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The Envi ronmenta l   Protect ion  Serv ice  has  developed an a i d   t o  

o i l   s p i l l  response  p lann ing   w i th   th is   Gu ide  To The Prepara t i on  o f  Shore1 i n e  

P r o t e c t i o n  and C1 eanup  Manuals. The format  was i n i t i a l l y   p r e p a r e d   f o r   t h e  

Environmental  Emergency  Group o f  E. P. S. by  Dr.  Ed  Owens o f  Woodward-Clyde 

Consu l tan ts  o f  V i c t o r i a ,   B r i t i s h  Columbia. S c i e n t i f i c   a u t h o r i t y   f o r   t h e   p r o j e c t  

was prov ided  by M r .  Wish Robson, f o r m e r l y   o f   t h e   E n v i r o n m e n t a l   P r o t e c t i o n  

Serv i ce  and by Mr.  Steve Pond, Environmental Emergency C o o r d i n a t o r   f o r   t h e  

P a c i f i c  and  Yukon Region o f  Environment Canada. T h i s   g u i d e   i s   i n t e n d e d   f o r   t h e  

use o f  government  agencies and p r i va te   co rpo ra t i ons   conce rned   w i th   env i ronmen ta l  

p r o t e c t i o n ,   o i l   s p i l l   r e s p o n s e  and the   c leanup and r e s t o r a t i o n   o f   o i l  

contaminated  shore1  ines. It i s  hoped tha t   t hese   o rgan iza t i ons  will t a k e   t h e  

o p p o r t u n i t y   o f   r e v i e w i n g   t h i s  method f o r   p o s s i b l e   i n c l u s i o n   i n   t h e i r  own 

cont ingency  p lans.  



ABSTRACT 

I 

This   reg iona l   gu idebook  summar izes   the   resu l ts   o f  a p i l o t   s t u d y  

conducted i n  1981 t o  research  and  develop a fo rmat   and  techn ique  app l   i cab le   to  

t h e   p r e p a r a t i o n   o f   s h o r e 1   i n e   p r o t e c t i o n  and cleanup  manuals. The r e p o r t   f i r s t  

d e s c r i b e s   t h e   r a t i o n a l e   f o r   s u c h  a p r o j e c t  and then  examines   the   ind iv idua l  

components  and the i r   sys temat i c   a r rangement .   Fo l l ow ing   t he   i n t roduc t i on ,   two  

sampl e f o r m a t s   a r e   d e p i c t e d   f o r   c o n s i d e r a t i o n .  
The f i r s t  employs a s e r i e s  o f  maps a t   va r ious   sca les ,   each  

accolllpanied  by a tex t   o r   l egend   wh ich   desc r ibes   t he   reg iona l ,   ope ra t i ona l  and 

t a c t i c a l   s t e p s   r e q u i r e d   t o  imp1 ement an o i l   s p i l l  response. The second,  employs 

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

t h a t  code number t o  a se r ies   o f   t ab les   wh ich   desc r ibe   t he   coun te rmeasures  

techn iques ,   access ib i l  i t y ,  1 and  use ,   ownersh ip   and  cons t ra in ts   appropr ia te   to  

t h a t   s i t e .  Countermeasures  pract ices  and  dec is ion  gu ides  re ferenced  to   the 

cod ing  scheme a r e   t h e n   p r o v i d e d   i n   t h e   f o l l o w i n g   s e c t i o n .  

E a c h   f o r m a t   i d e n t i f i e s   s i t e s  and  areas o f  p o t e n t i a l   d i s t u r b a n c e  

and p r i o r i z e s  t h e m   a c c o r d i n g   t o   t h e i r   s e n s i t i v i t y   t o   i m p a c t   f r o m   o i l   s p i l l s .  

F a c t o r s   c o n s i d e r e d   i n   t h e   a s s i g n m e n t   o f   p r i o r i t i e s   a r e   b a s e d  on b i o l o g i c a l ,  

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

con t ingency   p lann ing  and c leanup  opera t ions  i s  discussed i n  an appendix t o   t h e  
r epor t .  



RESUME 

Ce manuel  de  marche 'a s u i v r e  au n i veau   rgg iona l  , se r i i f g r e  aux 

r ' e s u l   t a t s   d ' u n e   i i t u d e   p i l o t e   e f f e c t u 6 e  en 1981, d6diGe 'a l a  r e c h e r c h e   e t  au 

d i ive loppement   d 'un  format   e t   d 'une  technique  se  rappor tant  'a l a   p r c p a r a t i o n   d e  

manuel s s u r  1 a p r o t e c t i o n   e t  1 e net toyaye  de l a  zone 1 i t t o r a l  e. Premigretnent 1 e 

rappor t   d ' ec r i  t 1 a r a i  son d' Gt re   d '  un t e l   p r o j e t   e t   e n s u i   t e  il en  examine 1 es 

p a r t i e s   c o n s t i t u a n t e s   i n d i v i d u e l l e s   a i n s i  que leur  arrangement  syst 'ernatique. 

F a i s a n t   s u i t e  'a l ' i n t r o d u c t i o n ,  deux g c h a n t i l l o n s  des   fo rmats   son t   d6cr i t s   pour  

v o t r e   c o n s i d g r a t i o n .  

Le p r e m i e r   ' e c h a n t i l l o n   c o n s i s t e  'a des s k i e s  de   ca r tes  'a 
d i f f 'e rents   'echel lons,   chacun S I  accompagnant  d'un t e x t e  ou d '  une l i igende 

d i i c r i van t   des   i i t apes   r i i g iona le ,   opg ra t i onne l  l e   e t  de tac t ique  n i i cessa i re   pour  

r e n d r e   e f f e c t i v e s   l e s   r i i p o n s e s  aux  di iversements  d'   hui l  e. Le d e u x i h e   c o n s i s t e  i 
un syst'etne  de  codage i d e n t i f i a n t  num6riquelnent d i f f g r e n t s   t y p e s  de  zones 

l i t t o r a l e s   i n d i v i d u e l l e s   e t   r e l i e   l e  systhnle  de  code  num'erique 'a des  ser ies  de 

tableaux  d 'ecr ivant  des  techniques de cont re -measure ,   d 'access ib i l  itii, d'empl o i  

d e   t e r r a i n ,   d e   d r o i t  de p r o p r i g t i i  and  de c o n t r a i n t e s   s ' a p p r o p r i a n t  i c e   s i t e .  

Chaque f o r m a t   i d e n t i f i e   e t   c l a s s e   l e s   r ' e g i o n s   e t   l e s   s i t e s   l e s  

p l  us aptes 'a l e t re   pe r tub i i s ,   pa r   o rd re   de   p r i o r i t 6   de   sens ib i l  itii f a c e  'a 1 ' impact 

d '  un d6versernent d ' h u i l  e. Les  facteurs  consid 'er6s  dans l e   c l  assement p a r   o r d r e  

de sensi b i l  i tG dans ce t r a v a i l  , s o n t  1 es paramGtres b i o l  oyiques,   physiques e t  

soc iaux .   En f in ,  il y a d i s c u s s i o n   d e   l ' u t i l i s a t i o n  des  v ideo-casset tes 

a6riennes  dans  les  Gtudes  sur 1 es   measure   d '   i n te rven t ions   d '   u rgence   e t   l es  

opg ra t i ons   ne t toyage  dans un appendice  au  rapport.  
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1.0 INTRODUCTION 

T h i s   g u i d e   t o   t h e   p r e p a r a t i o n   o f   s h o r e l i n e   p r o t e c t i o n  and  cleanup 

manuals  has  been  prepared  by  the  Environmental   Protect ion  Service,   Paci f ic   and 

Yukon Region, f o r   t h e  use o f   o t h e r  government  agencies  and  industr ia l   concerns.  

It i s  based  on  work  performed  during  1980 and 1981  by  Woodward-Clyde  Consultants 

o f   V i c t o r i a ,  B. C. and the  Environmental  Emergency Branch o f  E. P. S. It i s  a1 so 

d e r i v e d   f r o m   t h e   o i l   s p i l l  manual prepared  by B. Worbets f o r   t h e   A r c t i c  

Pe t ro leum  Opera to rs   Assoc ia t i on ,   en t i t l ed   Shore l i ne  Oil S p i l l   P r o t e c t i o n  and 

C1 eanup S t ra teg ies :   Sou the rn   Beau fo r t  Sea, (1979) and o t h e r  manuals. 

Two  a1 te rna t i ve   f o rma ts   have  been  asserllbled w i t h i n   t h i s   r e p o r t  

f o r   t h e   c o n s i d e r a t i o n   o f   p o t e n t i a l   u s e r s .   N e i t h e r   f o r m a t   s h o u l d   b e   c o n s t r u e d  

as an exact model t o  dup l   i ca te ;   co rpo ra te   requ i remen ts ,   l oca l   cond i t i ons ,  

i n f o r m a t i o n   q u a l  i t y  and the   c i rcumstances   fo r   wh ich  a manual i s   w r i t t e n  will 
all d i c t a t e  some var iance  f ro in   the  formats  presented  here in .   There  are,  

however, ce r ta in   key   e lemen ts  comlllon t o   b o t h  examples  which o f f e r   p o t e n t i a l  

improvements to   con t i ngency   p lann ing .   Ch ie f  among these i s   t h e  use o f  

d i f f e r e n t  map s c a l e s   t o   a c h i e v e   d i f f e r e n t   g o a l s  and t h e   o r g a n i z a t i o n   o f  

i n f o n n a t i o n   i n   d i s c r e t e   d a t a   s e t s .  

A s h o r e l   i n e   p r o t e c t i o n  and cleanup  manual  can  be a v a l u a b l e  

a d d i t i o n   t o   t h e   a r s e n a l   o f   t o o l s   a v a i l a b l e   f o r   o i l   s p i l l  response. It prov ides  
a b a s i s  f o r  organizing much o f  t h e  r e source   ma te r i a l   co l l ec t ed  by o r g a n i z a t i o n s  

c o n c e r n e d   w i t h   p r o t e c t i o n   o f   t h e   e n v i r o n m e n t   f r o r l l   p e t r o l e u m   r e l a t e d   a c t i v i t i e s .  

I n  essence, i t  examines   the   p r imary   fea tures   o f   the   phys ica l  and b i o l o g i a l  

environment  and  provides  advice  on how they  can  be  protected,  c leaned and 

r e h a b i l   i t a t e d .  

We b e l i e v e   t h a t   t h e   o i l   s p i l l   s h o r e l   i n e   p r o t e c t i o n  and cleanup 

manuals  descr ibed i n   t h i s   g u i d e   a r e  an advance  over  previous  cont ingency 

planning  systems i n   t h e  way t h e y  use " s e n s i t i v i t y "   i n f o n n a t i o n   t o   d e t e r m i n e  

what p ro tec t i ve   c leanup   techn iques   shou ld  be a p p l i e d   t o  a p a r t i c u l a r   g e o g r a p h i c  
u n i t .  The manuals  have an a d d i t i o n a l   p l a n n i n g   b e n e f i t   i n   t h a t   t h e y   i d e n t i f y  

p o t e n t i a l   o p e r a t i o n a l  and t a c t i c a l   a c t i v i t i e s .  These ac t i ons   can   t he re fo re   be  

assessed  and  approved  by   the   appropr ia te   regu la to ry   au thor i t ies   long   be fore  

t h e y  may be needed. T h i s  will undoubtedly  reduce  conlrnunicat ion  problenls  dur ing 
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an ac tua l   sp i l l   r esponse .  A1 though   two   a l t e rna t i ve   me thods   o f   cons t ruc t i ng  a 

manual a re   descr ibed,   they   have  th ree   essent ia l  common fea tures .  

A manual s h o u l d   i n c l u d e   t h r e e   s e t s   o f   i n f o r m a t i o n ,   e a c h   o f   w h i c h  

c o n t r i b u t e s   t o   s p i l l   r e s p o n s e .  The f i r s t ,   c o n c e r n i n g   a s s e s s m e n t   o f   p o t e n t i a l  

impact,  has  been  assigned t o  a Regional Map Ser ies.  The p r i m a r y   f u n c t i o n   o f  

t h i s  map s e r i e s   i s   t o   p r o v i d e  an overv iew  o f  a l a r g e   c o a s t a l   a r e a ,   i t s   g e n e r a l  

s h o r e l i n e   c h a r a c t e r  and s i t e s   o r   a r e a s   o f   e n v i r o n m e n t a l   s e n s i t i v i t y .  It i s  

unnecessary, a t   t h i s   l e v e l   o f   d e t a i l ,   t o   d e s c r i b e   t h a t   s e n s i t i v i t y ,   o n l y   t o  

f l a g  i t  f o r   f u t u r e   r e f e r e n c e   f u r t h e r  on i n   t h e  manual. A smal l   sca le  nlap o f  

1:250,000 o r   l e s s   i s   t h e r e f o r e  adequate f o r   t h i s  purpose. 

The  second t a s k ,   t h a t   o f   o r g a n i z i n g   r e s p o n s e   i n  a p a r t i c u l a r  

area,  has  been  assigned t o   t h e   O p e r a t i o n a l  Map Series. Owing t o   t h e  need t o  

p r o v i d e   g r e a t e r   d e t a i l   f o r   t h e   i n f . o r m a t i o n   s e t   t h a t  makes up t h i s   s e r i e s   o f  

maps,  a s c a l e   o f  1:50,000  has  been used. A g a i n ,   t h e   u s e   o f   t h i s   p a r t i c u l a r  

s c a l e   i s   n o t   s t r i c t l y   n e c e s s a r y ;   t h e   c h o i c e  depends  upon t h e  amount o f  

phys i ca l  and l o g i s t i c a l   d a t a   t h a t   r e q u i r e s   d e p i c t i o n .  A populated,   resource-  

r i c h   c o a s t l i n e  may r e q u i r e  a l a r g e r   s c a l e   w h i l e  an i s o l a t e d ,   u n i f o r m   c o a s t  

cou ld   be  mapped a t  a cons ide rab ly  sinal 1 e r   s c a l e  (1: 100,000 o r   l e s s ) .  The 

a v a i l a b i l i t y   o f  base maps may b e   t h e   s o l e   c r i t e r i o n   i n  some d i s t r i c t s .   I n  

most o f   Sou the rn  Canada, t h e  1:50,000 topograph ic  maps are   the   most  

convenient .  
The f i n a l  t a s k ,  t h a t  o f  d e p i c t i n g   s p e c i f i c   c l e a n u p  and 

p r o t e c t i o n   t e c h n i q u e s   f o r   u s e   a t   s i t e s   o f   u n u s u a l   s e n s i t i v i t y ,   h a s  been 

a s s i g n e d   t o  a T a c t i c a l  Map Ser ies.   Here,   the  need  for  a h i g h   r e s o l u t i o n  o f  

d e t a i l  on  such  pl  aces as harbours, 1 agoons, e s t u a r i e s  and t h e  1 i ke, 

necess i ta tes   t he   use  o f  v e r y   l a r g e   s c a l e s .  The sample shown i n   F i g u r e  2.3, 
page 22, i s  1:8,000 bu t  as w i t h   t h e   o t h e r  map s e r i e s ,   t h e   c h o i c e   o f   s c a l e   i s  

e n t i r e l y  dependent on t h e  amount o f   d e t a i l   r e q u i r e d .  

By adopt ing  a system  such as t h i s ,   t h e  manual user  will be  ab le 

t o   q u i c k l y  a s s e s s   t h e   p o t e n t i a l   i m p a c t   o f  a sp i  11 , ( reg iona l  maps),  determine 

how  a response  should be o rgan ized   (ope ra t i ona l  maps)  and  imp1  ement t h e  

p r o t e c t i o n  and c leanup o f  i n d i v i d u a l ,   h i g h   p r i o r i t y   a r e a s   ( t a c t i c a l  map). 

Among i t s   seve ra l   advan tages ,  i t  prov ides  a w e l l - s t r u c t u r e d   a p p r o a c h   t o   o i l  
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s p i l l  response, i t  s o r t s   d a t a  i n t o   w e l l - d e f i n e d   i n f o m i a t i o n   s e t s  and i t  

removes t h e  need t o  map every  coasta l   area a t  t h e  sarne l a r g e   s c a l e ,   r e g a r d l e s s  

o f  env i ronmen ta l   s i gn i f i cance .  
The f i r s t   f o n n a t ,   s e c t i o n  2.0, i s  an  example  from a p i l o t   s t u d y  

(conducted  by  the  Environmental  Emergency Branch)  on  the  southwest  coast o f  

Vancouver   Is land  dur ing 1980 and 1981. I t s   p r i m a r y   d e p a r t u r e   f r o m   t h e  

recanmendations o f  Woodward-Clyde  Consultants i s   i n   i t s  use  of a t e x t u a l  

fo rmat  as  opposed t o  one r e l y i n g  on r e f e r e n c e  codes.  Each  component i n   t h e  

o p e r a t i o n s   a n d   t a c t i c a l  map s e r i e s   i s   t h e r e f o r e   s e l f - c o n t a i n e d ,   r e q u i r i n g  no 

r e f e r e n c e   t o   o t h e r   s e c t i o n s   o f   t h e   p u b l i c a t i o n .   T h i s   i s   a d v a n t a g e o u s   i n   t h a t  

i t  can be r e a d i l y   u n d e r s t o o d .   I t s   m a i n   d i s a d v a n t a g e   i s   t h a t   t h e   i n f o r m a t i o n  

1 oad  each map component  can  handle i s  somewhat 1 im i ted .  

The Woodward-Clyde proposal i s  p r o v i d e d   i n   s e c t i o n  3.0. T h i s  

approach t o   t h e   p r e p a r a t i o n   o f  sho re1   i ne   p ro tec t i on  and cleanup  manuals i s  

s i m i l a r   t o   t h e   f o r m a t   p r e s e n t e d   i n  2.0 i n s o f a r  as map s c a l e  and i n f o r m a t i o n  

sets   are  concerned.  The Woodward-Clyde  countermeasures manual , however, 

i n c l  udes a d i s t i n c t  and separate  component.   Br ief ly,   each homogenous coas ta l  

s t r i p   i s   a s s i g n e d  a numer ica l   descr ip t ion.   Th is   code i s  t h e n   r e f e r e n c e d   t o  

severa l   tab les   wh ich   de ta i l   phys ica l   cond i t ions ,   env i ronmenta l   concerns ,  

p r o t e c t i o n   t e c h n i q u e s  and t h e   l i k e .  The advantage o f   t h i s  scheme i s   t h a t  a 

g r e a t  amount o f  i nfonnat ion   can  be  pl  aced on a s i n g l e  map and 1 egend  sheet. 
I t s  primary  drawback i s  t h a t  the user must look el sewhere t o  decode the 

system. 

Th is   fo rmat  was enlpl oyed i n   p a r t ,   t o   p r e p a r e  a Shore1 i n e  

P r o t e c t i o n  and Cleanup Manual f o r   t he   sou th -wes t   coas t  o f  Vancouver  Is1 and  as 

an  in-house p i l o t   p r o j e c t   o f   t h e   E n v i r o n m e n t a l  Emergency  Branch. This  manual, 

cu r ren t l y   under   rev iew ,   i nco rpo ra tes  many o f   t he   recanmenda t ions  made i n   t h e  

Woodward-Clyde r e p o r t .  The purpose o f   t h i s  paper i s   t o  exp l   a in  how someone 

e l  se can  prepare a contingency  pl  anning  manual. It a1 so expl   a ins  the  use  o f  

v i d e o   t a p i n g  as an e f f e c t i v e ,   c o s t - e f f i c i e n t   t o o l   i n   t h e   p r e p a r a t i o n   o f  a 

manual 
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2.0 EPS CONCEPT 

The p i l o t   s t u d y ,   c a r r i e d   o u t   i n  1930, r e s u l t e d   i n   t h e  

p r e p a r a t i o n   o f  a s h o r e l   i n e   p r o t e c t i o n  and cleanup manual f o r   t he   sou thwes t  

c o a s t   o f  Vancouver  Is1 and, B r i t i s h  Columbia.  Various  formats  were  devised f o r  

p r e s e n t a t i o n   o f  data accurnul a ted   dur ing   the   research  phase o f   t h e   p r o j e c t .  It 

became a p p a r e n t   t h a t  a s ing1 e se r ies   o f  maps, drawn t o  a u n i f o r m  1: 50,000 

s c a l e ,  was t o o   i n f l e x i b l e   t o  have much v a l u e .   A p a r t   f r o m   t h e   d i f f i c u l t y   o f  

i nco rpo ra t i ng   bo th   env i ronmen ta l   da ta  and countermeasures  on  the same  map 

sheet,  i t  was a p p a r e n t   t h a t   t h e  corupl e x i t y   o f  some s i t e s  was such t h a t   t h e  

1:50,000 map se r ies   wou ld   no t   pe rm i t  a d e t a i l e d   d e s c r i p t i o n   s u f f i c i e n t   f o r  

t h e i r   p r o t e c t i o n .  Similarly, o ther   a reas  were so s t r a i g h t f o r w a r d   t h a t   t o  map 

them a t  a f i n e   s c a l e  was considered  unnecessary. 

The s o l u t i o n   t o   t h i s   p r o b l e m  was t o   a d j u s t   t h e   s c a l e  o f  maps t o  

c o r r e s p o n d   t o   t h e   s e n s i t i v i t y   o f  each s i t e  and to  consign  countermeasures 

procedures and r e s o u r c e   s e n s i t i v i t i e s   t o  a t e x t .  Map space was t h e r e f o r e  

f r e e d  up t o   c o n t a i n   o n l y   t h a t   i n f o r m a t i o n   c o n s i d e r e d  most u s e f u l   t o   t h e  manual 

user. The g e n e r a l   l a y o u t   o f   t h e  manual c o n s i s t s   o f   t h r e e   t y p e s   o f  maps; a 

r e g i o n a l   s e r i e s   w h i c h   g i v e s  a genera l   overv iew  o f   the   a rea  and i t s  main s i t e s  

o f  e n v i r o n m e n t a l   s e n s i t i v i t y ,  an opera t i ona l   se r ies   wh ich   p rov ides   g rea te r  

de ta i l   w i th   respec t   t o   sho re l   i nes ,   coun te rmeasures  and resources and a 

t a c t i c a l   s e r i e s  a t  g r e a t l y  expanded scale  which  focuses i n  on i n d i v i d u a l   s i t e s  

o f   s i g n i f i c a n t  human o r   b i o l o g i c a l   i m p o r t a n c e .  

2.1 Regional  Map S e r i e s  

The f i r s t   t h i n g   r e q u i r e d ,   s h o u l d  a 1 a r g e   s p i l l   o c c u r ,   i s  an 

o v e r v i e w   o f   t h e   s i t u a t i o n .  The On-Scene Commander will want t o  know where t h e  

o i l   i s ,  where it i s  moving, i t s  speed and where it will impact   shore l ines.  

These a r e   r e a l - t i m e   i n f o n n a t i o n   r e q u i r e m e n t s   t h a t   c a n n o t  be  pre-determined. 

Potent ia l   env i ronmenta l   impacts   can,   however ,   be  predic ted  in   advance,  as can 

t h e   a v a i l a b i l i t y   o f  access   rou tes ,   log is t i cs ,   equ ipment ,  manpower, c u r r e n t s ,  

ba thymet ry ,   shore l ine   type  and t h e   l i k e .   I n f o m a t i o n   r e q u i r e m e n t s   f o r  

r e g i o n a l  maps have  been l i s t e d  on Table 2.1. F o r   t h e   p u r p o s e   o f   t h i s   i n i t i a l  
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overv iew,   the  manual shou ld   con ta in  what  has  been  designated a Regional Map 

Ser ies.  A s c a l e   o f  1:250,000 i s  s u f f i c i e n t l y   d e t a i l e d   t o   p r o v i d e   e s s e n t i a l  

data  which  can  be  ass i r l l i la ted  a t  a glance.  Scales o f  up t o  1:1,000,000 nay be 

a p p r o p r i a t e   i n  some c i rcumstances.   F igure 2.1, page 14, i s  a r e g i o n a l  map 

example. A map o f   t h i s   s c a l e  may be s u f f i c i e n t   t o   c o v e r  a whole  study  area  or 

i t  may f o r m   p a r t   o f  a s e r i e s   t h a t   c o v e r s  an e n t i r e   c o a s t l i n e .  If t h e   p a t h   o f  

app roach ing   o i l   s l i cks   can   be   p red ic ted   w i th  a reasonable  degree o f  accuracy, 

r e f e r e n c e   t o   t h i s  map will i n d i c a t e  what  resources l i e   i n   t h e   p a t h   o f   t h e   o i l ,  

t he   deg ree   o f   conce rn   t ha t   shou ld  be  expressed i n   t h e   p r o t e c t i o n   o f   t h o s e  

resources  and  whether  or   not  a s e a s o n a l i t y   f a c t o r   e n t e r s   i n t o   t h e  

i n t e r p r e t a t i o n   o f   s e n s i t i v i t y .  Each r e g i o n a l  map can  a lso   p rov ide  a general  

shore1 i ne d e s c r i p t i o n   t o   i n d i c a t e  what k i n d   o f   c o a s t  i s  threatened,  a key map 

t o   l o c a t e  i t  r e l a t i v e   t o   o t h e r   c o a s t a l   a r e a s  and a l e g e n d   t h a t   i d e n t i f i e s  

r e s o u r c e s   a t   r i s k   i n  a simp1 i f i e d   f a s h i o n .  The r e g i o n a l  map does n o t   p r o f f e r  

any  advice  on  response,  but i s  an e x c e l l e n t  method o f   i n f o r m i n g   t h e  On-Scene 

Commander o f   po ten t i a l   p rob lem  a reas .  

The p r i o r i t i e s   a s s i g n e d   t o  such s i t e s  have  been d e l i b e r a t e l y  

kept  simple.  They do no t  depend  on an elaborate  numbering scherrle nor   do   they  

r e s u l  t i n   s i t u a t i o n s  where an unacceptable  impact  has  been  over1  ooked  due t o  

i t s   i n c o r p o r a t i o n  as a component i n  a l a r g e r   t o t a l .   S i m p l y   s t a t e d ,  an  area o f  

pr imary  concern  year   round i s  one  where t h e   i m p a c t   o f  o i  1 wi 11  cause a 
p r o l o n g e d ,   d e l e t e r i o u s   e f f e c t  on t h e   r e s o u r c e s   i n   q u e s t i o n .  An ex tens ive  
she1 1 f i s h  bed i s  one exarnpl e.  An area of primary  concern  seasonal , i s  one 

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

t h e   y e a r   b u t   n o t  a t  o thers.  A seab i rd   co lony  and h e r r i n g  spawning  ground  are 
examples. An area  o f   secondary  concern i s  one  where c o n t a c t   w i t h   o i l   i s  

b e l i e v e d   t o   h a v e   o n l y  a shor t   te rm  impact   o r   where  o i l  will r a p i d l y   d i s s i p a t e  

th rough wave and weather  action.  Response i n  such  an  area i s  d e s i r a b l e ,  

p rov ided   t ha t   p r imary   sens i  

i s   s u f f i c i e n t  scope i n   t h i s  

b u t   t h i s   l e v e l  has not  been 

s u f f i c i e n t l y   d e t a i l e d   t o  a1 
e q u a l   s e n s i t i v i t y .  

t 

1 

i v i t y   s i t e s  have  been  adequately  protected.  There 

method t o   p r o v i d e   f o r   s i t e s   o f   t e r t i a r y   c o n c e r n ,  

ailpl  oyed  owing t o   t h e  absence o f   c r i t e r i a  

ow f o r  f i n e  d i sc r im ina t i on   be tween   resources   o f  

Y 

m 
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TABLE 2.1: 

B i o l o g i c a l  

REGIONAL WP INFORMATION REQUIREMENTS 

- seab i rd /wa te r fow l   nes t i ng ,   f eed ing ,   roos t i ng  and m ig ra t i on   a reas  
- mar ine mammal colonies,   haul   outs,   breeding  grounds and foraging  areas 
- i n t e r t i d a l  and b e n t h i c   s h e l l f i s h   g r o u n d s  
- f i s h  spawning and feeding  areas 
- es tuar ies ,   lagoons and mudfl a t  environments 
- h i g h l y   p r o d u c t i v e   i n t e r - t i d a l   a r e a s  
- mar ine   vegeta t ion  
- s e a s o n a l i t y   f a c t o r s   i n f l u e n c i n g   a l l   o f   t h e  above 

P hys i c a l  

- genera l   shore1  ine  character  

Human 

- towns i tes ,   se t t lements  and r e s i d e n t i a l   a r e a s  
- mar ine   o r i en ted  econolnic a c t i v i t i e s  
- i n d u s t r i a l  and commercial   waterfront 
- Indian  Reserves 
- pa rks ,   eco log i ca l   rese rves  and r e c r e a t i o n a l   w a t e r f r o n t  
- archaeo log ica l  and h i s t o r i c a l   s i t e s  
- un ique   aes the t i c  phenomena 
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2.2 Opera t iona l  Map S e r i e s  

1 

The  second  cornponent o f   t h e   o i l   s p i l l  manual concept  deal  s w i t h  

the   Opera t i ona l  Map Series.  These maps have  been  drawn t o  a s c a l e   o f  1:50,000 

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

Reference t o   t h e   R e g i o n a l  Maps will have   i so la ted   t he   genera l   a rea   o f   t he  

s p i l l  impact. By t u r n i n g   t o   t h e   a p p r o p r i a t e   o p e r a t i o n a l  maps wh ich   cover   the  

impacted  area,  the  on-scene cornrllander will f i n d  a d i v e r s e  array o f   i n f o m l a t i o n  

( T a b l e  2.2) t h a t  will be u s e f u l   i n   i m p l e m e n t i n g   h i s   f i e l d   o p e r a t i o n s .  The 

1: 50,000 s c a l e  a1 1 ows f o r  a g r e a t e r   d e g r e e   o f   d e f i n i t i o n   f o r   s u c h   p a r a m e t e r s  

as   shore1  ine   c lass i f i ca t ion ,   access   po in ts ,   ba thy lne t ry ,   topography ,  boom 

deployments, s a c r i f i c i a l  beaches, c u r r e n t   d i r e c t i o n s  and v e l o c i t i e s ,   l o g i s t i c s  

and  the 1 i ke .  Each o p e r a t i o n a l  map i s  accompanied  by a legend  which 

i d e n t i f i e s   a d d i t i o n a l   r e s o u r c e   m a t e r i a l  and countermeasures,  as  well as a t e x t  

which  d iscusses  sp i l l   response,   shore l ine  protect ion,   c leanup,   access  and  the 

resources  most 1 i k e l y   t o  b e   i m p a c t e d   b y   e i t h e r   t h e   s p i l l   o r   b y   c l e a n u p  

opera t i ons .   F igu re  2.2, page 17, i s  an example o f  how t h i s   o p e r a t i o n a l  map 

ser ies  might   appear .  

2.3 T a c t i c a l  Map S e r i e s  

T h e  Tact ical  Map S e r i e s  i s  not   intended  to   provide f u l l  coverage 

o f   t h e   s t u d y   a r e a   b u t   o n l y   t h o s e   s i t e s   o r   a r e a s   t h a t   w a r r a n t   a n   i n t e n s i v e  

response. I n   g e n e r a l ,   e a c h   s i t e   i d e n t i f i e d  on t h e   r e g i o n a l  map ser ies   as  

b e i n g  of pr imary  concern  should  be  covered  wi th  a t a c t i c a l  map t o   h i g h l i g h t  

impor tan t   phys ica l  and l o g i s t i c a l   f a c t o r s .  The E.P.S. manual f o r   t h e   s o u t h  

west   coast   o f   Vancouver   Is land  depar ted  cons iderably   f ror t l   the  consul tants  

recommendations  as t o  how a t a c t i c a l  map should  be  prepared. The E.P.S. v iew 

was t h a t  a wel l   prepared map accompanied  by a t e x t u a l   d e s c r i p t i o n   o n   s h o r e l i n e  

c leanup and p r o t e c t i o n   p r o v i d e d   s u f f i c i e n t   d e t a i l  and was easy t o  understand. 

F i g u r e  2.3, page 22,  i s  an  example  of how t h i s  lnap s e r i e s  was t r e a t e d .  

The  Woodward-Clyde  recommendations  appeared b e t t e r   s u i t e d   t o   t h e  

s i t e - s p e c i f i c   p r e p a r a t i o n   o f   c o n t i n g e n c y   p l a n n i n g   m a n u a l s   r a t h e r   t h a n  a method 
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TABLE 2.2: OPERATIONAL MAP INFORMATION  REOUIREMENTS 

Phys ica l  

- s h o r e l   i n e   c l a s s i f i c a t i o n  
- c u r r e n t   d i r e c t i o n s  and  speed 
- nearshore  bathymetry;  backshore  topography 
- wave  and weather   c l imate 
- p o t e n t i a l   s t a g i n g   a r e a s  and marine  access  points 

L o g i   s t  i c a l  

- roads, t r a i l s  and shore l   ine  access  po ints  
- beach t r a f f i c a b i l  i t y  
- docks  and  marine  support   faci  1 iti es 
- food,   fue l  and lodgings;  communicat ions and t r a n s p o r t a t i o n   f a c i l i t i e s  
- po ten t i a l   s tag ing   a reas ,   l aunch  ramps, barge   land ings  
- s u i t a b l e  he1 i c o p t e r   o r   s e a p l  ane l a n d i n g   s i t e s  

Countermeasures 

- s p i l l  response a1 t e r n a t i v e s   w h i c h   r e f l e c t   t h e   a d v a n t a g e s  and c o n s t r a i n t s  

- p r o t e c t i o n   t e c h n i q u e s   s u i t a b l e  t o  the   me teo ro log i ca l  and oceanographic 

- c l e a n u p   s u g g e s t i o n s   a p p r o p r i a t e   t o   t h e   c h a r a c t e r   o f   t h e   s h o r e l i n e   i n  each 

- r e h a b i l i t a t i o n  methods t o   c o i n c i d e   w i t h   t h e   t y p e   o f   c l e a n u p   t e c h n i q u e s  

imposed  by l o c a l   c o n d i t i o n s   p r e v a l e n t   i n   t h e   a r e a   u n d e r   d i s c u s s i o n  

c o n d i t i o n s   p r e s e n t  

a rea 

empl oyed 

Resource  Mater ia l  

- i d e n t i f i c a t  
v ideo  tapes 
commander 

- p o t e n t i a l  o 

i on   o f   mar ine   cha r t s ,   t opograph  
and o t h e r   i n f o r m a t i o n   t h a t  may 

il c o l l e c t i o n   p o i n t s ,   b u r n i n g  s 

i c a l  maps, aer ia l   photographs,  
be use fu l   to   the   on-scene 

i t e s  and d i sposa l   s i t es .  
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TABLE 2.3: TACTICAL WP INFORWTION  REQUIREKNTS 

Physi.ca1 Da ta  

- shoreline  description:  type,  slope, energy exposure, sediment 

- nearshore bathymetry and topography 
- currents and circulation o f  marine waters 
- low-energy debris accumul a t i o n  areas  (areas where oi 1 may a1 so 

transport,  trafficabil i t y  

accumul ate) 

Logistical Data  

- marine and terrestr ia l  access  points 
- waterfront 1 and status/ownershi p 
- communications and transportation  facil i t ies 
- docks, airstrips,  helicopter pads ,  f l o a t  plane landings  etc. 
- oil and oily  debris  disposal  or b u r n i n g  s i tes  
- references t o  appropriate marine charts, topographical maps, aerial 

photographs, video tapes,  etc. 
- s t ag ing  areas, f i e l d  headquarters, accommodations 
- equipment and manpowr resources 

Countermeasures 

- boom deployments,  channel widths ,  sacrificial  beaches 
- protection and cleanup recommendations 
- identification of  areas or s i tes  t h a t  may be sensitive  to human impact 

d u r i n g  cleanup operations; e.g. archaeological s i tes ,   sa l t  marshes, 
unstable beaches 

- sources of rep1  acement material for  excavations 
- environmental constraints on equipment capabil ity;  inherent  site- 

specific advantages t h a t  may augment the  efforts o f  response teams. 
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t h a t   c o u l d  be  used t o  ernbrace t h e   c o m p l e x i t i e s   o f  a l o n g   c o a s t a l   s t r i p .   T h e i r  

proposal   had  cons iderable  mer i t  i n   t h a t  i t  r e d u c e d   t h e   t a s k   o f   i d e n t i f y i n g  

countermeasures t o  a system o f   t a g g i n g   d i s c r e t e   s e c t i o n s   o f   c o a s t   w i t h  a code 

t h a t   r e l a t e d   t o  a response  guidebook a t  t h e  end o f   t h e  manual.  Each t a c t i c a l  

map  was t h e r e f o r e  accompanied  by a l e g e n d   w h i c h   l i s t e d   s e p a r a t e   c o d e s   f o r  

access,  resources,  ownershi p, 1 and-use, p r o t e c t i o n   s t r a t e g i e s ,   c l  eanup 

s t r a t e g i e s  and  countermeasure   cons t ra in ts .   Deta i led   in fo rmat ion   requ i rements  

a r e   l i s t e d   i n   T a b l e  3. I n   a d d i t i o n ,   t a c t i c a l   c h a r t s   c o v e r i n g   t h e  same area 

were  employed t o   d e p i c t   t i d a l   c u r r e n t s ,  boom o r i e n t a t i o n s ,   o i l   a c c u m u l a t i o n  
a reas   and   l og i s t i c   da ta .  

The p r i m a r y   p r o b l e m   w i t h   t h i s   s y s t e m   i s   t h a t   a l t h o u g h  i t  i s  

ex t reme ly   p rec i se ,  i t  d o e s   n o t   l e n d   i t s e l f   t o   f a s t  and  easy i n t e r p r e t a t i o n .  

Moreover, i t s  dependabil  i t y  r e 1   i e s  on a f a i r l y   e x a c t  knowledge o f  beach  types, 

w a t e r   c i r c u l a t i o n ,   l a n d   s t a t u s  and t h e   l i k e .   T h i s   k n o w l e d g e   i s   a v a i l a b l e   f o r  

o n l y  a f e w   w e l l - s t u d i e d   s i t e s   o n   t h e   P a c i f i c  Coast.  Chapter 3 i l l u s t r a t e s   t h e  

Woodward-Clyde  recommendations. 

2.4 Shore l  i ne  Video  Tapi  na 

An i n v a l u a b l e   a i d   t o   t h e   p r e p a r a t i o n  o f  t h e   S h o r e l   i n e   P r o t e c t i o n  

and C1 eanup  Manual  were t h e   l o w  a1 t i t u d e ,  ob1 ique   ang le   v ideo   t apes   t ha t  had 

been  taken  over  the  south-west  coast  of   Vancouver  Is land i n   t h e  summer o f  

1980. Th is   f oo tage  was s h o t   d u r i n g  an e x c e p t i o n a l l y   l o w   t i d e   d u r i n g   w h i c h  

much o f   t h e   i n t e r t i d a l  zone was we l l   exposed   to   t he  camera. By f o r t u i t o u s  

c i r c u m s t a n c e   ( o n   t h i s   c o a s t  a t  l e a s t ) ,   t h e   w e a t h e r  was c l e a r  and calm,  and  the 

sun was a t  a good a n g l e   f o r   t a k i n g   h i g h   r e s o l u t i o n   s h o t s   o f   s h o r e l   i n e   d e t a i l .  

The video  tapes  were  provided t o  Dr .  J. Harper o f  Woodward-Clyde 

C o n s u l t a n t s   o f   V i c t o r i a ,   i n i t i a l l y   f o r   t h e   p u r p o s e   o f   e s t a b l i s h i n g  a s e r i e s   o f  

maps and c o d i n g   s h e e t s   c h a r a c t e r i z i n g   t h e   d i f f e r e n t   s h o r e l   i n e   t y p e s   t o   b e  

found i n   t h e  a r e a .   T h i s   e s s e n t i a l   i n f o m a t i o n  was i n c o r p o r a t e d   i n t o   t h e  

manual,  but a f t e r  r e f l e c t i o n ,  i t  was dec ided  tha t   the   tapes   themse lves   wou ld  
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prov ide  an e x c e l   l e n t   r e f e r e n c e   t o   t h e   u s e r s   o f   t h e  manual. The tapes  were 

sequent ly  dubbed w i t h  a sound t r a c k   d e s c r i b i n g   t h i s   c o a s t  and t h e  ways and 

by   wh ich  i t  cou ld  be p ro tec ted   o r   c leaned  up. (Woodward Clyde, 1981) 

sub- 

means 

V i d e o t a p i n g   i s   r e l a t i v e l y   i n e x p e n s i v e ,   d e p e n d i n g   p r i m a r i l y  on t h e  

c o s t  of t h e   a i r p l a n e   o r  he1 i c o p t e r  used as the   shoot ing   p l   a t fonn.   S tandard  2" 
Sony  equipment was used to   reco rd   t he   twen ty   m inu te   casse t tes   t ha t   f o rmed   the  

r a w  footage. The recordings  were made from an a l t i t u d e   o f   a p p r o x i m a t e l y  400 

f e e t ,  a t  a speed o f  70 t o  80 knots ,   f rom a p o s i t i o n  300 y a r d s   o f f   t h e  beach. 

The camera was hand h e l d   t o   r e d u c e   t h e   e f f e c t   o f   t h e   a i r c r a f t ' s   v i b r a t i o n ,  a t  an 

a n g l e   o f  45" o f f   t h e   c o u r s e   o f   t h e   a i r c r a f t .  As zooming i n  tended  to   exaggera te  

any movement o f   t h e  camera, t h i s  was avoided  except when pass ing   nar row  in1   e ts  

o r  bays t h a t   t h e   a i r c r a f t   c o u l d   n o t   e n t e r .   D e t a i l s  on  t ime,   speed,   a l t i tude,  

l o c a t i o n  and h e i g h t  were   con t inuous ly   en tered   in to   the   v ideo  logbook.   Th is  i s  

e s p e c i a l l y   i m p o r t a n t  when tap ing   ex tens i ve   l eng ths   o f   remote   sho re l   i ne   where  

recogn izab le  1 andmarks are   few and f a r  between. It i s  a1 so a d v i s a b l e   t o   t a k e   a t  

1 east  two  persons  on  the  taping  crew- one t o   h o l d   t h e  camera  and t h e   o t h e r (  s )  t o  

keep a f l i g h t   l o g ,   t e n d   t h e   e q u i   p e n t ,   c h a n g e   t a p e s ,   c h a n g e   b a t t e r i e s ,   m o n i t o r  

t h e   t a p e  and c o o r d i n a t e   t h e   p i l o t  and t h e  cameraman. 

Once taped,  the  v ideo  cassettes  can  be  used as  a  permanent  and 

con t inuous   reco rd   o f   t he   sho re  zone.  They can  be   ed i ted ,   sp l i ced   w i th  maps and 

s l   i d e s ,  dubbed  wi ' th   v isual   characters   for  map re fe rences  and dubbed w i t h  an 

a u d i o   t r a c k   d e s c r i b i n g   t h e   c o a s t l i n e  as i t  passes   ac ross   t he   t e lev i s ion   mon i to r .  
T h e i r   a v a i l a b i l i t y   t o   o t h e r   i n t e r e s t e d   p a r t i e s   l e s s e n s   t h e  need f o r   s i n g l e   p u r -  

pose o v e r f l i g h t s  o f  study  areas i n   t h a t   t h e y   c a n   f u l f i l l  more  than  one  purpose. 

Whi le  one  user may r e f e r   t o  them f o r   o i l   s p i  11 pl   anning  purposes,  another may 

f i n d  them excel  1 e n t   f o r   s h o r e l   i n e   c l   a s s i f i c a t i o n ,   m a p p i n g   o r   m o n i t o r i n g   o f  

coastal   processes. 

Unl i k e   v e r t i c a l   a e r i a l   p h o t o g r a p h s ,   v i d e o   t a p e s   t a k e n  a t  an 

ob1 i q u e   a n g l e   t o   t h e   s h o r e l   i n e ,   a r e   m o r e   r e a d i l y   i n t e r p r e t e d  and p rov ide  a 

g r e a t e r   d e g r e e   o f   d e t a i l   t o   t h e   v i e w e r .  As tapes   a re   con t inuous ,   they   p rov ide  

b e t t e r   c o v e r a g e   t h a n   s t i l l   p h o t o g r a p h s   o r   s l i d e s  a t  l i t t l e   e x t r a   c o s t .  

Similar surveys  have  been  conducted on the coas ts  o f  Newfoundland, 

Labrador,   the  Northwest  Passage,  the  Beaufort  Sea, and no r the rn  and c e n t r a l  

C a l i f o r n i a .  
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F o r   t h o s e   i n d i v i d u a l s   o r   o r g a n i z a t i o n s   i n t e r e s t e d   i n   c o n d u c t i n g  

t h e i r  own v ideo- tap ing  prograin, t h e   a r t i c l e ,   " S h o r e l i n e   A e r i a l   V i d e o - T a p e  

Surveys f o r   S p i l l  Countermeasures",  by E.H. Owens and G. R o b i l l   i a r d   i n   t h e  

September-October, 1980 e d i t i o n ,   ( v o l  5 )  o f  t he   Sp i l l   Techno logy   News le t te r  

has  been i n c l u d e d   a t   t h e  end o f  th is   repor t .   Demonstrat ion  tapes  can  be 

viewed a t   t h e   P a c i f i c   R e g i o n   o f f i c e   o f   t h e   E n v i r o n m e n t a l  Emergency  Branch, 

Kap i lano 100 Park  Royal, West Vancouver, B.C. or th rough Woodward-Clyde 

Consu l tan ts  Ltd., 16 B a s t i o n  Square, V i c t o r i a ,   B r i t i s h   C o l m b i a .  
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FIGURE I 

Sarnpl e Regional  Response Map 
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FIGURE 2 

Sarnpl e Operational Map 
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FIGURE 3 

Sample T a c t i c a l  Response Map 
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3.0 WOODblARD-CLYDE CONCEPT - S P I L L  RESPONSE MANUAL 

Contingency  planning  for  oil  pollution  involves  a  number  of  compon- 
ents  and  steps  that  include: 

a recognition  of  potential  pollution  sources, 
a identification  of  damage  that  might  be  caused, 
a identification  of  environmental  factors  that 

characterize  the  area,  and 
a organization  of  response  in  terms  of  coordination, 

assignments,  and  responsibility. 

These  criteria  (IMCO,  1978,  and  Garnett,  1978)  can  be  used  to  obtain  the 
necessary  information  base  from  which  the  response  organization  and  a  set 
of  response  actions  can  be  developed. 

The  actual  layout  or  format  of  a  contingency  plan  may  vary,  depend- 
ing  upon  the  nature  of  the  potential  threat  and  upon  the  character of the 
area  to  be  covered.  In  each  case  there  exists,  however,  a  common  informa- 
tion  set  which  is  required  to  develop  response  actions.  Environmental  data 
is  essential  in  terms  of  evaluation  of: 

a the  fate  of  spilled  oil 
a the  effects  of  the  spilled  oil 
a the  deployment  of  countermeasure  resources 
a the  effectiveness  of  countermeasure  techniques 

Certain  elements  of  the  information  set  are  not  predictable  (e.g.,  the  phy- 
sical  and  chemical  character  of  the  oil,  the  volume  of  the  spilled  oil,  air 
temperature,  wind  and  wave  conditions).  It  is  possible,  however,  to  obtain 
and  organize  a  large  proportion  of  the  information  set as part  of  spill  re- 
sponse  planning. In addition, it is possible  to  identify  that  data  which 
is  required  at  the  time  of  a  spill  event  (e.g.,  Robilliard " et  al, 1980). 
These  two  types  of  information  can  be  categorized  simply  on  the  basis  of 
the  rate  at  which  the  parameter  changes.  Bedrock  geology,  rock  platform 
width,  sediment  types,  and so on, will remain  essentially  unchanged  through 
time.  Although  these  parameters  are  subject to change,  the  rates of change 
are  slow.  Other  more  variable  parameters,  such  as  beach  slope,  wave  height, 
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and  wind  direction,  can  only  be  identified  by  reconnaissance  surveys  at  the 
time  of  a  spill.  Some  measure  of  the  range  of  values  or  of  the  average  con- 
ditions  (e.g.,  monthly  wave  height  and  period  averages)  can  be  obtained to 

provide  guidelines  for  expected  environmental  conditions. 

The  purpose  of  this  pilot  study  is  to  define  and  describe  informa- 
tion  that  can  be  obtained  as  part  of  oil  spill  contingency  planning,  and 
that  would  be  used  to  develop  response  actions.  This  study  is  oriented  to- 
wards  the  physical  rather  than  the  biological  character  of  the  shore  zone, 
so that  the  emphasis  throughout  is  on: 

e the  fate  and  mechanical  dispersion  of  stranded o i l ,  

e the  planning  of  shoreline  countermeasure  logistics, 
e the  physical  character  of  the  shore  zone,  and 
e the  evaluation  of  appropriate  shoreline  protection  or  cleanup 

techniques  for  different  sections  of  coast. 
The  information is presented  in  a  format  that is intended for discussion 

purposes.  This  recommended  format  has  been  developed  with  a  specific  set 
of objectives  in  mind, so that  no  one  single  map  scale  or  set  of  tables  is 
applicable  for  all  cases.  Certain  planning  objectives  must  consider  large 
areas  in  order  to  develop  decisions  for  the  deployment  of  resources  to  high 
priority  areas.  Such  regional  "strategical"  decisions  require  a  very  dif- 
ferent  information  base  from  "tactical"  decisions  that  relate  to  actual 
cleanup  operations  on  individual  beaches.  With  these  different  objectives 
in  mind,  three  sets  of  maps  are  presented,  each  at  a  different  scale  and 
each  depicting  a  different  set of information.  These  maps  are  derived  pri- 
marily  from  the  information  set  presented  in  Section 2 of  this  study. 

The  specific  objectives  of  each  of  these  sets  of  maps  are  identified 
in  Table  3.1 . It is  important  to  note  that  the  most  de- 
tailed  maps  series (1:16,000) is  developed  initially,  and  that  subsequent 
map  series  are  derived  from  this  first  set.  The  order  in  which  the  maps 
are  presented  and  discussed  is  the  reverse  to  that  in  which  they  were  pre- 
pared.  Spill  response  strategies  are  developed  initially  at a regional 
scale.  The  evaluation  of  an  actual  response  action  increases  in  detail  and 
decreases  in  aerial  coverage to the  level  at  which  a  site-specific  counter- 

measure  is  implemented. 
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The discussion of reg iona l   s t ra teg ies   (Sec t ion  3.1) provides recom- 

mended information  requirements  to  identify  areas of primary  concern.  For 

area-specific  planning  (Section  3.2),   the  scale  (1:50,000),   the  format,  and 

the  data  requirements a l te r  to   pe rmi t   g rea t e r   l eve l s  of de t a i l   w i th   r e spec t  

t o   t he   na tu re  and  timing  of  potential  impacts. The implementation  of res- 

ponse   ac t ions   r equ i r e s   fu r the r ,   s i t e - spec i f i c ,   de t a i l s  which are presented 

i n   t h i s   p i l o t   s t u d y  a t  a scale of  1:16,000 (Sect ion  3 .3) .   These  tact ical  

maps should  be  supplemented by reconnaissance  surveys a t  t h e  time of a 

s p i l l ,  and the   in format ion   requi rements   for   bo th   p re-sp i l l  and real-time 

surveys  are  discussed  in  Sections  3.2.2 and  3.3.2 The methods  and  tech- 

niques  which  could  be implemented a r e   d e s c r i b e d   i n   d e t a i l   i n   S e c t i o n  3 . 4  t o  

provide  information  on  the  sui tabi l i ty   of   these  response  act ions fo r  dif-  

fe ren t   shore l ine   types  and environmental  conditions. 

The map scales used i n  t h i s  study are designed t o  be appropriate  

fo r   o the r   l oca t ions   o r   s ec t ions  of coast .  It may be  necessary,  however, 

t o  adopt   d i f fe ren t  scales depending upon the  s i z e  of t h e   a r e a   o r   t h e  

length of coast  i n  question.  For  example,   strategical maps f o r   t h e  en- 

tire coast  of B r i t i s h  Columbia o r  Newfoundland  and Labrador may be more 

e f f e c t i v e  a t  a scale of 1:1,000,000 o r  even  1:5,000,000 to   p rovide  a 

broad  regional   picture   of   the   high  pr ior i ty   areas .   Similar ly ,   for  

g r e a t e r   d e t a i l  of s p e c i f i c  sites such as Vancouver  Harbour  (Burrard I n l e t )  

or  Toronto  Harbour i t  may be   p re fe rab le   t o   p repa re   de t a i l ed   t ac t i ca l  maps 

of ,scales in   t he   o rde r   o f   1 :5 ,000   fo r   sho r t   s ec t ions  of shorel ine.  The 

a c t u a l  scales tha t   a r e   u sed  are not   in tended   to   be   f ixed .  Map s c a l e s  are 

dependent on the  purpose  of  the mapping p ro jec t  and as such  should  vary 

t o  meet changing  objectives  or  changing  dimensions  of  project  areas. 

The primary  recommendation t h a t  is p resen ted   i n   t h i s   s tudy  is t h a t  

d i f f e r e n t  scales o r  levels of d e t a i l  are r equ i r ed   t o  meet a series of 

d i f f e ren t   ob jec t ives   w i th in  a s p i l l   r e s p o n s e  manual o r   a n   o i l   s p i l l  con- 

tingency  plan. Access parameters  and  data  on  the  bearing  capacity  of 

i n t e r t i da l   s ed imen t s  are only  necessary a t  d e t a i l e d   s i t e - s p e k i f i c  

scales  (>1:20,000). By c o n t r a s t ,   t h e   r e g i o n a l   d i s t r i b u t i o n  of w i l d l i f e  

sanc tuar ies  i s  best   d isplayed on regional  maps (<1:100,000) t h a t   i d e n t i f y  

the   l oca t ions  of coas t a l   s ec t ions   t ha t  would r equ i r e  a high  response  pr ior i ty .  
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This  concept  of  defining  specific  objectives and preparing  the  information 

base   to  meet these   ob jec t ives ,   i n   t abu la r   o r  map format, i s  c r u c i a l   t o   t h e  

improved presentat ion of re levant   data .  

Of ten   in   the   pas t   da ta   o r   in format ion   have   been   ga thered   and   organized  

on a top ica l   bas i s   ( e .g .   t he   d i s t r ibu t ion   o f   phys i ca l   sho re l ine   t ypes ;   t he  

location  of m a m m a l  haulouts ;   e tc . )   wi th  l i t t l e  o r  no  reference  to   the  t iming 

of   natural   cycles ,   such  as   migratory  or   breeding  cycles ,   or   to   the  select ion 

of prac t ica l   countermeasures   tha t   t akes   in to   account   log is t ic  o r  environ- 

menta l   cons t ra in ts  a t  t h e  time of a sp i l l .   Cons ide ra t ion  of a problem  on 

a log ica l   bas i s   def ines   the   na ture   o f  and level of d e t a i l  of  the  information 

t h a t  i s  necessary   to  answer s p e c i f i c   s t r a t e g i c a l   o r  t ac t ica l  questions.  By 

th is   approach   the  On-Scene Coordinator  or a Task Force is  not  inundated  with 

a l a r g e  volume of  material  which  must  then  be f i l t e r e d   t o   l o c a t e   o r   i s o l a t e  

the  required  information set .  

No se t  of  rules  can  be  developed  for  response  actions as decis ions must 

be made t h a t  are appropr i a t e   t o  a se t  of conditions a t  t h e  time of a s p i l l .  

There are ques t ions ,   therefore ,  which  can  only  be  answered a t  t h e  t i m e  of an  

inc iden t .  The object ive  of   pre-spi l l   p lanning is  t o   o b t a i n  and  organize 

da ta   o r   in format ion   tha t  i s  unl ike ly   to  change  over  short time periods 

(months/years).  This  information  base, combined wi th   da ta   co l lec ted  by 

reconnaissance  or s i t e  surveys a t  t he  time of t h e   s p i l l   i n c i d e n t ,  i s  de- 

signed  to  provide  the  necessary  inputs  for  the  response  decision-making 

process.  

The approach  presented i n   t h i s   s e c t i o n   p r o v i d e s  one method by which 

relevant  information  can  be  presented a t  d i f f e r e n t  levels of d e t a i l   t o  

answer d i f f e ren t   ques t ions   t ha t  would be  asked  during a s p i l l   r e s p o n s e  

operation. The methodology presented  here  focuses  primarily  on  the  concepts 

ra ther   than  on i n d i v i d u a l   d e t a i l s  and  should  be  discusses   with  this   factor  

i n  mind. The d a t a  and informat ion   presented   in   the  examples  have  not  been 

ver i f ied  or   checked,  as t h i s   r e p o r t  is intended t o  be  a discussion document 

ra ther   than   an   ac tua l   response  manual. 
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3.1 REGIONAL STRATEGY M A P S  

3.1.1  Introduct ion 

A primary  question  that  must be  asked a t  the  time of a s p i l l   e v e n t  

is:  "Will there   be  a major  impact  on  man's a c t i v i t i e s   o r  on p a r t i c u l a r  

spec ie s   o r   hab i t a t s?" ,   o r  more simply, "Will there   be  a problem?." 

A knowledge of the   charac te r  of the   th rea t   (e .g .  volume  of o i l ;  

l oca t ion  and movement of o i l )  and  of the  threatened  feature(s)   (e .g . ,  

l oca t ion  and s t a t u s  of  migratory  species;  location  of  commercial  or  recrea- 

t ional   e lements   that   could  be  affected)  is necessary   to   answer   th i s   in i t ia l  

question. A broad  picture  of t h e   d i s t r i b u t i o n  of c o a s t a l   s e c t i o n s  where 

the  threat   poses  a serious  concern i s  required  to   analyze  this   quest ion,  

except   for   small  s p i l l s ,  which a r e   r e s t r i c t e d   t o  a small a r e a   o r  t o  only a 

few (<lo)   ki lometers  of coas t .  

A number of  mapping sys tems  for   sp i l l   s t ra tegy   or   countermeasure  

planning  have  been  developed i n   r e c e n t   y e a r s .   I n   p a r t i c u l a r   t h e  " O i l  S p i l l  

Vulnerability  Index"  developed a t  the  Universi ty  of  South  Carolina  defined 

s e n s i t i v i t y   t o   o i l   s p i l l s   ( " v u l n e r a b i l i t y " )   i n  terms of approximately  10 

r epe t i t i ve   sho re l ine   t ypes  (Hayes e t   a l . ,  1976). The a c t u a l  number and 

charac te r  of the   shore l ine   types   var ies  from a r e a   t o   a r e a .  One example of 

this  approach, a t  a scale of  1:140,000 is given in   F igu re   3 .1  and  Table 3 . 2 .  

This  approach  has  since  been  developed t o  include  biological   parameters  and 

is  r e f e r r e d   t o  as an  "Environmental  Sensitivity  Index" (Hayes e t   a l . ,  1980). 

The ESI index  code  for  one  study is given  in  Figure 3 . 2 .  Worbets  (1979) 

aeveloped a numerical   sensi t ivi ty   ranking  system  that   involved human, 

b io log ica l  and geological   parameters   in   the  analysis .   This  series of maps, 

a t  a s c a l e  of  1:150,000,  includes  information on access and l o g i s t i c s   f o r  

countermeasures. The  maps are charac te r ized  by a colour   code  to   ident i fy  

shorel ine  types and  by p l a s t i c   o v e r l a y s   t o   d e f i n e   s e n s i t i v e  areas. 
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A recent  example of a s t r a t e g y  map, prepared by  Woodward-Clyde 

Consultants  (1978), a t  a s c a l e  of  1:100,000 i s  given below . The 

in format ion   provided   in   th i s  example ind ica tes   the   genera l   charac te r   o f   the  

a r e a   i n  terms of   the  shorel ine  types,  access and  ownership. The primary 

emphasis,  however, is on the   po ten t ia l   d i s turbance   o f   the   b io logica l  com- 

munity.  This  information is p lo t t ed  on a hydrographic  chart  and i s  des- 

cribed more f u l l y  on  an accompanying text.  This  countermeasures map pro- 

vides  a v a r i e t y  of information  that  is  related  to   the  implementat ion  of  

response  actions.  

In i t i a l   s t r a t egy   dec i s ions   shou ld   be   r e l a t ed   t o   t he   i den t i f i ca t ion   o f  

h igh   p r io r i ty  areas for   response  act ions  and  to   the deployment  of ava i lab le  

equipment and manpower resources on a reg iona l   bas i s .  These decis ions re- 

q u i r e  a regional  information  base a t  a s c a l e   t h a t  is  su f f i c i en t ly   gene ra l  

t o  compare adjacent   sect ions  of   coast .  For t he   p i lo t   s tudy   coas t ,  which i s  

approximately 250 km i n   l e n g t h ,  a scale of 1:250,000 i s  considered  appro- 

p r i a t e   i n  terms of t h e  level of d e t a i l  required  to   display  the  information 
r - 

. .  
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San  Miguel  Island (scale - 1:100,000): (from Woodward-Clyde Consul- 
tants ,  1978). 
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3.1.2 Obi ect ives   and  Conceptual  Approach 

The ob jec t ive   o f  a series o f   r eg iona l   s t r a t egy  maps is t o   i d e n t i f y  

poten t ia l   p roblem areas o r   s e c t i o n s  of coas t .   This   in format ion  i s  designed 

t o  assist i n   t h e   d e v e l o p m e n t   o f   d e c i s i o n s   r e l a t e d   t o   i d e n t i f i c a t i o n   o f   w h e r e  

response   ac t ions  are  l i k e l y   t o   b e  needed  and t o   i d e n t i f y   t h e   n a t u r e   o f   t h e  

poss ib l e   d i s tu rbance .  A t  t h i s   r e g i o n a l  scale a n   e f f o r t  is made to   min imize  

t h e  level of d e t a i l   o f   i n f o r m a t i o n   t h a t  is presented   on   the  maps. The 

primary  purpose is s i m p l y   t o   l o c a t e   p o t e n t i a l   p r o b l e m  areas a n d   t o   i n d e n t i f y  

the   t iming   o f   poss ib l e   adve r se   e f f ec t s .  The t iming  element i s  considered  on 

a very   gene ra l   bas i s ,   and  a d i f f e r e n t i o n  i s  made between  those  sect ions  of  

coas t   where   t he   adve r se   e f f ec t s  would l i k e l y   o c c u r  a t  a l l  times of   the  

y e a r  and  those  sect ions  of   coast   where  the  adverse  effects   would  probably  be 

l i m i t e d   t o   s p e c i f i c  time per iods   dur ing   each   year .  

The def in i t i on   o f   an  adverse effect  relates p r i m a r i l y   t o   b i o l o g i c a l  

communities  and human ac t iv i t ies .  A t  t h i s  scale s e n s i t i v e  si tes or  h a b i t a t s  

t h a t  are l i k e l y   t o   b e   a f f e c t e d  are i d e n t i f i e d .  These  might  include  wild- 

l i f e   s a n c t u a r i e s ,  reserves, and h a b i t a t s   o f  rare  or   endangered   spec ies .  The 

i d e n t i f i c a t i o n   o f   p o t e n t i a l   d i s t u r b a n c e s   w i t h  respect t o  man's activit ies 

w o u l d   i n v o l v e   t h e   d i s t r i b u t i o n   o f   c o a s t a l   s e t t l e m e n t s ,   p a r k s ,   a n d   s u b s i d e n c e  

ac t iv i t ies  (e .g .   oys te r  leases, water in takes) .   Other   types   o f   in format ion  

may be   dep ic t ed   on   t hese   r eg iona l  maps, f o r  example  the  location  of  permanent 

a i r s t r i p s   o r   o f   d o c k i n g   f a c i l i t i e s   s u c h  as wharves  and j e t t i e s .  Major  road 

access c h a r a c t e r i s t i c s   c a n   b e   d e p i c t e d   i f   t h e   i n f o r m a t i o n  is p l o t t e d   o n  

topographic  maps. This   road access i n f o m a t i o n  is n o t   d e s i g n e d   t o   i d e n t i f y  

w h e t h e r   s p e c i f i c  access o f   t h e   s h o r e   z o n e   i t s e l f  is a v a i l a b l e ,   b u t   o n l y   t o  

i n d i c a t e   t h a t   t h e r e  are r o a d s   i n   t h e   g e n e r a l  area of   the   coas ta l   zone .  

The a p p r o a c h   t a k e n   f o r   t h e   r e g i o n a l   s t r a t e g y  maps, as p r e s e n t e d   i n  

t h e  example in   Sec t ion   3 .1 .3 ,  i s  to   u se   t opograph ic  map s h e e t s   t h a t   h a v e  

b e e n   c u t   i n t o  smaller s h e e t s   w h i c h   c a n   b e   e a s i l y   i n s e r t e d   i n t o  a three- r ing  

b inde r   w i th   an  8%'' X 11" format .   Rela t ive ly  l i t t l e  in fo rma t ion   da t a  is 

p resen ted   on   t hese   r eg iona l   s t r a t egy  maps. The phys ica l   shore-zone   charac te r ,  

derived  from more d e t a i l e d  maps i n d i c a t e s   t h e   g e n e r a l  

c h a r a c t e r  of t h e   c o a s t a l   z o n e   i n  terms of   the  presence  or   absence  of   sediments  

and  rock. 
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The l o c a t i o n   o f   p a r k s ,   r e s e r v e s ,   o r   s a n c t u a r i e s ,   s e t t l e m e n t s ,   a i r s t r i p s ,  

and  docking f a c i l i t i e s   c o u l d  b e  shown by symbols o r   p a t t e r n s .  Areas of 

primary  concern  in  terms of poss ib le   d i s turbances   tha t   could   be   caused  by 

s p i l l e d   o i l  are i d e n t i f i e d  a t  4 d i f f e r e n t  levels (Table 3.2). 

TABLE 3 . 3  Levels  of Concern for   Regional   S t ra teg ic   Response   P lanning  

1. p r i m a r y  concern: 
countermeasure response  necessary f o r  al l   t ypes  o f  spi l ls  
a t  any time o f  the  year 

a t  certain  times of  the  year  only 

countermeasure response l i ke l y   t o  be necessary a t  
certain  times of the  year 

no know2 potentially  serious  biological or  human ac t i v i t y  
disruptions: countermeasure response probably not 
required 

2. primary  concern : 

3. secondary  concern: 

4.  t er t iary  concern: 

The areas of   p r imary   concern   a re   ident i f ied  a n  t h e   b a s i s   t h a t   t h e r e  

would l i k e l y   b e  a severe d i s r u p t i o n   e i t h e r  of h a b i t a t   o r   o f   m a n ' s   a c t i v i t i e s ,  

i r r e spec t ive   o f   t he   t ype   o f   o i l   and  volume  of t h e   s p i l l   o r   o f   t h e  time of 

year .  On t h e s e   s e c t i o n s  of coas t  i t  is l i k e l y   t h a t  a p r o t e c t i o n   o r   c l e a n u p  

response  would  be  required.   Within  these  pr imary areas a lower level sub- 

d i v i s i o n  i s  i d e n t i f i e d  on t h e   b a s i s   o f  a p o t e n t i a l   d i s r u p t i o n  of h a b i t a t   o r  

of man's act ivi t ies  f o r  a l l  s i z e s   o f   s p i l l s  and f o r  a l l  types  of o i l s ,  b u t  

only a t  c e r t a i n  times of   year .  A t  t h i s   s e c o n d  level of  concern i t  is neces- 

s a r y   t o   t a k e   i n t o   a c c o u n t   c y c l e s   o f   b i o l o g i c a l   a c t i v i t y   ( f o r   e x a m p l e ,   b r e e d i n g  

seasons ,   migra tory   spec ies ,   g rowth   cyc les )   and   the   seasonal i ty  of man's 

a c t i v i t i e s   ( f o r   e x a m p l e ,   t h e   r e c r e a t i o n a l   u s e  of an area o r   t h e   t i m i n g   o f  

commercial act ivi t ies  t h a t  may b e   r e l a t e d   t o   b i o l o g i c a l   c y c l e s ) .  

- 
A t  the   secondary  level  of   concern   the   expec ted   o r   po ten t ia l   impact   o f  

t h e   o i l  i s  cons ide red   t o   be  less s e r i o u s .  No s p e c i f i c  cri teria are presented  

a t  t h i s  time f o r   i d e n t i f y i n g   s e r i o u s  o r  non-serious  concerns.  The s e c t i o n s  

of coas t   r ega rded  as being  of   secondary  concern  would  perhaps  be  ident i f ied 

by d e f a u l t ,  as they  would  not  be areas of e i t h e r   p r i m a r y   o r  tertiary d i s -  

r u p t i o n .   I n   t h e  l a t t e r  case, t h e   i d e n t i f i c a t i o n   p r o c e d u r e   f o r   s e c t i o n s  of 
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c o a s t   o f   t e r t i a r y   c o n c e r n  is based   upon  the   fac t   tha t   there  are no known 

p o t e n t i a l l y   s e r i o u s   d i s r u p t i o n s   f o r   e i t h e r   b i o l o g i c a l   o r  human a c t i v i t y   i n  

a n   a r e a   o r  on a g i v e n   s e c t i o n  of s h o r e l i n e .  On t hese   s ec t ions   o f   coas t  

t h e r e  is u n l i k e l y   t o   b e  a d i s r u p t i o n   o f   b i o l o g i c a l   o r  human a c t i v i t i e s ,  and 

t h e s e  would  probably  be  sect ions  of   coast  where  no  response  actions  would  be 

l i k e l y .  

I d e n t i f i c a t i o n   o f  areas of   pr imary  concern  provides ,   for  a d e c i s i o n  

maker ,   the   locat ion  of   those sites t o  which  equipment  and  personnel  would 

l i ke ly   be   d i r ec t ed   immedia t e ly  a t  the  t ime  of a s p i l l   s i t u a t i o n .  A t  t h i s  

s t r a t e g i c a l  level the  development   of   broad-scale   response  act ions requires ' 

a knowledge  only  of   the  locat ion  of  sites of  concern,   not a knowledge  of t h e  

n a t u r e  of the  problem i t s e l f .  The approach  taken is s i m p l i s t i c   b u t   d i r e c t s  

a t t e n t i o n   i m m e d i a t e l y   t o  sites o r  areas where  protect ive  countermeasures  

would  be  required.  

. 3 . 1 . 3   S t r a t e g i c a l  Map Example 

The ob jec t ive   o f  a r e g i o n a l   s t r a t e g y  map is  t o   i d e n t i f y  areas of 

si tes of  concern. The map is des igned   t o   p rov ide  a r a p i d   i n d i c a t i o n   o f  

where   countermeasure   resources   might   be   requi red   for   shore l ine   p ro tec t ion  

a c t i o n s   t o   m i t i g a t e   p o t e n t i a l   d i s t u r b a n c e s   f r o m  a k n m  threat. The in-  

formation  presented  on  the map (Fig.  3.1) shms t h e   g e n e r a l   p h y s i c a l   s h o r e -  

zone  character  ( in  black-and-white)  and  the areas of   concern   ( in   red) .  The 

base is a topographic  map so tha t   in format ion   on   the   loca t ion   of   se t t lements  

and  primary  roads may be   ob ta ined .  No a t tempt  is made t o  p rov ide   an   accu ra t e  

r e s o l u t i o n  of a r e a s   o r  sites as t h i s  i s  precluded by t h e  map s c a l e .  

- Once an area of   concern  has   been  ident i f ied  and is threa tened  by a n  

o i l  s p i l l  i t  is necessary   to   de te rmine  how t h e   o i l  would d i s t u r b   b i o l o g i c a l  

o r  human activit ies.  T h i s   i n v o l v e s   r e f e r e n c e   t o   t h e  more detai led  (1:50,000)  

set of maps d e s c r i b e d   i n   S e c t i o n  3.2. From the   example   g iven   in   F igure  3 .1  

i t  i s  clear that t h e  areas of  primary  concern  on  this map are loca ted  on t h e  

coast   between Sooke  Harbour  and  Cadboro Bay. Seven areas would b e  of  primary 

concern a t  any time o f   t he   yea r ,   f o r   any   s i ze  of spill, and f o r  any  type of 

o i l .  No areas o r  sites of primary  or  secondary  concern  occur  on  the  coast  

t o   t h e  west o f   t h e   e n t r a n c e   t o  Sooke  Harbour. 
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The r e l evan t   da t a   and   i n fo rma t ion   a r e   p re sen ted  on a 1:250,000  topo- 

graphic  map and a s e t  of  accompanying  notes. The map i d e n t i f i e s   s i t e s   o r  

a r e a s  of concern,   and  the  black-and-white  pattern  outl ines  the  physical  

shore-zone  character.  Some indica t ion   of  t h e  regional  shore-zone  charac- 

ter is of g rea t   va lue   i n   p l ann ing  a t  t h i s   l e v e l ,   a s   b o t h   b i o l o g i c a l   h a b i -  

t a t s  and  response  act ions are, to  a large  degree,   governed by the   phys ica l  

environment (Owens, 1977b) . 

The gene ra l   a r ea  of  concern i s  loca ted  on  a  map, bu t   t he   p rec i s ion  

i s  l i m i t e d  a t  t h i s   s c a l e ,  as t h e   s m a l l e s t   s i z e  of f e a t u r e   t h a t   c a n  be i d e n t i -  

f i e d  i s  i n   t h e   o r d e r  of 250 m .  G r e a t e r   d e t a i l  on the  exact   areal   boundar-  

ies, and  on the  t iming  and  nature  of a poss ib l e   d i s tu rbance ,  i s  given on 

the   ope ra t iona l  map s e r i e s .  

The s t r a t e g y  maps p resen t  a minimal  level of information.  The r e l e -  

van t   da t a  are screened so t h a t   o n l y   t h e  results of a s tudy  are presented ,  

r a the r   t han   t he   r easons   o r   exp lana t ions .  The b a s i c   d a t a   s e t  from  which  the 

r e s u l t s   a r e   d e r i v e d  may be  very  detai led,   but   this   knowledge i s  not   re-  

qu i r ed   fo r   r eg iona l   p l ann ing .  

3.1.4 Summary 

S t r a t e g y   p l a n n i n g   i n v o l v e s   t h e   i d e n t i f i c a t i o n   o f   a r e a s   o r  s i tes of 

concern on a r eg iona l   s ca l e .  The l e v e l  of d e t a i l   r e q u i r e d   f o r   t h i s   p h a s e  

i s  n o t   g r e a t ,  as the  emphasis i s  on t h e   i d e n t i f i c a t i o n  of   concerns  ra ther  

than on the   explana t ion   of   the   na ture  of the   poss ib l e   d i s tu rbance .  The in- 

formation i s  requi red   for   reg iona l   p lanning   to   deploy   equipment   and   resour-  

c e s   o v e r   r e l a t i v e l y   l a r g e   s e c t i o n s  of c o a s t   ( > l o 0  km). 
- 

The a p p r o a c h   p r e s e n t e d   i n   t h i s   p i l o t   s t u d y  is t o   d e f i n e   a r e a s   o r  - 
s i t e s  of  primary  and  secondary  concern  in terms of d i s t u r b a n c e   t o   b i o -  

l o g i c a l   s p e c i e s  or hab i t a t s ,   and   t o  human a c t i v i t i e s .  A time  element i s  

inc luded   fo r  those a r e a s  or sites d e f i n e d   t o   b e  of  primary  concern,   to  in- 

d i ca t e   i f   t he   t h rea t   shou ld   be   cons ide red   s e r ious  a t  a l l  t imes  of   the  year ,  

o r   on ly   du r ing   spec i f i c   t ime   pe r iods .  
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3 . 2  OPERATIONAL MAPS 

3.2.1 In t roduct ion  

Decis ions  regarding  the  exact   nature   of   response  act ions  for  a 

g iven   sec t ion  of coas t  must  be  taken a t  a  more de t a i l ed   s ca l e   t han   t he   r e -  

g i o n a l   s t r a t e g y  maps. A t  t h i s   l e v e l  of de t a i l ,   t he   p r imary   ques t ions   a r e :  

"What i s  t h e   d i s t r i b u t i o n  of o i l  on t h e   s e c t i o n  of coast?"  and "What i s  

the   na tu re  of t he   d i s tu rbance  of a s p e c i e s / h a b i t a t   o r  of a human a c t i v i t y ,  

f o r   t h e  volume  and type  of o i l  on the   shore l ine?" .  

The knowledge  base  for  the  development of ope ra t iona l   dec i s ions   r e -  

quires  information  on  the  exact  nature of the  biological  disturbance  or of 

t he   d i s tu rbance   t o  human a c t i v i t i e s .  It i s  not   adequate   to   s imply   def ine  

t h e   a r e a s  of concern.   Information  that   explains  how t h e   o i l   a f f e c t s  a 

h a b i t a t ,  a s p e c i e s ,   o r  a s u b s i d e n c e   a c t i v i t y  i s  necessa ry   i n   o rde r   t o   de -  

termine  the  degree  of   concern  and  the  level   of   the   dis turbance.  

A t  t h i s   l e v e l  of d e t a i l  i t  i s  a l s o   n e c e s s a r y   t o   i d e n t i f y  a time 

e l e m e n t .   C e r t a i n   b i o l o g i c a l   a c t i v i t i e s   o r  human a c t i v i t i e s  may be   var i -  

ab l e   i n   t ime ,   and   t he re fo re   t he   s eve r i ty   o f   t he   d i s tu rbance  may a l s o   v a r y  

on a monthly  or   seasonal   basis .  A p a r t i c u l a r  example  would  be  the  use  of 

a h a b i t a t   o r   s e c t i o n  of s h o r e l i n e  by a migra tory   spec ies .  It i s  neces- 

s a r y   t o   i d e n t i f y   t h a t   s e c t i o n  of c o a s t  which i s  used  by  that   species,   and 

to   i nd ica t e   t he   u sua l   t ime   pe r iods  of  occupancy. It is a l s o   i m p o r t a n t   a t  

the  t ime of t h e   s p i l l   t o   u n d e r t a k e  a r econna i s sance   su rvey   t o   i den t i fy   i f  

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

- the  time  of t1.e i n c i d e n t .  Many i n s t a n c e s   a r e  documented  where the  t iming 

of  a mig ra t ion   o r   t he   l oca t ion  of stopover  areas  changes  from  year t o  year .  

Operat ional   planning is r e l a t e d   t o   t h e   i d e n t i f i c a t i o n  of s p e c i f i c  

t h r e a t s  on s p e c i f i c   s e c t i o n s  of s h o r e l i n e .  Some assessment i s  requi red  to 

d e f i n e   t h e   p o t e n t i a l   s e v e r i t y  of t he   d i s tu rbance .   Fo r   t he   p i lo t   s tudy  

c o a s t ,  a s c a l e  of  1:50,000 i s  cons ide red   appropr i a t e   i n  terms of t h e   l e v e l  

of d e t a i l  and of the  information  base  necessary  to   answer  the  pr imary 

quest ions  (Table  3 . 1 ;  page 27 
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The fo rma t   deve loped   fo r   t h i s   p i lo t   s tudy   t o   p re sen t   t he   ope ra -  

t i ona l   l eve l   i n fo rma t ion  i s  t o   ( a )   d i s p l a y  on maps t h e   s p a t i a l   a s p e c t s  of 

a po ten t i a l   d i s tu rbance ,  and t o   i n d i c a t e   t h e   g e n e r a l   l e v e l  of s e v e r i t y ,  

and  (b)   descr ibe  the  t iming  e lements  and t h e   a c t u a l   n a t u r e  of t h e   d i s t u r -  

bance f o r   d i f f e r e n t   h a b i t a t s ,   s p e c i e s   o r   a c t i v i t i e s   i n  a s e r i e s  of t a b l e s  

and notes .   In   addi t ion ,   the   phys ica l   shore-zone   charac te r  i s  depic ted  on 

the  maps in   t e rms  of s i x   r e p e t i t i v e   s h o r e l i n e   t y p e s .  The  number  and char- 

a c t e r  of these   shore l ine   types  may vary   f rom  a rea   to   a rea .  

A key  element of t h i s   s e r i e s  of maps i s  t h e   t a b u l a t i o n  of t h e   l e v e l  

of d i s rupt ion   or   d i s turbance   wi th   t ime (month  of t h e   y e a r ) .  Once  a s i t e  

or area  has   been  ident i f ied  in   terms  of   the  exis tance of a t h r e a t  from 

s p i l l e d   o i l ,   t h e   l o c a t i o n  i s  displayed on  a 1:50,000 map. The a r e a  i s  

coded on the  map by  a  number ( f o r  a b i o l o g i c a l   d i s r u p t i o n )   o r  a l e t t e r  

(dis turbance  of  human a c t i v i t y )   t h a t   r e l a t e s   t o   t e x t   o r   t a b u l a r   i n f o r m a -  

t ion,   and by a p a t t e r n   t h a t   i n d i c a t e s   p r i m a r y ,   s e c o n d a r y   o r   t e r t i a r y   l e v -  

e l s  of concern  (Table 3 . 2 ) .  The accompanying   tab les   ind ica te ,   for   each  

i d e n t i f i e d   l o c a t i o n ,   t h e   e x p e c t e d   l e v e l  of d i s r u p t i o n  by s p e c i e s   o r  by ac- 

t i v i t y   f o r   e a c h  month  of t he   yea r .   Thus ,   t he   spa t i a l  and  temporal compon- 

e n t s   a r e   r e l a t e d   t o  an  evaluat ion of t he   expec ted   s eve r i ty ,   o r   l eve l  of 

concern ,   assoc ia ted   wi th   an   o i l  s p i l l  t h rea t .   Fu r the r   i n fo rma t ion   t ha t  

desc r ibes   t he   na tu re  of the   d i s turbance  i s  p rov ided   i n   t he   no te s   o r   t ex t  

t h a t  accompany the  map and t a b l e s .  

The eva lua t ion  of p o s s i b l e   b i o l o g i c a l   d i s t u r b a n c e  i s  aga in   r e l a t ed  

t o   t h r e e   l e v e l s  of concern.  A t  t h e   t e r t i a r y   ( o r   l o w e s t )   l e v e l ,   t h e   e x p e c -  

t ed   d i s tu rbance  i s  minimal ,   the   species  i s  a b s e n t ,   o r   t h e   a c t i v i t y  i s  sus- 

pended. The primary  levels  of  concern are associated  with  long-term 

spec ies   o r   habi ta t   d i s turbance ,   and   wi th   the   d i s rupt ion  of r a r e   o r  endan- 

gered  species .  The t ime  element  here i s  taken   to   be   g rea te r   than   one   year  

- for recovery of a s p e c i e s   o r   h a b i t a t ;   t h e  most s e r i o u s   l e v e l  of concern 

has a recovery  time  element of longer   than 5 y e a r s .  

The p o t e n t i a l   d i s t u r b a n c e  of human a c t i v i t i e s   a l s o   r e l a t e s   t o   t h e  

t h r e e   l e v e l s  of concern. The most s e r i o u s   l e v e l  of d i s tu rbance  would  in- 

volve a l a rge   p ropor t ion  of t he   r e s iden t   popu la t ion .  A recent  example of 

t h i s   t y p e  of t h r e a t   o c c u r r e d   i n  1980 a t  the  Hasbah 6 blowout  in  the  Arabian 
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Gulf.  The  closure  of  power  plants  and  desalination  plants  by  oil  contami- 

nation  through  water  intakes  would  have  affected  the  health  and  safety  of 

the  populated  areas,  as  well  as  having a major  disruptive  effect  on  all 

commercial  activities.  At  less  serious  levels  of  concern  (secondary)  the 

disturbance  could  involve  closure  of  aquaculture  or  harvesting  areas;  for 

example,  clam or oyster  beds  that  provide  income  for  one or only a few 

families.  The  scale  of  concern  is  therefore  related  directly  to  the de- 

gree  to  which  human  health  and  safety  are  disturbed,  the  level  of  economic 

disruption, and  to  the  size  of  the  population  body  that  would  be  affected 

by  the  spill.  Commercial  activities,  upon  which a large  number  of  fami- 

lies  depend  for  income,  clearly  would  be  more  threatened  that  would  re- 

creational  facilities,  such  as  bathing  on a sandy  beach,  from  which little 

or no income  is  derived.  At  the  tertiary  level  of  concern,  the  disruptive 

effects of spilled  oil  are  not  considered  significant  from a health  and 

safety  standpoint,  nor  in  terms  of  economic  losses. 

The  mapped  distribution of  repetitive  physical  shoreline  types  is 

supplemented  by  information  on  the  wave  climate,  wave-energy  levels  at  the 
shoreline, tidal range, and  the  character  of  the  tide. For this  study, 

these  data  can be  obtained  directly  from  the  coding  sheets  (Section 2.3). 

A knowledge of  wave  climc?te  and  of  the  levels  of  wave  energy  provides 
background  knowledge for evaluation of  the  expected  persistence  of o i l  

that  is  stranded,  both  within  and  above  the  normal  limits  of  wave  activity 

(Owens,  1978).  The  seasonality  of  energy levels, or the  preeminence  of 

swell  versus  storm  waves,  provides  information  on  the  timing  of  beach 

cycles  that  control  the  erosion or burial  of  oil  stranded  on  beaches 

(Owens,  1977a). Similarly, in  ice-infested  waters it is  important  to 

identify  the  open-water  season  and  the  timing  of  shore-fast  ice  growth  and 

decay  cycles.  Tidal  range  and  tidal  character  (the  latter  refers to diur- 

nal,  semi-diurnal, or mixed  cycles)  control  the  distribution  of  wave  energy 

across  the  shore  zone,  and  also  affect  the  distribution  of  stranded  oil. 

All  of  these  physical  environmental  factors  are  significant  in  an  assess- 

ment of the  expected  distribution  and  persistence  of  oil  that  reaches  the 

shore1  ine . 

The  implementation  of  mitigating  countermeasures  is a response  to 

the  threat  of  potential  damage.  Operational  planning  involves  considera- 

tion of the  nature  and  severity  of a potential  disruption  and of the  rates 
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of natural  cleaning of stranded oil. There  are  many  sections of coast 

where  the  threat  of  disruption  is  not  great  and  where  rates  of  mechanical 

dispersal  could  be  high. For such  sections,  the  operational  planning  de- 

cision  may  be  to  let  the  shoreline  processes  remove  the oil, and  to focus 

resources  where  they  could  be  used  to  greater  advantage. 

The  preparation  of  these  pre-spill  operational  maps  is  intended  to 

identify  the  expected  disturbance  of a  species,  habitat or  activity.  At 

the  time  of a  spill, a reconnaissance  survey  must  be  carried aut to  iden- 

tify  that  the  mapped  element  is  actually  present on  a  section of  coast. 

This is  particularly  important f o r  migratory  species or  seasonal  activi- 

ties, but  can  also  apply  more  generally;  for  example,  a  marina or aqua- 

culture  area  may  be  inactive o r  out  of  business. The type  of  data  and  in- 

formation  requirements  for  operational  planning  are  outlined  in  Table 3 . 3  

(c.f. Table 3. 6, p. 52 ). Real-time  surveys  determine  the  actual  presence 
(or absence)  and  abundance of an  element,  after  that  element  has  been  iden- 

tified  from  the  pre-spill  analysis or survey. 

From an  operational  standpoint,  temporal  variability  is  a  critical 

consideration.  Of  special  significance  are  the  migrations of fish and 

numerous  sea  birds,  waterfowl, and  shorebirds. A site  may  be  occupied  by 

large  numbers of a  vulnerable  species,  but  may  be  highly  sensitive  during 

only a few weeks  each  year,  when  the  site is  occupied.  Similarly,  a  marsh 
system is more or less disturbed at different  periods  during the year, de- 

pending  upon  the  growth  phase  of  various  plant  species and upon  the  pres- 

ence  of  water-associated  birds  and  estuarine-dependent  larval  fish o r  shell- 

fish.  During  the  rest  of  the  year,  these  habitats  may  be  much  less  dis- 
turbed  by an oil  spill  (Owens  and  Robilliard,  1981b). The importance  of 

the  timing  of a spill  cannot  be  understated.  Elmgren " et  al.,  (in Kineman 

" et  al.,  1980) note  that  the  Tsesis  incident  occurred,  in  the  Baltic  in 
October  1977,  at  a  time  that  was  least  critical in terms  of  aquatic  biota 
and  human  activity.  Had  the  spill  occurred  during a  different  season,  the 

impact  may  have  been  substantially  different.  Pre-spill  mapping for  con- 

tingency  plans  must  take  into  account  these  temporal  variations,  not  only 

in  the distribution of flora  and  fauna,  but  also in  the  frequency  of  man's 

activity . 
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TABLE 3 . 3  Examples of Information  and  Data  Requirements  for 
Operational  Planning  (after  Owens  and  Robilliard,  1981a) 

Pre-Spill  Studies 

Spill  Factors: 

0 nature of potential  threat 

0 probable  type  of  oil 

0 maximum  spill  volume 

Physical  Factors: 

Shoreline  character 

0 sediments ; morphology 

0 beach  cycles 

0 backshore  character 

0 nearshore  character 

Shoreline  processes 

0 winds; waves; 
0 wave  climate; 

0 ice  cycles 

Biological  Factors: 

Real-Time S p i l l  Surveys 

Spill  Factors: 

0 volume of oil 

0 type of oil 

0 physical  and  chemical  character 
of  oil 

0 location  of  oil 

spill  trajectory (if on water) 

Physical Factors: 

0 meteorological  conditions 

0 oceanographic  conditions 

tides;  currents 0 regional  weather  pattern  and 
prognosis 

s tom frequency 
0 stage of beach  cycle 

Biological  Factors: 

0 species  distribution  and  abundance 
Species/habitat  relationships 

0 breeding/feeding/molting cycles  (breeding,  molting,  etc.) 
0 stage of biological  cycles 

0 resident  or  migratory  patterns 0 location of mobile  or  migratory 

Population  parameters species 

0 abundance  and  cycles 

Rare  or  endangered  species Human Factors: 

0 distribution,  abundance,  and 0 actual  commercial  activities 

activity  cycles 0 actual  recreational  activities 

Reserves  or  protected  areas 0 potential  disturbance  of  commercial/ 

0 location;  species 

--Human Factors: 

recreational  species  present in or 
entering an area 

0 potential  threat  to  public  safety  or 
health 

Commercial  or  recreational  activities 

0 distribution and character  of 
activity 

0 timing of activity 

0 level  of  economic/manpower  activity 
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3 . 2 . 3  Operational  Map  Examples 

. .  
The  objective  of  the  map  and  text of tables  at  this  scale  is  to 

provide  specific  information  on  the  nature  of  the  disturbance  in  both  time 
and  space.  Text  material  is  presented  -in  a  note or tabular  format,  rather 
than  as  a  narrative, in order  to  enable  the  user to rapidly  identify  sep- 
arate'relevant  pieces  of  information. 

The map  (Fig. 3 .  1 ) adicates  the  location  of  sites or areas  of 
primary  and  secondary  concern.  These  sites or areas  are  described  in  a 
series  of  notes  (Fig. 3 .  1 that  provide  information  on  the  specific  na- 
ture  of a  disturbance  and  on  the  species,  habitats or activities  that 
would  be  threatened.  The  actual  level  of  concern  and  the  ,timing  of  the 
concern  for  each  important  species,  habitat or activities  is'indicated 
graphically  on a separate  set  of  tables  (Tables 3 . 4  and 3.. 5 ) . 

Additional  information  on  the  regional  c;liaracter  is  provided  in  the 
notes (Fig.  1.9b). This  information'briefly  describes  some of  the  physi- 

cal  characteristics  and  human  activities  of  which  the  user  should  be  made 
aware  before  assessing  the  potential  effects  of  a  spill  and  the  expected 
fate  and  persistence  of  stranded  oil,  and  before  development of an  opera- 
tional  plan f o r  the  area. 

On this map-sheet, only  one  area  of  pr.imary  concern  is  identified. 
This  is  a  sheltered  lagoonal  environment,  with  w?de,  intertidal  flats  ex- 
posed  at  low  tide,  that  is  enclosed  by  a  large  barrier  spit.  The  primary 
disturbances  at  this  location  would  be  to (i) migratory  waterfowl  in 
spring  and fall, (ii)  vegetation  (eelgrass  and  salt  marsh)  during  the 
spring-summer  growing  season,  and (iii) clams  at  all  times  of  the  year. 
With  this  level  of  information, an operational  plan  could  be  developed 
rapidly  to  mitigate  the  potential  disturbance  from an oil  spill.  The  key 
element of this  example  is  that  detail  is  provided  only for those  sections 
of shoreline  where  that  information  would  be  required. For these  sections, 

the  level of detail  must  be  adequate  to  determine  the  nature  and  the  poten- 

tial  severity  of  disturbance in both  time  and  space. 

-. 
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3 . 2 . 4  Summarv 

Opera t iona l   p l ans   i nvo lve   t he   i den t i f i ca t ion  of s i tes  o r  areas where 

a s p i l l   c o u l d   c a u s e   d i s r u p t i o n  of b i o l o g i c a l   s p e c i e s   o r   h a b i t a t s ,   o r  of hu- 

man a c t i v i t y .  Two important  elements a t  t h i s   l e v e l  of d e t a i l  are t o   d e f i n e  

the   na tu re  of t h e   p o t e n t i a l   d i s t u r b a n c e ,  and t o   c ' e s c r i b e   v a r i a t i o n s   i n   t h e  

s e v e r i t y  of t h e   e f f e c t s   i n  time. These l a t t e r ,  c y c l i c ,   v a r i a t i o n s  are p r i -  

m a r i l y   r e l a t e d   t o   s e a s o n a l   a s p e c t s  of b i o l o g i c a l   h a b i t a t s   o r   a c t i v i t i e s .  

Lindstedt-Siva  (1977)   descr ibes  some a s p e c t s  of p o t e n t i a l   b i o l o g i c a l   d i s -  

turbances,   but   to   date   no  comprehensive  discussion of t h e   p o t e n t i a l   d i s r u p -  

t i o n   t o  human a c t i v i t i e s   h a s   b e e n   p r e p a r e d .  

P rev ious   s tud ie s  a t  1:50,000  scales   of   the   physical   shore-zone 

character  (Bornhold " e t  a l . ,   1979)  and  of s p i l l - r e l a t e d   i n f o r m a t i o n  (Canada, 

Dept. of the  Environment,  1976; see a l s o  Hum, 1977)  provide a u s e f u l   d a t a  

b a s e   f o r   t h e   p r e p a r a t i o n  of o p e r a t i o n a l  maps.  The primary  emphasis a t  t h i s  

l e v e l  of d e t a i l   i n   t h i s   p i l o t   s t u d y  i s  t o   f o c u s  on t h e   n a t u r e  of the  prob- 

lem, r a the r   t han  t o  present   in format ion  on l o g i s t i c s   o r  on the  implementat-  

ion  of  countermeasures. The minimum s i z e  of a mappable f e a t u r e  a t  t h i s  

s c a l e  i s  i n   t h e   o r d e r  of 50 m, wh ich   does   no t   p rov ide   su f f i c i en t   de t a i l   f o r  

s i t e - spec i f i c   p l ann ing .  

The p repa ra t ion  of   an  information  base  to   def ine  and assess the  na-  

t u r e  of a po ten t i a l   conce rn   i nvo lves   bo th   p re - sp i l l   s tud ie s  and real-time 

surveys.  Data on t he   exac t   na tu re  of the   th rea t ,   on   meteoro logica l /oceano-  

g raph ica l   cond i t ions ,  and on t h e   d i s t r i b u t i o n  and  abundance  of  mobile  spe- 

c i e s ,   c a n n o t   b e   o b t a i n e d   p r i o r   t o  a s p i l l   e v e n t .  

The examples  presented t o  i l l u s t r a t e   t h e   a p p r o a c h   i n c l u d e  a map t h a t  

i d e . n t i f i e s   t h e   l o c a t i o n  and a r e a l   e x t e n t  of poss ib le   concerns ,   bo th   b io-  

-logical  and human, and a set of no te s   t ha t   p rov ide  more d e t a i l   f o r   e a c h   l o -  

c a t i o n   i d e n t i f i e d  on t h e  map. Tables   ind ica te   the   t iming   and   poss ib le  

l e v e l  of d i s t u r b a n c e   f o r   e a c h   h a b i t a t ,   s p e c i e s ,   o r   a c t i v i t y .   T h i s   a p p r o a c h ,  

therefore ,   combines  re levant   information on the   l oca t ion ,   t iming ,   na tu re ,  

and on the   degree  of c o n c e r n   f o r   s e c t i o n s  of coas t   t h rea t ened  by a n   o i l   s p i l l  

Y 
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3 . 3  TACTICAL M A P S  

3 . 3 . 1  In t roduc t ion  

II) 

1 

The r e sponse   dec i s ions   t aken  a t  t h e   r e g i o n a l   a n d   o p e r a t i o n a l   s c a l e s  

d e s c r i b e d   i n   S e c t i o n s  3 . 1  and 3 . 2  d e f i n e  areas of   concern  and  specif ic   sec-  

t i o n s  of shorel ine  where a r e sponse   ac t ion  would  be  implemented.  After  de- 

c is ions  have  been made a t  t h e   r e g i o n a l   s t r a t e g y  and the   ope ra t iona l   p l ann ing  

l e v e l s ,  a response  act ion  can be  implemented by ask ing   the   fo l lowing   ques-  

t i o n :  "What can  be  done t o   m i t i g a t e   t h e   d i s t u r b a n c e  of a s p e c i e s ,   o r   h a b i -  

t a t ,  o r  of  man's a c t i v i t i e s ? " .  The ope ra t iona l   p l ann ing   dec i s ions   de f ine  

which   sec t ions   o f   shore l ine  are to   be   p ro tec ted   o r   c leaned ,   whereas   the  tac- 

t i c a l  level i n v o l v e s   i d e n t i f i c a t i o n   o f  how appropr ia te   countermeasures  are 

to  be  implemented. 

The development  of a t a c t i c a l   p l a n   f o r   t h e   i m p l e m e n t a t i o n  of  shore- 

l i ne   coun te rmeasu res   mus t   i nc lude   spec i f i c   i n fo rma t ion   conce rn ing   l og i s t i c s ,  

access ,   and  environmental   constraints   (e .g .   sediment   types,  sea-state con- 

d i t i ons ) .   Eva lua t ion  of t h e   e f f i c i e n c y   a n d   e f f e c t i v e n e s s  of a v a i l a b l e  

countermeasures must a l s o   c o n s i d e r   t h e   e f f e c t s  of t h e   t e c h n i q u e ( s )   t o   e n s u r e  

t h a t  the  a c t i o n s  do no t   i ncu r   an   unaccep tab le   d i s tu rbance   o r  damage  them- 

s e l v e s .   I n  many ins tances ,   countermeasure   ac t ions   have   been  known t o   c a u s e  

more damage than   t ha t   wh ich   r e su l t ed  from t h e   o i l   s p i l l .  

A s u i t a b l e   t a c t i c a l   p l a n  would i n c l u d e   t h e   i d e n t i f i c a t i o n  of command- 

pos t   l oca t ions ,   s t ag ing  areas and spec i f i c   i n fo rma t ion ,   fo r   example ,  on s u i t -  

a b l e  booming l o c a t i o n s .  The map scale r e q u i r e d   t o   i d e n t i f y   t h i s   d e t a i l e d   i n -  

format ion ,   tha t   might   inc lude   access   po in ts ,   l and   use ,   and   land   ownersh ip ,  

would vary  from s i t e  t o  s i t e  depending on t h e   s i z e   o f   t h e  area i n   q u e s t i o n .  

I n   t h e  example  chosen f o r   t h i s   p i l o t   s t u d y ,  Sooke  Harbour, a scale of 

1:16,000 i s  cons idered   appropr ia te .  More d e t a i l e d   s c a l e s   ( e . g . ,  1:5,000) 

may be   r equ i r ed   fo r  smaller sec t ions   o f   coas t ,   such  as a s h o r e l i n e   a d j a c e n t  

t o  a f u e l  dock o r  a water intake  system. A t  t h i s   d e t a i l e d   t a c t i c a l   s c a l e  

- 
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the  primary  emphasis is to  document  and  display  information  that  relates to 

the  actual  implementation  of  countermeasures  (Table 3.1 ; page 27) 

3 . 3 . 2  Objectives  and  Conceptual  Approach 

The  decision  to  protect of clean  up  an  area  much  consider how that 

countermeasure  action  can  be  implemented.  Once  the  problem  is  identified 

(i.e.,  the  threat  and the  concern  are  known),  the  solution is  governed  by 

available  countermeasure  options,  in  terms  of  equipment  and  manpower  re- 

sources,  and  by  environmental  parameters  such  as  accessiblity,  sea  state, 

and  sediment  bearing  capacity  that  constrain  the  implementation  of  chosen 

option. 

At  this  tactical  level  of  spill  response  actions,  it is  possible  to 
obtain  and  organize  a  large  proportion  of  the  relevant  information  base 

prior to a  spill event. Operational  factors  such  as  the  location of  air- 

ports,  docks,  and wharves; the  designation  of  temporary  staging  and  perma- 

nent  disposal  sites;  access  points  to the shore  zone; and  the  trafficability 

or  bearing  capacity  of  the  intertidal  and  backshore  sediments  can all be 

documented as part  of  contingency  planning.  Information  on  the  availability 

and  type  of  equipment  and  manpower  resources  for  spill  response can  also  be 

obtained  during  pre-spill  surveys  (Table 3 . 6  ). It  is  unlikely  that  this 

basic  set  of  information will  change  considerably  over  relatively  short 

periods  of  time (i.e., months  or years). Examples  of  this  type  of  infor- 

mation,  presented  at  a  more  general  scale,  are  given  in  the  operational  sec- 

tion  (Figs. 3.5 to 3 . 8 ,  and  Tables 3 . 4  to 3.7). The  tactical  implementation 

of  spill  countermeasures  must  involve  consideration of meteorological  and 

oceanographic  factors  at  the  time  of  the  event.  Real-time  reconnaissance 

surveys  are  necessary  to  determine  the  exact  distribution,  volume, and 

character  of  the  oil.  This  information  set  will  be  different f o r  each  spill 

incident, and is  dependent  upon  local  environmental  conditions  that  change 

continuously  through  time. As with  operational  planning  (Section 3 . 2 ) ,  the 

required  information  base  for  the  tactical  implementation  of  countermeasures 

involves  both  pre-spill  and  real-time  surveys. An outline of  information 

requirements  for  tactical  decisions is given  in  Table 3 . 6  . 

* 

* 
not shown 
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TABLE 3. 6 Examples of Information  and  Data  Requirements for 
Tactical  Maps. 

Pre-Spill  Studies 

Environmental  Factors : 

shoreline  character  and 
sediment  bearing  capacity 

Real-Time  Spill  Surveys 

Spill  Factors 

0 location of oil 

0 character of oil 
nearshore  bathymetry 

0 depth of oil  penetration 
backshore  morphology 

0 thickness of oil 
low-energy  areas 
(potential  oil  accumu- 
lation  areas) 

Logistical  Factors: 

shoreline  access 

shore-zone  ownership 

distances  to  logistic 
bases  (airstrips,  wharves, 
etc. 1 

approved  disposal  sites 

suitable  temporary 
staging  areas 

suitable  command-post 
locat  ions 

personnel  resources 

equipment  resources 

Tactical  Constraints: 

0 geologic 

0 biologic 
- 

0 human  activities 

Environmental  Factors: 

air  temperature 

winds  and  waves 

nearshore  currents 

predicted  tide  stages  and 
heights 

cone  index  values 

distribution  of  debris  or  logs 

Logistical  Factors: 

0 access permission 

0 availability of communications 
support 

0 availability of manpower  and 
equipment  resources 

Tactical  Constraints: 

0 oceanographic 

0 meteorologic 

r 

U 
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Evaluation  of  the  efficiency  and  effectiveness  of  proposed  counter- 

measure  actions  must  involve  consideration  of  the  potential  disturbance  to 

the  geological  environment,  the  biological  environment,  and  to  human  activi- 

ties  that  might  result  from  the  protection  or  cleanup  methods  themselves. 

For  example,  the  movement of  equipment or personnel  through  a  vegetated  dune 

area  could  cause  serious  disturbance  of  the  stabilizing  vegetation  that 

might  result  in  the  formation  of  dune  blowouts  and  in  erosion  (see  Section 

3 . 4 . 3 . 2 ) .  Similarly,  the  use  of  equipment or other  countermeasure  techniques 

in marshes  could  destroy  both  the  vegetation  cover  as  well as the  habitats. 

The  deployment of booms  across  harbour  or  marina  entrances  could  interfere 

with  commercial  and  recreational  boat  traffic,  and  these  factors  must  be  con- 

sidered  when  developing  countermeasure  options.  In  certain  instances,  the 

optimal  protection or cleanup  actions  may  cause  more  damage or more  distur- 

bance  than  the  oil  spill  itself.  In  these  situations,  it  may  be  necessary 

to  select  alternative,  perhaps  less  efficient or less  effective  countermeasure 
actions,  in  order  to  avoid  such  damage  or  disturbance. 

A primary  emphasis  in  this  pilot  study  is  to  segregate  information 

sets so that  specific  questions  can  be  answered  in  terms  of  the  development 

of  different  levels  of  response  actions. For this  pilot study, the  infor- 

mation  that  relates  to  the  actual  implementation  of  countermeasures  is  pre- 

sented  at  the  detailed, 1:16,000 scale,  tactical  level  which  is  described  in 

this  section. The purpose of tactical  maps  is to  describe  limitations,  cons- 

traints,  or  favourable  factors  that  influence  the  implementation of  spill 

countermeasures. At  this scale and level of detail, it  is  also  possible  to 

suggest  or  to  recommend  appropriate  response  actions.  Figure 3 . 3  is  an  ex- 

ample  of a  series  of  recommended  response  actions  that  have  been  identified 

on a base  map 

map  indicates 

biological  or 
- 

that is a  hydrographic  chart.  In  particular,  this  response 

sites  where  booming  could  be  effective  to  protect  areas  where 

human  disturbance  might  result  from  the  spilled  oil. 

111 

II, 

P 

I 

Y 
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I SANTA  BARBARA 
Scale 1 : 10,000 I - /  

Soundings in  Fathoms 

h 7M '4' HORN 

by shifting sand  bar 

Oil may  splash  over 
breakwater in heavy  weather 
- may  require  control  actions 
inside harbor 

Figure 3 . 3  A detailed response map of Santa Barbara  Harbour. 
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3 . 3 . 3  T a c t i c a l  Maps Example 

The area of  Sooke  Harbour  and  Sooke  Basin  has a well-developed  geo- 

logical ,   b iological   and  countermeasures   data   base  (Bornhold e t  a l . ,  1979; 

B r i t i s h  Columbia, 1980; Canada,  Dept.  of  Environment, 1976) .  These  s tudies  

present   in format ion  a t  scales as d e t a i l e d  as 1:50 ,000 ,  b u t   t h i s   l e v e l  of 

d e t a i l  i s  not   adequate   for   the  planning  or   implementat ion of s i t e - s p e c i f i c  

countermeasure  act ions.  The t a c t i c a l   r e s p o n s e  maps should   be   o f   suf f ic ien t  

d e t a i l   t o   i d e n t i f y   f e a t u r e s  less than 50 m i n  s i ze  (see  Table  3 . 1 ,  page 27 ) ,  

and  should  contain a range of d i spara te   in format ion   (Table  3 .  4 ) .  The ap- 

proach recommended i n   t h i s   p i l o t   s t u d y  i s  t o   p r e s e n t  a series of  maps, t a b l e s ,  

and c h a r t s   i n   o r d e r   t o   p r e s e n t  a l l  of the   necessary   in format ion .  

The f i r s t  map (Fig.  3.5 ) disp lays   on ly   re levant   phys ica l   shore-zone  

and   b io logica l   in format ion .  A g r e a t e r   l e v e l  of d e t a i l  on each  of   the  physical  

sho re l ine   un i t s   can   be   ob ta ined  by re ference   to   the   coding   shee ts   and   coding  

scheme p r e s e n t e d   i n   S e c t i o n s  2 . 2  and 2 . 3 .  The b i o l o g i c a l   d a t a  i s  i d e n t i f i e d  

i n  terms o f   t h e   d i s t r i b u t i o n  of s p e c i e s   o r   h a b i t a t s  and f u r t h e r   i n f o r m a t i o n ,  

p a r t i c u l a r l y  on the   t iming  of cyc le s  would  be  obtained  from  the  operational 

map series f o r   t h a t  s i t e  o r  area (e .g . ,   Table  3 . 4 ,  page 47 ). A t a b l e   t h a t  

i d e n t i f i e s  a series of t ac t i ca l  parameters  i s  keyed t o   t h e   i n d i v i d u a l  map 

u n i t s   ( F i g .  3.5 1. These  parameters are coded  (Table 3 .  8) so t h a t  a rela- 

t i v e l y   d e t a i l e d   i n f o r m a t i o n  level can   be   used   to   descr ibe   each   shore l ine   un i t .  

I n   t h i s  example  only 5 of   t he  10 map u n i t s  are d e s c r i b e d   i n   t h e   t a b l e .   I n f o r -  

mat ion  on  operat ional  access, ownership  and  land-use are provided  and  approp- 

r ia te  protect ion  and  c leanup  techniques are i d e n t i f i e d .   C o n s t r a i n t s  on 

countermeasure  act ions are included as t h e s e  must  be  evaluated  before  any 

a c t i o n  is implemented.  The s e l e c t i o n  of appropr ia te   countermeasures   can   in -  

v o l v e   t h e   a p p l i c a t i o n  of dec i s ions   gu ides   (Sec t ion  3 . 4 . 2 ,  page 63 ; and 

Sec t ion  3 . 4 . 3 . 1 ,  page 83 ). The accompanying  countermeasures  manual 

'(Section 3 . 4 )  inc ludes   in format ion  on the   p r imary   uses  of ava i l ab le   t echn iques  

and t h e   e f f e c t s   t h a t   u s e   o f  a technique  might  have on the   geologica l   and   b io-  

logical   environment .   This   manual   should  be  consul ted  during  the  evaluat ion 

and   se lec t ion   process   for   countermeasure   ac t ions .  
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The  area  of  the  tactical  map is covered  by a  hydrographic  chart  at  a 

scale  of  1:12,000  (Fig.  3.6 ).  The  bathymetric  information  presented  on  the 
charts  is of  great  importance  to  tactical  planning,  and  in  particular  to 

small-craft  operations  and  to  boom  deployment.  Superimposed on the  hydro- 

graphic  chart  is  data that relates  to  ebb-  and  flood-tidal  currents  (obtained 

by drogue  measurements; D.P. Kraue1,pers. comm.); possible  boom  deployment 

locations  and  configurations;  shore-zone  access  locations;  and  possible 

staging  areas  (see  legend  of  Fig. 3. 7 ). Oceanographic  studies  have  deter- 
mined  areas  where oil  would  likely  accumulate  during  periods  of  calm  winds 

(D.P. Krauel,  pers. comm.). 

The  remaining  maps  and  charts  for  Sooke  Harbour and  Sooke  Basin 
(Figures 3 . 1 5  to  3.18)  provide  relevant  information  for  the  entire  area. 

The  data  on  the  tidal  circulation  pattern (see  Fig.  3.18)  which  indicates a 

predominant  clockwise  flow  in  Sooke  Basin  throughout  most  of  the  tidal  cycle 

is of particular  importance. On the  flood  tide a  small  counterclockwise 

back  eddy is associated  with  this  gyre  in  the  northwest  corner of the  basin 

(fig.  3.14~).  Current  data  plotted  on  the  charts  indicate  that  maximum 

velocities  occur  off  Whiffen  Spit (4 knots or 2.0 m/s)  and  at  Billings  Spit 

( 3  knots or 1.4 m/s). Elsewhere  within  the  channels  drogue  studies  indicate 

that  maximum  currents  are  in  the  order  of 0.5 to 1.0 m/s (1 to 2 knots). 

Operational  data  for the implementation of  an action  must  also  consider  the 

timing of tide  stages  and  the  predicted  water-level  elevations  (Table 3.11). 

The  tactical  maps  are  presented  here  in  a  page-size  format. For an 

area  such  as  Sooke  Basin  it  would  be  more  appropriate  to  use a  single  map 

or chart, at  the same  scale  as  presented  here, in order to  effectively  plan 

for  the  implementation of countermeasures  actions.  The  key  element  of  the 

tactical  maps  is  that  there  is  a  large  volume  of infomation that is required 

and  that  this  information is also  very  detailed  and  site  specific.  The  pre- 

€erred  approach  to  display  the  data  is  to  use  more  than  one  map (in  this 

case  a  map  and a chart)  and a  coded  table  rather  than  attempt  to  combine 

all  of  this  disparate  information on a  single  map. 
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3 . 3 . 4  Summary 

The  relevant  information  for  tactical  planning  and/or  decisions  is 

presented  at  an  appropriate  level  of  detail on a  set  of maps,  charts  and 

tables. The objective of this  scale of data  presentation  is  to  be  site- 

specific.  Once  a  problem  (or  concern) is  identified  the  next  series  of  ac- 

tions  relate to  the  evaluation  of how  a  mitigating  response  can  be  imple- 

mented. This  process  requires a knowledge of environmental and logistical 

parameters as well  as an understanding  of  factors  or  constraints  that  may 

limit  the  appropriateness  or  effectiveness of particular  techniques. 

The  level  of  detail  that  is  necessary  to  achieve  the  desired  data 

base  involves  ground  surveys  and  the  use of detailed  vertical  aerial  photo- 

graphs  (scale 1:10,000) and low  altitude  colour  videotapes.  The  latter  are 

of  great  value  in  preparation  of  the  maps  and  can  also  be  used  to  provide 
an  audio-visual  commentary  on  shoreline  character  and on appropriate  spill 

countermeasures  (Owens  and  Robilliard, 1980). From  the  air  photos and video- 

tapes  it is possible  to  identify  features  on  the  ground  with  dimensions  in 

the  order of 5 m. 

The pre-spill  studies  provide a large  proportion  of  the  necessary  data 

base. This  information  must be  supplemented  at  the  time of a  spill by 

meteorologic  and  oceanographic  data as well as by  details of the  nature of 

the  threat  itself  (i.e.,  the spill  size and  the  physical  and  chemical  pro- 

perties  of  the oil). Detailed  pre-spill  studies  could  probably  be  developed 

only  for  areas  where  either  the  level  of  concern  or  the  probability  of  a 

spill  would  be  high. 

I 
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OPEMTIONAL Land 
ACCESS 

- 

OWNERSHIP 

LAND-USE 

Sea - 

Air 

RECOMMENDED  protection: 
COUNTERMEASURE 
TECHNIQUES  c 1 eanup : 

COUNTERMEASURE 1. 
CONSTRAINTS * 2. 

3. 
4. 

5 .  
6 .  

7 .  
8. 
9. 

* These  are  examples,  and  the 

L1 
L2 

L3 
L4 

s1 

s2 

s3 
s4 

A1 
A2 

A3 
A4 

C 
F 
M 
P 
R 

a 

i 
if 

C 

0 

P 
r 

Heavy  vehicle  access  by  road 
Vehicle  access  possible  by  construction 
of  temporary  route 
Pedestrian  access  only 
No pedestrian  access 

Dock,  wharf  or  marina 
Water-depths >1 m  at low tide 
Very  shallow,  or  reefs,  or  kelp 
Exposed,  potentially  dangerous  approach 

Fixed  wing  backshore  access 
Float  plane 
Rotary  blade  aircraft 
No aircraft  access 

Private:  commercial 
Federal 
Local  government 
Provincial 
Private:  non-commercial 

Agricultural 
Habitation  (seasonal) 
Industrial - commercial 
Industrial - forestry 
Unused 
Habitation  (permanent) 
Recreation 

see  Table 3 .  8 ; page 64 

see  Table 3 .  9 ; page 91 

Potential  damange  to  dune  vegetation 
Sediment  removal  could  cause  backshore 

Sediment  removal  could  cause  beach  retreat 
Anticipated  low  bearing  capacity  of 
sediments;  or  extensive  log  debris 

Potential  habitat  damage 
Operations  limited  to  mid-  or  low-tide 

Booms  limited by strong  nearshore  currents 
Booms  would  interfere  with  boat  traffic 
Pack  ice  would  limit  boom  effectiveness 

(cliff)  retreat 

periods 

list  is not intended  to  be  complete 

Figure 3. 4 Codes  for  tactical  information. 
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3 . 4  COUNTERMEASURES MANUAL 

I 

Y 

U 
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~~ 

3 . 4 . 1  I n t r o d u c t i o n  

The implementat ion  of  a c o u n t e r m e a s u r e   a c t i o n   i n v o l v e s  
t h e   e v a l u a t i o n  of a v a i l a b l e   a n d   a p p l i c a b l e   m e t h o d s   i n   o r d e r  t o  
select t h e  most a p p r o p r i a t e   p r o t e c t i o n  o r  c l e a n u p   t e c h n i q u e ( s ) .  
I n   t h i s   s e c t i o n  a series of dec i s ion   d i ag rams   p rov ide   an   approach  
by   wh ich   appropr i a t e   r e sponse   ac t ions   can   be   s e l ec t ed .   Each   o f  
t h e   p r o t e c t i o n  or c l e a n u p   t e c h n i q u e s   t h a t  are a p p l i c a b l e  t o  t h e  
p i l o t   s t u d y  area are d e s c r i b e d   i n d i v i d u a l l y .  Much o f   t h e  
material p r e s e n t e d   i n   t h i s  section is der ived   f rom  Foget  e t  a l . ,  
( 1 9 7 9 ) .  

3 . 4 . 2  S h o r e l i n e   P r o t e c t i o n  Methods 

The p r i n c i p l e   s h o r e l i n e   p r o t e c t i o n   m e t h o d s  are descrihec? 
i n   T a b l e  3 . 7  . S e l e c t i o n   o f   a n   a p p r o p r i a t e   p r o t e c t i o n   t e c h -  
n i q u e ( s 1  f o r  a s h o r e l i n e  or water area depends  on  the  fol lowirq-  
factors :  

water body character  (bay,  tidal  channel, 
open coast)  

0 presence   and   t ype   o f  ice 
0 water c u r r e n t   v e l o c i t y  
0 coastal  c o n f i g u r a t i o n   ( e . g . ,   i n l e t ,   h a r b o u r  

0 w a t e r   d e p t h s  
0 sea state 
0 volume of o i l  

e n t r a n c e ,   s t r a i g h t  coast) 

F i g u r e  3 .  8 p r e s e n t s  a d e c i s i o n   g u i d e   t h a t   h a s   b e e n   d e s i g n e d  
t o  (a )  h e l p   e v a l u a t e   t h o s e   f a c t o r s   t h a t  affect  t h e   u s e   o f  a pro-  
t e c t i o n   t e c h n i q u e   a n d   ( b )  select t h e   a p p r o p r i a t e   t e c h n i q u e ( s 1  
for  t h e   c o l l e c t i o n   o f  o i l  on n e a r s h o r e  waters. 
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TABLE 3- 7 S h o r e l i n e   P r o t e c t i o n  Methods 

SOOXNC 
C"YNTAINTSXT 

WOMING 
soRBm 

e rxc luces   o i l  ::em spec i f i c  areas e to  p r o t e c t  rzlall. hays. . ~ = C . O U S ,  
;n le ts  or =aver  nouths 

e currents  ~ 0 . 5  a/s, wave  AeLgnt ~ 2 5 ~ 3  a 
e deployed a t  m angle to approachins e vhere  currents .J.S m/s, and 

e divert. oil away from rens i t ive   a reas  
e o i l  removed from water surface 

e deployed  around o i l  
e oil rrmoved  from water surfaces 

e curren t  >a.  5 c,'s 
e zot appl icable   for  larqe r l r c x t  

e o i l  mrorhd by boom 
e deployed  across  approaching  oil  e qu ie t  -rate:s 

e -11 s l i c k s  

o i l  wave height ' 25  cn 

ONSXOIOM "00 APPLICABILITY 

(f) AND/OR 
o m s  
DITCHES 

0 applied  manually or  mechanically 
t o  the beach  before oil is st=anded 

e o i l / s o r k n t  is tken removed 
manually o r   m e c b n i c a l l y  

ditch up t o  1 m deep dug p a r a l l e l  
to  shore a t  upper lhit o f  wave 

e sed i sen t   o r  snow  removed used to 
act ion 

bui ld  dyke on landward ride of 
the ditch 

e on pebble-cobble  beaches  can f i l l  
d i t ch  vit!! rorbents t o  collect o i l  
and prevent  oil   penet=ation 

e keepr oil from upper h t e r t i d . 1  
area  

e reduces  penetration  of o ~ l  i n to  
subs t ra te  

e sorbent pads preferable  t3 loose 
fur. materials for each of col-  
l ec t ion  

e prevents o i l  being washed onto 

e can be constructed aechanical ly  

e ditch acts a s  a co l l ec to r  of o i l  

the  backsnore 

along  long  beach  sections 

which CM be removed w i t ?  bucke:s, 
hand p ~ ~ p s ,  OE vacuum pumps 

e prevents oii from bemg wasted 
i n t o  the backahore 

SUaFACE 
COLLTcpORS 

(water) 

S U ~ ~ C Z  
COLiEcpORS 

e sprayed  direct ly  on slick rurface e requi res   pers i ss ion  of requlatory 

e f a c i l i t a t e s  2 o r  3 dimmsional e l i g h t   t o  medium f l x i C   o i l s  
agencies 

breakup  and  dispersion  of  slick e b e n t  su i t ed   i n   a r eas  where na tura l  
d i l u t i o n   r a t e  of   dispersed  oi l  
is g rea t  

e applied as a spray   bermen  s l ick  e e f fec t ive   u se   r equ ins  low wind 

e o i l  m u s t  be recovered e %st e f fec t ive  on sheens o r  tiih 
aad shorel ine and wave a c t i v i t y  

slicks 

e applied :o shore zone b e f o r e   o i l  e app l i cab i l i t y  and effect iveness  

e preven t r   o i l  f r o m  adhering to and e may be d i f f i c - L t  t3 apply on long 
is stranded  not y e t  f d l y  asoessed 

penet ra t ing   in to  the subs t ra te  
e o i l  must be flushed f r a m  the shore 

sect ions o f  shore 

and agent   ramvtd   i f  it does  not 
degrade  naturaily 

e applied along water lim before o i l  e app1icabili:y and effecziveness 
is stranded  (as a spray)  not y e t  f d l y  assessed 
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Conf igurat ion 
o f  area to be 
protected 

Stralght 
coastline 
w l t h  
sensltlve 
areas 

Entrance to 
bays.  harbors, 
lagoons,  etc. 

Nar row 
tldal 
channel 

Contalnment 
b o o m l n g   o f  
slick outstde 
o f  surf zone 

Are  breaking 
waves >25 c m  
present in area 
where boom 
will be 
deployed? 

Diversion 
booming 
upstream of 
sensitive  area 

Containment 
boomlng of 
slick  outslde 
of entrance 

Water 

Current 

Speed 

l e s s   t h a n   E x c l u s ~ o n   b o o m i n g  
1 k t  across  entrance 

Diverston  booming  a t  
an angle In entrance 
or inside of entrance 
where  water  currents 
d imin ish  

G~~~~~~ than 
1 k t  

I Sorbert  barrier 

Less than across  entrance 

Exc lus ion   booming 
1 k t  1 Or 

across entrance 

an  angle across channel 

Figure 3.8 Protection  decision  guide fo r  coastal  waters 
(from  Foget et al., 1979). 
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The  principle  techniques  can  be  subdivided  into  those 
which: (1) can  be  used  .on  the  surface  of  the  water, (2) are 
used  on  the  shoreline,  and ( 3 )  are  still  considered  experimental 
(Table 3 . 7  1.  In the  latter  case,  the  techniques  have  not  been 
proven  to  be  effective  in  large-scale  spills.  The  primary  shore- 
line  defence  is  to  contain  and  collect  oil  on  the  water  surface 
before it  becomes  stranded.  It  is  preferable  to  collect  the  oil 
on  the  open  sea  rather  than  in  the  nearshore  environment.  Con- 
tainment  adjacent  to  shorelines  is  generally  difficult  because 
of  wave  action  (breakers  and  longshore  current).  Booms  that  are 
deployed  through  a  surf  are  rendered  ineffective  by  waves  breaking 
over  them  and  can  be  damaged  by  the  surf  action. 

The  techniques  for  containing  spills  on  open  water  adja- 
cent  to  shorelines  are  the same as  those  employed  to  contain 
open-water  spills  further  from  shore  (Fig. 3 . 9  ) and  only  tech- 
niques  that  are  peculiar  to  shoreline  containment  and  protection 
(i.e.,  diversion  and  exclusion  booming)  are  discussed  here. 

3.4.2.1  Boom deployment  for  shorelines  and  protected 
waters. 

(a)  Diversion  booming.  Diversion  booming  is  useful  for 
the  protection  of  sensitive  areas. It is likely  that  a  spill 
headed  toward  a  sensitive  area  can  be  diverted  to  another  shore- 
line  location  that is less  sensitive  and/or  more  easily  cleaned 
up.  In addition,  diversion  booming  should  be  used  where  the 
water  current is greater  than 1 knot. A t  water  velocities 
greater  than 1 knot containment  booms  tend  to  become  inefficient; 
oil  will  flow  beneath  the  skirt,  rendering  the  boom  relatively 
ineffective.  Diversion  booms  should  be  deployed  at an  angle 
closest  to  the  leading  edge  of  the  approaching  oil  slick  to  de- 
flect  oil  toward  the  shore.  Figure 3.10 shows  the  optimum  angle 
of  boom  deployment  for  various  current  speeds. Two methods of 
diversion  booming  can  be  used  during  containment  operations. 

c 

)II 

I 

Y 

t 



c 

Figure 3.9 

- 67 - 

Boat, boom and  skimmer  relationship. 
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F i g u r e  3.10  Boom deployment   angles .  
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The f i r s t  method  of   divers ion booming i n v o l v e s   t h e   u s e   o f  
two l e n g t h s   o f  boom; a s h o r e l i n e  boom and a d i v e r t i n g  boom 
(Fig.   3.11 1 .  The s h o r e l i n e  boom i s  d e p l o y e d   p a r a l l e l  t o  t h e  
s h o r e  away from the   su r f   zone   and   s ecu red  a t  both   ends   and   a long  
i t s  l e n g t h  as r e q u i r e d .  The d i v e r t i n g  boom is  a t t a c h e d  t o  t h e  
downwind end of t h e   s h o r e l i n e  boom a n d   t h e   f r e e   e n d   a t t a c h e d  t o  
a vessel. The d i v e r t i n g  boom should  be ang led  t o  d e f l e c t   t h e  
a p p r o a c h i n g   s l i c k   i n t o   t h e   v e e  of t h e  two booms. A skimmer  can 
then   p ick   up  o i l  c o n t a i n e d   i n   t h e   v e e   a n d  pump it  t o  a f l o a t i n g  
s t o r a g e  vessel o u t s i d e  t h e  boom. The a t t a c h e d   e n d s   o f   t h e  booms 
can a lso be secu red  t o  a skimmer a t   t h e  vee of t h e  booms, as 
shown i n   F i g u r e  3 .  9 . This  method o f   d i v e r s i o n  booming can 
b e   e f f e c t i v e   i n   p r o t e c t i n g   s e n s i t i v e   s h o r e l i n e s   a n d   i n   p r e v e n t i n g  
s h o r e l i n e   c o n t a m i n a t i o n ,   t h e r e b y   e l i m i n a t i n g   p o t e n t i a l   s h o r e l i n e  
cleanup  problems.  

The second  method  of  diversion booming can be used  on 
s h o r e l i n e s  where l i t t l e  or no   su r f  i s  p r e s e n t .  One end of t h e  
d i v e r t i n g  boom i s  anchored t o  t h e   s h o r e l i n e   a n d   t h e  free end i s  
ang led  by t h e   v e s s e l  as shown on   F igure  3.12. The advantage  of 
t h i s  method i s  t h a t  i s  can be set up i n  less time w i t h  less equip-  
ment. A d i sadvan tage  i s  t h a t   t h e   s h o r e l i n e   m u s t   b e   c l e a n e d   u p .  
A v a r i a t i o n  on t h i s  method i s  t o  use  two or more booms t o  d e f l e c t  
t h e  o i l  onto t h e   s h o r e l i n e   ( F i g .  3.13). This  method of cascading  

d e f l e c t i o n  booms is p r e f e r r e d  for  h igh  c u r r e n t s   ( > 1 . 5   k n o t s )  as 
stress on t h e  booms i s  reduced.  

The l e n g t h  of boom r e q u i r e d   f o r   d i v e r s i o n  booming w i l l  
depend  on  the  width of t h e   a p p r o a c h i n g   s l i c k   a n d / o r   t h e  area of  
s h o r e l i n e  t o  b e   p r o t e c t e d .  The a n g l e  a t  which   the  boom shou ld  
be d e p l o y e d   d e p e n d s   p r i m a r i l y   o n   t h e   c u r r e n t   s p e e d .  As t h e   c u r -  
r e n t   i n c r e a s e s ,   t h e  free end   o f   t he  boom should   be  moved toward 
the   d i rec t ion   f rom  which  t h e  wind i s  blowing. 
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Figure 3.11 Protecting  sensitive  shoreline  with  two booms. 
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Figure 3.12 Diversion  booming along shoreline. 
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(b )   Exc lus ion  booming.  Exclusion  booming  involves  de- 
p l o y i n g   t h e  boom i n  a s t a t i c  mode, i . e . ,  p l a c i n g o r   a n c h o r i n g   t h e  
boom between two o r  more s t a t i o n a r y   p o i n t s .   T h i s   m e t h o d  i s  used 
p r i m a r i l y  t o  p r e v e n t  oil from en te r ing   ha rbour s   and   mar inas ,  
b reakwa te r   en t r ances ,   and  i n l e t s .  Many o f   t h e s e   e n t r a n c e s  o r  
c h a n n e l s   h a v e   t i d a l   c u r r e n t s   e x c e e d i n g  1 kno t  or waves b r e a k i n g  
i n   t h e   o p e n i n g .  Under these   condi t ions ,booms  should  be p l a c e d  
l andward   f rom  the   en t r ance   i n   qu ie scen t  areas o f   t he   channe l ,  
ha rbour ,  or  i n l e t .   E x c l u s i o n  booms should  a l so  be deployed,when 
p o s s i b l e , a t   a n   a n g l e   w i t h  t h e  wind t o  a s h o r e l i n e  t o  g u i d e  o i l  
t o  an area on t h e  shore l ine   where  a vacuum t r u c k  or skimming 
equipment   can   recover   the  o i l .  F i g u r e  3.14 shows t y p i c a l   e x c l u -  
s i o n  booming  deployment f o r   i n l e t s .  

Exclus ion  booming  of  harbours or i n l e t s  may r e q u i r e   t h a t  
a small work boat b e   s t a t i o n e d  a t  the   ups t r eam  end   o f   t he  boom 
t o  open t h e  boom f o r  b o a t   t r a f f i c   e n t e r i n g  or  l e a v i n g   t h e   h a r b o u r .  

A f l e x i b l e   c u r t a i n - t y p e  boom i s  recommended for  s h o r e l i n e  
use .   Th i s   t ype   o f  boom w i l l  react more f avourab ly  t o  t h e   f l u c -  
t u a t i o n s   i n  water l e v e l   ( t i d e   c y c l e )   t h a n   t h e   f e n c e - t y p e  booms. 

3.4.2.2 Boom deplovment   and  shore  a t tachment  

O p e r a t i o n s   i n   t h e   n e a r s h o r e   s h o u l d   n o t   b e   a t t e m p t e d   d u r i n g  
p e r i o d s  of h igh   waves .   Gene ra l ly   s eve ra l   hundred   f ee t  of boom 
w i l l  be r e q u i r e d   p e r   l o c a t i o n   f o r   s h o r e l i n e   c o n t a i n m e n t   a n d   p r o -  
t e c t i o n   a c t i v i t i e s .  A boom can be deployed  from t h e  s h o r e l i n e  
u s i n g  a small work b o a t  by secu r ing   one   end   o f   t he  boom o n t o   t h e  
s h o r e   a n d   t h e   o t h e r   e n d  i s  t h e n   t o w e d   i n   p o s i t i o n   b y   t h e  work 
boat. The boom should  be p o s i t i o n e d  so t h a t   t h e  boom ends  are 
above t h e   h i g h - t i d e   l i n e .   T h i s  w i l l  e n a b l e   t h e  boom t o  act  as 
a barrier t h r o u g h o u t   t h e   e n t i r e   t i d e   c y c l e .   S o r b e n t  materials 
booms, s h e e t s ,  or rol ls)  can be p laced   a round   t he  boom i n   t h e  
i n t e r t i d a l  area of t h e   s h o r e l i n e   c o n n e c t i o n s  t o  p r e v e n t  o i l  from 
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Wind Direction / 

Current < 1 Knot at  
Boom Location 

Curnnt > 1 Knot a t  
Channel  Entrance 

F i g u r e  3.14 Exc lus ion  booming a t  i n l e t   w i t h   h i g h   c h a n n e l  
c u r r e n t s .  
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seep ing   t h rough  a t  t h e s e   j u n c t i o n s ,  or t h e  boom s k i r t   c a n  be 
b u r i e d  or  sandbagged. 

The boom end  cab le   can  be a t t a c h e d  t o  a f i x e d   p o i n t   o n  
shore, such as a p i l i n g ,  a sea wal l ,  a block of c o n c r e t e  w i t h  

a n   e y e   b o l t ,  or  a p i ece   o f   heavy   equ ipmen t .   I f   t he re  i s  no 
s t ruc tu re   on   sho re   on   wh ich  t o  s e c u r e  a boom, a s imple  boom an- 
chor  i s  a l a r g e   c o n c r e t e   b l o c k   w i t h   a n   e y e  b o l t  o n   t h e   t o p   s i d e .  
Because  of   the  weight ,   which  could  be more t h a n  1 t o n ,   t h i s   t y p e  
of anchor cou ld   on ly  be u s e d   i n   l o c a t i o n s   w h e r e   t h e r e  i s  ready  
access f o r   l i f t i n g   e q u i p m e n t  t o  p l a c e   t h e   a n c h o r   p o i n t .  A l s o ,  

t he   onshore   anchor ing   dev ice   can  be a screw anchor  or  a dead- 
man. A dead-man i s  a n   a n c h o r i n g   d e v i c e   t h a t  i s  b u r i e d  a t  r i g h t  ' 

a n g l e s  t o  t h e   d i r e c t i o n   o f  maximum f o r c e   ( p u l l   i n   t h i s  case).  
For example, a log   abou t  1 2  i n .   i n   d i a m e t e r   a n d   a b o u t  6 f t .  long  
can   be   bu r i ed  a t  least  4 f t .  deep. A cable s l i n g   c a n   b e   a t t a c h e d  
t o  t h e   l o g   a n d ,   i n   t u r n ,   t h e  boom t o  t h e   s l i n g .   I f   t h e r e  i s  no 
t i m b e r   a v a i l a b l e ,  a l a r g e  ( 2 5 0  l b )  Danforth  Anchor  can be b u r i e d  
i n  a similar f a s h i o n .  

3.4.2.3 Exclus ion   of  o i l  f rom  wet lands 

A var i e ty   o f   me thods  are a c c e p t a b l e   f o r   c o n t r o l l i n g   t h e  
e n t r a n c e  of o i l  i n t o ,  or movement w i t h i n ,   w e t l a n d s .  These 

methods   inc luding  damming, booming  and  use of permeable barriers. 

(a )  Damming. Some small creek  mouths are s e a s o n a l l y  
c l o s e d  by sand bars. These bars t e n d  t o  e r o d e  away d u r i n g  win- 
ter  and storm c o n d i t i o n s .   I f  a b a r  i s  p r e s e n t ,  i t s  h e i g h t   s h o u l d  
be i n s p e c t e d  t o  d e t e r m i n e   i f  it i s  s u f f i c i e n t  t o  c o n t a i n   h i g h  
Water and  waves. I f   i nadequa te ,   heavy   equ ipmen t  may be used t o  
i n c r e a s e  i ts  h e i g h t .  

I f  water i s  f l o w i n g   i n   a n y  of t h e  smaller e s t u a r i n e   e n -  
t r a n c e s ,  damming may o r  may n o t  be p o s s i b l e .  If flow v e l o c i t y  
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i s  l o w  s u c c e s s f u l  damming i s  l i k e l y .  Impounded water w i l l  per -  
c o l a t e   t h r o u g h  t h e  sand.  Temporary closures o f   t h e s e   a r e a s  
shou ld   no t   cause   env i ronmen ta l   e f f ec t s .  Damming of p e r e n n i a l l y  
open estuaries i s  n o t  feasible. 

The two p r i m a r y   t y p e s o f  dam c o n s t r u c t i o n   a p p r o p r i a t e   f o r  
o i l  s p i l l   c o n t a i n m e n t  are: (1) t h e  complete   blocking  of   an  ac-  
t u a l   o r   p o t e n t i a l   d r a i n a g e   c o u r s e   ( a   b l o c k i n g   d a m ) ,   a n d  ( 2 )  t h e  

b l o c k i n g   o f   o i l   f l o w   w h i l e   p e r m i t t i n g   w a t e r   t o   c o n t i n u e  down- 
s lope   ( an   unde r f low dam) . 

Blocking dams should  be c o n s t r u c t e d   o n l y  across d r a i n a g e  
courses  which  have little or   no   wa te r   f l ow.  The dam can  be  con- 
s t r u c t e d   f r o m   s e v e r a l   t y p e s   o f  materials i n c l u d i n g   e a r t h ,   s a n d -  
bags ,  and s h e e t s  of metal or  wood, or f r o m   a n y   m a t e r i a l s   t h a t  
b locks   f low.  The dam c a n   b e   b u i l t   a c r o s s   t h e   d r a i n a g e   c o u r s e  
t o  form a holding  pond or r e s e r v o i r   t o   c o n t a i n  t h e  o i l  and  water .  
Water t r apped   beh ind  t h e  dam can  be pumped o u t  by p l a c i n g  t h e  

s u c t i o n   ( i n t a k e )  hose a t  t h e   b a s e   o f   t h e  dam on the   ups t r eam 
s i d e ,   l e a v i n g  o i l  t r apped   beh ind  t h e  dam fo r   subsequen t   r emova l .  
The d i s c h a r g e   ( o u t l e t )   h o s e   s h o u l d   b e   p l a c e d  on the  downstream 
s ide .   Trapped  water c a n   a l s o   b e  moved a c r o s s  t h e  dam w i t h  one 
or more s iphons .  

An underf low dam can  be  used  (Figs .  3.15 and  3 .16)   for  
waterways   wi th   h igher   s t ream-f low  ra tes .  I f  t h e  dam i s  t o  be 
e f f e c t i v e ,   t h e   s u r f a c e   o f   t h e   o i l   m u s t   a l w a y s   b e   b e l o w   t h e   l i p  
o f   t h e  dam, and   the  oil/water i n t e r f a c e   m u s t   b e   a b o v e   t h e   t o p  
of   the   under f low  opening .  T o  ma in ta in  t h e  p r o p e r   l e v e l ,  it i s  
n e c e s s a r y   t o  remove some o f   t h e  water, usua l ly   t h rough   ho r i zon-  
t a l  v a l v e s  or i n c l i n e d   p i p e s ,  as i l l u s t r a t e d .  

The underf low dam can   be   cons t ruc ted  by p l a c i n g   p i p e s  of 
a p p r o p r i a t e  s i z e  on t h e  stream bed  and   bu i ld ing   an   ear then  or 
sandbag dam ove r   t he   p ipe   ac ross   t he   wa te rway .  The diameter   of  
t h e   p i p e  w i l l  depend  on t h e  f l o w   r a t e   o f   t h e  stream a n d   t h e  
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Valved pip&) of 

to bypass water. 
Oil layer adequate capacity 

Water flow of stroam or surface water drainrgc is bypawd 
to maintain reservoir Iovol. Oil is skimmed off or absorbed 
.) condi*ionr  dictate. 
C rn t  of dam should be of wfficiont width to rccommodate 
compaction  whiclo. Height of f i l l  is 0.7 or 1 motor (2 or 3 
feet) above fluid level. Normal  fall angle of f i l l  wilt suffice 
for sloping. 

Valved pipe 

F i g u r e  3.15 Water bypass  dam w i t h   v a l v e d  pipe. 

Water flow or stream IS bypassed to maintain 
reservoir level. Elevate diwharge  end of tube(sl 
to dewred reservoir level. 

Inclined tube 

F i g u r e  3.16 Water bypass  dam w i t h   i n c l i n e d   t u b e .  
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depth of the  water  behind  the  dam. For  example,  a 60 to 76 cm 
( 2 4  to 30 in.)  diameter  pipe  will  have  sufficient  capacity  for 
a  flow  rate of up  to 850 litres (30 cu.ft3  per  second. If time 
does  not  allow  for  pipe  diameter  calculations,  a  diameter  larger 
than  that  required  will  control  flow  if it  is  inclined  at  the 
proper  angle or  if  a  valve  is  used. A pair or series  of  dams 
may  be  required  downstream  if  sufficient  underflow  cannot  be 
maintained. 

(b)  Booming.  Conventional  booms  have  been  successful 
in  controlling  the  entrance  of  oil  into  estuaries.  Placement 
of the  booms,  however,  is  critical.  Currents  in  entrance  chan- 
nels  may  often  exceed  the  performance  capabilities  of  booms. 
Placement  should,  therefore,  be  attempted  on  the  landward  side 
of the entrance  where  current  velocities  drop.  Sand  bars  com- 
monly  form  in  this  area  and  these  should  be  avoided  in  booming. 
Any deployment  in  a  lagoon  mouth  situation  will  require  constant 
monitoring  and  removal  of  accumulated  oil  and  debris. 

If  oil  threatens  or  enters  the  wetland  interior  it  may 
be  excluded  or  contained  with  conventional  booms if  depths  are 
adequate. As currents in tidal  channels  are  commonly  high, 
diagonal  positioning  of  the  boom  is  necessary.  Diagonal  booming 
also  responds  well to reversing  tidal  currents.  Double  booming 
of  critical  areas  provides  a  good  measure  of  safety. 

(c)  Permeable  barriers.  Oil  can  be  excluded  from  in- 
terior  areas or contained  with  permeable  barriers  constructed 
on site.  Permeable  barriers  offer  the  advantages  of  non- 
interference  with  flow,  conformance  with  bottom  configuration, 
and  response  to  tidal  variation.  Double  barriers  are  required 
because of  tidal  reverses. A diagram  of  a  typical  permeable 
barrier  fabricated  by  placing  sorbent  material  between  fencing 
is shown  in  Figure 3.17. Although  a  variety  of  screen  and  mesh 
fencing is available,  heavier  materials  are  recommended.  When 
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Figure  3.17 T y p i c a l   p e r m e a b l e   b a r r i e r .  
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s u b j e c t e d  t o  h i g h   c u r r e n t s   a n d   d e b r i s ,   l i g h t e r  material, such 
as ch icken  wire, w i l l  p r o b a b l y   f a i l .  

3 . 4 . 2 . 4  Onshore  methods 

The s e l e c t i o n  of onshore   p ro t ec t ion   can  be c o n s i d e r e d ,  
even  though  only a f e w  methods are p r a c t i c a l .  The a p p l i c a b i l i t y  
of t h e  available methods for  t h e   m a j o r   s h o r e l i n e   t y p e s  i s  g iven  
i n   T a b l e   3 . 8  . 

TABLE 3.8  Onshore  Protect ion  Methods  and  Shorel ine  Types 

SHORELINE TYPE ONSHORE PROTECTION HETXOD (SI 

ROCX 
MAN-MADE 

MUD 

SAND 
PEBBLE 

COBBLE 
BOULDER 

MIXED  SEDIMENTS 

MARSXES 

s o r b e n t s  may be u s e f u l   o n   l o w   a n g l e  slopes 

s o r b e n t s   c o u l d   b e   e f f e c t i v e  i f  c o l l e c t i o n   c a n  be 
a c h i e v e d   w i t h o u t   m i x i n g   o i l / s o r b e n t   i n t o   u n c o n -  
taminated muds 

d i t c h / d y k e   s y s t e m   c o u l d  be used  t o  p r o t e c t   b a c k s h o r e  
s o r b e n t s   c o u l d   p r e v e n t  or r e d u c e   p e n e t r a t i o n   a n d  
facil i tate the removal  of o i l  

no a v a i l a b l e   e f f e c t i v e   o n s h o r e   p r o t e c t i o n  
retrieval of s o r b e n t s  is d i f f i c u l t  
d i t c h / d y k e  system i s  too permeable b u t   c o u l d   s t o p  
o i l  f r o m   w a s h i n g   o v e r   i n t o  the backshore or c o u l d  
b8 used  i n  c o n j u n c t i o n  w i t h  s o r b e n t s  

can be treated i n  t h e  same manner as sand /pebb le  
beachcu 

loose s o r b e n t   c a n  be blown i n t o   t h e  marsh edge 
a l o n g   c h a n n e l s  
dykes  across t h e  marsh c h a n n e l s   c o u l d   p r e v e n t   o i l  
f r o m   p e n e t r a t i n g   i n t o   t h e   b a c k s h o r e  marsh a r e a s  

The c o n f i g u r a t i o n   o f  a t y p i c a l   d i t c h - d y k e   s y s t e m  i s  de- 
p i c t e d   i n   F i g u r e  3.18. This  method i s  used   p r imar i ly   on   s andy  
or grave l   low-energy   beaches  t o  p r o t e c t   t h e   u p p e r   i n t e r t i d a l   a n d  
backshore  area from o i l  con tamina t ion .  I t  i s  e s p e c i a l l y   u s e f u l  
d u r i n g   s p r i n g   t i d e s  or storm s u r g e s  when t h e  water l e v e l   e x t e n d s  
a b o v e   t h e   n o r m a l   h i g h - t i d e   l e v e l   f o r  a s h o r t   p e r i o d   o f  time. 
O i l  d e p o s i t e d   d u r i n g   t h i s  time u s u a l l y   p e r s i s t s   u n t i l   t h e   n e x t  . 
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Figure 3.18 Ditch-dyke system. 
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tide  of  equal  magnitude.  The  dyke  should  be  approximately 2- m 
wide  and 0.75 to 1.0 m high,  but  these  dimensions  are  dependent 
on the  maximum  height  of  the  incoming  tide. 

Construction  of  the  dykes  is  achieved  by  operating  a 
motor  grader  parallel  to  the  water  line  along  the  upper  inter- 
tidal  area. The  blade is set  at  an  angle  to  cast  a  windrow  to 
one  side as the  motor  grader  moves  down  the  beach.  Several  pas- 
ses  are  usually  required  to  attain  the  optimum  dyke  height. 
Bulldozers  fitted  with  angled  blades  can  be  operated  in  the  same 
manner;  if  fitted  with  a  straight  blade,  they  can  be  used  to 
push  material  up  the  beach  into  a  pile  forming  a  dyke  with  suc- 
cessive,  adjacent  piles. A trench  on  the  seaward  side  of  the 
dyke  would  also  assist  in  trapping  oil  that  comes  ashore  on  each 
wave  for  subsequent  removal.  Trench-cutting  machinery that side- 
casts  the  excavated  material  can  be  used  to  form  a  ditch-dyke 
system,  although  this  technique is usually  slower  than  the  use 
of  bulldozers  or  graders. 

Observations  of  tidal  action  on  constructed  dykes  indi- 
cate  that  the  dykes  could  successfully  protect  backshore  areas 
for  at  least  one  tidal  cycle,  and  possibly  two,  assuming  no 
large  storm  waves  or  winds  occur. 

3 . 4 . 3  Shoreline  Cleanup  Methods 

The  physical  and  biological  characteristics  of  the  con- 
taminated  shoreline  will  determine  appropriate  cleanup  tech- 
niques.  For  example,  most  techniques  that  are  applicable  on 
sandy  beaches  would  not  be  used  on  rock  cliffs;  and  motorized 
cleanup  equipment  should  not  be  used  in  salt  marshes  because  of 
potential  damage  to  vegetation  and  habitat. 

If oil  contaminafion is extensive,  heavy  equipment is 
more  efficient  and  effective  for  cleanup  than  manual  labour. 
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Manual or "hand"  c leanup i s  e f f e c t i v e   a g a i n s t   l i g h t   s h o r e l i n e  
con tamina t ion ,   i n   t he   f i na l   s t age   o f   c l eanup ,   and   where   heavy  
equipment access t o  a s h o r e l i n e  i s  n o t  available. Some k i n d s  
of  earthmoving  equipment  can  be  used t o  c l e a n  up  beaches com- 
posed of material r a n g i n g   i n   s i z e   f r o m  s i l t  t o  cobb les .  Pres- 
su r i zed   sp ray ing   equ ipmen t  i s  most effective for c l e a n i n g   r o c k  
and   boulder  beaches, b o u l d e r   b a r r i c a d e s ,   r o c k y   c l i f f s ,   a n d  man- 
made s t r u c t u r e s .   S m a l l  o i l  sk immers ,   hose   f lush ing ,   and  sor- 
b e n t s   s h o u l d   b e   u s e d   i n  s a l t  marshes.  

3 . 4 . 3 . 1  Selection o f   app ropr i a t e   c l eanup   me thods  

The c h o i c e   o f   e f f e c t i v e   a n d   e f f i c i e n t   c l e a n u p   c o u n t e r -  
measures is dependent  on a number of f a c t o r s .   T h e s e   i n c l u d e :  

0 t ype   o f  substrate 
0 amount  of o i l  contaminat ion  
0 dep th   o f  o i l  p e n e t r a t i o n   i n t o   s e d i m e n t s  
0 t y p e  of o i l  
0 t r a f f i c a b i l i t y   o f   e q u i p m e n t   i n   t h e   s h o r e   z o n e  

A series o f   d e c i s i o n   g u i d e s  i s  p r e s e n t e d   t h a t  allows t h e  eval- 
u a t i o n   o f   t h e s e  factors  f o r  a g i v e n   s h o r e l i n e   a n d   t h e   s e l e c t i o n  
of t h e  p r e f e r r e d   c l e a n u p   t e c h n i q u e .   F i g u r e  3 . 1 9  p r e s e n t s  a key 
t o  t h e s e   d e c i s i o n   g u i d e s   ( F i g s .  3 . 2 0  t h rough  3 .22  ) . 
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The procedure  f o r  u s i n g  t h e  d e c i s i o n   g u i d e  i s  as 
follows: 

1. Use F i g u r e  3 .19  (Key t o  Decis ion  Guides)  t o  de t e rmine  
which of  t h e  other  three d e c i s i o n   g u i d e s  i s  a p p l i c a b l e  
f o r  t h e  c l e a n u p   o f   e a c h   s h o r e l i n e   i n   q u e s t i o n .   E n t e r  
w i t h   t h e   t y p e  of substrate t h a t  i s  contaminated  and 
follow t h e  guide ,   answer ing  t h e  q u e s t i o n s  where appro- 
p r i a t e .  

2 .  E n t e r  t h e  d e c i s i o n   g u i d e  selected (F igs .  3 . 2 0  t o  3 . 2 2  ) 
a n d   a n s w e r   t h e   q u e s t i o n s   f o r  each s h o r e l i n e   s e c t i o n  
t h a t  r e q u i r e s   c l e a n u p .  The g u i d e  w i l l  lead t o  one or  
more c l e a n u p   t e c h n i q u e s  l is ted f i r s t .  If t h e  first 
t echn ique   canno t  be used   because  of lack of equipment 
o r  access t o  s h o r e l i n e ,   t h e n   t h e   n e x t   t e c h n i q u e   s h o u l d  
be cons ide red .  

3 .  Informat ion   on  each t echn ique  i s  g i v e n   i n  Table 3 . 9  
and   t he  number i n   p a r e n t h e s e s   r e f e r s  t o  t h e  number of 
t h e  c l e a n u p   t e c h n i q u e   i n  t h a t  table. I n s t r u c t i o n s  on 
how t o  u s e  t h e  c l eanup   t echn ique  are g i v e n  below. 

Once a c leanup  technique   has   been  selected f o r  a pa r -  
t i c u l a r   s h o r e l i n e  area, t h e  impac t s   o f  t h a t  c l eanup   t echn ique  
and   the   implementa t ion   requi rements   should  be assessed. If t h e  
impacts  of t h e  t echn ique  are  unaccep tab le  or t h e  technique  can-  
n o t  be implemented,  then t h e  n e x t   p r e f e r a b l e   t e c h n i q u e  listed 

should  be chosen or c o n s i d e r a t i o n   s h o u l d  be g iven  t o  l e a v i n g  
t h e  s h o r e l i n e  area t o  n a t u r a l   r e c o v e r y .  
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F i g u r e  3 . 1 9  Key t o  d e c i s i o n   g u i d e s .  
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F i g u r e  3.21 Cleanup   dec i s ion   gu ide  number 2.  
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" 

I 

Figure 3.22 Cleanup  decision  guide  number 3 for 
boulder,  rock or man-made shores. 
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3 . 4 . 3 . 2  Geological  impact  of  cleanue 

The  two  primary  geological  problems  that  can  occur  from 
cleanup  are  related  to  sediment  removal  and  dune  disturbance. 

The  removal  of  any  sediment  from  the  shore  zone  reduces 
the  total  volume of beach  sediments.  This is not  a  problem  if 
the  sediments  are  in  abundance  or  if  natural  processes  can  re- 
place  the  sediment.  If  excessive mounts of  sediments  are  re- 
moved (>SO cm  depth)  or  the  volume  of  beach  sediment is small, 
beach  retreat  can  follow  as  the  waves  attempt  to  reestablish 
an equilibrium. In  particular,  sheltered or pocket  beaches 
usually  have  relatively  little  sediment  and  low  sediment  re- 
supply  rates  and,  therefore,  are  very  susceptible to damage by 
sediment  removal.  The  effect  of  beach  retreat is either: 
(1) a  general  landward  movement of the  beach,  if  the  beach is 
wide  or  if  it  is  backed  by  a  marsh  or  lagoon,  or (2) backshore 
erosion  if  the  beach is backed by cliffs  or  dunes. In cases 
where  a  narrow  beach is backed  by  cliffs of  unconsolidated  sedi- 
ments,  erosion  can  be  rapid  until  the  shore  zone  establishes  a 
new  equilibrium  with  the  waves. 

In all  cases,  the  cleanup  operation  should aim to remove 
as little  beach  material  as  possible. To achieve  this  the  oil 

should  be  removed  as  soon  as is practical  after  a  spill  to  pre- 
vent  burial  or  greater  penetration  of  the o i l  into  beach  sedi- 
ments.  If  large-scale  removal is necessary,  it  is  advisable 
that  the  material  be  replaced  by  an  equal  volume  of  the  same 
size  sediment.  Replacement of sediment  on  pebble,  cobble,  or 
boulder  beaches is particularly  important  as  natural  sediment 
replacement  rates  are  very slow. 

Dune  systems  can  be  severely  damaged  if  personnel  and 
equipment  destroy  the  dune  vegetation  that  naturally  stabilizes 
the  sand.  The  trampling  or  removal  of  the  vegetation  can  cause 

Y 

m 
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serious  erosion  if  "blowouts"  (removal  of  sand  by  wind  action) 
develop  before  the  vegetation  can  restabilize  the  sand.  If 
access  across  a  dune  system is necessary,  personnel  or  vehicles 
should  be  restricted to as  few  routes  as  possible  and  mats  can 
be  used to  improve  traction  as  well  as  to  reduce  the  damage 
level. 

3.4.3.3 Shoreline  cleanup  techniques 

The  available  shoreline  cleanup  techniques  are  described 
briefly  in  Table 3.9 . Detailed  procedures  for  those  methods 
most  applicable to the  pilot  study  coast  are  described  in  more 
detail  in  this  section. It is important  that  an  in-field  eval- 
uation of  performance  should  be  continually  reviewed to ensure 
the  efficiency of the  cleanup  technique.  For  example,  at  a  par- 
ticular  field  site  it  may  be  determined  that  tracked  vehicles 
are  actually  mixing  significant  quantities  of  oil  into  the  sedi- 
ments,  such  that  the  oil is penetrating  to  greater  depths  than 
would  have  occurred  naturally;  in  this  case,  an  alternative 
cleanup  technique  should  be  selected. 

The  number  given  to  each  cleanup  method  in  Table 3-9 
is shown  in  brackets  following  the  technique  description  title 
in  text  (pages 95 t o  119). 
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(a)  Motor  grader  and  front-end  loader ( 3 )  

This  method  is  used  on  sand  and  gravel  beaches  where 
oil  penetration is less  than 2 to 3 cm  and  trafficability  is 
good. It  can  also  be  used  on  mud  flats  if  trafficability  per- 
mits.  Windrows  are  formed  by  a  motor  grader  and  the  front-end 
loader  removes  the  windrows  and  transfers  the  material to the 
unloading  area  (Fig. 3 . 2 3 ) .  For  specific  operating  procedures 
of  the  loader  itself,  refer  below  to  the  description  of  front- 
end  loaders.  Operating  procedures  for  front-end  loaders  wor- 
king  with  a  motorized  grader  are  listed  below.  Several  front- 
end  loaders  are  needed  to  remove  windrows  formed  by a single 
grader. 

1. 'Jse 4-in-1  type  bucket  if  available. 

2. Operate  tractor  in  first  gear  while  loading. 

3.  Fill  bucket  only 1/2 to 2/3 full  to  minimize 
spillage  while  scraping. 

4 .  Minimize  traffic  over  oil-contaminated  area 
when  using  tracked  loader. 
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(b) Front-end  loader  (rubber-tired  or  tracked) 

Front-end  loaders  are  used  on mud,  sand, or gravel 
beaches  when  trafficability  is  poor  and  when  oil  penetration 
is light  to  moderate.  Front-end  loaders  are  designed  for  dig- 
ging  and loading, and  for  limited  transport  of  material.  Buc- 
kets  are  made  in  different  sizes  and  weights  for  different  kinds 
of  materials  and  work  conditions.  Buckets  for  wheeled  and  craw- 
ler  tractors  range  from 1/4 to  10  yd3.  Figure  3.24  illustrates 
the  operational  sequence  for  this  equipment. 

Front-end  loaders  equipped  with  slot  buckets,  which  al- 
low  loose  sand  to  fall  through  the  slots,  should  be  used  to  re- 
move  large  quantities  of  oil-contaminated  debris  such  as kelp 
and  driftwood.  Previous  beach-restoration  experience  indicates 
that  front-end  loaders  should  be  used  primarily  for  loading 
material  into  trucks  from  stockpiles  or  from  windrows  formed  by 
motorized  graders. 

When  the  front-end  loader  is  used  alone  the  operational 
procedures 

1. 

2. 

3 .  

4. 

5. 

6. 

Q 

7. 

I 

mu 

are : 

Use  4-in-1  type  bucket if available. 

Operate  tractor i n  first gear while loading. 

Position  bucket  flat  on  beach  for  loading 
loose material. 

Position  bucket  at  slight  downward  tilt  for 
digging  and  skimming. 

Load  bucket  most  easily  by  moving  tractor 
forward. 

Fill  bucket  only 1/2 to 2/3 full  to  minimize 
spillage  while  loading 

Minimize  traffic  over  oil-contaminated  area 
when  using  crawler  loader to avoid  oil  being 
ground  into  substrate. 
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Figure 3.24 Front-end  loader  operational  sequence. 
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(c)  Bulldozer/front-end  loader  (rubber-tired) (5 ) 

This  equipment  is  used  primarily on  coarse  sand,  gravel, 
or cobble  beaches  where  oil  penetration is deep,  contamination 
extensive,  and  trafficability  poor. It can  also  be  used  to  re- 
move  heavily  oil-contaminated  vegetation. 

For those  situations  described  above  when no other  tech- 
niques  are  applicable,  the  bulldozer/front-end  loader  combination 
is  an  acceptable  method.  The  bulldozer is utilized  to  push  the 
contaminated  material  into  piles  for  pickup  by  the  front-end 
loader  (Fig. 3 . 2 5 )  . The  sequence  of  operational  procedures  for 
a  bulldozer  follows: 

1. 

2 .  

3 .  

4 .  

5. 

6. 

7. 

a. 

Begin  at  low-tide  line  of  the  beach  using  a  uni- 
versal  or  straight  type  blade.  If  there is a 
longshore  current  the  bulldozer  should  be at the 
up-current  end  of  the  contaminated  area. 

Dozer  is  operated  in  first  gear. 

Contaminated  material  is  pushed  up  the  beach 
perpendicular  to  the  tideline  and  onto  an  area 
with  suitable  trafficability  to  operate  a.  front- 
end  loader. 

The  cut  depth  should  not  exceed  the  depth  of 
oil penetration. 

Material  should  not  be  pushed  beyond  the  contami- 
nated  area to avoid  spoiling  uncontaminated  areas. 
A road  may  have to be  constructed  for  the  front- 
end  loader to gain  access to the  stockpiled 
material. 

Dozer  is  returned  to  starting  point  by  back- 
tracking on  cleaned  area  and  repositioned so that 
the  second cut  will  overlap  the  first  cut  slightly. 

The  procedure is repeated  along  the  beach 
(Fig. 3 . 2 5 )  . 
Rubber-tired  front-end  loaders  operate  at  the 
backshore side of the contaminated  area  to  pick 
up the  stockpiled  sediments  and  transfer  them 
to dump  trucks  for  disposal. 
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(dl Backhoe ( 6) 

I 

A backhoe is used  to  remove  oil-contaminated  sediment 
(primarily  mud or silt)  on  steep  banks  where  other  types of 
equipment  are  unable  to  operate. 

The  oil  sediment is removed  by  positioning  the  backhoe 
at the  edge  of  the  bank,  extending'the  boom  down  the  bank,  and 
scraping  the  surface  layer  into  the  bucket  as  the  boom  is  re- 
tracted. The  contaminated  material is stockpiled  or  loaded 
directly  into  dump  trucks  and  hauled  away  for  disposal.  The 
sequence of operational  procedures  for  the  backhoe  is  as  follows: 

1. Backhoe is positioned  at  the top of  the  bank 
facing  downhill. 

2. The  boom is extended  to  the  lower  edge of the 
contaminated  area  or  as  far  downhill  as  possible. 

3 .  The  edge  of  the  bucket is placed  in  the  sedi- 
ment  about 25 to 50 cm  deep  and  moved  up  the 
bank,  scraping the  sediment  into  the  bucket. 

4 .  When  the  bucket  reaches  the  top  of  the  bank  or 
becomes 2 /3  full  it  is  levelled  and  the  material 
is stockpiled  or  placed  directly  into  a  dump 
truck. 

5. Several  slightly  overlapping  cuts  should  be  made 
to clear a path  approximately 3 to 6 m (10 to 
25 ft.)  wide. 

6. Backhoe  is  then  repositioned  to  begin  cleaning 
a  path  adjacent  to  the  previous  path  (Fig. 3.26). 
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(e)  Dragline or clamshell (7) 

This  equipment  is  used  on  sand,  gravel  or  cobble  beaches 
where  trafficability  is  very  poor  and  oil  contamination  and 
penetration  is  extensive.  Although  this  method  is  quite slow 
and  inefficient,  it  can  be  used  on  shorelines  where  traffica- 
bility  excludes  the  use  of  tracked  equipment. 

The  dragline  or  clamshell is operated  along  the  upper 
edge  of  the  contaminated  area or as  close  to  it  as  traffica- 
bility  of  the  sediments  will  permit.  It  may  be  necessary to 
construct an access  road  from  which  equipment  can  operate.  The 
specific  operating  procedures  for  a  dragline  are: 

1. If a  longshore  current  is  present,  begin  at 
the  up-current  end  of  the  contaminated  area. 

2. Operate  from  backshore  edge of contaminated 
area. 

3 .  Position  boom * for  maximum  reach  or  enough 
reach  to  cover  the  contaminated  area. 

4 .  Drop  the  bucket  to  the  begch  and  pull  back 
toward  the  crane  to  scoop  up  the  sediment. 

5. Tilt  bucket  back  when 2/3 full **, swing  around, 
and  load the collected  sediments  into  a  dump 
t r u c k ,  or deposit i n  a s t o c k p i l e .  

6. Swing  the  bucket  back  and  continue  the  cut  or 
start  a  new  cut  adjacent  to,  and  slightly  over- 
lapping,  the  previous  cut. 

* The  boom  may  have  to  be of considerable  length 
should  the  contaminated  area  be  of  excessive  width. 

* *  The  bucket is only  filled  to 2/3 capacity  to  avoid 
spillage. 
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If  a c l a m s h e l l  i s  used ,   t hen   t he   fo l lowing   p rocedures  
are fol lowed:  

1. The crane   and  boom are p o s i t i o n e d  as b e f o r e  
and   the   open   c lamshel l  i s  dropped   on to  t h e  
beach s u r f a c e .  

2. 

3 .  

4 .  

The c l a m s h e l l  jaws are s h u t ,   s c o o p i n g  oi led 
material i n t o  t h e   b u c k e t   p o r t i o n .  

The c l a m s h e l l  i s  r a i s e d   a n d  swung around t o  
a dump t r u c k  or  s t o c k p i l e   w h e r e   t h e   c l a m s h e l l  
i s  o p e n e d ,   s p i l l i n g  i t s  c o n t e n t s .  

The c l a m s h e l l  i s  r e t u r n e d  t o  a s p o t  on t h e  
backshore   s ide  o f ,  j u s t   b a r e l y   o v e r l a p p i n g ,  
t h e   p r e v i o u s   c u t .  

The p rocedure  i s  r e p e a t e d   u n t i l  a p a s s  i s  completed across 
the   contaminated  area. The c r a n e  i s  moved s l i g h t l y   a n d  a new 
p a s s  i s  s t a r t e d   a d j a c e n t  t o  the   p rev ious   one .   F igu re  3.27 
g r a p h i c a l l y   d i s p l a y s   t h e   c l e a n i n g   p a t t e r n   f o r   b o t h   t y p e s   o f  
equipment. 

Access road  constructed on 
loose sediments 

F i g u r e  3. 27 C l e a n i n g   p a t t e r n   f o r   d r a g l i n e   o r   c l a m s h e l l  
t echn ique .  
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(f) High-pressure  flushing  (hydroblasting) ( 8) 

Hydroblasting  has  proved  to  be  the  most  efficient  method 
of  removing  oil  coatings  from  boulders,  rock,  and  man-made  struc- 
tures.  Hydroblasting is safest  within  a  boomed  area  next  to  the 
waterline,  but  it  can  be  used  effectively  in  the  upper  intertidal 
zone  if  proper  steps  are  taken  to  contain  the  runoff  water  and 
o i l .  

Hydroblasting  uses  a  high-pressure  water  jet  that  removes 
o i l  from  almost  any  surface.  The  water  is  often  heated  close  to 
boiling  for  increased  effectiveness.  The  water  jet  should  be 
used  only  by  trained  personnel. Too strong  a  jet  will  remove 
all  plant  and  animal  life  and  may  also  damage  man-made  surfaces. 

When  the  hydroblast  jet  drives  oil  from  a  surface  the 
o i l  then  adheres to another  surface or forms  a  slick  on  top  of 
the  water.  The  oil  must  be  prevented  from  contaminating  other 
rocks,  gravel,  silt,  or  sand, and  this  is  best  achieved  by  let- 
ting  the  water  and  oil form a  pool  or  letting  the  oil  re-enter 
the  water.  Specific  operating  procedures  for  hydroblasting  are: 

1. 

2. 

3 .  

4 .  

If the  oil  is  to  be  channeled  into  the  water or 
there  is  a  possibility  of  it  re-entering  the 
water, containment  booms should be anchored be- 
yond  the s u r f  zone,  or  close to the  shore  when 
used  on  inland  waterways. 

Flushing  should  begin  at  the  highest  point,  wor- 
king  downslope. It should  be  conducted  at  high 
tide  or  timed so the  lowest  point is cleaned  at 
low  tide  and  the  oil  recovered  before  the  tide 
rises  and  recontaminates  the  area. 

Plastic  sheets  should  be  placed  over  adjacent 
surfaces  to  prevent  further  contamination  and  to 
direct  the  flow  of  water  and  removed  oil  to  the 
desired  area. 

Berms or ditches  can  be  constructed  or  booms 
used to further  channel  the  oil  and  water  into 
collecting pools or, in  some  cases,  back  into 
the  surf  or  waterway. 
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5. Pumps, vacuum t r u c k s ,  or s h o r e l i n e  skimmers can 
be used t o  t r a n s f e r  the c o l l e c t e d  o i l  to s u i t a b l e  
c o n t a i n e r s  fo r  disposal. 
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This  method i s  used   for   removing  o i l  coa t ings   f rom boul- 

der s ,   rock ,   and  man-made s t r u c t u r e s .  The steam raises t h e  tem- 
p e r a t u r e  of t h e   a d h e r e d  oil, t he reby   l ower ing  i t s  v i s c o s i t y   a n d  
a l lowing  it t o  f l o w   o f f  a s u r f a c e .  However, s i n c e   l i v i n g   p l a n t s  
o r  a n i m a l s   a t t a c h e d  t o  a sur face   would  be u n l i k e l y  t o  s u r v i v e  
t h e   h i g h   t e m p e r a t u r e s  of steam c l e a n i n g ,   t h i s   p r o c e s s  i s  n o t  
u s u a l l y  recommended f o r   s u r f a c e s   t h a t   s u p p o r t   l i v i n g   p l a n t s  o r  
an imals .  

Steam  cleaning  euqipment   uses  a h igh -p res su re  steam j e t  
t h a t  w i l l  remove o i l  from almost a n y   s u r f a c e .  I t  d r i v e s  o i l  o f f  
o n e   s u r f a c e   o n t o   a n o t h e r ,   r e q u i r i n g   t h a t   p r e c a u t i o n s  be t a k e n  t o  
a v o i d   r e c o n t a m i n a t i o n   o f   p r e v i o u s l y   u n a f f e c t e d  areas. S p e c i f i c  
o p e r a t i n g   p r o c e d u r e s   f o r  steam c l e a n i n g  are: 

1. When used on s h o r e l i n e s   t h e  o i l  s h o u l d  be p re -  
v e n t e d   f r o m   r e - e n t e r i n g   t h e  water by su r round ing  
the   working   a rea   wi th   conta inment  booms, which 
c o n c e n t r a t e   t h e  removed o i l  f o r   p i c k u p  by  skim- 
mers or vacuum equipment. 

2. 

3 .  

4 .  

Cleaning   should   begin  a t  t h e  h i g h e s t   p o i n t   o f  
contamination  working  downslope  and be done a t  
h i g h   t i d e  o r  t imed so t h e  lowest p o i n t  i s  c l e a n e d  
a t  low t i d e  and t h e  oil r e c o v e r e d   b e f o r e   t h e  
t ide rises and  recontaminates  the area. 

P l a s t i c   s h e e t s   s h o u l d   b e   p l a c e d  over a d j a c e n t  
s u r f a c e s  t o  p reven t   fu r the r   con tamina t ion   and  
t o  d i r e c t   t h e   f l o w  of removed oil t o  a collec- 
t i o n   p o i n t .  

B e r m s  o r  d i t c h e s   c a n   b e   c o n s t r u c t e d  t o  f u r t h e r  
c h a n n e l   t h e  o i l  i n t o   c o l l e c t i n g   p o o l s  o r  back 
i n t o   t h e  water. 
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(h)  Sandblasting ( 10 ) 

This  method is used  primarily  to  remove  thin  accumula- 
tions of oil  residues  from  man-made  structures.  Sandblasting 
also  removes  any  vegetation  or  animals  inhabiting  the  surface 
and  should  not  be  used  where  repopulation  may  take  considerable 
time,  or  where  other  techniques  are  available. 

Sand is applied  to  the  structure  surface  at  high  velo- 
city  using  sandblasting  equipment.  The  oil  is  removed  from 
the  substrate  by  the  abrasive  action of the  sand.  The  result 
is an  accumulation of sand,  oil, and  surface  material  in  the 
area  near  the  operation.  This  should be  removed  and  transported 
to  a  disposal  area.  In  most  cases  the  sand  used  cannot  be 
taken  from  a  nearby  shoreline  as  it  must  be  screened  to  obtain 
the  proper  size.  Specific  operating  procedures  for  sandblasting 
are : 

1. Blasting  should  begin  at  the  highest  point  of 
contamination  and  work  down  to  the  base  of  the 
structure. 

2 .  Operations  should  be  done  at  low  tide  to  clean 
as  much of the  structure  as  possible. 

3 .  Removal  of  the  accumulation  of  spent  sand,  oil 
residues,  and  surface  material  is  generally  per- 
formed  manually  with  shovels  and  wheelbarrows. 
Should  the  quantity  become  large,  front-end 
loaders  may  be  used. 
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(i) Sump and pump/vacuum ( 1 2  ) 

This   t echn ique  i s  used   p r imar i ly   on  f i r m  sand or mud 
beaches i n  t h e   e v e n t  of c o n t i n u i n g  o i l  contaminat ion .  For a 
coastal  s h o r e l i n e   w i t h  a l o n g s h o r e   c u r r e n t ,  a sump i s  dug i n  
t h e   i n t e r t i d a l   z o n e   w i t h  a berm b u i l t  f rom  the   excavated  
material  ex tending   f rom  the   back   of   the  sump i n t o   t h e   s u r f   o n  
t h e  lowest s i d e  of t h e  sump. The c u r r e n t  moves t h e   o i l  down 
t h e  beach  where it i s  i n t e r c e p t e d  by t h e  berm  and  channeled 
i n t o  t h e  sump. A vacuum t r u c k  or t r a s h  pump i s  used  t o  remove 
t h e  o i l  and water f r o m   t h e   p i t  or sump. The s p e c i f i c   p r o -  
c e d u r e s   f o r   c o n s t r u c t i n g   a n d   o p e r a t i n g   t h e  sump and pump are: 

1. Dig a r e c t a n g u l a r  sump a t  some p o i n t  down- 
cu r ren t   f rom  the   con tamina ted  area approxi -  
mate ly  1 t o  2 m ( 3  t o  6 f t . )  deep a t  t h e  back 
end   s lop ing  upward  toward  the s u r f .  

2 .  The sump should  be c o n s t r u c t e d  a t  low t i d e   a n d  
s i t u a t e d  so the  back  end i s  l o c a t e d   j u s t   a b o v e  
the   h igh -wa te r  mark ex tend ing  1 / 2  t o  2 /3  t h e  
d i s t a n c e  across t h e   i n t e r t i d a l   z o n e .  

3 .  The berm should  be o f   s u f f i c e n t   h e i g h t  t o  be 
above   the  water level a t  h i g h   t i d e   a n d   r u n  from 
the   back   end   of   the  sump, a longs ide ,   and  down 
t o  t h e  lower i n t e r t i d a l  area a n g l i n g   s l i g h t l y  
up-cur ren t .  

4 .  A s u c t i o n  hose from a vacuum t r u c k  or t r a sh  
pump i s  ope ra t ed   manua l ly  t o  col lect  o i l  from 
the surface of t h e  sump. 
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(j) Manual  removal  of  oiled  materials (13 ) 

r) 

Manual  removal is used  on mud,  sand,  gravel,  and  cobble 
beaches  when  oil  contamination is light  or  sporadic  and  pene- 
tration is slight, or where  heavy  equipment  access is not 
possible.  Manual  removal  may  also  be  used  when  heavy  equipment 
use is deemed  harmful to the  environment. 

The  equipment  required  for  this  work  includes  rakes, 
shovels,  hand  scrapers,  plastic  and  burlap  bags,  buckets,  and 
barrels.  Oiled  vegetation,  debris,  and  sediments  are  collected 
by manual  labourers  and  placed  in  bags  for  removal  and  disposal. 
Supervisors  should  be  placed  in  charge of groups  of  workers 
with  a  foreman  for  each  group.  The  procedures  for  manual  re- 
moval  are : 

1. Wear  protective  gloves,  boots,  and  hand  cream. 

2. Cut and/or collect  contaminated  material  into 
small  piles. 

3 .  Do not  rake  vegetation. 

4 .  Fill  plastic  or  burlap  bags  half  full  with 
material  from  piles. 

5. Place  filled  bags  on  plastic  sheets  above 
high-water  line. 

6. Bags  may be  removed  manually,  by  vehicle,  air- 
lifted  by  helicopter,  or  loaded  onto  small 
boats  or  barges  from  shoreline  or  makeshift 
docks. 

The  rate  for  manually  cleaning  a  shoreline  area  depends  on  the 
number  of  workers  used,  their  productivity,  the  method of  re- 
moval of contaminated  materials,  and  the  degree of contamina- 
tion. If  a  shoreline  area  has  sporadic  contamination  it  can 
be  cleaned  much  faster  than  if  it is heavily  contaminated. 
The  more  workers  used,  the  faster  an  area  can  be  cleaned. 
Helicopter,  vessel,  or  vehicle  removal  of  collected  materials 
is fast  and  effective,  whereas  manual  removal  of  collected 
materials is very  slow  and  labour-intensive. 
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(k) Low-pressure  flushing 

Low-pressure  flushing  is  used  to  remove  light,  non-sticky 
oils  from  lightly  contaminated  mud  substrates,  cobbles,  boul- 
ders,  rocks,  man-made  structures, and  vegetation.  Low-pressure 
flushing  will  not  disturb  the  substrate to any  great  extent  but 
does  present  the  threat  of  recontamination  of  unaffected  areas 
if  runoff  from  the  flushing  operation  is  not  properly  channeled 
and  collected. 

Test  flushing  should  be  done  in  each  situation to deter- 
mine  the  suitability  of  this  technique.  Flushing  systems  of 
any  size  may  be  assembled,  although  small  portable  units  are 
generally  most  useful.  Direct  application  of  the  water  stream 
to the  oiled  substrate  is  not  necessarily  desired as erosion 
or  damage  to  the  flora  and  fauna  may  result.  Bathing  the  sub- 
strate  will  generally  float  oil  off  the  surface  without  any  ad- 
verse  effects.  Oil  can  then  be  channeled  into  collection  areas 
for  removal.  Procedures  for  low-pressure  flushing  are: 

1. 

2. 

3 .  

4. 

5. 

Containment  booms  should  be  anchored  just  past 
the  surf  zone  or  near  the  shore on  inland  waters 
if  there  is  a  possibility  of  the  oil  re-entering 
the  water. 

Flushing shou ld  be completed  and o i l  recovered 
at  low  tide  to  avoid  recontamination of the  in- 
tertidal  zone  by  the  rising  tide. 

Begin  flushing  at  the  highest  contaminated  point 
and  work  downslope  toward the water. 

The  runoff is channeled  by  berms,  ditches,  or 
booms i n t o  contained  areas  or  sumps  where  it  can 
be  removed  by  vacuum  trucks,  pumps,  or  sorbents. 
If used  on  inland  waters  with  little  or  no  cur- 
rent,  it  may  be  washed  back  into  the  water  within 
the  confines  of  a  containment  boom  and  herded  to- 
ward  a  collecting  point  with  water  jets. 

Shoreline  characteristics,  winds,  and  currents 
should  be  used  to  advantage. 
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(1) Dispersants 

The  type of equipment  used to  apply  dispersants  to  shore- 
lines  varies  with  the  type of dispersant,  the  type  and  amount 
of  oil  contamination,  and  the  application  technique  selected. 

Hydrocarbon-base  dispersants  are  generally  required  to 
treat  viscous  or  weathered  oil.  They  dissolve  or  soften  coatings 
to  permit  their  removal  by  flushing,  high-pressure  blasting, 
steaming,  or by  natural  wave  action  which  may  be  sufficient.  To 
accomplish  this  loosening,  only  light  applications  of  dispersant 
should  be  made,  together  with  a  suitable  reaction  period  before 
flushing  or  additional  dosage is attempted.  Areas  with  limited 
contamination  can  usually  be  treated  with  a  backpack  or  hand- 
held garden  sprayer  fitted  with  a  single,  wide-angle  nozzle  to 
produce a coarse  spray.  Larger  areas  require  a  stationary or 
mobile  high-volume  pump  with  dispersant  tank  capable of serving 
one  or  more  spray  lances  with  long  hoses. 

I, 

I 
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Water-base  dispersants  can  be  applied  by  several  different 
methods. The extent  of  contamination,  the  type  of  substrate, 
availability  of  euqipment  and  desired  effect  determine  the  pro- 
per  method.  Water  base  dispersants can  be  used to (a)  directly 
assist  in  removal  of  oil,  or  (b)  prevent  the  re-formation of 
slicks  where  the  removal  mechanism is primarily  mechanical. 
Generally,small  contaminated  areas  can  usually  be  treated  with 
a  backpack or hand-held  garden  sprayer  containing  a  premixed sol- 
ution  of  dispersant  and  sea  water.  After  a  suitable  reaction  per- 
iod, the  treated  area  may  require  supplementary  flushing.  Larger 
areas  are  more  efficiently  treated  with  spray  lances  or  fire  ho- L t  

ses. If  the  oil  coating  is  viscous,  water-base  dispersant  can  be 
injected  into  a  high-pressure  water  washing  stream  (hydroblaster). 

*ie 

In  all  cases,  unless  oily  runoff is collected,  the  shore- 
line  treatment  should  be  limited  to  periods  just  prior  to  high 
tide,  when  there is the  most  rapid  dilution  of  treating  agent 
and  removed  material. kn 

M. 

* 



(m)  Burn inq   (18  ) 

Burning i s  used   on   coas t a l   o r   i n l and   subs t r a t e s   and   vege -  
t a t i o n   w h e r e   s u f f i c i e n t  o i l  of a p r o p e r   t y p e   h a s   c o l l e c t e d  t o  
s u s t a i n   i g n i t i o n .   C o n s i d e r a t i o n   m u s t  a l so  be g iven  t o  t h e  po- 
t e n t i a l   e n v i r o n m e n t a l  damages r e s u l t i n g  from burning   and  t o  
t h e   p o t e n t i a l  f o r  i g n i t i n g   a d j a c e n t   b a c k s h o r e  trees. 

The f e a s i b i l i t y   o f   b u r n i n g   s h o u l d   b e   d e t e r m i n e d  by tes t  
i g n i t i o n  of a n   o i l e d  area away from t h e  a c t u a l  s i t e .  R e l a t i v e l y  
h igh   t empera tu res  may b e   r e q u i r e d  for i g n i t i o n ,   b u t   o n c e   i g n i t e d  
t h e  f i r e  must be s e l f - s u s t a i n i n g  t o  b e   e f f e c t i v e .  

S p e c i f i c   o p e r a t i o n a l   p r o c e d u r e s  for  burn ing  are: 

1. A p l a n   t h a t   p r o v i d e s   f o r   s a f e ,   c o n t r o l l e d  
burn ing   should  be p repa red .  

2 .  I f  t h e  area i s  v e r y   l a r g e ,  it may be n e c e s s a r y  
t o  s e c t i o n  it o f f   w i t h   f i r e   b r e a k s  t o  e n s u r e  
c o n t r o l l e d   b u r n i n g .  

3 .  The f i r e  i s  s t a r t e d  on t h e  upwind s i d e  of t h e  
contaminat ion  area or s e c t i o n .  A combustion 
promoter  o r  f lame  thrower may be r e q u i r e d  
i n i t i a l l y  t o  s u s t a i n   i g n i t i o n   u n t i l   s u f f i c i e n t  
h e a t  i s  g e n e r a t e d  t o  m a i n t a i n   t h e   b u r n i n g .  

4 .  The f i r e  would  be  allowed t o  b u r n   u n t i l   e x -  
hausted  or  until  it reaches a barrier. 
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(n )  Vacuum t r u c k s  ( 1 9  ) 

A vacuum t r u c k  i s  best used t o  p i c k  up o i l  which has  col- 
lected i n  pools on t h e   s h o r e l i n e ,   b u t   c a n  a l so  be used t o  s k i m  

r e l a t i v e l y   t h i c k   l a y e r s  of o i l  o f f   t h e   s u r f a c e  of t h e  water. 
The l a t t e r  use  i s  somewhat i n e f f i c i e n t ,  as r a t h e r  large quan- 
t i t i es  of  water are u s u a l l y  collected a long   w i th  t h e  o i l .  T h i s  

t echn iques  i s ,  h o w e v e r ,   i n v a l u a b l e   i n   t h e   a b s e n c e  of skimming 
equipment. When vacuum t r u c k s  are  used t o  pick  up o i l  which 
has  formed p o o l s   i n   s h o r e l i n e   d e p r e s s i o n s  a s c r e e n   s h o u l d  be 

p l a c e d   o v e r   t h e   s u c t i o n   n o z z l e  t o  p r e v e n t   a n y   d e b r i s   t h a t   c a n  
c a u s e   s e r i o u s   a n d   e x p e n s i v e  damage from e n t e r i n g  t h e  vacuum 
truck  system.  Finer-mesh  screens  should be used f o r  l i g h t  o i l s  
such as kerosene ,  whi le  coarse s c r e e n s  are  needed  for   heavy 
o i l s .  

I f  used t o  col lect  o i l  from a water's s u r f a c e ,   t h e  same 
procedure  i s  used w i t h  t h e   a d d i t i o n  of booms or  some means of 
c o n c e n t r a t i n g  t h e  o i l  t o  i n c r e a s e  t h e  r a t i o  of o i l  t o  water 
c o l l e c t e d .  

w 
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(0) Push   contaminated   subs t ra te  i n t o  s u r f  ( 2 0 )  

T h i s  t echn ique  i s  u s e d   p r i m a r i l y   o n   l i g h t l y   c o n t a m i n a t e d  
cobble   and   grave l   beaches  where removal  of  sediments may cause  
e ros ion   o f   beach  or backshore area, or where   acce le ra t ion  of 
o i l  d e g r a d a t i o n   r a t h e r   t h a n   c l e a n u p  is p r e f e r r e d .  

B u l l d o z e r s  are used t o  push   t he   con tamina ted   l aye r  of 
s e d i m e n t s   i n t o   t h e  lower i n t e r t i d a l  area where wave a c t i o n   a n d  
i n c r e a s e d  cobble or g r a v e l  movement w i l l  remove t h e   m a j o r i t y  of 
t h e  o i l  f rom  the   sed iments   and  accelerate d e g r a d a t i o n  rates. 
The s e d i m e n t s   a r e   r e t u r n e d  t o  t h e   b e a c h   w i t h i n  a r e l a t i v e l y  
shor t  p e r i o d  of time t h r o u g h   n a t u r a l  wave a n d   t i d a l   a c t i o n .  
S p e c i f i c a l l y ,   t h e   s e q u e n c e  of o p e r a t i o n a l   p r o c e d u r e s  i s  as fo l -  
lows : 

1. 

2. 

3 .  

4 .  

5. 

6. 

7. 

P r e f e r a b l y   t h i s   o p e r a t i o n  is c a r r i e d   o u t  a t  
low t i d e  t o  a v o i d   t h e   e q u i p m e n t   o p e r a t i n g   i n  
t h e  water. 

I f  a l o n g s h o r e   c u r r e n t  i s  p r e s e n t ,   c l e a n i n g  
should   begin  a t  the   up-cur ren t   end   of   the   con-  
t amina ted  area. 

The b u l l d o z e r  i s  o p e r a t e d   i n   f i r s t   g e a r ,   c u t t i n g  
t o  a d e p t h  n o t  e x c e e d i n g   t h a t   o f  o i l  p e n e t r a t i o n .  

S t a r t i n g  f r o m  t h e  backshore s i d e ,  the oiled 
sediment i s  p u s h e d   s t r a i g h t   i n t o   t h e  lower 
i n t e r t i d a l  area. 

The doze r  i s  r e t u r n e d  t o  s t a r t i n g   p o i n t  by 
back t r ack ing   on   c l eaned  area. 

Dozer i s  r e p o s i t i o n e d   f o r   s e c o n d   p a s s   w h i c h  
s h o u l d   r u n   a d j a c e n t  t o ,  a n d   s l i g h t l y   o v e r l a p p i n g ,  
t h e   p r e v i o u s   r u n .  

F i g u r e  3.28 d i s p l a y s  t h e   c l e a n i n g   p a t t e r n  f o r  
pushing   contaminated  s u b s t r a t e   i n t o  t h e  s u r f a c e .  



F i g u r e  3 . 2 8  C l e a n i n g   p a t t e r n  f o r  pushing  contaminated 
substrate i n t o   s u r f .  
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(p)  Breakup of pavement ( 2 1 )  

This  method  can  be  used  on  high-energy, cobble, and  on 
g r a v e l  o r  sand   beaches   where   th ick   l ayers  of o i l  h a v e   c r e a t e d  
a pavement  on t h e   b e a c h   s u r f a c e   a n d   s u b s t r a t e  removal w i l l  c a u s e  
e r o s i o n .  I t  should  be used  only on remote or l o w - p r i o r i t y  
beaches b e c a u s e   t h i s   t e c h n i q u e  leaves t h e  o i l  on   the   beach  t o  
d e g r a d e   n a t u r a l l y .  

The o i l  pavement i s  broken  up  by a t r a c k e d   b u l l d o z e r  or 
f r o n t - e n d   l o a d e r   f i t t e d   w i t h  a r i p p i n g   a p p a r a t u s   o n  the rear 
of t h e  tractor.  The r i p p e r  consis ts  of t w o  or t h r e e   l a r g e ,  
curved   tee th   which  are dragged  through  the  pavement  by t h e  for- 
ward  movement of t h e  t ractor .  The s p e c i f i c   s e q u e n c e  of o p e r a t i n g  
p rocedures  

1. 

2 .  

3. 

4 .  

5. 

6. 

are : 

O p e r a t e   t h e  t ractor  i n   f i r s t   g e a r  a t  1.6 t o  
t o  3.2 km/hr (1 t o  2 mph) . 
S e t   t h e   r i p p e r s  t o  a d e p t h   s l i g h t l y  below t h e  
pavement   thickness .  

Beg in   r i pp ing   a long   t he   backshore   edge  of t h e  
pavement-covered area, o p e r a t i n g   p a r a l l e l  t o  
t h e   s u r f   l i n e .  

Cont inue t o  end  of  contaminated area o r  approxi -  
mately 2 0 0  t o  300 m in distance. 

Tractor i s  t u r n e d   a r o u n d   a n d   r e p o s i t i o n e d  t o  
r i p  a p a t h   i n   t h e   o p p o s i t e   d i r e c t i o n   a d j a c e n t  
t o  t h e   p r e v i o u s   o n e .  

F i g u r e  3.29 i l l u s t r a t e s   t h e   r i p p i n g   p a t t e r n  
t o  be used  in   pavement-covered areas. 

Tracked vehicles or  t r ac to r -d rawn   r akes ,   p loughs   and  
hoes  can  be  used t o  breakup a pavement i n   t h e   a b s e n c e  of r i p -  
p i n g   a p p a r a t u s .  

Y 



- 118 - w 

I 

I 

F i g u r e  3.29 C l e a n i n g   p a t t e r n   f o r   b r e a k u p  of pavement. 
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(9) D i s c  i n t o  s u b s t r a t e  ( 2 2 )  

Th i s   t echn ique  i s  used   on   non-recrea t iona l   sand  or g r a v e l  
b e a c h e s   t h a t  are l igh t ly   con tamina ted   and  are of moderate t o  
good t r a f f i c a b i l i t y .   A l t h o u g h   t h i s   t e c h n i q u e  i s  v e r y   f a s t   a n d  
e f f i c i e n t ,   t h e  o i l  i s  n o t  removed b u t   b u r i e d   i n t o   t h e   t o p   l a y e r  
of sediments   and l e f t  t o  d e g r a d e   n a t u r a l l y .  

The o i l  i s  d i s c e d   i n t o   t h e  substrate u s i n g  a t r a c k e d  
l o a d e r  or t r a c t o r   t o w i n g  a d i sce r .   Th i s   d i sc ing   equ ipmen t  i s  
t h e  same as t h a t   u s e d   f o r   t i l l i n g   a g r i c u l t u r a l   f i e l d s .  The 
s p e c i f i c   o p e r a t i n g   p r o c e d u r e  fo r  d i s c i n g   i n t o   t h e   s u b s t r a t e  is: 

1. Begin   a long   the   backshore   edge  of t h e  con- 
t amina ted  area. 

2. Opera te   t he  t rac tor  i n   s e c o n d  gear and   cont inue  
t o  the   end   o f   t he   con tamina ted  area o r  approxi -  
mate ly  2 0 0  t o  300 m i n  d i s t a n c e .  

3 .  The t r ac to r  i s  turned  around  and a new p a t h  
s t a r t e d   a d j a c e n t  t o ,  a n d   s l i g h t l y   o v e r l a p p i n g ,  
t h e   p r e v i o u s  one.  F i g u r e  3 . 3 0  d i s p l a y s   t h e  
c l e a n i n g  pa t te rn  f o r  d i s c i n g .  
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F i g u r e  3 . 3 0  C l e a n i n g   p a t t e r n  f o r  d i s c i n g   i n t o  
substrate t echn ique .  
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3.4.4 Disposal  of  Material 

Handling  recovered  oil  and  oil-contaminated  materials 
can  pose  both  immediate  and  long-range  problems.  Oil/water 
mixtures  can  be  separated  in  treatment  tanks  and  recovered  oil 
then sent  to  a refinery.  Disposal of contaminated  debris  is 
more  difficult.  In  most  cases,  contaminated  wastes  should  not 
be  burned.  They can,  however, be  buried  safely  on  land  in  ap- 
proved  disposal  sites  if  correct  procedures  are  followed. It 
is often  advisable  during  waste  handling,  transfer,  or  storage 
to prevent  contamination by  covering  the  area  of  operation  with 
plastic  sheets. 

Disposal  can  pose  several  problems. In  particular,  it 
is  often  necessary  to  locate  on-site  storage  before  transpor- 
tation  of  oil  and  contaminated  material to the  final  disposal 
sites. In  most  oil  spill  situations,  recovered  material  is 
stored  for  a  short  period  of  time  at  a  local  site,  while  arrange- 
ments  are  made  for  a  final  disposal  site. 

Several  disposal  methods  are  available.  They  include 
oil  and  water  separation,  burial,  and  natural  degradation. 
The  specific  disposal  method  selected  depends  on  the  nature  of 
the  oil-contaminated  material  and  the  location of the  spill. 

3.4.4.1  Oil  and  water  separation 

The majority  of  the  oil  and  water  separation  can  be  per- 
formed  at  existing  treatment  and  separation  facilities  located 
at  refineries  or  oil  production  sites.  However,  if  the  spill 
is  minor  and/or  occurs at a considerable  distance  from  any  such 
facility,  the  following  techniques  can  be  used  to  provide  oil/ 
water  separators  for  field  use.  These  separators  might  also 
be  utilized  locally  to  remove  a  portion  of the  water so as to 
reduce  the  bulk of  the oil/water  mixture  before  transporting 
it for  final  separation. 
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E f f e c t i v e  oil/water s e p a r a t o r s   c a n  be cons t ruc t ed   unde r  
f i e l d   c o n d i t i o n s   t o   f u r t h e r   r e c o v e r  o i l  from oil/water mix tu res .  
F i f t y - f i v e   g a l l o n  drums or  s h e e t  metal w e l d e d   t o g e t h e r   i n t o  a 
4 x 5 x & f o o t   t r a n s p o r t a b l e   c o n t a i n e r   c a n   b e   u s e d  as s e p a r a t o r s ,  
a f t e r   b e i n g   f i t t e d   w i t h  a bo t tom  d ra in ing   p ipe   w i th   va lve .  The 
oil /water mixture   would   en ter  t h e  c o n t a i n e r  from t h e   t o p ,   b e  
a l lowed t o  se t t le ,  and water t h e n   d r a i n e d  off  t h e  bottom through 
t h e   d r a i n   p i p e .  The o i l  can  be pumped from t h e  v a t  t o  a s t o r a g e  
t ank  o r  t a n k   t r u c k   ( F i g .  3 .  31 A . )  . 

A second  method  can  be  used t o  remove o i l  from a n a t u r a l  
o r  excavated  sump p i t .  A 55-ga l lon  drum f i t t e d   w i t h  a small 
pump and hose and a 4- x 18-inch s l o t  c u t  from t h e  t o p  t h i r d  i s  

s u s p e n d e d   u p r i g h t   i n t o   t h e  sump p i t ,   p o s i t i o n e d   s u c h   t h a t   t h e  
bottom of t h e  s l o t  r e m a i n s   j u s t  below t h e  s u r f a c e  of t h e  oil 

l a y e r .  O i l  f l o w i n g   i n t o   t h e  drum i s  t h e n  pumped i n t o  a s t o r a g e  
t a n k  or  t a n k   t r u c k   ( F i g .  3 .  31 B. . 

A drum o r  any   po r t ab le   t ank   can  a l so  be used t o  p rov ide  
oil/water s e p a r a t i o n .  If water i n  o i l  emuls ions  are recove red ,  
chemica l   de-emuls i f ie rs   can   be   added  t o  t h e   s e p a r a t o r   t a n k s  t o  
a i d   i n   b r e a k i n g   t h e   e m u l s i o n s   a n d   p r o v i d i n g  more e f f e c t i v e  
w a t e r / o i l   s e p a r a t i o n .  

3.4.4.2  Temporary waste s t o r a g e  si tes 

I n   t h e   e v e n t   o f   a n y   s h o r e l i n e   c l e a n u p   o p e r a t i o n ,  estab- 
l i s h i n g  a t e m p o r a r y   o i l y  waste d i s p o s a l  s i t e  close t o  t h e  
c l e a n u p   o p e r a t i o n  i s  ve ry   impor t an t .  The  purpose  of a tem- 
p o r a r y   s t o r a g e  s i t e  is  t o  p rov ide  a l o c a t i o n  t o  accumulate  

- o i l y   s e d i m e n t   a n d   d e b r i s  removed d u r i n g   s h o r e l i n e   c l e a n u p  
o p e r a t i o n s   u n t i l  a f i n a l   d i s p o s a l  s i t e  can   be   loca ted ,   approved ,  
and  arrangements made f o r  i t s  use .  The t empora ry   s to rage  sites 
s h o u l d   b e   l o c a t e d   i n   a n  area with  good access t o  t h e   s h o r e l i n e  
c l eanup   ope ra t ion   and  t o  nearby  streets and  highways. Good 

m 
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A. 55gal drum  oil/water  separator. 
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Water drain valve 

L 1 

Barrel  used as weir 

B. 55gal drum and sump oil/water separator. 

Figure 3.31 Field  oil-water  separation  techniques. 
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s t o r a g e  s i te  l o c a t i o n s   s h o u l d  be f l a t  areas such as p a r k i n g  
l o t s  (paves  o r  unpaved) or underdeveloped l o t s  a d j a c e n t   t o  t h e  

s h o r e l i n e .  

Tempora ry ' s to rage  sites shou ld  be s e l e c t e d   a n d   p r e p a r e d  
t o  minimize  contaminat ion of su r round ing  areas f rom  leaching  
o i l .  T h e r e f o r e ,   s t o r a g e  sites shou ld   no t   be   l oca t ed  on or  ad- 
jacent t o  r a v i n e s ,   g u l l i e s ,  streams, or  t h e  sides of  h i l l s ,  

b u t   o n   f l a t  areas w i t h  a minimum o f   s l o p e .  Once a l o c a t i o n  i s  
s e l e c t e d ,   c e r t a i n  s i te  p r e p a r a t i o n  i s  u s u a l l y   n e c e s s a r y  t o  con- 
t a i n  any   leaching  o i l .  An e a r t h  berm s h o u l d   b e   c o n s t r u c t e d  
(F ig .   3 .32)   a round  the   per imeter  of t h e   s t o r a g e  s i te .  If a 

paved  parking l o t  i s  used,   ear th   would  have t o  be   impor ted  from 
nearby areas; i f  an  unpaved  surface i s  used ,  material can  be 
excavated  from the s i t e  i tself  and pushed t o  t h e  p e r i m e t e r ,  
thereby   forming  a small b a s i n .   E n t r a n c e   a n d   e x i t   g a p s   s h o u l d  
be l e f t   i n  t h e  berm t o  allow cleanup  equipment  access t o  t h e  

si te.  I f   t h e   s u b s t r a t e  of berm material  i s  p e r m e a b l e ,   p l a s t i c  
l i n e r s   s h o u l d  be sp read   ove r   t he   be rms   and   ac ross  t h e  f l o o r  of 
t h e   s t o r a g e  s i te  i n   o r d e r  t o  c o n t a i n   a n y   p o s s i b l e   o i l   l e a c h a t e .  

A f r o n t - e n d   l o a d e r   s h o u l d   b e   s t a t i o n e d  a t  each s t o r a g e  
s i te  t o  d i s t r i b u t e   t h e  dumped o i l y  material  evenly   and  t o  
load   t rucks   r emov ing   t he  material t o  f i n a l   d i s p o s a l .  

3 .4 .4 .3   Transpor t  

T r a n s p o r t i n g   o i l e d   m a t e r i a l  t o  a f i n a l   d i s p o s a l  s i t e  
i s  usua l ly   done   w i th  dump a n d   t a n k   t r u c k s .  The material i s  
l o a d e d   i n t o   t h e   t r u c k s  a t  t h e   p o i n t  of removal or temporary 
storage a n d   t r a n s p o r t e d  t o  an  approved dump s i te .  The t r u c k s  
t y p i c a l l y   h a v e   c a p a c i t i e s  of 1 0  yd3 or  20  yd3. T o  p r e v e n t  
o i l  l e a k a g e   d u r i n g   t r a n s p o r t ,  t h e  t ruck   beds   shou ld   be   l i ned  
w i t h   p l a s t i c   s h e e t i n g .  
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Figure 3.32 Suggested  configuration  for a 
temporary  waste  storage site. 
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I n  more remote areas t r a n s p o r t a t i o n  may i n v o l v e   t h e   u s e  
of b o a t s  t o  remove material .  Again care should  be t a k e n   t o   e n -  
s u r e  t h a t  s p i l l a g e  or leakage  i s  avoided  by t h e   u s e  of p l a s t i c  
bags  or l i n e r s   i n  all cases. 
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4.0 SUMWRY 

Cont ingency  pl   anni   ng i s  dependant   upon  the   ava i l   ab i l  i t y  o f  

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

inforrnat ion.  The a c t u a l   r e s p o n s e   t o  a s p i l l   s i t u a t i o n  and t h e   i n i t i a t i o n  and 

imp lementa t ion   o f   countermeasures  i s  dependent  upon a s e r i e s   o f   f a c t o r s   t h a t  

will be unknown u n t i l   t h e   i n c i d e n t   o c c u r s .   D e s p i t e   t h e s e   l i m i t a t i o n s ,   t h e  

a n a l y s i s   o f   i n f o n i l a t i o n  and t h e   p r e p a r a t i o n   o f   r e 1   e v a n t   d a t a   s e t s   i n  an 

organized  manner  can  be o f   c o n s i d e r a b l e   b e n e f i t .   W i t h o u t   p r e - s p i l l   s t u d i e s   t h e  

r e s p o n s e   a c t i v i t i e s   a r e  made more d i f f i c u l t ,  due t o   t h e   l a c k   o f   r e l e v a n t  

i n f o r m a t i o n ,  and the   response   t im ing   wou ld   be   de layed   un t i l   essen t ia l   da ta   a re  

g a t h e r e d .   P r e - s p i l l   s t u d i e s   a r e   o f   p a r t i c u l a r   b e n e f i t   d u r i n g   t h e   i n i t i a l   r e s -  

ponse p e r i o d  when l i t t l e   o r  no t i m e   i s   a v a i l a b l e   t o   g a t h e r   r e l e v a n t   i n f o r m a t i o n  

o r   t o   o r g a n i z e   t h a t   i n f o r m a t i o n  so t h a t  i t  may be o f   v a l u e   t o   t h e   d e c i s i o n  

makers. 

The p r i m a r y   o b j e c t i v e  of t h i s   s t u d y  has  been t o   c o n s i d e r   t h e   t y p e s  

o f   i n f o r m a t i o n  and t h e   l e v e l s   o f   d e t a i l   t h a t   a r e   n e c e s s a r y   t o   a d e q u a t e l y   r e s p o n d  

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

E f f i c i e n t  and e f fec t i ve   response   ac t i ons   can   be   t aken  i f  t h e   a v a i l a b l e   r e l e v a n t  

i n f o r m a t i o n   i s   f i l t e r e d  and organized i n  a l o g i c a l  manner.  The p r i n c i p l e   t h a t  

u n d e r l i e s   t h e   s u g g e s t e d   s e r i e s   o f   s p i l l   r e s p o n s e  maps i s  t h a t  answers t o  

d i f f e r e n t   q u e s t i o n s   r e q u i r e   d i f f e r e n t   t y p e s  and l e v e l s   o f   i n f o r m a t i o n .  
I d e n t i f i c a t i o n  o f  the   p r imary   ques t ions   enab les   the   in fo rmat ion   base t o  be 

compartmental  ized. I n   t h i s  manner, i t  i s   p o s s i b l e   t o   p r o v i d e   d i s c r e t e  1 eve1 s 

and  types o f   i n f o r m a t i o n   i n   s e p a r a t e   f o r m a t s .  The q u e s t i o n s   i d e n t i f i e d   b y   t h i s  

s tudy   a re :  
- where  does/wi11 a problem  occur and  where will a response  ac t ion   be  

r e q u i r e d ?  

- what i s / w i l l  be t h e   n a t u r e   o f   t h e   p r o b l e m ?  

- how can an a c t i o n   m i t i g a t e   t h a t   t h r e a t ?  
These p r i m a r y   q u e s t i o n s   a r e   c o n s i d e r e d   t o   b e   r e s p e c t i v e l y   s t r a t e g i c a l ,   o p e r a -  

t i o n a l ,  and t a c t i c a l   i n   c h a r a c t e r  and are   cons idered a t  d i f f e r e n t   l e v e l s   o f  

d e t a i l   o r   s c a l e s .  The use o f   d i f f e r e n t  maps i s  based  on the   p re rn i se   t ha t  
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d i f f e r e n t   s e t s   o f   i n f o r m a t i o n  can   be   d i sp layed   a t   d i f f e ren t   sca les .  The s c a l e  

chosen i s  d e t e r m i n e d   b y   t h e   s m a l l e s t   s i z e   o f  a f e a t u r e   t h a t  must  be l e g i b l e   o r  . - 
i d e n t i f i a b l e  on   the  map. Thus, d i f f e r e n t   s p i l l  response  ques t ions   requ i re  

d i f f e r e n t  map s c a l e s   t o   p r e s e n t   d i f f e r e n t   i n f o r m a t i o n   o r   d a t a   s e t s .  A charac- 

t e r i s t i c   f e a t u r e   o f   t h e   t h r e e   s e t s   o f   r e s p o n s e  maps presented  here i s   t h a t   t h e  
I 

volume o f   i n f o r m a t i o n  as w e l l  as t h e   l e v e l   o f   d e t a i l  , increases  as the   ques t i ons  

become more s p e c i f i c .  A t  the   most   de ta i led   leve l ,   more   than  two maps and a 

coded t a b l e   a r e   r e q u i r e d  t o  l e g i b l y   d i s p l a y  a1 1 o f   t h e   n e c e s s a r y   i n f o r m a t i o n  a t  

t h e   d e s i r e d   l e v e l   o f   d e t a i l .   T h i s   i s   i n  m a r k e d   c o n t r a s t   t o   t h e   r e l a t i v e l y  m 

s i m p l e   r e g i o n a l   s t r a t e g y  maps. 

I 

I n i t i a l l y   t h e   q u e s t i o n s   t h a t   s h o u l d  b e   a s k e d   a r e   r e l a t i v e l y  gen- I 

e r a l i z e d  and r e g i o n a l   i n   c h a r a c t e r .  These r e l a t e   t o  a d e f i n i t i o n   o f  where t h e  

t h r e a t   ( s p i l l )   i s   l i k e l y   t o  have a s e r i o u s   e f f e c t   b y   d i s t u r b a n c e   o f   b i o l o g i c a l  
s p e c i e s   o r   h a b i t a t s ,   o r  o f  human a c t i v i t i e s .   F o r   t h i s   i n i t i a l  response,  the 

I 

1 eve1 o f   d e t a i l   t h a t   i s   r e q u i r e d   i s  low. The p r i m a r y   o b j e c t i v e   i s  t o  s imp ly  

l o c a t e  and d e f i n e   a r e a s   o r   s i t e s   o f   c o n c e r n  and t o   i n d i c a t e   b r i e f l y   t h e   n a t u r e  

o f   t h a t  concern.   These  are  s i tes o r  areas  where a r e s p o n s e   a c t i o n ,   e i t h e r   t o  

p r o t e c t   o r   c l e a n u p  a shore1  ine,   would  probably  be  necessary i n   t h e   e v e n t   o f  a 

s p i l l .   I n   t h i s   p i l o t   s t u d y ,   t h e   o b j e c t i v e  i s  ach ieved   by   t he   use   o f   t opograph ic  

maps a t  a 1: 250,000 scale.  The s t r a t e g y  maps i d e n t i f y   r e g i o n s   o f   c o n c e r n  where 

a countermeasure   response  wou ld   l i ke ly   be   requ i red .  No s i t e s p e c i f i c   d a t a   a r e  
p resen ted ,   as   t he   m in imum  s i ze   o f   f ea tu re   t ha t   can  be i d e n t i f i e d   i s  250 In, and 

t h e  minimum l e n g t h   o f  a mappable u n i t   i s   i n   t h e   o r d e r   o f  1 km. The general  

p h y s i c a l   c h a r a c t e r   o f   t h e   s h o r e l i n e   i s   i n d i c a t e d   b y  a p a t t e r n .  The n a t u r e   o f  

t h e   p o t e n t i a l   d i s t u r b a n c e   t o   b i o l o g i c a l   s p e c i e s   o r   h a b i t a t s ,   o r   t o  human a c t i -  

v i t i e s ,   i s   d e s c r i b e d   b r i e f l y   i n   n o t e   f o r m  on an accompanying  table.   These  s i tes 

o r  areas o f  c o n c e r n   a r e   i d e n t i f i e d  so t h a t   i n i t i a l   r e s o u r c e   d e p l o y m e n t   d e c i s i o n s  

can  be made a t  a reg iona l   sca le .  Once an area   has   been  iden t i f ied  and i s  

threatened  by a s p i l l  , more d e t a i l  ed i n f o r m a t i o n   i s   r e q u i r e d   t o   a s s e s s   t h e  

n a t u r e   o f   t h e   p o t e n i a l   d i s t u r b a n c e .  

The developnent o f  a response   p lan   i nvo l ves   eva lua t i on   o f   ope ra -  

t iona l   pa ramete rs   t ha t   f ocus   on   t he   na tu re   o f   t he   p rob lem  o r   po ten t i  a1 problem. 

I n f o r m a t i o n   t h a t   w o u l d  be r e q u i r e d   t o  make t h e s e   e v a l u a t i o n s   i s   p r e s e n t e d   a t  a 
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s c a l e   o f  1: 50,000. The e l  elnent o f   t i m e   w i t h   r e s p e c t   t o   b i o l o g i c a l  and human 

a c t i v i t y   c y c l e s   i s   o f   p a r t i c u l a r   c o n c e r n   a t   t h i ’ s   l e v e l   o f   d e t i a l .   O p e r a t i o n a l  

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

a l so   necessa ry   t o   de te rm ine  i f ,  i n   f a c t ,   t h e   c o n c e r n   i s  V a l  id. The o b j e c t i v e  

o f  p repared  opera t iona l  maps i s   t o   d e f i n e  and d e s c r i b e   t h e   s p a t i a l  and temporal 

components. o f   t h r e a t e n e d   e l e m e n t s .   T h i s   i n f o r m a t i o n   i s   p r e s e n t e d ,   i n   t h i s  

p i l o t   s t u d y ,   a s  a map and t a b l e s .   I n   a d d i t i o n ,   a n   e v a l u a t i o n   o f   t h e   p o s s i b l e  

s e v e r i t y   o f   t h e   d i s t u r b a n c e   i s   i n d i c a t e d   b o t h   s p a t i a l l y  and  temporal ly. The 

maps (1:50,000)   prov ide  in format ion  on  the  phys ica l   shore1  ine  character  and 

d e f i n e   t h e   b o u n d a r i e s   o r  limit o f  a r e a s   o r   s e c t i o n s   d e s c r i b e d   i n  more d e t a i l   i n  

t h e   n o t e s   o r   t a b l e s .  A t  t h i s   s c a l e ,   t h e  minimum l e n g t h   o f  a mappable u n i t   i s  

i n   t h e   o r d e r   o f  150 m ,  and t h e   s m a l l e s t   s i z e   f e a t u r e   t h a t   c a n  be i d e n t i f i e d   i s  

50 m. 

The deve lopnen t   o f  a s p e c i f i c   c o u r s e   o f   a c t i o n   t o   m i t i g a t e   t h e  

t h r e a t   i n v o l v e s  a d e t a i l e d   s e t   o f   d a t a   t h a t   i s   s i t e -   o r   a r e a - s p e c i f i c .  The 

t a c t i c a l   s c a l e   p r o p o s e d   f o r   t h e   p i l o t   s t u d y   a r e a  has  been  adopted i n   o r d e r   t o  

p resent   re levant   parameters   tha t   wou ld   be   cons idered  dur ing  an e v a l u a t i o n  o f  
t h e  way i n  which an appropriate  countermeasure  could  be  implemented.  These 

t a c t i c a l  maps and  notes, a t  a s c a l e   o f  1:16,000, i n d i c a t e   s i t e - s p e c i f i c  

p h y s i c a l  and l o g i s t i c a l   i n f o r m a t i o n  and i d e n t i f y   p o s s i b l e   o p e r a t i o n a l  

c o n s t r a i n t s .  Such maps w o u l d   p r o b a b l y   b e   d e v e l o p e d   o n l y   f o r   s e c t i o n s   o f   c o a s t  
where  response  actions would be  h i g h l y   l i k e l y ,   t h a t   i s ,   a r e a s  o r  s i tes  of  

pr imary  concern.  The p r imary   t ac t i ca l   response   wou ld  be t o   d e s c r i b e  a s o l u t i o n  

t o  a p rob lem.   Approp r ia te   response   p ro tec t i on   o r   c leanup   ac t i ons   can   be  

suggested o r  recommended but  these  suggest ions  must  be  considered i n   t h e  1 i g h t  

o f  environmental  and s p i l l   c o n d i t i o n s  a t  t h e   t i m e  o f  t h e   i n c i d e n t .  As w i t h  

d e c i s i o n s   t h a t   a r e  made a t  t h e   o p e r a t i o n a l   l e v e l ,   r e c o n n a i s s a n c e   o r   o n - s i t e  

su rveys   a re   necessa ry   t o   supp lemen t   t he   p re -sp i l l   s tud ies   w i th   i n fo rma t ion   t ha t  

canno t   be   ob ta ined   p r i o r   t o   t he   even t .  A t  t h i s   l e v e l  o f  d e t a i l ,  i t  i s   p o s s i b l e  

t o   i d e n t i f y   i n d i v i d u a l   f e a t u r e s   t h a t   a r e   a p p r o x i m a t l e y  15 m i n   s i z e  and t o  map 

u n i t s   t h a t   a r e   i n   t h e   o r d e r   o f  50 m i n   l e n g t h .   I n   t h i s   p i l o t   s t u d y ,   t h e   t a c -  

t i c a l  maps p r e s e n t   l o c a l   i n f o r m a t i o n  on the   phys i ca l  and b i o l o g i c a l   c h a r a c t e r  
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o f  an area .   Re levant   in fo rmat ion   on   access ,   nearshore   cur ren ts ,   po ten t ia l  boom 

dep loyment   s i tes  and s tag ing   a reas  i s  p r o v i d e d   o n   d e t a i l e d   t a b l e s   o r   h y d r o -  

graphic   char ts .  

Each o f   t h e   s p i l l   r e s p o n s e  maps c o n t a i n s   i n f o r m a t i o n  a t  d i f f e r e n t  

s c a l e s   o r   l e v e l s   o f   d e t a i l .  Similarly t h e   i n f o r m a t i o n   b a s e   t h a t   i s   r e q u i r e d   t o  

prepare  each o f   t h e   t h r e e   d i f f e r e n t  maps v a r i e s   i n   b o t h   t h e   d e g r e e   o f   d e t a i l  

and the   deg ree   o f   accu racy .  The s t r a t e g y  maps a r e   t h e  most   genera l ized and 

could  be  prepared  f rom map o r   a e r i a l   p h o t o g r a p h   i n t e r p r e t a t i o n  and f rom 

a v a i l a b l e   i n f o r m a t i o n .   T a c t i c a l  maps, on t h e   o t h e r  hand, can  on ly   be  prepared 

f r o m   d e t a i l e d   i n f o r m a t i o n   t h a t   h a s  been  checked i n   t h e   f i e l d .   I n   t h i s   s t u d y  

t h e   i n i t a l   p r o c e s s  began b y   d e v e l o p e n t   o f  a d e t a i l e d   d a t a   b a s e   f o r   t h e  

phys ica l   shore-zone  analys is .  The coded  sheets  and maps (1: 10,000 s c a l e )  

p rov ided  the   bas is   f rom  wh ich   the   more   genera l i zed  lrlaps were  prepared. By t h i s  
approach, a high level o f  accuracy i s  maintdined even though the p i c t o r i a l  

i n f o r m a t i o n  becomes more   genera l i zed  and l e s s   s i t e - s p e c i f i c .  

The c o l l e c t i o n ,   s t o r a g e  and r e t r i e v a l   o f   d e t a i l e d   s h o r e - z o n e  

in format ion  can  best   be  achieved  by a l o g i c a l  and systematic  approach. The 

method  adopted f o r   t h i s   s t u d y   i n v o l v e s  a d e t a i l e d   a n a l y s i s   u s i n g   i n f o r m a t i o n  

ob ta ined  f rom maps, c h a r t s ,   v e r t i c a l   a e r i a l   p h o t o g r a p h s ,  and o b l i q u e   c o l o u r  

v i d e o t a p e s   t h a t   i s   c o d e d  a t  a s c a l e   i n   t h e   o r d e r   o f  1: 50,000. F o r   t h i s   s t u d y ,  

39  separate  items  were  coded. The phys ica l   shore-zone  character  was surnlnarized 

i n  terms o f   e i g h t   r e p e t i t i v e   s h o r e l i n e   u n i t s   t h a t   t y p i f y   t h e   s t u d y   a r e a .  These 

shore1  ine  types  were mapped a t  a s c a l e   o f  1: 16,000, i n   p a r t   t o   p r e s e n t   t h e  

p h y s i c a l   c h a r a c t e r   o f   t h e   s h o r e  zone, b u t   a l s o   t o   i n d i c a t e   t h e   b o u n d a r i e s   o f  

t h e   u n i t s   d e f i n e d   i n   t h e   c o d i n g   s h e e t s .   T h i s   a p p r o a c h   p r o v i d e s  a g r e a t   l e v e l  

o f   d e t a i l  combined w i t h  a h i g h   l e v e l   o f   a c c u r a c y .  

The cod ing  and mapping  system i s  d e s i g n e d   t o  be f l e x i b l e ,   b o t h   i n  

t e r m s   o f   t h e   a c t u a l   i n f o m a t i o n  and t h e   s c a l e   o f   a n a l y s i s   o r  map. Th is   s tudy  

focusses   on   t he   de ta i l ed   phys i ca l   sho re -zone   ana lys i s   o f  a rocky  ocean  coast. 

The sys tem  can   be   adap ted   t o   i nc lude   b io log i ca l   pa ramete rs ,   t o   desc r ibe   a rc t i c  

o r   t r o p i c a l   c o a s t s ,   t o   r i v e r   o r   l a c u s t r i n e   e n v i r o n m e n t s  and t o  more  general 

scales.  The coded  sheets  and maps a r e  accompanied  by a t e x t   n a r r a t i v e   t h a t  

descr ibes  some o f   t h e  more   genera l   fea tures   o f   the   coas t .   Th is   reg iona l  
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description  is most appropriate when used w i t h  the 1:50,000 or 1:250,000 scale 
maps. The use of three  scales i n  the physical shore-zone analysis i s  intended 
t o  i l lustrate  the  levels of  details ,   or conversely of generalization, t h a t  are 
associated w i t h  the  different  scales. 

A set  of edited and annotated,  low-altitude,  colour  videotapes 
was prepared for  the p i1  o t  study  area as p a r t  o f  this project. These 
videotapes  are intended t o  cornpl  ement the manual and provide a complete 
coverage o f  the  intertidal zone of  the  coast. The primary  purpose for the 
tapes i s   t o  provide a continuous  visual image o f  the coast  for use i n  p l a n n i n g ,  
t r a i n i n g ,  and i n  the  actual ilnplernentation  of s p i l l  countermeasures. The set 
of tapes and an accornpanyi ng manual fonn a separate, b u t  cl  osely re1 ated, p a r t  
o f  the p i 1  o t  study. 

The physical shore-zone analysis  presented and described i n  th is  
study i s  intended for a variety of uses. The application of this d a t a  would be 
necessary t o  pl an the imp1 ementation of countermeasures. The development  of a 
series of  maps t h a t  use the same (physical) d a t a  base is intended to  provide 
meaningful sets of infomation t h a t  would be necessary to  answer specific 
questions d u r i n g  a spil l  response. Identification of  the information 
requirements, i n  terms o f  a series of questions,  enables  the  avail  able d a t a  to  
be screened an to be organized i n  a manner  such t h a t  the  user is  n o t  inundated 
by a 1 arge vol ume of  re1 evant, b u t  unorganized,  information. 
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APPEND1 X I 
SHORELINE AERIAL VIDEO-TAPE SURVEYS FOR SPILL COUNTERMEASURES 

The c o l l e c t i o n  and p r e s e n t a t i o n   o f   e n v i r o n m e n t a l   i n f o r m a t i o n  

r e 1   e v a n t   t o   o i l   s p i l l   c o n t i n g e n c y   p l   a n n i  ng and countermeasure imp1 ementation  has 

f o c u s s e d   t o   d a t e   p r i m a r i l y  on t h e   p r e p a r a t i o n   o f  maps. Depending  upon map 

sca les   and   upon   the   qua l i t y   o f   t he   i n fo rma t ion ,   t hese  maps a r e  a b a s i c  and  an 

i m p o r t a n t   t o o l   f o r   b o t h   g e n e r a l   p l a n n i n g  and f o r   s i t e - s p e c i f i c   a c t i v i t i e s .  The 

recent  development o f  a t echn ique   us ing   l ow-a l t i t ude  ( 100 m), o b l i q u e   c o l o u r  

v ideo - tape   reco rd ing  (VTR)  adds a ve ry   va luab le  component t o   t h e   a n a l y s i s  and 

p r e s e n t a t i o n   o f   s h o r e l i n e   i n f o r m a t i o n .   A l t h o u g h   t h e   m e t h o d   i s   n o t   i t s e l f  new 

( f o r  example:   the  ent i re   coast   o f   the  Canadian  Great   Lakes was v i d e o - t a p e d   i n  

the  mid-70s  by  the  Shore Damage Survey a t  CCIW i n   B u r l i n g t o n ) ,   t h e   a p p l i c a t i o n  

and r e f i  nernent o f   t he   t echn ique   t o   con t i ngency   p l   ann ing  and s p i l l   c o u n t e r -  

measures i s  a new devel  opment. 

Sources o f   I n f o r m a t i o n   f o r  Shore1 ine   Su rvev  

The t r a d i t i o n a l  methods f o r  mapping  physical and g e n e r a l   b i o l  o- 

g i c a l   s h o r e l i n e   c h a r a c t e r i s t i c s   h a v e  been  based p r i m a r i l y  on: ( i )   v e r t i c a l  

a e r i a l   p h o t o g r a p h y ,   ( i i )   g r o u n d   s u r v e y s ,   ( i i i )   l o w - a l t i t u d e  ob1 ique   co lou r  

photography,   and  ( iv )   topographic  maps. These fou r   t echn iques   a re   usua l l y   used  
i n  Combination. Air photos and maps p r o v i d e   c o n t i n u o u s   i n f o r m a t i o n   b u t   o f t e n  
1 ack d e t a i l   f o r  srnal l - s c a l e  mapping,   except   where  avai l   ab le  a t   sca les  less  than 

1:50,000. Conversely,  ground  surveys and l o w - a l t i t u d e  ob1 ique  photography  can 

p r o v i d e   c o n s i d e r a b l e   d e t a i l e d   i n f o r m a t i o n   b u t   l a c k   c o n t i n u i t y .  It i s   r a r e l y  

p o s s i b l e   t o   s u r v e y   e n t i r e   s e c t i o n s   o f   c o a s t  on the  ground due t o   c o n s t r a i n t s   o f  

t ime,  rnoney and  shore1 i n e  access.  Even t h e  most p r o l i f i c   p h o t o g r a p h e r   r a r e l y  

averages  more  than  one o r  two  photographs o r  sl i des   pe r   k i l omete r   du r ing   su rveys  

l o n g e r   t h a n  10 km.  On an aer ia l   reconna issance o f  the  Canadian  Great  Lakes i n  

1978  one o f   t h e   a u t h o r s  (Owens) took   approx imate ly  1,800 s l i d e s   f o r  9,000 km; an 

ave rage   o f  one s l  i d e   f o r  each 5 krn. Similarly, i n  a r e c e n t   a e r i a l   s u r v e y   o f   t h e  

B e a u f o r t  Sea and the  Northwest  Passage  coasts, 2,450 s l i d e s  were  taken  for  a 

4,800 km s e c t i o n   o f   c o a s t   ( a p p r o x i m a t e l y  one s l   i d e   f o r  each 1.9 km). 
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Topographic maps p r o v i d e   o n l y  a g e n e r a l   i n d i c a t i o n   o f   p h y s i c a l   s h o r e 1   i n e   c h a r -  

a c t e r i s t i c s   ( i  .e., r e 1   i e f ,   g e n e r a l  morpho1 ogy) and a r e   b e s t  used as a base f o r  

displaying  mappable  data  obtained  f rom  other  sources. 

As a r e s u l  t o f   t h e s e  1 i m i t i n g   f a c t o r s ,  i t  i s  necessary t o   s a c r i -  

f i c e   e i t h e r   c o m p l e t e   a c c u r a c y   o r   c o n t i n u i t y   i n   c o a s t a l  mapping. This   does  not  

i m p l y   t h a t   m a p p i n g   u s i n g   t h e s e   m e t h o d s   s i n g l y   o r   i n   c o m b i n a t i o n   i s   i n a c c u r a t e ,  

b u t   r a t h e r   t h a t   t h e  mapping i s  o n l y  a s  good  as t h e   i n f o r m a t i o n  base. I n   p re -  

p a r i n g  [naps fo r   con t i ngency   p l   ann ing   o r   f o r   coun te rmeasure   ope ra t i ons ,   t he   use  

o f  VTR surveys i n  co rnb ina t i on   w i th   t he   ex i s t i ng   su rvey   t echn iques ,   can   s i yn i -  

f i c a n t l y   i m p r o v e   t h e   i n f o m a t i o n  base. 

Advantages o f  VTR Surveys 

The  advantages o f  low-a1 ti t u d e   c o l o u r  VTR s u r v e y s   a r e   t h a t :  

a )   t h e   i n f o r m a t i o n   ( i m a g e )   i s   c o n t i n u o u s ,  

b )  s h o r e l i n e   c h a r a c t e r i s t i c s   c a n  be mapped d i r e c t l y  fro111 tapes, and 

c )   the   tapes   can  be  used as an a u d i o - v i s u a l   t e c h n i q u e   f o r   u s e r s   t o   v i e w  a 

s e c t i o n   o f   c o a s t .  

V ideo - tapes   a lone   a re   va luab le ,   as   a re   ve r t i ca l   ae r ia l   pho tos   o r  

ob l ique  co lour   photographs.  The b e s t   a v a i l a b l e   i n f o r m a t i o n   s o u r c e   f o r   c o a s t a l  
mapp ing   invo lves   the  use o f   c o r n b i n a t i o n   o f  maps, v e r t i c a l   a e r i a l   p h o t o g r a p h s ,  

ob1 ique  photographs and g round   t ru th ing ,  as w e l l  as a VTR system. 

A d i s t i n c t   a d v a n t a g e   o f  a VTR system  over   photography  (e i ther  

s t i l l   o r  movie) i s   t h a t .   t h e   r e c o r d e d  image  can  be  viewed i n   r e a l   t i m e  on  board 

t h e   a i r c r a f t .  It i s  t h e r e f o r e   p o s s i b l e   t o  moni t o r   t h e  qual i t y  ( c o l   o u r  and 

c l a r i t y )   o f   t h e  image and t h e   f r a l n i n g   o f   t h e   p i c t u r e   d u r i n g   t h e  fl i g h t .   I n  

a d d i t i o n   t h e   c a p a b i l i t y   t o   v i e w   t a p e s   f o l l o w i n g  a fl i y h t   ( i n  a h o t e l  room) 

a l l o w s  an o n - s i t e   r e v i e w  and c r i t i q u e .  Thus i t  i s   p o s s i b l e   t h a t   s e c t i o n s   o f  

poor   coverage  (due  to   turbul   ence,   poor  1 i g h t i n g   e t c . )  can  be  resurveyed  the 

f o l l o w i n g  day o r   b e f o r e   l e a v i n g   t h e   s t u d y   a r e a .   T h i s   r e a l - t i m e   r e p l a y   p o t e n t i a l  

a l s o   a l l e v i a t e s   t h e   t e n s e n e s s   o f   t h e   f i r s t   v i e w i n g   o f   s l   i d e s   o r   l i l o v i e s   t o  see if 
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a n y t h i n g  came o u t   a f t e r  one  has  been  back  from a f i e l d   t r i p   f o r  a week o r  two! ! ! 
From a geo log ica l   v i ewpo in t ,   t he   comb ina t ion   o f  VTF? p l u s   t r a d i -  

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

p r o v i d i n g  a con t inuous   cove rage   o f   t he   coas t   t h i s   me thod  overcomes t h e   b i a s   t h a t  
a s t i l l  photographer may i n t r o d u c e   i n t o   t h e   f r e q u e n c y   o f   p i c t u r e s   t a k e n  and i n t o  

the   cho ice   o f   t he   l oca t i on   o f   pho tog raphs .   Shore l i nes   change   th rough   t ime ,  

i n l e t s  open o r   c l o s e ,   s p i t s  grow  and c l i f f s  erode, so that   resurveys  can  update 

t h e   i n f o r m a t i o n  base.  Continuous  coverage o f   t h e   c o a s t   a l s o   p r o v i d e s  an ex- 

c e l  1 e n t  means o f  1 o c a t i n g   e x a c t   s i t e   o f  a s t i l l  p h o t o g r a p h   o r   o f   i d e n t i f y i n g   t h e  

exact  d imensions o f  shore-zone  features. (We s t i l l  have numerous s l   i d e s   o f   i n -  

t e r e s t i n g   f e a t u r e s   t a k e n  "some were  between Cape A and P o i n t  B " ) .  I n   t h e  system 

which we have  used  on  recent  surveys  our  equipment  has  been  modif ied  to a1 l o w  

t h e  catneraman and t h e   s t i l l   p h o t o g r a p h e r   t o   r e c o r d   o b s e r v a t i o n s   s i m u l t a n e o u s l y  

(and i n  synchrony   w i th   v ideo)   on to   the   tape  us ing   headsets  and microphones.  This 

aud io  commentary  has  proved  very Va l  uable  dur ing  subsequent  v iewing and e d i t i n g  

o f   t h e   t a p e s .  

Frorn a b i o l o g i c a l   v i e w p o i n t ,   v i d e o - t a p e s   a r e  a1 so a v a l u a b l e  

i n fo rma t ion   sou rce   (aga in   i n   comb ina t ion   w i th   o the r   sou rces ) .  The pr imary  

advantage i s   t h e   c o n t i n u o u s   r e c o r d   o f   t h e   a l o n g - s h o r e  and  across-shore   cover   o f  

t h e   s u p r a - t i d a l  and i n t e r - t i d a l  zone  by  dominant   sess i le   or   sedentary   spec ies.  

From t h e   t a p e s ,   t h e   s p e c i f i c   l o c a t i o n   o f  each b i o t i c  community  type  can  be - mapped and c o r r e l a t e d   w i t h   p h y s i c a l   c h a r a c t e r i s t i c s ,   s u c h  as exposure and 
s u b s t r a t e .   I n   p a r t i c u l a r ,  zones  where  one  community  changes t o   a n o t h e r   c a n   b e  

i d e n t i f i e d  and mapped. From t h i s   i n f o r m a t i o n  an es t ima te   o f   t he   a rea   domina ted  

by   spec i f i c   commun i t i es  on a s e c t i o n  o f  coast  can  be  obtained.  In  cases  where 

i t  i s  p o s s i b l e   t o   o b t a i n  VTK c o v e r a g e   d u r i n g   d i f f e r e n t   t i m e s   o f   t h e   y e a r ,  

seasonal  comparisons o f  t h e   s p a t i a l   d i s t r i b u t i o n   c a n  be made. S i m i l a r l y  i f  a 

s e c t i o n   o f   c o a s t   i s   d i s t u r b e d  (e.g., by an o i l   s p i l l  ) a col l lparison o f  an  area 

c o u l d  be made b e f o r e  and a f t e r   t h e   d i s t u r b a n c e .  

II 

I 

The p r i m a r y   a d v a n t a g e   o f   b i o l o g i c a l   i n f o r m a t i o n   i s   i n   p r o v i d i n g  an 

a c c u r a t e   e s t i m a t e   o f   t h e   r e l a t i v e   s i z e  and d i s t r i b u t i o n   o f   c o m m u n i t i e s   ( p r o v i d e d  

t h a t   t h e   d o m i n a n t   b i o t i c   f o n n s   a r e   d i s t i n g u i s h a b l e   f r o l n   t h e   s u b s t r a t e ) .  These 

e s t i m a t e s   o f   s p a t i a l   d i s t r i b u t i o n s   a r e   c o n s i d e r a b l y  more p r e c i s e  and accurate 

than  those  wh ich   cou ld  be obta ined  f rom a d iscont inuous   record   such as s l i d e s ,  
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i n - f l   i g h t   f i e l d   n o t e s ,   o r   s p o t   g r o u n d   s u r v e y s .   I n   o r d e r   t o   d e t e r m i n e   t h e  abun- 

dance,  s ize-frequency,  species  composi t ion and o t h e r   p o p u l a t i o n  and species 

parameters  for  an observed  community,  ground t r u t h   i s  an e s s e n t i a l  component o f  

a b io log i ca l   su rvey .  By combin ing   bo th   in fo rmat ion   se ts ,   the   popu la t ion   para-  

meters  for   whole  sect ion  o f   coast   can  be  est imated.  

The geomorpho log ica l   (o r   geo log ica l  ) and b i o l   o y i c a l   i n f o r m a t i o n  

ob ta ined  f rom a VTK s u r v e y   c a n   b e   d i r e c t l y   a p p l i e d   t o :  

( a )   i d e n t i f y  and map the  phys ica l   shore-zone  character ,  

( b )   i d e n t i f y  and map s p e c i f i c   s h o r e l   i n e   f e a t u r e s  (e.g., i n l e t s ,  marshes, 

etc.)  , 
( c )   i d e n t i f y  and map b i o t i c  communites, 

( d )   l o c a t e   m i g r a t o r y   s p e c i e s  a t  a g i v e n   t i m e  (e.g., i n l e t s ,  marshes,  etc.), 

( e )   e v a l u a t e   s h o r e l i n e   a c c e s s i b i l i t y   b y   l a n d ,  sea  and a i r .  

All o f  these  are  impor tant   aspects  i n  d e v e l o p i n g   e i t h e r   s h o r e l i n e  

maps o r   con t i ngency   p l  ans a t  r e g i o n a l  and loca l   sca les .  

A second  major use f o r   v i d e o - t a p e s ,   p a r t i c u l a r l y   i n   r e m o t e   o r  

i n a c c e s s i b l e   a r e a s ,   i s   t h a t   t h e   t a p e s   c a n   b e   e a s i l y   v i e w e d   b y  an on-scene 

c o o r d i n a t o r  and h i s   s t a f f   a t   t h e   s p i l l   h e a d q u a r t e r s .   T h i s   w o u l d  be p a r t i c u l a r l y  

v a l u a b l e  i f  l o g i s t i c s  or poor v i s i b i l i t y   p r e c l u d e  a reconna issance   o f  a g iven  

s e c t i o n   o f   c o a s t .  Many u s e r s   f i n d   t h a t   v i d e o - t a p e s   a r e  more " r e a l   i s t i c "   t h a n  
v e r t i c a l   p h o t o g r a p h y  as w e l l  as h a v i n g   t h e   a d v a n t a g e   o f   p r o v i d i n g   t h e   c o n t i n u i t y  

t h a t   s l i d e s   l a c k .  

The pr imary  uses and advantages o f  VTR s u r v e y s   f o r   s p i l l   t e c h -  

no1  ogy a r e   t h e r e f o r e   r e 1   a t e d   t o   t h e   p r o v i s i o n   o f :  

(1) g e o l o g i c a l  and b i o l o g i c a l   s h o r e l   i n e   i n f o m a t i o n   f o r   p r e - p l   a n n i n g ,  and 

( 2 )  l o g i s t i c s  and a c c e s s i b i l  i t y  i n f o r m a t i o n   f o r   d e t e r m i n i n g   c o u n t e r m e a s u r e  

f e a s i b i l i t y  and a c c e s s i b i l  i t y  d u r i n g  a s p i l l .  

I n  a d d i t i o n ,   d u r i n g  a s p i l l  a VTR survey  would  prov ide a r e a l - t i m e  

d i s p l a y   o f   t h e   e x t e n t  and degree o f   s h o r e l i n e   c o n t a m i n a t i o n .  
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L i m i t a t i o n s   o f  VTR Surveys 

A l though   the   use   o f  a c o n t i n u o u s   l o w - a l t i t u d e   r e c o r d   p r o v i d e d   b y  
v ideo- tapes i s  a s i g n i f i c a n t   c o n t r i b u t i o n   t o   s h o r e l i n e   s t u d i e s  and s p i l l  opera- 

t i o n s ,  i t  i s  n o t  a panacea. The p r i n c i p a l   l i m i t a t i o n s   a r e :  

As a su rvey   t oo l   t he   t apes   a re   on l y  as good  as t h e  cameraman and p i 1   o t  and 

a s   t h e   i n t e r p r e t e r .   P o o r   f l y i n g   c o n d i t i o n s ,   ( f o r  exa lup le ,   tu rbu lence  o r  

p o o r   l i g h t   c o n d i t i o n s ) ,   c a n   r e s u l t   i n  a poor   v ideo  record.  

Even  from a s low  mov ing   s tab le   a i rc ra f t ,   such   as  a he1 i c o p t e r ,  it i s   n o t  

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

b i o t i c  communities. On t h e   b a s i s   o f  VTR alone, i n  general it i s   n o t   p r a c -  

t i c a l   t o   i d e n t i f y   o t h e r   t h a n   t h e   v i s u a l l y   d o m i n a n t   s p e c i e s   i n  a community 

o r   t o   e s t i m a t e   t h e i r   s i z e  and  abundance.  However, these 1 i m i t a t i o n s   a r e  

a l s o   t r u e   f o r   v e r t i c a l   o r  ob1 ique  photography. 

The on ly   p r imary   d i f f e rence   be tween   the  VTR approach  and s t i l l   o r  movie 

photography i s   t h a t   t h e  VTK approach  requires  two  people i n   t h e   a i r c r a f t  

i n   a d d i t i o n  t o  t h e   p i 1   o t .  The callleraman i s   k e p t   o c c u p i e d   w i t h   t a p i n g ;  a 
second  person . i s  r e q u i r e d  t o  change  and  mark  tapes  and t o   r e c o r d   l o c a t i o n  

i n f o r m a t i o n .   T h i s   i s   n o t   s t r i c t l y  a l i m i t a t i o n   o r   d i s a d v a n t a g e  as t h e  

second  person a1 so doubles  as a p h o t o g r a p h e r   f o r  ob1 ique   co l   ou r   s l   i des .  

As an o f f i c e  systerrl t h e   t a p e s   r e q u i r e  a modest ou t l ay   (p layback   and   co lou r  

m o n i t o r ) ,   w h i c h   i s  a more  expensive  system  than a s l i d e   o r   m o v i e  

p r o j e c t o r .  

Some care  must  be  exercised i n   s t o r i n g   o r   h a n d l i n g   t h e   t a p e s  as t h e y   a r e  

rilagnetic and  can  be dest royed i f  exposed t o  a s t r o n g   m a g n e t i c   f i e l d .  
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( f )  The use o f  4 "  tapes i s   a l s o   l i m i t e d   b y   t h e   i n c o m p a t i b i l i t y   o f   d i f f e r e n t  

video-systems; i .e., one se t   o f   tapes   cannot   be   v iewed on a l l   p l a y b a c k  
machines.  However, we use 2'' t a p e s   w h i c h   a r e   c o m p a t i b l e   w i t h   a l l   e x i s t i n g  

Z ' '  pl  ayback  or  recording  machines. It i s  an easy  task  to  copy  between 4'' 
and 3" systems. 

These 1 i m i t a t i o n s   a r e   r e l a t i v e l y   m i n o r  and t h o s e   r e l a t e d   t o   t h e  

a c t u a l   d a t a   c o l l e c t i o n   o r   t o   t h e  qual i t y  o f   t h e   r e c o r d e d   d a t a ,   ( a )  and (b )  , a r e  

ones  which  can  be  overcome  by  experience and planning. 

The c o s t   o f   o b t a i n i n g  and e d i t i n g   o r   a n n o t a t i n g   t a p e s   i s   h i g h e r  

t h a n  i f  photography i s  used, b u t   t h e   d a t a   b a s e   t h a t   i s   o b t a i n e d  i s  more  con- 

t i n u o u s  and comprehensive. I n  most a e r i a l   s u r v e y s ,   t h e   c o s t s   o f   t h e  equ.ipment 

and film o r   t a p e s   a r e   s i g n i f i c a n t l y   l o w e r   t h a n   t h e   c o s t   o f   t h e   a i r c r a f t  and 

comprise a s m a l l   p a r t   o f   t h e   t o t a l   c o s t ,   t h o u g h   t h e y   a r e   t h e   o n l y   p r o d u c t .  

D i s c u s s i o n  

Recent  uses o f   t he   v ideo   sys tem  fo r   sho re l   i ne   su rveys   have   p roven  
i t s  va lue as one o f   t h e   i m p o r t a n t   t o o l s   a v a i l a b l e   f o r   s h o r e l   i n e   m a p p i n g  and f o r  

con t ingency   p lann ing  and s p i l l  response  decis ions. When used i n   c o n j u n c t i o n  

w i t h   o t h e r   a v a i l a b l e   s h o r e l   i n e   i n f o r m a t i o n  and when combined w i t h   e x i s t i n g  maps 

Q o r  c leanup  manuals ,   the  tapes  prov ide a v a l u a b l e   p e r s p e c t i v e  and a cont inuous 
record.  

lli To date  the  method  has  been  appl   ied  successfu l ly   for   federa l  and 

p r o v i n c i a l   a g e n c i e s   t o   s e c t i o n s   o f   t h e   c o a s t s   o f  Vancouver I s l a n d  and o f   t h e  

G u l f   I s l a n d s   i n   B r i t i s h  Columbia f o r   s h o r e l   i n e  mapping. As p a r t   o f   P e t r o -  

Canada's  involvement i n   t h e  E.A.M. E.S. p r o j e c t ,   t h e   n o r t h e a s t   c o a s t   o f   B a f f i n  

I s l a n d  and o f   e a s t e r n   L a n c a s t e r  Sound was t a p e d   t o   p r o v i d e  an i n fo rma t ion   base  

on   t he   cha rac te r   o f   t he   sho re l i nes .   Ed i ted   t apes   have   been   p rov ided   f o r  Dome 

Pe t ro leum  L td .   f o r   sp i l l   coun te rmeasures   a long   t he   coas ts   o f   t he   Canad ian  

B e a u f o r t  Sea and the  Northwest  Passage  between Amundsen G u l f  and  Lancaster 

Sound. I n   t h e s e   l a t t e r   c a s e s   t h e   ( p r o p r i e t o r y )   t a p e s  were  prepared f o r  

approx imate ly  5,000 km o f   s h o r e l i n e   t o   i n c l u d e  a con t inuous   aud io   desc r ip t i on  
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o f :   (a )   t he   sho re l   i ne   cha rac te r ,  and (b)  appr o p r i a t e  sp i  1  1 count .ermeasures. 

The tapes  were  edi ted  into  shore  (10-15  minutes) segments f o r  ease o f   r e t r i e v a l  
and  replacement and t o   f a c i l i t a t e   t h e   l o c a t i o n   o f   s p e c i f i c   s e c t i o n s   o f   c o a s t .  

A f u r t h e r   a p p l i c a t i o n   o f   t h e  VTR system,  present ly i n  progress,  i s  

f o r  an o i l   s p i l l   r i s k  and impact   analys is  on t h e   c o a s t s   o f   c e n t r a l  and no r the rn  

C a l i f o r n i a .   I n   t h i s   s t u d y   t w o  VTR surveys   (w in te r  and summer) are  scheduled t o  
c o n t r i b u t e   t o   t h e   i n f o r m a t i o n  base f o r  mapping a t   s c a l e s   o f  1:24,000, 1:250,000 

and  1:1,000,000 o f :   (a )   b iophys i ca l   sho re -zone   cha rac te r i s t i cs ,  and (b)  areas 

where p o t e n t i a l   o i l   s p i l l   i m p a c t s   w o u l d  cause s i g n i f i c a n t   d i s t u r b a n c e   o f   t h e  

na tura l   env i romnent .   Th is   de ta i led   survey   o f  1,200 km of coast  will i n v o l v e  
a e r i a l  VTR he1 icop ter   surveys   a t   low  t ides .  

The VTR approach has t o   d a t e  been  used f o r :   ( a )   p h y s i c a l  and 
b iophys i ca l   coas ta l  mapping , ( b)   shore-zone  character izat ion,   (c)   sp i  11  impact 

assessment,  and ( d )   s p i l l   c o u n t e r m e a s u r e   i d e n t i f i c a t i o n .  These  and o t h e r  

d i f f e r e n t  uses  can a l l  be der ived  f ro ln   the same s e t   o f   t a p e s  so t h a t  once a VTR 

survey  has  been  completed  the  tapes  can  be  edi ted and a n n o t a t e d   f o r  a v a r i e t y  o f  
r e q u i r e m e n t s .   T h i s   f l e x i b i l i t y   c a n   e x t e n d   f r o m  mapping o r   p l a n n i n g   p r o j e c t s  

o u t l i n e d  above t o   t r a i n i n g  workshops, t o   d e f i n i n g   t h e   e x t e n t   o f   s t r a n d e d   o i l ,   o r  
t o   d e f i n i n g  seasonal and 1 ong-term  shorel  ine  changes. 
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