n a l  research and act ion.  
Sect ion G presents  t he  d e t a i l s  o f  t he  methodology chosen f o r  t h e  RERA. 

B. R isk Assessment 

I n d u s t r i a l  r i s k  i s  t he  p r o b a b i l i t y  t ha t  un i ndes i r ab l e  event w i l l  occur ( i n  t he  
opera t ion  o f  an i n d u s t r i a l  p l a n t  o r  i n  t he  product storaae o r  d i s t r i b u t i o n  system) 
and induce undesi rab le  consequences o f  some magnitude. The goals  o f  r i s k  assessment 
are to :  1. Def ine the  ob j ec t i ves  o f  concern (e.q. p u b l i c  hea l th ,  economic, o ther  
environmental) ; 2. â ‚ ¬  a b l i s h  measures f o r  t he  ob jec t i ves ;  3. De f ine  and determine 
na tu re  o f  i n d u s t r i a l  accidents which can a f f e c t  t he  environment; 4. Es tab l i sh  t h e  
r e l a t i o n s h i p  between accident a1 events and ob jec t i ves  o f  concern; 5. â ‚ ¬  imate t he  
p r o b a b i l i t i e s  o f  occurrence o f  the  events o f  concern: 6. Analyze t h e  d i s t r i b u t i o n  
o f  impacts on the  ob j ec t i ves  o f  concern. The steps may seem s t r a i g h t  forward, bu t  
apply ing them i s  a  d i f f i c u l t  problem. For example, aetermininq t he  consequences o f  



accidents on the  environment may depend on t he  p o l l u t a n t s  i ,olved, t iming, and 
maanitude o f  re lpase.  Even i f  the  p o l l u t a n t  discharqed and t he  magnitude of 
discharqe were known, expert  op in ion  on the  extent o f  impacts would d i f f e r .  
Ca re fu l l y  s tud ied o i l  s p i l l s  have shown t ha t  p red i c t i ons  o f  impacts have o f t e n  been 
inaccurate.  

The r i s k  assessment i s  ca lcu la ted  f o r  t he  WACAF Region at  t he  t ime a t  which t he  
data base was qathered. Thus t he  output i s  a  desc r i p t i on  o f  the  r e l a t i v e  present 
r i s k  and not an ana lys is  o f  t he  increase o r  decrease o f  r i s k  which cou ld  occur as a  
r e s u l t  o f  p o l i c y  o f  manaqement act ions.  

Them are severa l  cateqor ies o f  i n d u s t r i a l  accidents which can lead  t o  
environmental impact. These inc lude  p l an t  s p i l l s ,  acc iden ta l  releases, product 
contaminat ion, f i r e  and explosion, and t ranspor t  a t  i o n  acc idents  through abnormal 
discharge o f  a i r ,  l i a u i r !  o r  s o l i d  waste. A l l  o f  these are o f  p o t e n t i a l  i n t e r e s t  i n  
the  current  study. 

Those a f f ec ted  by i n d u s t r i a l  accidents inc lude  a l l  who come i n  contact w i t h  o r  
are dependent upon t he  environment . This inc ludes i nd i v i dua l s ,  i ndus t r i e s ,  and 
aovernment s. Impacts may i nc l ude  pub1 i c  hea l t h  e f f ec t s ,  economic losses and 
environment a1 damaqe. 

Bas i ca l l y ,  t h e  s o r t s  o f  events, impacted groups, and na tu re  o f  impacts from 
i n d u s t r i a l  accidents are extremely d iverse.  A s i m p l i f i e d  model i s  necessary i n  
order t o  develop a  p r a c t i c a l  and opera t iona l  method f o r  c a l c u l a t i n g  i n d u s t r i a l  r i s k  
f o r  t he  WACAF Region. 

C. A1 t e rna t i ves  f o r  Risk Assessment 

This sec t ion  reviews severa l  approaches t o  r i s k  assessment t h a t  may be 
app l i cab le  t o  the  cu r ren t  case and recommends a most appropr ia te  method. There are 
a  number o f  t e x t  and case books which deal  w i t h  t h e  problem. An OECD study o f  
environmental damage costs,  which presented l a r g e l y  t he  t h e o r e t i c a l  economic 
foundat ion f o r  es t imet inq  damage cost f unc t i on  l e n t  some i n  h t  i n t o  t he  nature o f  2.49 
t he  under ly ing problem o f  environmental r i s k  assessment - . Although there  i s  a  
reasonably l a r g e  amount o f  i n fo rmat ion  on environmental impact and many desc r i p t i ons  
o f  environmental d i sas te rs ,  8 r e l a t i v e l y  smal l  body o f  l i t e r a t u r e  deals  s p e c i f i c a l l y  
w i t h  assessment o f  t r i s k s  impo gd on t he  environmen by i n d u s t r i a l  a c t i v i t y .  

, Laqadec - N i l  o  and Crouch &/, Environmental Resources Works by F isher  - 
L im i t ed  - , and A.M. Best Company - l 7  provider! meaningful  and/or workable 
a l t e rna t i ves .  

Even i f  the  impacts were w e l l  understood, the re  may not  b~  s u f f i c i e n t  data t o  
q u a n t i t a t i v e l y  est imate t he  r i s k .  For example, al thouqh t he  t o x i c i t y  o f  a  c e r t a i n  
p o l l u t a n t  on a  p a r t i c u l a r  species o f  f i s h  might be known, t he  ava i l ab l e  current  data 
t o  est imate t ranspor t  o f  t he  t o x i n  t o  t he  s i t e  o f  i n t e r e s t ,  and t he  popu la t ion  o f  
t h e  species at  the  s i t e  might be unknown. 

Met hods o f  Risk â ‚¬  imat i o n  

This sec t ion  reviews t h e  severa l  a l t e r n a t i v e  methods f o r  es t imat ion  o f  r i s k .  
Lagadec - makes an i n t e r e s t i n g  d i s t i n c t i o n  which i s  between hazard ana lys is  and 
r i s k  ass~ssmmt  - de f i n i ng  hazard ana lys is  as a  component o f  r i s k  assessment. He 
suggests t ha t  an important f i r s t  s tep  i n  r i s k  assessment i s  i d e n t i f i c a t i o n  o f  "what 
cons t i t u t es  a  menar~?" .  Hazards are def ined simply as " the  phys i ca l  p o s s i b i l i t y  o f  
t he  occurence o f  an evpnt". I n  con t ras t ,  r i s k s  are d is t ingu ished  as " the  e f f e c t i v e  



r e a l i z a t i o n  o f  t h i s  p o s s i b i l i t y ,  t h i s  r e a l i z a t i o n  being approached a s  a  
p r o b a b i l i t y " .  One way o f  r e i n t e r p r e t i n g  t h e  o b s e r v a t i o n  is t o  view hazard  a n a l y s e s  
a s  a more " q u a l i t a t i v e "  assessment  o f  p o s s i b i l i t i e s ,  and r i s k  assessment  a s  t h e  
' q u a n t i t a t i v e "  assessment of p r o b a b i l i t i e s  and consequences.  

Q u a l i t a t i v e  methods i n  r i s k  assessment  a r e  s i m i l a r  t o  those  which have been used 
i n  environmental  impact assessment ;  t h e  methods a r e  t y p i c a l l y  g r a p h i c a l .  They 
d i s p l a y  a r e a s  o f  c r i t i c a l  r e s o u r c e s  (e.g.  d r i n k i n g  water  i n t a k e s ,  c o o l i n g  water  
i n t a k e s ,  f i s h i n g  s i t e s ,  s h e l l f i s h  s i t e s ,  c r i t i c a l  h a b i t a t s ,  r e c r e a t i o n  a r e a s )  and 
i n d i c a t e  those  wi th  t h e  p o t e n t i a l  f o r  i n i t i a t i n g  an a c c i d e n t  sequence ( e . g .  
i n d u s t r i a l  p l a n t s  by t y p e s ,  s h i p p i n g  r o u t e s ,  t r a n s p o r t a t i o n  r o u t e s ,  and s t o r a g e  
f a c i l i t i e s ) .  These r easonab ly  s imple  g r a p h i c a l  d i s p l a y s  w i l l  i n d i c a t e  p o s s i b l e  
haza rds  but  g i v e  l i t t l e  i d e a  o f  t h e  magnitude of impacts.  Also,  t h e y  o f f e r  on ly  
minimal i n d i c a t i o n  o f  t h e  f requency o f  t h e  impacts .  

The second major c l a s s  o f  r i s k  assessment  methods a r e  q u a n t i t a t i v e  methods. 
These i n v o l v e  p o s t u l a t i o n  o f  a  model ( c a u s a l  o r  c o r r e l a t i v e )  t o  e x p l a i n  t h e  manner 
i n  which r i s k  may b e  i n c u r r e d ,  and i n f e r e n c e  t o  de t e rmine  t h e  pa rame te r s  o f  t h e  
model. One o f  t h e  b a s i c  d i s t i n c t i o n s  made f o r  t h e s e  methods is between h i s t o r i c a l  
and "new" r i s k  e s t i m a t i o n  problems. 

H i s t o r i c a l  r i s k  is  d e f i n e d  a s  e v e n t s  which have occur red  f r e q u e n t l y  enough t o  
have al lowed s u f f i c i e n t  d a t a  c o l  e c t i o n  f o r  e s t i m a t i o n  o f  f r e q u e n c i e s  and impacts  o f  

p o i n t  o u t ,  o f t e n  t h e o r i e s  and even models o f  e v e n t s .  A s  ~ i l s o n  and Crouch - 
impacts  and r i s k  w i l l  e x i s t  f o r  such c i rcumstances .  For t h e  c a s e  o f  envi ronmenta l  
impact  due t o  i n d u s t r i a l  a c c i d e n t s  i n  t h e  WACAF Region t h e r e  h a s  n o t  been s u f f i c i e n t  
f requency of e v e n t s  o f  t h i s  s o r t  i n  t h e  a r e a  t o  p rov ide  t h e  b a s i s  f o r  s i t e  s p e c i f i c  
r i s k  assessments .  T h i s  is due t o  t h e  r e l a t i v e  r a r i t y  o f  s e v e r e  e v e n t s ,  t h e  changing 
i n d u s t r i a l  c l i m a t e  i n  t h e  a r e a ,  and t h e  g e n e r a l  l a c k  o f  r econna i s sance - l eve l  d a t a  
c o l l e c t i o n  on p o l l u t i o n  i n c i d e n t s .  

The a l t e r n a t i v e  is t o  t r e a t  t h e  problem a s  one o f  a  new r i s k  s i t u a t i o n .  Here 
t h e r e  is no h i s t o r y  o f  expe r i ence  wi th  t h i s  p rocess ,  and t h e r e f o r e  s i m u l a t i o n  
methods must be used t o  p r e d i c t  t h e  l i k e l y  r i s k s  by a  s t e p  by s t e p  a n a l y s i s  o f  t h e  
modes of f a i l u r e .  A common example is t h e  r i s k  due t o  development o f  a  new drug 
where t h e r e  may n o t  be  s i m i l a r  chemica l s  on t h e  market ,  and i n f e r e n c e  w i l l  p robably  
depend on f i n d i n g s  from b i o l o g i c a l  t e s t i n g .  

A s  i n  t h e  c u r r e n t  c a s e ,  t h e  "new" r i s k  s i t u a t i o n  may s imply  be  t h a t  o f  a  
phenomenon which has  occur red  e lsewhere ,  b u t  f o r  which t h e r e  s imply  does  n o t  e x i s t  
s u f f i c i e n t  i n f o r m a t i  n  f o r  t h e  p a r t i c u l a r  s i t e  and s i t u a t i o n  being analyzed.  A s  

689  s t a t e :  Wilson and Crouch - 

The b a s i c  idea  is t o  break down any new r i s k  i n t o  a  sequence of e v e n t s ,  each 
o f  which may b e  analyzed s e p a r a t e l y  by theo ry ,  by analogy wi th  h i s t o r i c a l  
r i s k s  o r  from a c t u a l  occu r rence ,  and then t o  r e c o n s t r u c t  t h e  whole from 
t h e s e  p a r t s .  (p .52)  

For example, a  model could  be p o s t u l a t e d  r e l a t i n g  t h e  magnitude and f requency of  
s p i l l  e v e n t s  t o  l o s s  of  a q u a t i c  r e sources .  Then t h i s  model would be c a l i b r a t e d  
us ing  d a t a  from h i s t o r i c a l  e v e n t s  -- wi th  t h e  model "exp la in ing"  a l l  d i f f e r e n c e s  
between t h e  s i t e s .  An a n a l y s i s  o f  t h i s  s o r t  f o r  every  i n d u s t r y  and p o l l u t a n t  t y p e ,  
f o r  every c l a s s  o f  r e c e i v i n g  water  environment,  is w e l l  beyond t h e  scope o f  t h e  
c u r r e n t  s tudy .  Furthermore,  i t  is doub t fu l  t h a t  t h e r e  e x i s t s  t h e  t h e o r e t i c a l  
unders tanding t o  conduct such a  s t u d y ,  and t h e  s i t e  s p e c i f i c  d a t a  base  c e r t a i n l y  
does  n o t  e x i s t .  



The a l t e r n a t i v e  is t o  e s t i m a t e  .iewn r i s k  t h r o u g h  e m p i r i c a l  d a t a  which a r e  
a v a i l a b l e .  An i m p o r t a n t  v a r i a t i o n  o f  t h i s  a p p r o a c h  would b e  t h e  u s e  o f  e x p e r t s '  
judgement  i n  t h e  d e t e r m i n a t i o n  o f  t h e  r i s k s  u n d e r  s t u d y .  In  e f f e c t ,  t h e s e  i n p u t s  
a r e  u s i n g  some s o r t  o f  a  m e n t a l  model t o  p r o c e s s  d a t a  from a n a l o g o u s  s i t u a t i o n s ,  and 
a  t h e o r y  r e l a t i n g  t h e s e  d a t a  t o  a n  e s t i m a t e d  r i s k .  T h i s  a p p r o a c h  is e s p a c i a l l y  
a t t r a c t i v e  i n  s c r e e n i n g  o r  i n i t i a l  r e c o n n a i s s a n c e  s t u d i e s ,  f o r  which  n e i t h e r  t h e  
h i s t o r i c  d a t a  b a s e  n o r  s i g n i f i c a n t  r e s o u r c e s  e x i s t  t o  c o n d u c t  a  more f o r m a l  
a n a l y s i s .  

C a r r y i n g  t h i s  t o  a n  e x t r e m e ,  t h e  e n t i r e  c a u s a l  s t r u c t u r e ,  known a s  a n  e v e n t  
t r e e ,  l e a d i n g  up t o  a  p o s s i b l e  a c c i d e n t ,  c a n  b e  p o s t u l a t e d .  Then w i t h  p r o b a b i l i t i e s  
a s s i g n e d  t o  e a c h  e v e n t  i n  t h e  tree,  t h e  a n a l y s t  c a n  e v a l u a t e  t h e  p r o b a b i l i t i e s  o f  
e a c h  o f  a  number o f  ou tcomes ,  and t h e r e b y  c a l c u l a t e  a n  e s t i m a t e d  r i s k .  T h i s  
a p p r o a c h  r e q u i r e s  a  c o m p l e t e  s p e c i f i c a t i o n  o f  p o s s i b l e  e v e n t s  l e a d i n g  up t o  a n  
a c c i d e n t ,  and i n d e p e n d e n c e  o f  f a c t o r s  l e a d i n g  t o  v a r i o u s  ou tcomes .  The most  n o t a b l e  
s t u d y  o f  t h i s  s o r t  was t h e  Rasmussen s t u d y  - . The Rasmussen S tudy  was a n  
a s s e s s m e n t  o f  a c c i d e n t  r i s k  i n  U.S. commerc ia l  n u c l e a r  power p l a n t s .  The key 
d i f f i c u l t i e s  o f  t h i s  a p p r o a c h  a r e  t h e  e x t r e m e  number o f  f a c t o r s  t h a t  must b e  
c o n s i d e r e d ,  a s s i g n m e n t  o f  p r o b a b i l i t i e s  o f  f a i l u r e  f o r  e a c h  o f  t h e s e  components ,  and 
t h e  i n a b i l i t y  t o  v e r i f y  t h e  r i s k  e s t i m a t e d  p o s t u l a t e d .  

The c h o i c e  o f  s t a t e q y  f o r  t h e  c u r r e n t  s t u d y  

A g r a p h i c a l  a p p r o a c h  c o u l d  show p o t e n t i a l  s o u r c e s  o f  i n d u s t r i a l  a c c i d e n t s  
u t i l i z i n g  t h e  i n d u s t r y  d e s c r i p t i o n s  i n  t h e  UNIDO/UNEP r e p o r t  Ã‘ In  o r d e r  t o  
c o m p l e t e  t h i s  method,  t h e  p o t e n t i a l  r e s o u r c e s  i m p a c t e d  would have  t o  b e  i d e n t i f i e d ,  
and  a  model d e v e l o p e d  f o r  f o r e c a s t i n g  t h e  z o n e s  o f  l i k e l y  i m p a c t s  a round  t h e  
i n d u s t r i a l  a r e a s .  Al though  i n  c o n c e p t  t h i s  a p p r o a c h  is e a s y ,  i n  p r a c t i c e  t h e r e  a r e  
a  number o f  l i m i t a t i o n s  which make t h i s  i m p r a c t i c a l  f o r  t h e  c u r r e n t  s t u d y .  

F i r s t ,  t h e  g r a p h i c a l  a p p r o a c h  d o e s  n o t  i d e n t i f y  t h e  m a g n i t u d e  o f  p o t e n t i a l  
i m p a c t s  e x c e p t  i n  t h e  most  r u d i m e n t a r y  s e n s e .  M i l e s  o f  s h o r e l i n e ,  p o p u l a t i o n ,  o r  
a c r e s  o f  impac ted  s h e l l f i s h  b e d s  might  b e  e s t i m a t e d .  However, t h e  m a g n i t u d e  and 
f r e n q u e n c y  o f  t h e s e  i m p a c t s ,  a r e  n o t  d e f i n e d  by t h i s  a p p r o a c h .  The method may 
i d e n t i f y  a l l  a r e a s  which m i g h t  b e  a f f e c t e d .  However, i n  t e r m s  o f  p r o v i d i n g  g u i d a n c e  
f o r  d e t e r m i n i n g  t h e  a r e a s  which most  u r g e n t l y  r e q u i r e  c o n t i n g e n c y  p l a n n i n g ,  t h e  
method is n o t  v e r y  u s e f u l .  S e c o n d l y ,  h e r e  is no e x i s t i n g  model on which t o  p a t t e r n  
t h e  c u r r e n t  s t u d y .  No s t u d i e s  were found which a d d r e s s  t h e  i m p a c t s  o f  i n d u s t r i a l  
a c c i d e n t s  c o v e r i n g  t h e  r a n g e  o f  p o s s i b l e  p o l l u t a n t s  on t h e  c o n t i n e n t a l  s c a l e  o f  
i n t e r e s t  i n  tbs? c u r r e n t  s t u d y .  T h e r e f o r e ,  t h i s  q u a l i t a t i v e  g r a p h i c a l  a p p r o a c h  was 
n o t  c h o s e n .  

Most o f  t h e  a v a i l a b l e  q u a n t i t a t i v e  methods  a r e  n o t  s u i t a b l e  f o r  t h e  c u r r e n t  
s t u d y .  The problem d o e s  n o t  e a s i l y  f a l l  i n t o  t h e  a r e a  o f  e s t i m a t i o n  o f  a  h i s t o r i c a l  
r i s k .  There  s i m p l y  h a v e  n o t  been  enough h i s t o r i c a l  e v e n t s  and t h e r e  a r e  i n a d e q u a t e  
d a t a  on e v e n t s  which h a v e  o c c u r r e d .  

T h i s  means t h a t  t h e  c u r r e n t  problem is b e s t  a d d r e s s e d  a s  a  problem o f  e s t i m a t i o n  
o f  a  new r i s k .  The most w e l l  d e v e l o p e d  a p p r o a c h  t o  t h i s  s o r t  o f  p rob lem,  namely t h e  
e s t i m a t i o n  o f  r i s k  on t h e  b a s i s  o f  e v e n t  t r e e s ,  and f a i l u r e  r a t e s  o f  components ,  is  
f a r  t o o  d e t a i l e d  and i n f o r m a t i o n  i n t e n s i v e .  An a n a l y s i s  o f  t h i s  s o r t  f o r  a  s i n g l e  
i n d u s t r y  t y p e ,  i n  a  f a i r l y  w e l l  d e f i n e d  e c o s y s t e m ,  would b e  a  m a j o r  u n d e r t a k i n g ,  and  
f a r  beyond t h e  r e s o u r c e s  a v a i l a b l e  f o r  t h e  c u r r e n t  s t u d y .  T h e r e f o r e ,  t h e  a p p r o a c h  
used  was t o  e s t i m a t e  t h e  r i s k  from r e l e v a n t  e m p i r i c a l  d a t a  which a r e  a v a i l a b l e .  



T h r e e  t y p e  o f  e m p i r i c a l  d a t a  have  been  used :  F i r s t ,  t h e  r e a s o n a b l y  l a r g e  d a t a  
b a s e  on i n d u s t r i a l  a c c i d e n t s ,  i n c l u d i n g  e v e n t s  o f  t h e  t e  t h a t  l e a d  t o  a d v e r s e  ' p r o v i d e s  i n d u s t r i a l  e n v i r o n m e n t a l  i m p a c t s .  S e c o n d l y ,  t h e  UNIDO/UNEP s t u d y  - 
s t a t i s t i c s  t h a t  c a n  b e  r e l a t e d  t o  t h e  f r e q u e n c y  o f  a c c i d e n t  e v e n t s .  T h i r d l y ,  d a t a  
a r e  a v a i l a b l e  which g i v e  t h e  h i s t o r y  o f  m a j o r  e v e n t s  which have  had a d v e r s e  i m p a c t s  
on  t h e  env i ronment  -- a l t h o u g h  n o t  n e c e s s a r i l y  i n  t h e  WACAF r e g i o n .  E x p e r t  judgment  
is used  t o  l i n k  t h e s e  t h r e e  t y p e s  o f  d a t a .  T h i s  is t h e  most e x p e d i e n t  a p p r o a c h  f o r  
s c r e e n i n g  i n d u s t r i a l  r i s k  i n  t h e  r e g i o n ,  and c o n s i s t e n t  w i t h  t h e  r e s o u r c e s  a v a i l a b l e  
f o r  t h e  s t u d y .  F o r t u n a t e l y ,  two i n f o r m a t i o n  s o u r c e s  a r e  a v a i l a b l e  which p e r m i t  a n  

i n  t h e  USA, p r o v i d e s  f o c u s  s a p p r o a c h  o f  t h i s  t y p e .  One, d e v e l o p e d  by A.W. B e s t  - 
627 o n l y  on t h e  h a z a r d s  w h i l e  t h e  s e c o n d ,  d e v e l o p e d  by Envi ronmenta l  R e s o u r c e s ,  Ltd.- , 

U.K . ,  is  based  on e n v i r o n m e n t a l  r i s k  i n c l u d i n g  h a z a r d s  and i m p a c t s .  The d e t a i l s  o f  
t h e i r  s t r a t e g y ,  and i m p l e m e n t a t i o n  f o r  t h e  c u r r e n t  s t u d y ,  a r e  p r e s e n t e d  i n  t h e  n e x t  
s e c t i o n .  

D. O u t l i n e  o f  t h e  Chasen Risk  Assessment  Methodology 

The two main e l e m e n t s  o f  r i s k  a s s e s s m e n t  a r e  t h e  d e t e r m i n a t i o n  o f  t h e  l i k e l i h o o d  
o f  a n  a c c i d e n t  and t h e  s u b s e q u e n t  impac t  f rom t h a t  a c c i d e n t .  I t  is p o s s i b l e  f o r  a n  
i n d u s t r y  t o  have  a  h i g h  h a z a r d ,  b u t  i f  t h e  v u l n e r a b i l i t y  is low t h e  e n v i r o n m e n t a l  
i m p a c t ,  and t h u s  t h e  e n v i r o n m e n t a l  r i s k ,  may b e  s m a l l .  

T h e r e f o r e ,  two i n d e x e s  a r e  c a l c u l a t e d  i n  t h e  WACAF i n d u s t r i a l  r i s k  a s s e s s m e n t .  
The f i r s t  is t h e  r e l a t i v e  i n d e x  o f  f i r e  and e x p l o s i o n  r i s k  and t h e  s e c o n d  is a  
r e l a t i v e  e n v i r o n m e n t a l  r i s k  i n d e x .  There  a r e  two b a s i c  components  o f  e i t h e r  i n d e x .  
T h e r e  a r e  t h e  i n d u s t r y  s p e c i f i c  f a c t o r s  ( F i r e  and E x p l o s i o n  and E n v i r o n m e n t a l )  and 
t h e  s i t e  o r  p l a n t  s p e c i f i c  " s c a l i n g  f a c t o r " .  

The f i r s t  s t e p  i n  e s t a b l i s h i n g  a  r i s k  f a c t o r  is t o  c a t e g o r i z e  i n d u s t r i a l  
a c t i v i t y  i n t o  d i s t i n c t  g r o u p s  by p r o d u c t s  o r  i n d u s t r i a l  p r o c e s s e s  t h a t  p o s s e s s  
s i m i l a r  h a z a r d  and impac t  p o t e n t i a l s .  Once t h i s  is done a  r i s k  f a c t o r  c a n  b e  
d e t e r m i n e d  f o r  e a c h  c a t e g o r y  o f  i n d u s t r y  b a s e d  upon h i s t o r i c a l ,  s t a t i s t i c a l ,  o r  
t h e o r e t i c a l  d a t a .  The r i s k  w i l l  t h e n  b e  a s i n g l e  number f o r  t h e  " s t a n d a r d  o r  
a v e r a g e  p l a n t "  i.1 e a c h  c a t e g o r y .  That  is, t h e  r i s k  f a c t o r  w i l l  assume s t a n d a r d  
p r o c e s s e s  and s t a n d a r d  s a f e t y  p r e c a u t i o n s .  

I n  t h e  a b s e n c e - o f  d a t a  from A f r i c a  f o r  e s t a b l i s h i n g  a  r i s k  f a c t o r ,  d a t a  from 
i n d u s t r i a l i z e d  r e g i o n s  i n  t h e  w o r l d  a r e  u s e d .  The c a u s e s  o f  f i r e  and e x p l o s i o n  o f  
e n v i r o n m e n t a l  r i s k  from i n d u s t r y  i n  o t h e r  p a r t s  o f  t h e  w o r l d  a r e  assumed t h e  same a s  
i n  A f r i c a .  The g o a l  o f  t h e  s t u d y  is n o t  a n  a b s o l u t e  r a n k i n g  o f  i n d u s t r i e s  b u t  a  
r e l a t i v e  s c r e e n i n g .  I n  view o f  t h e  s c r e e n i n g  n a t u r e  o f  t h e  s t u d y  i t  is assumed t h a t  
i n d u s t r i e s  on t h e  a v e r a g e  would r e t a i n  s i m i l a r  r e l a t i v e  l e v e l s  o f  r i s k  i n  A f r i c a  a s  
e l s e w h e r e .  

S c a l i n q  F a c t o r  

I d e a l l y ,  o n e  s h o u l d  c a t e g o r i z e  p l a n t s  u s i n g  a  number o f  f a c t o r s  t o  p r o v i d e  f o r  a 
more r e a l i s t i c  a s s e s s m e n t ,  s u c h  a s  l o c a t i o n ,  r e c e i v i n g  e n v i r o n m e n t ,  p r o c e s s  t y p e ,  
a g e  of  t h e  p l a n t ,  and s a f e t y  r e c o r d .  However, t h i s  t y p e  o f  d a t a  is beyond t h e  s c o p e  
o f  t h i s  r e p o r t ,  a l t h o u g h  t h e o r e t i c a l l y ,  i t  is o n l y  a n  e x t e n s i o n  o f  t h e  p r e s e n t  
methodology.  The d a t a  f o r  t h i s  r e g i o n a l  s t u d y  comes from t h e  UNIDO/UNEP "Survey o f  
Marine P o l l u t a n t s  from I n d u s t r i a l  S o u r c e s  i n  t h e  West and C e n t r a l  A f r i c a n  ~ e g i o n " ~ .  
The s t u d y  p r o v i d e s  d a t a  on i n d u s t r i a l  p r o d u c t i o n  by p r o d u c t  f o r  i n d u s t r i e s  i n  t h e  
r e g i o n .  So a  s c a l i n g  f a c t o r  was d e t e r m i n e d  t h a t  is b a s e d  on l e v e l  o f  p r o d u c t i o n .  



The ' ' ;  s t a n d a r d  i n d u s t r i a l  c a t e g o r i z a t i o n  ( ISIC)  was used  i n  c o n j u n c t i o n  w i t h  a  
c a t e g o i i z a t i o n  t h a t  h a s  been  d e v e l o p e d  by Envi ronmenta l  R e s o u r c e s  L td  ( E E L ) .  ( S e e  
t a b l e  1 4 ) .  The p r o c e d u r e  t o  d e v e l o p  a  s c a l i n g  f a c t o r  f o r  e a c h  i n d u s t r y  i n  t h e  
r e g i o n  1". a s  f o l l o w s .  

Each i n d u s t r y  is a s s i g n e d  t o  a n  i n d u s t r i a l  c a t e g o r y .  Next ,  t h e  a v e r a g e  a n n u a l  
p r o d u c t i o n  o f  i n d u s t r i e s  i n  e a c h  c a t e g o r y  is  c a l c u l a t e d .  With t h i s  a v e r a g e  v a l u e ,  
which is assumed t o  r e p r e s e n t  t h e  s t a n d a r d  p l a n t ,  t h e  i n d u s t r i e s  i n  e a c h  c a t e g o r y  
a r e  n o r m a l i z e d  w i t h  r e s p e c t  t o  a v e r a g e  p r o d u c t i o n .  T h i s  n o r m a l i z e d  v a l u e  o f  
p r o d u c t i o n  f o r  e a c h  i n d u s t r y  is d e s i g n a t e d  t h e  p a r a m e t e r  " s i z e "  and is t h e  " s c a l i n g  
f a c t o r " .  

When no p r o d u c t i o n  datum is r e p r o t e d  f o r  a n  i n d u s t r y ,  t h e  a v e r a g e  p r o d u c t i o n  
f i g u r e  o f  t h e  e n t i r e  c a t e g o r y  u n d e r  which t h i s  i n d u s t r y  f a l l s  is assumed t o  
r e p r e s e n t  t h e  i n d u s t r y ' s  p r o d u c t i o n .  T h i s  means t h a t  when t h i s  assumed p r o d u c t i o n  
f i g u r e  is  n o r m a l i z e d ,  t h e  i n d u s t r y ' s  s i z e  becomes 1. The e r r o r  due  t o  t h i s  i s  
e x p e c t e d  on a v e r a q e  t o  b e  s m a l l  s i n c e  a c t u a l  i n d u s t r i a l  s i z e s  w i l l  b e  randomly 
g r e a t e r  o r  s m a l l e r  t h a n  t h e  a v e r a g e  s i z e .  

A " F i r e  and E x p l o s i o n  Hazard F a c t o r "  a s  been  d e v e l o p e d  b a s e d . u p o n  d a t a  from t h e  
" E e s t  Loss  C o n t r o l  E n g i n e e r i n g  t4anual"9g' p r e p a r e d  by A .  M. B e s t  Company, New 
Jersey,  USA. T h i s  comprehens ive  menual is used  a s  t h e  s t a n d a r d  r e f e r e n c e  f o r  
i n s u r a n c e  companies  u n d e r w r i t i n g  l o s s  e x p o s u r e s .  

The h a z a r d  f a c t o r  is d e r i v e d  from t h e  B e s t  Exposure  Index  (BEI). The BE1 is 
c a l c u l a t e d  f o r  a  l a r g e  number o f  i n d u s t r i e s  by t h e  s y s t e m a t i c  a p p l i c a t i o n  o f  
s t a t i s t i c s  from d i f f e r e n t  s o u r c e s .  D e t a i l e d  i n f o r m a t i o n  on t h e  methodology o f  
c a l c u l a t i o n  is n o t  a v a i l a b l e .  But t h e  a p p l i c a b i l i t y  and c h a r a c t e r i s t i c s  o f  t h e  
i n d e x  a r e  summarized i n  t h e  manual .  D a t a  from i n d i v i d u a l  i n s u r a n c e  companies  b a s e d  
on t h e i r  l o s s  e x p e r i e n c e s  and s t a t i s t i c s  from t h e  U.S. Depar tment  o f  Labour ,  
I n s u r a n c e  S e r v i c e s  O f f i c e ,  and N a t i o n a l  C o u n c i l  on Compensat ion I n s u r a n c e  were 
u t i l i z e d  t o  o b t a i n  t h e  B e s t  Index  V a l u e s .  T h e r e f o r e ,  t h e  v a l u e s  r e p r e s e n t  an 
a u t h o r i t a t i v e  c o m p o s i t e  e s t i m a t e .  

There  a r e  two volumes o f  t h e  manual ,  t h e  Blue  and t h e  White. 

The w h i t e  volume c l a s s i f i e s  l o s s  e x p o s u r e  i n t o  f o u r  c a t e g o r i e s :  

- workmen' s compensa t ion ;  
- f i r e ;  
- p u b l i c  l i a b i l i t y ;  and 
- p r o d u c t s  l i a b i l i t y .  

Each o f  t h e  f o u r  c a t e g o r i e s  o r  c o v e r a g e s  is a  p o t e n t i a l  s o u r c e  o f  economic l o s s  
and i s  g r a d e d  from 0 - 1 0  t o  r e p r e s e n t  i n c r e a s i n g  l i k e l i h o o d  o f  t h e  o c c u r r e n c e  o f  
s u c h  a  l o s s .  

The Blue  volume c l a s s i f i e s  l o s s  e x p o s u r e  i n t o  a n  a d d i t i o n a l  f o u r  c a t e g o r i e s ,  
e a c h  o f  which  a r e  n u m e r i c a l l y  g r a d e d  on a  s c a l e  o f  0 - 1 0 .  The l o s s  c a t e g o r i e s  
a r e :  

- a u t o m o b i l e  l i a b i l i t y ;  
- a e n e r a l  l i a b i l i t y ;  
- p r o d u c t  l i a b i l i t y ;  



- c r i m e ;  
- w o r k e r s  compensa t ion ;  
- i n l a n d  m a r i n e ;  
- b u s i n e s s  i n t e r r u p t i o n ;  and  
- f i r e .  

The d a t a  f o r  most i n d u s t r i a l  c a t e g o r i e s  WACAF r e g i o n  came p r i m a r i l y  from t h e  
b l u e  volume. The d a t a  f o r  t h e  r e m a i n i n g  i n d u s t r i a l  c a t e g o r i e s  were  o b t a i n e d  from 
t h e  White  volume. 

Both volumes o f  t h e  B e s t  manual j u d g e  t h e  f i r e  and e x p l o s i o n  r i s k  i n  t h e  l i g h t  
o f  t h e  f o l l o w i n g :  

- c o n s t r u c t i o n ;  
- occupancy;  
- p r o t e c t i o n ;  and  
- e x p o s u r e .  

I n  some c a s e s  where  a  number o f  B e s t  i n d u s t r i a l  g r o u p i n g  were  c o n t a i n e d  i n  a  
s i n g l e  ISIC o r  ERL i n d u s t r i a l  c a t e g o r y  a n  a v e r a g e  o f  t h e  F i r e  and  E x p l o s i o n  Exposure  
Index  was used .  The B e s t  F i r e  Exposure  Index  d o e s  n o t  t a k e  i n t o  a c c o u n t  t h e  
c o n s e q u e n c e s  o f  a n  e v e n t .  See  t a b l e  15 f o r  a  list o f  t h e  F i r e  and E x p l o s i o n  R i s k  
F a c t o r s  by I n d u s t r y .  

E n v i r o n m e n t a l  Risk  F a c t o r  

An "Envi ronmenta l  R i s k  F a c t o r "  h a s  been  d e r i v e d  b a s e d  upon t h e  E n v i r o n m e n t a l  
Impairment  L i a b i l i t y  ( E I L )  s c h e m e  deve lopped  by E n v i r o n m e n t a l  R e s o u r c e s  L t d  t o  

62/ p r o v i d e  a  b a s i s  f o r  i n s u r a n c e  premiums a s  a  r e s u l t  o f  e n v i r o n m e n t a l  impact- . The 
r i s k  f a c  o r  we u s e  comes d i r e c t l y  from t h e  p r e s e n t  s t a t e  o f  t h e  EIL a s  p r e s e n t e d  by 

63) Fisher-- . The d e t a i l s  o f  t h e  EIL a r e  p r e s e n t e d  i n  s e c t i o n  G. The a p p r o a c h  is 
b r i e f l y  summarized a s  f o l l o w s .  

The e n v i r o n m e n t a l  r i s k  f a c t o r  d e v e l o p e d  by ERL h a s  t h r e e  b a s i c  p a r t s :  

The s u b j e c t i v e  e s t i m a t i o n  o f  p o s s i b l e  e m i s s i o n s  o f  a  set o f  p o l l u t a n t s  t o  t h e  
a i r  and w a t e r  e n v i r o n m e n t  and t h e  s e v e r i t y  o f  t h o s e  e m i s s i o n s  f o r  a  sudden  o r  
a c c i d e n t a l  r e l e a s e .  

The e s t i m a t i o n  o f  v u l n e r a b i l i t y ;  t h a t  is, t h e  impac t  o f  e a c h  p o l l u t a n t  on 
v a r i o u s  r e s o u r c e s  o f  t h e  env i ronment .  

The summation o f  t h e  l i k e l i h o o d  o f  p o l l u t a n t  e m i s s i o n  and t h e  impac t  o f  t h e s e  
e m i s s i o n s  on  t h e  env i ronment  o v e r  a l l  p o l l u t a n t s  and a l l  r e s o u r c e s  o f  t h e  
e n v i r o n m e n t .  

The p o l l u t a n t s  c o n s i d e r e d  f o r  w a t e r  a r e  ( d e f i n i t i o n s  a p p e a r  i n  s e c t i o n  G.): 

phys ic -chemica l ,  
o r g a n i c  t o x i c s ,  
i n o r g a n i c  t o x i c s ,  

and f o r  a i r :  

- p a r t i c u l a t e s ,  
- o a s e s ,  and 
- n u i s a n c e  f a c t o r s .  



The envi ronment  h a s  been  d i v i d e d  i n t o  f i v e  v u l n e r a b l e  a r e a s :  

P e o p l e  
P r o p e r t y  
Ecosys tems  
A q r i c u l  t u r e  
Sewage Trea tment  

The e m i s s i o n  s e v e r i t y  and impac t  t o  t h e  e n v i r o n m e n t  a r e  g i v e n  n u m e r i c a l  v a l u e s  
t h a t  have  been  r e f i n e d  t h r o u g h  i t e r a t i o n  o f  e x p e r t  judgment .  T h i s  p r o v i d e s  a 
n m e r i c a l  i n d e x  of  sudden  o r  a c c i d e n t a l  r i s k  which v a r i e s  from 50 t o  600. See t a b l e  
1 5  f o r  a l i s t i n g  of  t h e  Risk F a c t o r  by i n d u s t r i a l  c a t e g o r y .  

R E R A  I n d e x e s  

With t h e  e s t a b l i s h m e n t  o f  t h e  two r i s k  f a c t o r s  and s c a l i n g  f a c t o r  i t  is p o s s i b l e  
t o  c a l c u l a t e  f i r e  and e x p l o s i o n  and e n v i r o n m e n t a l  r i s k  f o r  e a c h  i n d u s t r y  i n  t h e  
r e g i o n .  T h i s  is done by m u l t i p y i n g  t h e  s c a l i n g  f a c t o r  f o r  e a c h  i n d u s t r y  by t h e  r i s k  
f a c t o r .  

F t I ( i ,  j) = F i r e  and E x p l o s i o n  i n d e x  f o r  p l a n t  ( i )  & i n d (  j) 
E R I ( i . j )  = E n v i r o n m e n t a l  R i s k  i n d e x  f o r  p l a n t  ( i )  & i n d (  j) 
S F ( i , j )  = S c a l e  F a c t o r  f o r  p l a n t  ( i )  
F E U )  = F i r e  and E x p l o s i o n  r i s k  f a c t o r  f o r  i n d u s t r y  ( j )  
F E ( j )  = F i r e  and ~ x ~ l o s i o n  r i s k  f a c t o r  f o r  i n d u s t r y  ( j )  

ER( j) = E n v i r o n m e n t a l  Risk  f a c t o r  f o r  i n d u s t r y  ( j) 

Each p l a n t  is c l a s s i f i e d  by a n  i n d u s t r y  ( j )  and h a s  a u n i q u e  number ( i ) .  T h i s  
r e s u l t  is t h e  b a s i c  f o r  t h e  v a r i o u s  o u t p u t  fo rms  p r o v i d e d  i n  s e c t i o n  E. 

E. The R e q i o n a l  Envi ronmenta l  Risk Assessment  

The c a l c u l a t i o n s  were performed on a n  a b s o l u t e  b a s i s ,  b u t  f o r  a  more 
u n d e r s t a n d a b l e  p r e s e n t a t i o n  t h e  r e s u l t s  a r e  p r e s e n t e d  i n  r e l a t i v e  t e r m s .  T h i s  was 
done  f o r  e a c h  i n d u s t r i a l  s e c t o r  by d e t e r m i n i n g  s e p a r a t e l y  f o r  f i r e  and e x p l o s i o n  and 
e n v i r o n m e n t a l  - sk  t h e  i n d u s t r i a l  c l a s s i f i c a t i o n  w i t h  t h e  l a r g e s t  i n d e x  v a l u e .  A l l  
i n d u s t r i a l  i n d e x  v a l u e s  were d i v i d e d  by t h e  l a r g e s t  i n d e x  and t h e n  m u l t i p l i e d  by 1 0 0  
t o  p roduce  a  p e r c e n t  v a l u e .  Thus, e a c h  r e s u l t  is a  p e r c e n t a g e  o f  t h e  maximum v a l u e  
o f  f i r e  and e x p l o s i o n  o r  e n v i r o n m e n t a l  r i s k  f o r  h i g h e s t  r i s k  zone  i n  t h e  r e g i o n  o r  
t h e  h i g h e s t  r i s k  i n d u s t r i a l  s e c t o r .  

The f i r s t  r e s u l t s  p r e s e n t e d  i n  t a b l e  1 6 a  show t h e  r e l a t i v e  f i r e  and e x p l o s i o n  
r i s k  by i n d u s t r y  c l a s s i f i e d  i n t o  t h e  ISIC s e c t o r s  f o r  t h e  e n t i r e  r e g i o n .  I t  shows 
t h e  food  i n d u s t r y  a s  h a v i n g  t h e  h i g h e s t  t o t a l  f i r e  and e x p l o s i o n  r i s k  i n  t h e  
r e g i o n ,  w i t h  b r e w e r i e s  second .  T h i s  r e f l e c t s  t h e  h i g h  number o f  a g r o - i n d u s t r i e s  i n  
t h e  r e g i o n .  T e x t i l e  p l a n t s ,  c h e m i c a l  p l a n t s  and ell r e f i n e r i e s ,  a l t h o u g h  few i n  
number, h a v e  a  r e l a t i v e  h i g h  f i r e  and e x p l o s i o n  r i s k  due t o  t h e  h i g h  f i r e  and 
e x p l o s i o n  p o t e n t i a l  a t  e a c h  p l a n t .  

The t a b l e  a l s o  shows a' v e r y  r a p i d  d e c l i n e  i n  t h e  r e l a t i v e  F i r e  and E x p l o s i o n  
i n d e x  a f t e r  t h e  f i r s t  f i v e  o r  s i x  s e c t o r s .  



The e n v i r o n m e n t a l  r i s k  c l a s s i f i e d  by t h e  ISIC s e c t o r s  f o r  t h e  r e g i o n  is 
p r e s e n t e d  i n  t a b l e  1 6 b .  I t  shows a  much more even  d i s t r i b u t i o n  o f  r i s k  among t h e  
t o p  h a l f  o f  t h e  s e c t o r .  O i l  r e f i n e r i e s  w i t h  o n l y  17  p l a n t s  i n  t h e  r e g i o n  s h a r e  
f i r s t  p l a c e  w i t h  food  m a n u f a c t u r i n g ,  w i t h  8 6  p l a n t s .  T h i s  is due t o  t h e  h i g h  
e n v i r o n m e n t a l  damage p o t e n t i a l  o f  t h e  o i l  r e f i n e r i e s .  The food  i n d u s t r y  r e m a i n s  a t  
t h e  t o p  due  t o  t h e  l a r g e  number o f  low-medium r i s k  p l a n t s  i n  t h e  r e g i o n .  

The r e s u l t s  a l s o  show t h a t  a  number o f  s e c t o r s  w i t h  low p l a n t  numbers  b u t  h i g h  
p o t e n t i a l  e n v i r o n m e n t a l  damage a r e  found  n e a r  t h e  t o p  o f  t h e  l ist,  f o r  example ,  
p a i n t s ,  p l a s t i c s ,  s t o r a g e  ( p r i m a r i l y  o i l )  and t e x t i l e s .  

The LINIDO/UNEP "Survey o f  Marine P o l l u t a n t s  from I n d u s t r i a l  S o u r c e s  i n  t h e  West 
and C e n t r a l  A f r i c a n  Region" 2' d i v i d e d  t h e  WACAF r e g i o n  i n t o  f i v e  z o n e s  by c o u n t r i e s  
a s  f o l l o w s :  

Zone I .  S e n e g a l ,  Gambia, Guinea-Bissau 
Zone 11 .  Guinea ,  S i e r r a  Leone,  L i b e r i a  
Zone 111. I v o r y  C o a s t ,  Ghana, Togo, Benin 
Zone IV. N i g e r i a ,  Cameroon, E q u i t o r i a l - G u i n e a ,  Sao Tome & P r i n c i p e ,  Gabon 
Zone V .  Congo, Z a i r e ,  Angola 

T a b l e s  1 7 a  and 1 7 b  p r o v i d e  a  g e ' o g r a p h i c a l  d i s t r i b u t i o n  o f  t h e  f i r e  and e x p l o s i o n  
and e n v i r o n m e n t a l  r i s k ,  r e s p e c t i v e l y ,  among t h e  z o n e s  o f  t h e  r e g i o n .  T h i s  shows 
t h a t  f i r e  and e x p l o s i o n  r i s k  o f  t h e  food  i n d u s t r y  is c o n c e n t r a t e d  i n  Zone IV, w h i l e  
t h e  o i l  r e f i n e r i e s  r i s k  is d i s t r i b u t e d  a  l i t t l e  more e v e n l y  among t h e  z o n e ,  a l t h o u g h  
s t i l l  is c o n c e n t r a t e d  i n  Zone IV. 

  he same is t r u e  f o r  b o t h  i n d u s t r i e s  f o r  e n v i r o n m e n t a l  r i s k .  However, f o r  
c h e m i c a l  e x t r a c t i o n s  o f  o i l  and f a t s  a l s o  a l l  o f  t h e  e n v i r o n m e n t a l  r i s k  is found i n  
Zone I .  When r i s k  is a g g r e g a t e d  o v e r  i n d u s t r i e s  t o  p r o v i d e  a  t o t a l  f o r  e a c h  zone  
t h e  r e s u l t s  a r e  p r e s e n t e d  i n  t a b l e  18 f o r  F i r e  and E x p l o s i o n  R i s k  and  t a b l e  19 f o r  
E n v i r o n m e n t a l  Risk .  I n  b o t h  c a s e s ,  Zone IV c o n t a i n s  t h e  h i g h e s t  r i s k  and Zone I1 
t h e  s m a l l e s t .  Zone I c o n t a i n s  a p p r o x i m a t e l y  t w o - t h i r d s  o f  t h e  r i s k  o f  Zone IV. 

F. Summary and Recommendations 

The r e s u l t s  show t h a t  t h e  g r e a t e s t  r i s k s ,  whether  c a l c u l a t e d  from f i r e  and 
e x p l o s i o n  o r  e n v i r o n m e n t a l  damage, a r e  found i n  Zones IV and I and t h e  l e a s t  i n  Zone 
11. t h i s  would imply t h a t  more d e t a i l e d  s t u d y  o f  r i s k  s h o u l d  t a k e  p l a c e  i n  Zone IV 
and  I  on a  c o u n t r y  b a s i s  t o  b e t t e r  u n d e r s t a n d  t h e  r i s k  t h a t  a p p e a r s  t o  b e  p r e s e n t .  
The r e s u l t  by i n d u s t r i a l  s e c t o r  r e v e a l  t h a t  t h e  l a r g e  number o f  r e l a t i v e l y  low r i s k  
f o o d  i n d u s t r i e s  amount t o  a  h i g h  r i s k  from b o t h  t h e  f i r e  and e x p l o s i o n  and 
e n v i r o n m e n t a l  p e r s p e c t i v e ,  and t h e  assumed low r i s k  o f  food  p l a n t s  s h o u l d  b e  
i n v e s t i g a t e d .  From a  f i r e  f i g h t i n g  p e r s p e c t i v e  t h e  h i g h  f i r e  and e x p l o s i o n  r i s k  o f  
b e w e r i e s ,  t e x t i l e s ,  c h e m i c a l s  and o i l  r e f i n e r i e s  s h o u l d  b e  n o t e d  and more 
e x t e n s i v e l y  s t u d i e d .  

The e n v i r o n m e n t a l  r i s k  a n a l y s i s  shows t h a t  a  number o f  h i g h  r i s k  s e c t o r s  w i t h  
few p l a n t s  e x i s t .  The s e c t o r s ,  s u c h  a s  o i l  r e f i n e r i e s ,  p l a s t i c s ,  t e x t i l e s ,  and o i l  
s t o r a g e ,  s h o u l d  be  t h o r o u g h l y  i n v e s t i g a t e d .  Due t o  t h e  s m a l l  number o f  p l a n t s ,  
r e d u c t i o n  o f  r i s k  a t  t h e s e  p l a n t s  c o u l d  g r e a t l y  r e d u c e  t h e  t o t a l  e n v i r o n m e n t a l  r i s k  
t o  t h e  r e g i o n .  



G .  Summary of  Proposed Envi ronmenta l  Uisk Assessment  Approach 

The a p p r o a c h  recommended is a  q u a n t i t a t i v e  a p p r o a c h  w i t h  s u b j e c t i v e  i n p u t s ,  

based 65'7 
t h e  Envi ronmenta l  R e s o u r c e s ,  Ltd "Envi ronmenta l  Impairment  L i a b i l i t y "  

b3/. s c h e m e -  . T h i s  s t r a t e g y  is a l s o  summarized i n  a  s e p a r a t e  document by F i s h e r  
The method is a d a p t e d  f o r  a p p l i c a t i o n  t o  e n v i r o n m e n t a l  r i s k  a s s e s s m e n t  i n  t h e  hACAF 
Reqion.  The Envi ronmenta l  Impairment  L i a b i l i t y  ( E I L )  scheme was d e v e l o p e d  t o  
p r o v i d e  t h e  b a s i s  f o r  i n s u r a n c e  premiums a s  a  r e s u l t  o f  e n v i r o n m e n t a l  h a z a r d s ,  and 
h a s  e v o l v e d  s i n c e  i ts i n i t i a l  c o n c e p t i o n  i n  1973.  The method c o n s i s t s  o f  f o u r  b a s i c  
s t e p s  : 

P r e p a r a t i o n  o f  an i n d u s t r i a l  c l a s s i f i c a t i o n .  
I d e n t i f i c a t i o n  o f  a  s e t  o f  p o l l u t a n t s  o f  i n t e r e s t .  
S u b j e c t i v e  e s t i m a t i o n  o f  t h e  p o s s i b l e  e m i s s i o n s  i n  e a c h  p o l l u t a n t  c a t e g o r y  f o r  
e a c h  i n d u s t r y ,  i n  t e r m s  o f  t h e  l i k e l y  s e v e r i t y  o f  impai rment .  
I d e n t i f i c a t i o n  of  r e s o u r c e s  w i t h  which t h e  p o l l u t a n t s  c o u l d  i n t e r a c t .  
E s t i m a t i o n  f o r  e a c h  p o l l u t a n t  c a t e g o r y  and e a c h  r e s o u r c e  o f  t h e  d e g r e e  o f  t o x i c ,  
p p r s i s t e n t ,  and n u i s a n c e  i m p a c t .  
I n t e g r a t i o n  t o  d e t e r m i n e  t h e  l i k e l i h o o d  t h a t  a n  i n d u s t r y  e m i t t i n g  a  p a r t i c u l a r  
p o l l u t a n t  damages a  p a r t i c u l a r  r e s o u r c e .  
Aggrega t ion  t o  d e t e r m i n e  t h e  i m p a c t  by i n d u s t r y  o v e r  t h e  e n t i r e  s e t  o f  
p o l l u t a n t s ;  
Weight ing  by r e s o u r c e  and a g g r e g a t i o n  t o  d e t e r m i n e  t h e  i n d u s t r i a l  i m p a c t  on  a l l  
r e s o u r c e s .  

T h i s  a p p r o a c h  is b a s i c a l l y  a  l i n e a r  s c o r i n g  f u n c t i o n  used  t o  c o n s t r u c t  t h e  
i n d u s t r i a l  r i s k  b a s e d  on e x p e r t  e s t i m a t i o n  o f  s e v e r a l  f a c t o r s .  I t  is, none t h e  

. l e s s ,  a  r e a s o n a b l y  e a s y  t o  u s e  t e c h n i q u e ,  f o r  which r e f i n e d  a s s e s s m e n t s  e x i s t  b a s e d  
on y e a r s  o f  e x p e r i e n c e .  

T a b l e  20 shows a  l i s t i n g  o f  i n d u s t r y  by m a j o r  c l a s s e s ,  i n c l u d i n g  a g r i c u l t u r e ,  
e n e r g y ,  m i n i n g ,  m a n u f a c t u r i n g  o f  m i n e r a l  p r o d u c t s ,  m a n u f a c t u r i n g  o f  c h e m i c a l s ,  o t h e r  
m a n u f a c t u r i n q ,  c o n s t r u c t i o n ,  d i s t r i b u t i o n  and t r a n s p o r t a t i o n ,  and o t h e r  s e r v i c e s .  
T h i s  l i s t i n g  is a t  an a p p r o p r i a t e  l e v e l  o f  d e t a i l  f o r  t h e  a v a i l a b l e  d a t e  on West and 
C e n t r a l  A f r i c a n  i n d u s t r y .  

The EIL r a t i n g  d e v e l o p e d  by Envi ronmenta l  R e s o u r c e s  L t d  f o r  g e n e r i c  a p p l i c a t i o n  
a r e  b a s e d  on two b r o a d  c a t e g o r i e s  o f  p o l l u t a n t s ,  namely w a t e r  o r  a i r - b o r n e ,  and  
r e c a l c u l a t e d  t o  i n c l u d e  o n l y  d i s c h a r g e  t o  w a t e r .  The two c l a s s e s  o f  p o l l u t a n t  a r e  
f u r t h e r  d e t a i l e d  s o  t h a t  s e p a r a t e  s u b c a t e g o r i e s  a r e  m a i n t a i n e d  a s  f o l l o w s .  F o r  
w a t e r  t h e  c a t e g o r i e s  i n c l u d e  "phys ico-chemica l"  c o n s t i t u e n t s  ( e . g .  oxygen demand, 
suspended  s o l i d s ,  t h e r m a l  d i s c h a r g e ,  n u t r i e n t s ,  and o i l  and g r e a s e  -- lumped a s  a n  
a g g r e g a t e  i m p a c t ) ,  o r g a n i c  t o x i c s ,  and i n o r g a n i c  t o x i c s .  F o r  a i r ,  t h e  s u b c a t e g o r i e s  
i n c l u d e d  p a r t i c u l a t e s ,  g a s e s ,  and n u i s a n c e  f a c t o r s  ( n o i s e ,  o d o r ,  e t c . )  . 

0 n e g l i g i b l e  p o s s i b l e  e m i s s i o n s ;  
1 p o s s i b i l i t y  o f  m o d e r a t e  impai rment ;  
2 p o s s i b i l i t y  o f  s e r i o u s  impai rment ;  
3 p o s s i b i l i t y  o f  v e r y  s e r i o u s  impai rment ;  
4 p o s s i b i l i t y  o f  i n c i d e n t  i n v o l v i n g  c a t a s t r o p h i c  damage. 

These r a t i n g s  were per formed by e x p e r t s ,  and r e f i n e d  i n  s e v e r a l  i t e r a t i o n s ,  
u n t i l  t h e r e  was agreement  on t h e  p r o b a b l e  d e g r e e  o f  impai rment .  The s c o r i n g  f o r  t h e  
v a r i o u s  i n d u s t r y  g r o u p s  is shown i n  t a b l e  21. 



The environmental  r e s o u r c e s  r a t i n g  scheme focused on adve r se  impacts  i n  f i v e  
c a t e g o r i e s  a s  fo l lows:  

1 People  
2 P rope r ty  
3 Ecosystems 
4 A g r i c u l t u r e  
5 Sewage Treatment 

Note t h a t  t h e s e  a r e  a l l  primary impacts ,  and no t  n e c e s s a r i l y  reduced t o  economic 
measures.  For each p o s s i b l e  ca t egory  o f  r e s o u r c e ,  t h e  p o s s i b l e  e f f e c t  f o r  eve ry  
p o l l u t a n t  under c o n s i d e r a t i o n ,  i n  te rms of t h r e e  d i s t i n c t  t y p e s  o f  impact ,  was 
r a t e d .  The t h r e e  concerns  were t o x i c ,  p e r s i s t e n t ,  and nuisance  impacts .  Toxic 
impacts were r a t e d  on a 0 t o  1 0  s c a l e ;  p e r s i s t a n t  impacts  on a 0 t o  6 s c a l e ;  and 
nu i sance  impacts on a 0 t o  3 s c a l e .  The range  of t h e s e  s c a l e s  i m p l i e s  a v a l u e  
judgement on the  r e l a t i v e  s e v e r i t y  o f  t h e  impacts.  The r a t i n g s  i n  t h e  t h r e e  a r e a s ,  
f o r  a l l  c a t e g o r i e s  o f  r e s o u r c e s ,  and f o r  each p o l l u t a n t  c o n s t i t u e n t ,  is shown i n  
t a b l e  22. Again t h i s  is based on an e x p e r t  assessment .  

I f  we igh t s  a r e  a s s igned  t o  t h e  importance of each  ca t egory  o f  r e s o u r c e ,  t hen  t h e  
r e s u l t s  of  t h e  impact s c o r i n g  can be aggregated  t o  provide  a "commensurate" measure 
o f  t h e  o v e r a l l  importance of each p o l l u t a n t  c o n s t i t u e n t  wi th  r e s p e c t  t o  each 
r e s o u r c e  ca t egory .  The weights  used by Environmental Resources Ltd f o r  
i n t e rcompar i son  o f  r e s o u r c e  c a t e g o r i e s  were a s  fo l lows :  peop le ,  5;  p r o p e r t y ,  2;  
ecosys tems,  2; sewage, 1; a g r i c u l t u r e ,  2 .  Based on t h i s  weight ing ,  t h e  de r ived  
importance of each p o l l u t i o n  c o n s t i t u e n t  on each r e s o u r c e  ca t egory  is shown i n  t a b l e  
23. 

A t  t h i s  p o i n t ,  u s ing  t h e  i n d u s t r i a l  p o l l u t a n t  r a t i n g s  shown i n  t a b l e  21, and t h e  
weight ing  i n  t a b l e  23, Environmental  Resources Ltd aggregated  t o  p rov ide  an o v e r a l l  
EIL hazard  r a t i n g .  Environmental Resources recognized t h e  need t o  a d d r e s s  t h e  
problem of sudden o r  unusual  occur rences  i n  t h e i r  r e p o r t .  Examples they  g i v e  
i n c l u d e  t h e  r u p t u r e  of a s t o r a g e  t ank ,  o r  o t h e r  extreme r e l e a s e  i n  a s h o r t  t ime 
frame, and wi th  s i g n i f i c a n t  q u a n t i t y  o f  d i scha rge .  They propose  t h a t  t h e  sudden 
r e l e a s e  e v e n t s  would have a d i f f e r e n t i a l  impact  on each o f  t h e  s e v e r a l  c a t e g o r i e s  o f  
p o l l u t a n t ,  and develop a set o f  m u l t i p l i e r s  t o  r e f l e c t  t h i s  i n c r e a s e .  The 
m u l t i p l i e r s  they  propose a r e  a s  fo l lows .  For water :  physico-chemical ,  1.5;  o r g a n i c  
t o x i c s ,  1.7; i n o r g a n i c  t o x i c s ,  1.7. For a i r :  p a - t i c u l a t e s ,  1.5; gases ,  1.6;  
nu i sance ,  1.0. Using t h e s e  m u l t i p l i e r s  t o  a d j u s t  t h e  impacts  and r e a g g r e g a t i n g ,  a 
r e v i s e d  EIL showing sudden and a c c i d e n t a l  r e l e a s e  can be c a l c u l a t e d .  These a r e  a l s o  
shown i n  t a b l e  15. 

The modif ied  r a t i n g s  r e p r e s e n t  a f a i r l y  s i m p l i s t i c  a d a p t a t i o n  of t h e  scheme, b u t  
one w h i c h ' i s  f a i r l y  c o n s i s t e n t  and workable.  These w i l l  be used t o  form t h e  b a s i s  
f o r  t h e  assessment f o r  Western and C e n t r a l  Af r i ca .  A f i r s t  s t e p ,  o f  c o u r s e ,  w i l l  b e  
t o  a d j u s t  t h e  r a t i n g s  t o  e l i m i n a t e  t h e  a i r -bo rne  c o n s t i t u e n t s .  

The o u t p u t  a t  t h i s  p o i n t  from t h e  ERL scheme is a s  s e t  o f  r a t i n g s  which p rov ide  
a measure of t h e  "environmental  impairment l i a b i l i t y "  r i s k  f o r  s i n g l e  i n d u s t r i a l  
p l a n t s  by i n d u s t r y  type .  The problem a t  t h i s  p o i n t  is t o  p rov ide  a scheme f o r  
aggrega t ion  o f  t h e  r i s k  t o  e s t a b l i s h  r e l a t i v e  i n d u s t r i a l  r i s k  f o r  zones  and 
i n d u s t r i a l  s e c t o r s  w i th in  t h e  WACAF reg ion .  Assuming independence of e v e n t s  a t  
i n d u s t r i a l  p l a n t s  w i th in  t h e  r eg ion ,  i t  should  be  p o s s i b l e  t o  aggrega te  t h e  t o t a l  
r i s k  o f  any zone by adding t h e  r i s k s  o f  p l a n t s  w i t h i n  t h e  zone. Th i s  works because 
i n  f a c t  t h e  EIL r a t i n g  is a measure o f  "expected l o s s "  t o  t h e  v a r i o u s  r e s o u r c e  
c a t e g o r i e s  -- and t h e s e  l o s s e s  should  be a d d i t i v e  f o r  independent occur rences .  The 



major  a d j u s t m e n t  which s h o u l d  be  made is t o  s c a l e  t h e  expecJ.ed l o s s e s  i n  some way t o  
a c c o u n t  f o r  d i f f e r e n c e s  i n  p l m t  s i z e  w i t h i n  t h e  r e g i o n .  The proposed  way o f  d o i n g  
t h i s  is a s  f o l l o w s .  Based on a n  i n v m t o r y  o f  p l a n t s  o f  a s p e c i f i c  i n d u s t r i a l  t y p e ,  
e s t a b l i s h  a n  a v e r a g e  p l a n t  s i z e  -- w i t h  t h e  a v e r a g e  b a s e d  e i t h e r  on employment o r  
p r e f e r a b l y  volume o f  p r o d u c t .  Assume t h a t  t h e  a v e r a g e  s i z e d  p l a n t  h a s  t h e  " a v e r a g e "  
o r  s t a n d a r d  EIL r a t i n g .  For  s m a l l e r  o r  l a r q e r  p l a n t s ,  t h e  E I L  c a n  b e  s c a l e d  up o r  
down by r e l a t i v e  p l a n t  s i z e  i n  o r d e r  t o  c a p t u r e  v a r i a t i o n s  i n  i n d u s t r i a l  s i z e .  
Al thouqh  i t  is c l e a r l y  q u e s t i o n a b l e  whether  o r  n o t  a p l a n t  o f  one-ha l f  t h e  s i z e  
i m p o s e s  one-ha l f  o f  t h e  l i a b i l i t y ,  s i n c e  t h e  p r i m a r y  i n t e r e s t  is a g g r e g a t e  r i s k ,  t h e  
a g o r e g a t i o n  p r o c e d u r e  s h o u l d  n o t  i n t r o d u c e  much e r r o r .  



T a b l e  14 :  I n t e r n a t i o n a l  S t a n d a r d  I n d u s t r i a l  c l a s s i f i c a t i o n  ( I S I C )  

-- - -  - 

ISIC c o d e  I n d u s t r i a l  S e c t o r  Name 

Agr ic .  and L i v e s t o c k  p r o d u c t s  
A g r i c .  s e r v i c e  
Logging 
Crude p e t r o l .  and Nat .  Gas Prod.  
Ore Mining ( o n l y  p r e p a r a t i o n )  
Food m a n u f a c t u r i n g  
M a l t  l i q u o r s  and m a l t  ( b e e r  and wine)  
S o f t  d r i n k s  and Carbon Water i n d .  
S p i n n i n g ,  weaving ,  and f i n i s h i n g  t e x t i l e s  
Man. o f  f o o t w e a r ,  e t c .  r u b b e r  o r  p l a s .  
S a w n i l l ,  p l a n i n g  and o t h e r  wood m i l l s  
Wood p r o d u c t s  
Man. o f  P u l p ,  p a p e r  and p a p e r b o a r d  
P r i n t i n g ,  p u b l i s h .  and a l l i e d  i n d s .  
Man. o f  b a s i c  i n d .  c h e m i c a l ,  e t c .  f e r t .  
Man. o f  f e r t i l i z e r s  and p e s t i c i d e s  
Man. o f  s y n .  r e s i n s ,  p l a s , .  f i b e r s  e t c . ,  g l a s s  
Man. p a i n t s ,  v a r n i s h e s  and l a c q u e r s  
Man. d r u g s  and m e d i c i n e s  
Man. s o a p s ,  p e r f u m e s ,  c o s m e t i c ,  t o i l e t  p r e p s .  
Man. chem. prod .  n o t  e l s e w h e r e  c l a s s i f i e d  
P e t r o l e u m  r e f i n e r i e s  
Man. o f  m i s c .  p r o d .  o f  p e t r o l .  and c o a l  
Man. o f  r u b b e r  p rod .  n o t  e l s e w h e r e  c l a s s .  
Man. o f  p l a s t i c  p r o d .  n o t  e l s e w h e r e  c l a s s .  
I r o n  and steel b a s i c  i n d u s t r i e s  
Non-fe r rous  b a s i c  i n d u s t r i e s  
Man. o f  f a b .  m e t a l  p rod .  n o t  mach. o r  e q u i p .  
Machinery and e q u i p .  o t h e r  e t c . ,  e l e c t r i c a l  
C o n s t r u c t i o n  
W h o l e s a l e  and  r e t a i l  t r a d e  
Land t r a n s p o r t  
P i p e l i n e  t r a n s p o r t  
S t o r a g e  and warehous ing  
S a n i t a r y  and s i m i l a r  s e r v i c e s  
L a u n d r i e s  and s e r v . ;  c l e a n .  and d y e i n g  p l a n t s  
Photo .  s t u d i o s  and comm. photography  



T a b l e  15 :  F i r e  and e x p l o c L o n  and e n v i r o n m e n t a l  r i s k  f a c t o r s  by s e c t o r  

ISIC S e c t o r  Name ERL c o d e  ERI F & E  

A q r i c .  and l i v e s t o c k  prod .  
A q r i c .  and l i v e s t o c k  prod .  
A g r i c .  s e r v i c e  
Logqinq 
Crude p e t r o l .  and h a t .  Gas p r o d .  
Crude p e t r o l .  and Nat. Gas p r o d .  
Ore min ing  ( o n l y  p r e p a r a t i o n )  
Ore min inq  ( o n l y  p r e p a r a t i o n )  
Ore min ing  ( o n l y  p r e p a r a t i o n )  
Food m a n u f a c t u r i n g  
Food m a n u f a c t u r i n g  
Food m a n u f a c t u r i n g  
Mal t  l i q u o r s  and m a l t  ( B e e r  and Wine) 
S o f t  d r i n k s  and c a r b o n .  Water  i n d .  
S p i n n i n g ,  weaving,  and f i n i s h i n g  t e x t i l e s  
S p i n n i n g ,  weaving,  and f i n i s h i n g  t e x t i l e s  
S p i n n i n g ,  weaving,  and f i n i s h i n g  t e x t i l e s  
S p i n n i n g ,  weaving,  and f i n i s h i n g  t e x t i l e s  
Man. o f  f o o t w e a r ,  e t c .  r u b b e r  o r  p l a s .  
Sawmil l ,  p l a n i n g ,  and o t h e r  wood m i l l s  
Sawmil l ,  p l a n i n g ,  and o t h e r  wood m i l l s  
Wood p r o d u c t s  
Man. o f  P u l p ,  p a p e r  and p a p e r b o a r d  
P r i n t i n g ,  p u b l i s h .  and a l l i e d  i n d s .  
Man. o f  b a s i c  i n d .  c h e m i c a l ,  e t c .  f e r t .  
Man. o f  b a s i c  i n d .  c h e m i c a l ,  e t c .  f e r t .  
Man. o f  b a s i c  i n d .  c h e m i c a l ,  e t c .  f e r t .  
Man. o f  b a s i c  i n d .  c h e m i c a l ,  e t c .  f e r t .  
Man. o f  f e r t i l i z e r s  and p e s t i c i d e s  
Man. o f  f e r t i l i z e r s  and p e s t i c i d e s  
Man. o f  f e r t i l i z e r s  and p e s t i c i d e s  
Man. o f  f e r t i l i z e r s  and p e s t i c i d e s  
Man. o f  s y n .  r e s i n s ,  p l a s .  f i b e r s ,  e t c .  g l a s s  
Man. o f  syn .  r e s i n s ,  p l a s .  f i b e r s ,  e t c .  g l a s s  
Man. o f  s y n .  r e s i n s ,  p l a s .  f i b e r s ,  e t c .  g l a s s  
Man. p a i n t s ,  v a r n i s h e s  and l a c q u e r s  
Man. p a i n t s ,  v a r n i s h e s  and l a c q u e r s  
Man. d r u g s  and m e d i c i n e s  
Man. s o a p s ,  per fumes ,  c o s m e t i c ,  t o i l e t  p r e p s .  
Man. chem. prod  n o t  e l s e w h e r e  c l a s s .  
Man. chem. prod  n o t  e l s e w h e r e  c l a s s .  
Man. chem. prod  n o t  e l s e w h e r e  c l a s s .  
Man. chem. prod  n o t  e l s e w h e r e  c l a s s .  
Man. chem. prod  n o t  e l s e w h e r e  c l a s s .  
P e t r o l e u m  r e f i n e r i e s  
P e t r o l e u m  r e f i n e r i e s  
P e t r o l e u m  r e f i n e r i e s  
P e t r o l e u m  r e f i n e r i e s  
Man. o f  m i s c .  p r o d .  o f  p e t r o l .  and c o a l  



Table  15  ( con t inued)  

Pan. of rubber  prod.  n o t  e lsewhere  c l a s s .  6 5 250 3 
Man. of p l a s t i c  prod. n o t  e lsewhere  c l a s s .  66 200 8 
I r o n  and s t e e l  b a s i c  i n d u s t r i e s  2 1 150 2 
I ron  and s t e e l  b a s i c  i n d u s t r i e s  1 9  250 7 
I ron  and s t e e l  b a s i c  i n d u s t r i e s  1 8  400 1 
Non-ferrous b a s i c  i n d u s t r i e s  20 400 2 
Man. of fab .  meta l  prod. n o t  mach. o r  equip .  23 300 7 
Man. of  f ab .  meta l  prod.  n o t  mach. o r  equip .  22 150 3 
................................................................................... ................................................................................... 
ICNAME CODE ERI HI ................................................................................... ................................................................................... 
Machinery and equip .  o t h e r ,  e tc .  e l e c t r i c a l  , 2 5 1 U O  3 
Cons t ruc t ion  68 200 7 
Wholesale and r e t a i l  t r a d e  69 100 5 
Land t r a n s p o r t  74 0 6 
P i p e l i n e  t r a n s p o r t  75  600 8 
S to rage  and warehousing 70 300 5 
S to rage  and warehousing 7 3 500 7 
S to rage  and warehousing 71 500 7 
S t o r a g e  and warehousing 72 500 7 
S a n i t a r y  and s i m i l a r  s e r v i c e s  77  250 5 
S a n i t a r y  and s i m i l a r  s e r v i c e s  76 350 4 
S a n i t a r y  and s i m i l a r  s e r v i c e s  28 350 7 
S a n i t a r y  and s i m i l a r  s e r v i c e s  7 8 500 5 
Laundr i e s  and se rv . ;  c l e a n .  and dyeing p l a n t s  79 100 7 
Laundr i e s  and se rv . ;  c l e a n .  and dyeing p l a n t s  8 0 200 7 
Photo.  s t u d i o s  and comm. photography 67 250 7 ................................................................................... ................................................................................... 

F & E = F i r e  & Explosion Fac to r  
ERI = Environmental  Risk Fac to r  



T a b l e  16a: R e l a t i v e  f i r e  and e x p l o s i o n  r i s k  by i n d u s t r y  f o r  r e a i o n  

ISIC S e c t o r  Name 
No. o f  

F  E  P l a n t s  

Food M a n u f a c t u r i n a  
M a l t  l i q u o r s  and m a l t  ( B e e r  and wine)  
S p i n n i n g ,  weaving,  and f i n i s h i n g  t e x t i l e s  
Man. chem. prod .  n o t  e l s e w h e r e  c l a s s .  
P e t r o l e u m  r e f i n e r i e s  
S o f t  d r i n k s  and c a r b o n ,  w a t e r  i n d .  
Man. p o i n t s ,  v a r n i s h e s  and l a c q u e r s  
Man. s o a p s ,  per fumes ,  c o s m e t i c ,  t o i l e t  p r e p s .  
S a w n i l l ,  p l a n i n g ,  and o t h e r  wood m i l l s  
I r o n  and s t e e l  b a s i c  i n d u s t r i e s  
Man. o f  s y n .  r e s i n s ,  p l a s .  f i b e r s  e t c .  g l a s s  
Man. o f  f a b .  m e t a l  p r o d .  n o t  mach. o r  e q u i p .  
Man. o f  f e r t i l i z e r s  and p e s t i c i d e s  
S t o r a g e  and warehous ing  
Man. o f  p l a s t i c  p rod .  n o t  e l s e w h e r e  c l a s s .  
Man. o f  b a s i c  i n d .  c h e m i c a l ,  e t c  f e r t .  
Wood p r o d u c t s  
Man. d r u g s  and m e d i c i n e s  
Man. o f  f o o t w e a r ,  e t c .  r u b b e r  o r  p l a s .  
C o n s t r u c t i o n  
Crude  p e t r o l .  and Nat. Gas prod .  
Man. o f  r u b b e r  p rod .  n o t  e l s e w h e r e  c l a s s .  
Non- fe r rous  b a s i c  i n d u s t r i e s  
Machinery and e q u i p .  o t h e r ,  e t c .  e l e c t r i c a l  
Man. o f  P u l p ,  p a p e r  and p a p e r b o a r d  
Wholesa le  and r e t a i l  t r a d e  
A g r i c .  and l i v e s t o c k  prod .  

FE = R e l a t i v e  F i r e  and E x p l o s i o n  Index 



Table 16b: R e l a t i v e  envi ronmenta l  r i s k  by i n d u s t r y  f o r  r eg ion  

ISIC S e c t o r  Name ER I  

Petroleum r e f i n e r i e s  
Food Manufacturing 
Spinning,  weaving, and f i n i s h i n g  t e x t i l e s  
Man. p a i n t s ,  v e r n i s h e s  and l a c q u e r s  
S t o r a g e  and warehousing 
Man. of  syn.  r e s i n s ,  p l a s .  f i b e r s  e t c .  g l a s s  
I r o n  and s t e e l  b a s i c  i n d u s t r i e s  
Malt l i q u o r s  and ma l t  (Beer  and wine) 
Sawmill ,  p l an ing ,  and o t h e r  wood m i l l s  
Man. chem. prod. n o t  e lsewhere  c l a s s .  
Man. soaps ,  perfumes, cosme t i c ,  t o i l e t  p reps .  
Man. o f  f ab .  meta l  prod.  n o t  mach. o r  equip .  
Non-ferrous b a s i c  i n d u s t r i e s  
Man. o f  f e r t i l i z e r s  and p e s t i c i d e s  
Man. o f  b a s i c  ind.  chemical ,  etc. f e r t .  
Man. d r u g s  and medic ines  
Man. o f  rubber  prod. n o t  e lsewhere  c l a s s .  
Man. o f  Pulp ,  paper and paperboard 
Man. o f  p l a s t i c  prod. n o t  e lsewhere  c l a s s .  
S o f t  d r i n k s  and carbon water  i n d .  
Man. o f  footwear,  e t c .  rubber  o r  p l a s .  
Wood p roduc t s  
Cons t ruc t ion  
Crude P e t r o l .  and Nat. Gas prod. . 
Machinery and Equip. o t h e r ,  etc. e l e c t r i c a l  
Wholesale and r e t a i l  t r a d e  
Aqric.  and l i v e s t o c k  prod. 

No. o f  
P l a n t s  

E R I  = R e l a t i v e  Environmental Risk Index 



T a b l e  17a :  R e l a t i v e  f i r e  and e x p l o s i o n  r i s k  by i n d u s t r y  ( d i s t r i b u t e d  by zones)  

ISIC S e c t o r  Kame 
ZONE 

. I I I I I I I V 

Food m a n u f a c t u r i n g  
Molt  l i q u o r s  and m a l t  ( B e e r  and Wine) 
S p i n n i n g ,  weaving,  and f i n i s h i n g  t e x t i l e s  
Man. chem. prod .  n o t  e l s e w h e r e  c l a s s .  
P e t r o l  rum r e f i n e r i e s  
S o f t  d r i n k s  and c a r b o n  w a t e r  i n d .  
Man. p a i n t s ,  v a r n i s h e s  and l a c q u e r s  
Nan. s o a p s ,  per fumes ,  c o s m e t i c ,  t o i l e t  p r e p s .  
Sawmil l ,  p l a n i n g ,  and o t h e r  wood m i l l s  
1 r o n  and s t e e l  b a s i c  i n d u s t r i e s  
Man. o f  syn .  r e s i n s ,  p l a s .  f i b e r s  e t c  g l a s s  
Man. o f  f a b .  m e t a l  p r o d .  n o t  mcch. o r  e q u i p .  
Man. o f  f e r t i l i z e r s  and p e s t i c i d e s  
S t o r a q e  and warehous ing  
Man. o f  p l a s t i c  p rod .  n o t  e l s e w h e r e  c l a s s .  
Man. o f  b a s i c  i n d .  c h e m i c a l ,  e t c .  f e r t .  
Wood p r o d u c t s  
Man. d r u g s  and m e d i c i n e s  
Man. o f  f o o t w e a r ,  a t e .  r u b b e r  o r  p l a s .  
C o n s t r u c t i o n  
Crude P e t r o l .  and Nat. Gas prod .  
Man. o f  r u b b e r  p rod .  n o t  e l s e w h e r e  c l a s s .  
Non-ferrous b a s i c  i n d u s t r i e s  
Machinery and Equip .  o t h e r ,  e t c .  e l e c t r i c a l  
Man. o f  P u l p ,  p a p e r  and paperboard  
Wholesa le  and r e t a i l  t r a d e  
A q r i c .  and l i v e s t o c k  prod .  

( ~ o t e :  Sum o f  zone may n o t  e q u a l  r e g i o n  due  t o  round-off  o f  o u t p u t )  



T a b l e  17b:  R e l a t i v e  Envi ronmenta l  Risk  by I n d u s t r y  ( d i s t r i b u t e d  by z o n e s )  

ISIC S e c t o r  Name 
ZONE REGION 

I I  I  I 1 1  I  V v 

Pe t ro leum r e f i n e r i e s  
Food m a n u f a c t u r i n g  
S p i n n i n g ,  weaving,  and f i n i s h i n g  t e x t i l e s  
Man. p a i n t s ,  v a r n i s h e s  and l a c q u e r s  
S t o r a q c  and warehous ing  
Man. o f  s y n .  r e s i n s ,  p l a s .  f i b e r s  e t c .  g l a s s  
I r o n  and s t e e l  b a s i c  i n d u s t r i e s  
Mal t  l i q u o r s  and m a l t  ( B e e r  and Wine) 
Sawmil l ,  p l a n i n g ,  and o t h e r  wood mills 
Man. chem. prod .  n o t  e l s e w h e r e  c l a s s .  
Man. s o a p s ,  per fumes ,  c o s m e t i c ,  t o i l e t  p r e p s .  
tian. o f  f a b .  m e t a l  p r o d .  n o t  mach. o r  e q u i p .  
Non-ferrous b a s i c  i n d u s t r i e s  
Man. o f  f e r t i l i z e r s  and p e s t i c i d e s  
Man. o f  b a s i c  i n d .  c h e m i c a l ,  e t c .  f e r t .  
Man. d r u g s  and m e d i c i n e s  
Man. o f  rubber  p rod .  n o t  e l s e w h e r e  c l a s s .  
Man. o f  P u l p .  p a p e r  and p a p e r b o a r d  
Man. o f  p l a s t i c  p r o d .  n o t  e l s e w h e r e  c l a s s .  
S o f t  d r i n k s  and c a r b o n  w a t e r  i n d .  
Man. o f  f o o t w e a r ,  etc. r u b b e r  o r  p l a s .  
Wood p r o d u c t s  
C o n s t r u c t i o n  
Crude P e t r o l .  and Nat. Gas prod .  
Machinery and Equip.  o t h e r ,  e t c .  e l e c t r i c a l  
Wholesa le  and r e t a i l  t r a d e  
A q r i c .  and l i v e s t o c k  prod .  

(Note :  Sum o f  zone  may n o t  e q u a l  r e g i o n  due t o  round-off  o f  o u t p u t )  



Table 18: R e l a t i v e  f i r e  and exp los i on  r i s k  b y  zones 

Zone FE No. o f  P l a n t s  

FE = R e l a t i v e  F i r e  and Exp los ion  Index 

Table 19: R e l a t i v e  env i ronmenta l  r i s k  by zones 

Zone RERI No. o f  P l a n t s  

- - 

RERI = R e l a t i v e  Envi ronmenta l  R isk  Index 



Table  20: I n d u s t r i a l  c a t e g o r i z a t i o n  by ERL 

ERL code I n d u s t r i a l  S e c t o r  Name 

Arable  fann ing  i n c l u d i n g  p e s t i c i d e s ,  h e r b i c i d e s  
A g r i c u l t u r e ,  h o r t i c u l t u r e  and s i v i c u l t u r e  s e r v i c e s  
I n t e n s i v e  l i v e s t o c k  p roduc t ion ,  i n t e n s i v e  feed  l o t s  
Manufacture of  s o l i d  f u e l s ,  coke 
Mining of  minera l  o i l s /  n a t u r a l  g a s  
Mineral  o i l  p r o c e s s i n g  
N a t u r a l  g a s  p r o c e s s i n g  i n  g r a d u a l  l o c a t i o n  
E l e c t r i c i t y  p roduc t ion  thermal  p l a n t :  c o a l  & o i l  burn ing  
S y n t h e t i c  g a s  p roduc t ion  n o t  syncrude o r  syngas  
Deep miniqn m e t a l l i f e r o u s  o r e s / c o a l  
Opencast mining m e t a l l i f e r o u s  o r e s / c o a l  
Mining/preparat ion uranium o r e s  
Deep mining non m e t a l l i f e r o u s  o r e s ,  n o t  t r e a t m e n t  
Opencast mining non m e t a l l i f e r o u s  o r e s  
P r e p a r a t i o n  of  o r e s  d r y  t r e a t m e n t  
P r e p a r a t i o n  o f  o r e s  wet t r e a t m e n t  p l u s  h e a t  
P r e p a r a t i o n  of o r e s  chemical  t r ea tment  
Manufacture of  i r o n  and s t e e l ;  i n t e g r a t e d  s t e e l  p l a n t  
Drawing c o l d  r o l l i n g  e t c .  of  steel; f o u n d r i e s  
Non-ferrous m e t a l s :  aluminium, o t h e r  
Forg ing ,  p r e s s i n g ,  s tamping,  e t c .  
F i n i s h e d  metal  goods 
Metal p l a t i n g  
Nn e n t r y  
L igh t  machinery manufacture  
Non-metall ic minera l  p r o d u c t s  
Asbes tos  and its p r o d u c t s ,  a s b e s t o s  and d e r i v a t i v e s  
Dea l ing  i n  s c r a p  and waste  m a t e r i a l s  
Organic  f e r t i l i s e r s  
I n o r g a n i c  f e r t i l i s e r s  
S y n t h e t i c  r e s i n s  and p l a s t i c  m a t e r i a l s  
S y n t h e t i c  rubber  
D y e s t u f f s  
Pigments 
P a i n t s ,  v a r n i s h e s  
Adhesives and s e a l a n t s  
Chemical t r ea tment  of  o i l s / f a t s  . 
E s s e n t i a l  o i l s  and f l a v o u r i n g  
E x p l o s i v e s  
Organic p e s t i c i d e s  and h e r b i c i d e s  
I n o r a a n i c  p e s t i c i d e s  
Pharmaceut ical  p r o d u c t s  
Soap and t o i l e t  p r e p a r a t i o n s  
No e n t r y  
A r t i c i f i c i a l  f i b r e s  
Mineral  a c i d s  
C h l o r i n e  c a u s t i c  
I n o r g a n i c  f i n e  chemica l s  
Bulk o l e f i n e s  primary pe t rochemica l  manufactur ing 



Table  20 ( c o n t i n u e d )  

Aromatics 
Organic  i n t e r m e d i a t e  c h e m i c a l s  
F o o d - h i ~ h  o r g a n i c  load  e f f l u e n t  
Food-medium o r g a n i c  load  e f f l u e n t  
Food-low o r g a n i c  load  e f f l u e n t  
Woollen and wors ted n a t u r a l  f i b r e  p r e p a r a t i o n  
Cot ton and s i l k  n a t u r a l  f i b r e  and g e n e r a l  weaving 
T e x t i l e s  f i n i s h i n g  and dye ing  
Tanning and fe l lmongery  
Footwear and c l o t h i n g  
Timber l o g q i n g  
Timber sawmi l l inq /p lan ing  
Wooden p r o d u c t s  
P u l p  paper  and board 
P r i n t i n g  and p u b l i s h i n g  
Rubber p r o d u c t s  
P l a s t i c  p r o c e s s i n g  
Pho tograph ic / f i lm manufac tu r ing ,  p r o c e s s i n g  
Genera l  c o n s t r u c t i o n  and d e m o l i t i o n  
Wholesale and r e t a i l  d i s t r i b u t i o n  
S t o r a g e  o f  s o l i d s ,  b u l k  s t o r a g e  and hand l ing  o f  s o l i d s  
S t o r a g e  o f  i n o r g a n i c  l i q u i d s / g a s e s  and hand l ing  
S t o r a g e  o f  o r g a n i c  l i q u i d s / g a s e s  and hand l ing  
S t o r a g e  o f  o i l / o i l  p r o d u c t s  and hand l ing  
R a i l  t r a n s p o r t a t i o n ;  road hau lage  
P i p e l i n e s  (non-water)  
Municipal  was te  d i s p o s a l  ( d i s c o u n t  f o r  s e c u r e  s i t e s )  
Sewage d i s p o s a l  
Hazardous was te  d i s p o s a l  
L a u n d r i e s  
Dry c l e a n i n g  and a l l i e d  s e r v i c e s  



Table  21: EPL Environmental  impact weighing.by i n d u s t r y  f o r  each p o l l u t a n t  

I n d u s t r i a l  S e c t o r  Name 
Water p o l l u t a n t s  Air p o l l u t a n t s  

PE O T  IT PT GS NS 

Arable farminq 
A g r i c u l t u r a l  and h o r t i c u l t u r a l  s e r v i c e s  
I n t e n s i v e  l i v e s t o c k  p roduc t ion  
Man. of s o l i d  f u e l s  (coke  ovens e t c . )  
E x t r a c t i o n  of minera l  o i l s  and n a t u r a l  g a s  
Mineral o i l  p rocess ing  
Na tu ra l  gas  p rocess ing  
E l e c t r i c i t y  p roduc t ion  ( thermal power plant.) 
Prep .  ores-dry 
Prep.  ores-wet 
Prep.  ores-chem. 
I r o n  and steel i n d u s t r y  ( i n c l u d i n g  coke ovens) 
Drawing, c o l d  r o l l i n g ,  etc. o f  steel 
Non-ferrous m e t a l s  
Forging,  p r e s s i n g ,  stamping etc. 
F i n i s h i n g  meta l  goods I 

Metal p l a t i n g  
Heavy machinery manufacture 
L igh t  machinery manufacture 
Non-metall ic  minera l  p roduc t s  manufacture  
Asbes tos  and i ts p roduc t s  
Deal ing  i n  s c r a p  and waste m a t e r i a l s  
F e r t i l i z e r s  o rgan ic  
F e r t i l i z e r s  i no rgan ic  
S y n t h e t i c  r e s i n s  and p l a s t i c  m a t e r i a l s  
S y n t h e t i c  rubber  
D y e s t u f f s  
Pigments 
P a i n t s ,  v a r n i s h e s ,  e t c .  
Adhesives and s e a l a n t s  
Chemical t r ea tmen t  o f  o i l s  and f a t s  
E s s e n t i a l  o i l s  and f l avour ing  m a t e r i a l s  
Exp los ives  
P e s t i c i d e s  o rgan ic  
P e s t i c i d e s  i n o r g a n i c  
Pharmaceut ica l  p roduc t s  
Sc rap  and t o i l e t  p r e p a r a t i o n s  
Photoaraphic  m a t e r i a l s  
A r t i f i c i a l  f i b r e s  
Mineral  a c i d s  
Ch lo r ine  
Ino rgan ic  f i n e  chemicals  
Bulk o l e f i n e s  
Aromatics 
Organic i n t e r m e d i a t e s  
High o r a a n i c  load e f f l u e n t  
Medium o rgan ic  f load  e f f l u e n t  
Low o rgan ic  load e f f l u e n t  



T a b l e  21 ( c o n t i n u e d )  

Woollen and wors ted  
C o t t o n  and s i l k  
T e x t i l e  f i n i s h i n g  
Tanning and f e l l m o n g e r y  
Footwear  and c l o t h i n g  
Logoing 
S e w n i l l i n g ,  p l a n i n g ,  e t c .  
Wood p r o d u c t s  
P u l p ,  p a p e r  and b o a r d  
P r i n t i n g  and p u b l i s h i n g  
Rubber p r o d u c t s  
P l a s t i c s  p r o c e s s i n g  
P h o t o g r a p h i c  and f i l m  p r o c e s s i n g  
G e n e r a l  c o n s t r u c t i o n  and d e m o l i t i o n  
Wholesa le  and r e t a i l  d i s t r i b u t i o n  
S t o r a g e  o f  s o l i d s  
S t o r a g e  o f  i n o r g a n i c  l i q u i d s  and g a s e s  
S t o r a g e  o f  o r g a n i c  l i q u i d s  and g a s e s  
S t o r a g e  o f  o i l  and , o i l  p r o d u c t s  
Ra i lways  
P i p e 1  i n e s  
Waste d i s p o s a l ,  m u n i c i p a l  
Sewage d i s p o s a l  
Waste d i s p o s a l ,  h a z a r d o u s  
L a u n d r i e s  
Dry c l e a n i n g  and a l l i e d  s e r v i c e s  

PC = phys ico-chemica l  
PT = o r g a n i c  t o x i c s  
IT = i n o r g a n i c  t o x i c s  
PT = p a r t i c u l a t e s  
GS = g a s e s  
NE = noises . ,  o d o u r s ,  e t c .  



Table 22: ERL weightings of po l lu tan t  impacts on environmental resources 

Pol lu tan ts  
DAMAGE TO 

People Property Ecosystem Sewage Agricul ture  

Water - physico-chemical 
Water - organic tox ics  
Water - Inorganic tox ics  
Air - pa r t i cu l a t e s  
Air - qases 
Air - noise, e t c .  

Water - physico chemical 
Water - orqanic tox ics  
Water - inorganic tox ics  
Air - pa r t i cu l a t e s  
Air - gases 
Air - noises ,  e t c .  

Persis tence 

Toxicity 

Nuisance 

Water - physico chemical 1 0 2 1 1 
Water - organic tox ics  2 0  3 3 2 
Water - inorganic tox ics  2 0 2 3 2 
Air - pa r t i cu l a t e s  2 0  0 0 1 
Air - gases 2 3 0 0 2 
Air - noises ,  e t c .  3 0 1 0 0 

Table 23: ERL aggregated weighting of po l lu tan t  impacts upon environmental resources 

Pol lutant  
DAMAGE TO 

People Property Ecosystem Sewage Agriculture 

Water - physico-chemical 20 4 26 6 12 
Water - oraanic tox ics  60 0 36 18 3 0 
Water - inorganic tox ics  80 0 2 8 18 26 
Air - pa r t i cu l a t e s  5 5 12 2 0 14 
Air - oases 8 5 30 6 0 2 8 
Air - noise, e t c .  3 5 2 2 0 4 
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GLOSSARY OF TERMS 

BLEVE: Acronym f o r  B o i l i n g  L i q u i d  Expanding Vapour E x p l o s i o n .  I t  o c c u r s  when t h e  - 
p r e s s u r e  v e s s e l  c o n t a i n i n g  l i q u i d  is h e a t e d  up s o  t h a t  t h e  m e t a l  l o s e s  s t r e n g t h  a n a  
r u p t u r e s .  

m: Embankment p r o v i d e d  a l l  s r o u n d  some t y p e s  o f  l i q u i d  s t o r a g e  t a n k s  i n  o r d e r  t o  
r e t a i n  t a n k  l i q u i d  s p i l l s  i n  c a s e  o f  t a n k  f a i l u r e .  

Carqo m m i f p s t :  A s h i p p i n g  p a p e r  l i s t i n g  a l l  o f , t h e  c o n t e n t s  b e i n g  c a r r i e d  by a  
t r ~ n s p o r t i n a  v e h i c l e  o r  v e s s e l .  

F a u l t  t r e e  a n a l y s i s :  Methodoloqy use'd i n  q u a n t i t a t i v e  r i s k  a s s e s s m e n t .  I t  c o n s i s t s  
i n  i d e n t i f y i n g  t h e  s e q u e n c e s  o f  e v m t s  l e a d i n g  t o  a n  a c c i d e n t  and fass ign ing  
p r o b a b i l i t i p s  t o  t h e  o c c u r r e n c e  o f  e a c h  s e q u e n c e .  The p r o b a b i l i t y  o f  t h e  a c c i d e n t  
o c c u r r e n c e  c a n  t h e n  b e  c a l c u l a t e d .  

F i r e  e x t i n q u i s h i n q  a a e n t s  

Mater :  The most w i d e l y  used  a g e n t .  I t  c e n n o t  b e  u t i l i z e d  i n  e l e c t r i c  f i r e s .  

Foom: A s u b s t a n c e  added t o  w a t e r  t o  improve its f i r e  f i g h t i n g ' c h a r a c t e r i s t i c s .  - 
S e v e r a l  t y p e s  e x i s t :  a q u e o u s  f i l m  f o r m i n g ,  f l u o r o p r o t e i n ,  s y n t h e t i c  and 
c h e m i c a l .  They e x t i n g u i s h  f i r e  by forming  a n  i n e r t  b l a n k e t  and a r e  m a i n l y  used  
i n  f i r e s  i n v o l v i n g  in f lammable  l i q u i d s .  

V a p o u r i z i n q  l i q u i d s :  S u b s t a n c e s  which i n t e r f e r e  w i t h  t h e  c h e m i c a l  r e a c t i o n s  
o c c u r r i n g  d u r i n g  t h e  combus t ion  p r o c e s s .  They c a n  b e  used  i n  e l e c t r i c a l  f i r e s .  

Dry powders: C e r t a i n  s a l t s  used  b e c a u s e  o f  t h e i r  b l a n k e t i n g  a c t i o n .  They a r e  
recommended i n  e l e c t r i c a l  f i r e s .  

I n e r t  q a s e s :  Gases ( s u c h  a s  c a r b o n  d i o x i d e  o r  n i t r o g e n )  which r e n d e r  t h e  
a tmosphere  nonflammable by d i s p l a c i n g  oxygen.  They a r e  recommended i n  
e l e c t r i c a l  f i r e s .  

F l a s h  p o i n t :  The l o w e s t  t e m p e r a t u r e  a t  which a  l i q u i d  w i l l  g i v e  o f f  s u f f i c i e n t  
in f lammable  vapour  f o r  i g n i t i o n  t o  o c c u r .  

Flame a r r e s t e r :  Device  used  t o  p r e v e n t  t h e  p a s s a g e  o f  f l a m e s  a l o n g  a  p i p e  o r  d u c t .  

Hazardous m a t e r i e l :  A s u b s t a n c e  o r  m a t e r i a l  i n  a  q u a n t i t y  o r  form t h a t  may p o s e  an 
u n r e a s o n a b l e  r i s k  t o  h e a l t h  and s a f e t y  o r  p r o p e r t y  when s t o r e d ,  t r a n s p o r t e d ,  o r  used  
i n  commerce. 

I q n i t i o n  t e m p e r a t u r e :  The minimum t e m p e r a t u r e  r e q u i r e d  t o  i g n i t e  g a s  o r  vapour  
w i t h o u t  a  s p a r k  o r  f l a m e  b e i n g  p r e s e n t .  

Ma.ior a c c i d e n t :  An i n d u s t r i a l  a c c i d e n t  which may r e s u l t  i n  s e r i o u s  i n j u r i e s ,  l o s s  
o f  l i f e ,  e x t e n s i v e  damage t o  t h e  p l a n t  and /or  t o  t h e  env i ronment  and which r e q u i r e s  
t h e  i n t e r v e n t i o n  o f  r e s o u r c e s  o u t s i d e  t h e  p l a n t  i n  o r d e r  t o  b e  h a n d l e d  e f f e c t i v e l y .  

O x i d i z e r ;  o r q a n i c  p e r o x i d e :  A s u b s t a n c e ,  s u c h  a s  a n  o r g a n i c  p e r o x i d e ,  which i n  
i t s e l f  is n o t  n e c e s s a r i l y  c o m b u s t i b l e  b u t  may g i v e  o f f  oxygen and c o n t r i b u t e  t o  t h e  
combus t ion  o f  o t h e r  m ~ t e r i a l s .  O r g a n i c  p e r o x i d e s  a r e  t h e r m a l i y  u n s t a b l e  and may 
underqo  e x o t h e r m i c ,  s e l  f - s c c e l e r a t i n q  d e c o m p o s i t i o n .  



Rupture d i s c :  A p r e s s u r e  r e l i e f  d e v i c e  mot . i ted on c l o s e d  c o n t a i n e r s .  I t  - c o n s i s t s  
o f  a d i s c  f i t t e d  on t h e  c o n t a i n e r  i n  such a way t h a t  an i n c r e a s e  of t h e  i n t e r n a l  
p r e s s u r e  produces t h e  r u p t u r e  of t h e  d i s c  wit.h consequent r e l e a s e  o f  m a t e r i a l  from 
t h e  c o n t a i n e r  and dec rease  of t h e  i n t e r n a l  p r e s s u r e .  

S a f e t y  a u d i t :  A d e t a i l e d  examination o f  a l l  t h e  f a c e t s  of  a p a r t i c u l a r  i n d u s t r i a l  
a c t i v i t y  and/or e s t ab l i shmen t  conducted by p r o f e s s i o n a l s  wi th  t h e  o b j e c t i v e  of 
minimizing l o s s .  

S a f e t y  o r  r e l i e f  va lve:  A va lve  mounted on a c l o s e d  c o n t a i n e r  which opens when a 
predetermined ove rp res su re  i s  reached i n  t h e  c o n t a i n e r ,  r e l e a s i n g  m a t e r i a l  from i t ,  
and a l lowing t h e  i n t e r n a l  p r e s s u r e  t o  dec rease .  

Spontaneously combust ib le  m a t e r i a l :  A subs t ance  which is l i a b l e  t o  c a t c h  f i r e  on 
c o n t a c t  wi th  a i r .  

VCM: - Acronym f o r  Vinyl Ch lo r ide  Monomer, a  chemical  subs t ance  having s u b s t a n t i a l  
h e a l t h  haza rds .  Used i n  t h e  p roduc t ion  of po lyv iny l  c h l o r i d e  (PVC). 

Water foq: A f i n e l y  d iv ided  mist produced by a s p e c i a l  nozz le  f i t t e d  on a water 
hose.  I t  is used f o r  knocking down f lames  and c o o l i n g  ho t  s u r f a c e s .  

Waybil l :  The sh ipp ing  paper prepared  by t h e  r a i l r o a d  from a b i l l  o f  l oad ing .  

WACAF r eq ion :  The West and C e n t r a l  Afr ican  r eg ion .  In t h i s  work, t h e  20 c o u n t r i e s  
o f  t h e  r eg ion  were d iv ided  i n t o  t h e  fo l lowing  f i v e  zones: 

Zone I .  
Zone 11. 
Zone 111. 
Zone IV. 
Zone V .  

Maur i t an ia ,  Cape Verde, Senegal ,  Gambia, Guinea-Bissau 
Guinea, S i e r r a  Leone, L i b e r i a  
Ivory  Coas t ,  Ghana, Togo, Benin 
Nige r i a ,  Cameroon, E q u a t o r i a l  Guinea, Sao Tom and P r i n c i p e ,  Gabon 
Congo, Z a i r e ,  Angola 
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